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Abstract

This paper studies the generation and transmission of international cycles in a multi-
country model with production and consumption interdependencies. Two sources of
disturbance are considered and three channels of propagation are compared. Technology
disturbances, which are mildly correlated across countries, are more successful than
government expenditure disturbances in reproducing actual data. The presence of a common
component to the shocks and of production interdependencies appear to be crucia in
quantitatively matching the properties of the data. [0 1998 Elsevier Science BV. All rights
reserved.
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We share the uncommonness of being different. J.P. Roche

1. Introduction

The term “international business cycle’ refers to the presence of common
elements in the cyclica behavior of outputs across countries. Several authors,
including Gerlach (1988); Baxter and Stockman (1989); Blackburn and Ravn

*Tel.: +34 3 542 2601; fax: +34 3 542 1746; e-mail canova@upf.es

0022-1996/98/% — see front matter [0 1998 Elsevier Science BV. All rights reserved.
PIl: S0022-1996(97)00038-X



134 F. Canova, J. Marrinan / Journal of International Economics 46 (1998) 133—-166

(1992); Backus and Kehoe (1992) Gregory et al. (1995), among others, have
documented the existence of commonalities in economic activity across countries
using a variety of methods. Economic similarities can be accounted for by the
presence of interdependencies in either goods or asset markets, which spill
country-specific shocks across the world, by common exogenous disturbances or
both. Within each category, demand and supply factors can induce international
business cycles.

Whether cyclical movements in economic activity are primarily attributable to
demand or supply disturbances is a long standing question that has been tackled
from many points of view in a closed economy (see, e.g., Blanchard, 1989; King et
al., 1991; Cooley and Ohanian, 1991; Christiano and Eichenbaum, 1992; Gali,
1992, among others) but the answers provided have often been contradictory. In an
international context the generation and transmission of business cycles has
received substantial attention in the past (see, e.g., Morgenstern, 1959) but has
only been partially analyzed with the tools of modern dynamic theory (see, e.g.,
Cantor and Mark, 1988; Canova and Dellas, 1993).

Knowledge of what generates and transmits cycles across countries is important
for policy purposes. The issues surrounding the problem of generation are well
understood. If, as widely perceived, output fluctuations are undesirable and foreign
demand shocks are largely responsible, there may be a role for aggregate
Keynesian-type policies cushioning the economy from foreign disturbances. On
the other hand, as often emphasized in the real business cycle literature, if cyclical
fluctuations in economic activity are the optimal response to unforeseen distur-
bances of both domestic and foreign origin, rather than mitigating fluctuations per
Se, a more appropriate role for the government is to reduce economically relevant
uncertainties.

Identifying the channels of international propagation is aso crucial. For
example, in designing policies to sterilize undesirable disturbances, it is important
to know not only whether shocks have domestic or foreign origin but also whether
transmission occurs through goods or financial markets. In addition, free trade
agreements, which have generated considerable debate in policy circles in the last
few years, will have a different impact on the cyclical properties of output
depending on whether and how disturbances are transmitted.

The empirical evidence regarding these issues is somewhat scant. Canova and
Dellas (1993) document that trade interdependencies in intermediate goods are
important in explaining the transmission of country-specific disturbances in post
WWII data. They also find that after 1973 the presence of common disturbances
plays a role in accounting for international output comovements. Cole and
Obstfeld (1991), Backus et a. (1992) and Crucini and Baxter (1995) suggest that
international risk sharing occurs primarily through the goods markets and that the
welfare loss due to incomplete or autarkic financial markets appears to be small.

This paper contributes to the debate by building a multi-country general
equilibrium model where it is possible to distinguish the contribution of different
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types of disturbances as sources of output fluctuations and to quantify the
importance of trade interdependencies in both intermediate and final goods in
transmitting shocks across countries. The model employed, which is described in
Section 2, is general and differs from those of Cantor and Mark (1988), Mendoza
(19918), Backus et al. (1992), Baxter and Crucini (1993) and Stockman and Tesar
(1994) in at least three respects. First, each country specializes in the production of
one good. Second, agents in each country consume an array of goods and
government expenditure yields direct utility for domestic consumers. Third,
foreign capital is used as an intermediate good in the production of domestic final
goods. Allowing for production interdependencies introduces an important and
previously neglected channel through which country-specific disturbances can be
propagated across countries.

One type of disturbance we consider takes the form of exogenous government
expenditure shocks (as, e.g., in Christiano and Eichenbaum, 1992). These shocks
leave the instantaneous margina product of factors of production unchanged but
generate dynamic responses across countries because they modify the flow of
consumption services accruing to domestic households. Consequently, govern-
ments influence trade of final goods, as consumers substitute foreign for domestic
goods in response to the disturbances, affect trade of intermediate goods, as
consumers substitute leisure intertemporally and change investment patterns, and
alter production levels around the world (see Ashauer, 1989, for an empirical
documentation of a closed economy version of this effect for the US economy).

A second type of disturbance is modelled as an exogenous technology
disturbance. These shocks affect the margina product of factors of production,
influence investment opportunities within each country and alter trade of final
goods because of income effects. One crucial difference between the two sources
of disturbances is in the way they impact on trade flows: government shocks first
alter net exports of consumption goods and later net exports of investment goods
as leisure choices change. For technology shocks the order is reversed.

The stylized properties of the actual data are summarized in Section 3 using
statistics based on the impulse response function of outputs. In this we follow
Cogley and Nason (1995) and we extend their point of view by looking at the
international interaction of output persistence. The statistics used measure the
location and the size of the peak response, the length of the expansion phase and
the total impact multipliers following a (reduced form) output shock.

Section 4 describes how the two types of disturbances generate international
cycles in three cases — one where shocks are contemporaneously uncorrelated
across countries and transmission occurs because of production interdependencies,
one where shocks are contemporaneously uncorrelated and transmission occurs
because of consumption interdependencies and one where shocks are contempora-
neously correlated and no trade in either investment or consumption goods occur —
and discusses the properties of the spillover mechanism in each case.

Section 5 asks whether a redlistic parameterization of the model is able to
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reproduce the main features of the actual impulse response function of output. In
particular, we are interested in knowing which of the two disturbances generate
summary statistics for simulated output responses which are similar to those of the
actual data and through what channel they act.

The results indicate that, when the model is parametrized so that the three
countries all resemble the US, knowledge of the source of fluctuations is
somewhat irrelevant in determining the qualitative features of the propagation of
output shocks across countries. Both disturbances generate a delayed peak
response in foreign outputs which is similar in location and magnitude to that
observed in the actual data. However, government expenditure disturbances can
also generate a delayed peak response in the country experiencing the shock, a
feature which is not present when technology shocks drive the cycle. Both models
also fail to reproduce the magnitude and the asymmetries of total multipliers and
the length of the expansion phase. Quantitatively, a model with government
expenditure shocks accounts for US and German output dynamics better than a
model with technology disturbances, while for Japan the ordering is reversed.
Also, among the three channels of transmission, it is the presence of a common
component to the shocks which best accounts for output dynamics.

The inclusion of cross-country heterogeneities, in particular heterogeneity in the
distribution of the exogenous processes, is important in generating asymmetries in
simulated total multipliers and improves somewhat the quantitative performance of
the model. With a country-specific parameterization, the model with technology
disturbances accounts best for the propagation of German and Japan output shocks
while for US output shocks the performance of the two versions of the model is
similar. Once again the presence of a common component to the shocks is
important in quantitatively reproducing actual data but now the importance of
production interdependence is substantially increased. Section 6 concludes.

2. The modé

We consider an N country model with N consumption goods, where each
country specializes in the production of one good. We abstract from money, not
because we believe that monetary aspects are unimportant in generating or
transmitting business cycles, but because we do not have simple models of money
which can produce quantitatively interesting real cyclica effects (see, eg.,
Danthine and Donaldson, 1986).

Each country is populated by a large number of identical agents and labor is
assumed to be immobile across countries. Preferences of the representative agent
of country h, h=1,... N, are given by:

t N 1-oy
1 f |: <J1j[lczjfhj>| &*z J'nghj)] (1)
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with ¢}y, = ¢, + #,0, if h=] and cjj, = ¢, if h#], where ¢, is the consump-
tion of good j by the representative agent of country h. Agents value the services
of up to N consumption goods: if good j is hot enjoyed by residents of country h,
6,; = 0. Government consumption expenditure yields direct utility for the repre-
sentative agent of its own country (as in, eg., Baxter and King, 1993). When
¢, = 0 government h consumption expenditure does not affect utility, while for
¢, = 1, government and private domestic consumption are perfect substitutes. One
way to rationalize our specification is to think of the government as having a linear
technology, m, = ¢,g,,, through which it produces services for private use. If
¢, <1, it is costly for the society to have the government provide these
consumption services.
Consumption goods are produced according to:

N
SN .
o= A [T ot =500 v @

where X, = %X, With %, =1 Vh. X, represents |abor-augmenting Hicks-neutral
deterministic technological progress. Production is subject to a technological
disturbance A,, and requires domestic labor and up to N intermediate capital
inputs. If an intermediate input produced in country j is not used in producing
fina goods in country h, «,; =0. Intermediate capital goods are accumulated
according to:

Khjt+1 =(1- a])Khjt + '//(lhjt/Khjt)Khjt Vh,] (3)

where (1, /Ky;;) represents the cost in country h of using intermediate capital
inputs produced in country j and satisfies ¢ =0, ' =0, " <0.

Mendoza (1991a), Backus et a. (1992) and Baxter and Crucini (1993) have
shown that in a one-good international model transaction costs help to avoid
unrealistic unidirectional capital flights in response to technology shocks. The
formulation adopted here is similar to that of Baxter and Crucini (1993) and was
chosen because it retains simplicity, while linking transaction costs to Tobin's Q.
[zﬁ’(lhjt/Khjt)]_1 isin fact Tobin’s Q, i.e. the price of existing capita in location h
relative to the price of new capital produced in location j =1,...,N. Note that
because of production interdependencies, unidirectional capital flights need not
occur in this model: capital may flow toward the country experiencing positive
output disturbances (so that I,; > 0), but there may also be a contemporaneous flow
in the opposite direction as investments in intermediate goods used by other
countries (say, |;,) increase with domestic wealth.

Leisure choices are constrained by:

0=I,+N,=1VYh 4

where we normalize the total endowment of time in each country to be equal to 1.
To ensure a balanced growth path with a stationary distribution of wealth, we
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assume that 8 = B, i, and y,u, = v Vh where g, is the growth rate of population
in country h. Intuitively these conditions imply that, asymptotically, the more
impatient country will not accumulate al of the world wealth.

Governments consume domestic goods, tax national outputs with a distorting
tax and transfer what remains back to domestic residents. It is assumed that
government expenditure is stochastic, while tax rates are parametrically given.
Although recent literature (see, e.g., Dotsey, 1990) models tax rates as stochastic,
we adopt a parametric representation in order to isolate the contribution of
government expenditure disturbances to the international transmission of business
cycles. The government budget constraint is given by:

O = TRy + 7,Yy Vh (5

where 7, is the tax rate and TR, transfers in country h. The resource constraints
are:

Yht_ghr_zcjht_zkjhruz _Z(l_éh)kjht Vh (6)
i i i

Finally, we assume complete financial markets within countries and free
mobility of financial capital across countries.

The economy is subject to a 2N X 1 vector of disturbances z, = [A,,,9,,] and z
is assumed to be a homoskedastic process with conditional mean w, = (A(L)z,_,)
and variance 3.

There is empirical evidence (see, eg., Costello, 1991) that productivity
disturbances have cross-country lagged effects which are asymmetric. However,
these lagged effects may be the result of misspecifications since foreign capital
used in domestic production is not explicitly considered when calculating Solow
residuals. For this paper we will specify a univariate law of motion for the
disturbances in order to avoid mixing the transmission due to trade in goods with
the one due to the presence of lagged feedbacks across shocks, but we allow each
type of disturbance to be contemporaneously correlated across countries. There is
also some evidence that technology and government expenditure disturbances may
be negatively correlated in some countries (see Finn, 1991; Christiano and
Eichenbaum, 1992). Because here we are interested in examining the dynamics
generated by each of the two shocks separately, we will not consider this
possibility and let 3 = block diag(2;,3,).

To find a solution we first detrend those variables drifting over time, then solve
the problem faced by a pseudo social planner (a fictitious problem where
distortionary taxes are eliminated) and modify the optimality conditions to take
care of the distortions (as in Baxter and Crucini, 1993). The weights w, in the
planner problem are chosen to be proportional to the initial population in each
country. The modified optimality conditions are then approximated with a log-
linear expansion around the steady state as in King et al. (1988).

Reynolds (1992) has used a model with some of the same features to study the
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transmission of productivity disturbances. There are two major differences
between her framework and the one used here. First, she does not consider the
impact of government expenditure disturbances. Second, she does not alow for
transaction costs in the capital accumulation equations.

3. Some empirical evidence

One way to address the questions we have posed in the Introduction is to
identify at least one source of domestic and international supply shock and one
source of domestic and international demand shock in the actual data using
restrictions derived from the model and then examine their international propaga-
tion. The restrictions could take the form of short-run (see Canova, 1991), long-run
(see Amhed et a., 1993) or shape constraints. However, as is clear from the
description of the model, the imposition of constraints of this type will not provide
a definitive answer to the questions we care about since different versions of the
model are consistent with the same set of restrictions on domestic and international
variables.

To fully exploit the general equilibrium nature of our model and its rich set of
congtraints we take an aternative approach. We identify semi-structural shocks
from the actual data using arbitrary restrictions and compare the resulting impulse
response function with the one obtained from data simulated from different
specifications of the model where shocks are identified using the same arbitrary
restrictions. In other words, we use the impulse response function as a **window”
to measure the quality of the model approximation to the data.

We chose to report impulse responses, as opposed to simple correlations, to link
the analysis with the large body of statistical literature which characterizes
business cycles using durations and turning point classifications. In addition, we
narrowly focus attention on the interdependencies of the cyclical components of
national outputs for two reasons. First, multi-country VAR models containing many
variables are imprecisely estimated with short samples and therefore difficult to
interpret (see Gregory et al., 1995, for such an attempt). Second, since there is a
tradition in the literature studying the properties of domestic output persistence
(see, eg., Cogley and Nason, 1995), it seems worthwhile to focus attention on the
international interactions of output persistence.

Since we are interested in studying the performance of the model for major
world trading blocks, we examine the transmission features of output shocks in the
US, Germany and Japan. To characterize the cyclica transmission of output
shocks it is necessary to detrend the series and questions arise as to how to best
extract the long-run component of the data. Canova (1994) indicates that
alternative detrending methods impose different assumptions on the underlying
structure of the time series, induce different distributional properties for the
cyclical components and, consequently, contrasting descriptions of the empirical
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evidence. Given the low power of the tests designed to inform us about the data’'s
long-run properties and the fact that no consensus view exists with regard to the
appropriate choice of trend removal, we use here an economic-based decomposi-
tion. Since in the model all variables in country h, except hours, grow deterministi-
caly at the rate of labor-augmenting technological change v, we extract a
country-specific deterministic trend from the log of raw output data. While this
choice is arbitrary, in the sense that an alternative (say, a unit root) assumption on
the properties of exogenous technological progress may be as sensible, it provides
useful restrictions on the cyclical properties of actual data and imposes discipline
in simulation exercises.

Quarterly real GDP data for the three countries is taken from OECD tapes,
covers the sample 1960,1-1994,4 and is converted into indices using 1980,1
values. The slope coefficients of the deterministic time trends are respectively
0.008, 0.0077 and 0.016 per quarter with the slope for Japanese output sig-
nificantly different from the other two. We estimate a VAR with 9 lags and a
constant on the log of detrended outputs and report responses when the contem-
poraneous correlation matrix of the shocks is triangularized in the order US,
Germany and Japan outputs.

Two potential problems should be mentioned before the evidence can be
interpreted: the impulse response function may not be stable over the sample and
the properties of the transmission may not be robust to the ordering of the
triangularization. Evidence (available on request) shows that (i) apart from
Japanese output in 1974,1, the VAR residuals have no visible outliers and satisfy
both normality and the white noise assumption over the entire sample, (ii) the
qualitative features of impulse responses are approximately stable across subsam-
ples and (iii) the properties of the transmission are independent of the ordering of
the triangularization.

Fig. 1 plots the mean estimate of the impulse response function together with
the upper and lower limits of a 95% Monte Carlo band. Table 1 reports statistics
summarizing the main features of transmission: the size and the location of the
peak response of the three variables, the length of the expansion phase and the
magnitude of the cumulative multipliers. Several interesting features emerge. First,
US output shocks have significantly large and positive international impacts while
this is not the case for Japanese and German output shocks. Second, it takes time
for a shock to be transmitted across countries and the return to the trend line is
very slow in all cases. For example, the peak response of German output lags a US
output shock by three quarters and the peak response of Japanese output lags by
eighteen quarters. Third, the durations of the cycles differ depending on the origin
of the shocks. For example, US output shocks generate fluctuations lasting 4—6
years while Japanese output shocks produce very short and irregular cycles.
Finally, point estimates of the cumulative multipliers are very asymmetric. A 1%
surprise increase in the log of detrended US output generates a 10.91% cumulative
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Fig. 1. The Mean estimate of the impulse response function together with the upper and lower limits of
a 95% Monte Carlo band.

response in US output after 24 periods, a 9.72% cumulative response in German
output and a large 19.33% cumulative response in Japanese output, while a 1%
increase in the log of detrended German output generates negative cumulative
responses in all three countries. Finally, a 1% surprise increase in the log of



Table 1
Transmission of international cycles

US output shocks

German output shocks

Japan output shocks

Location Size Location Size Location Size
Actual data: Sample 1960,1-1994,4
Cycle length (in quarters) us 15 24 9
Germany 24 8 2
Japan 24 3 24
Peak response us 3 132 1 0.00 4 0.20
Germany 3 0.71 1 1.00 5 0.43
Japan 18 1.36 2 0.12 3 1.00
Tota multiplier (24 quarters) us 10.91 —-5.69 153
Germany 9.72 -163 4.36
Japan 19.33 -16.67 14.99
Technology shocks Government shocks (¢=0.0) Government shocks (¢=0.5)
Location Size Location Size Location Size
Smulated data: Symmetric countries (baseline case)
Cycle length (in quarters) Country 1 6 20 22
Country 2 2 6 5
Country 3 3 3 4
Peak response Country 1 1 1.00 3 154 3 141
Country 2 19 0.40 5 0.45 3 0.62
Country 3 1 0.27 1 0.31 1 0.36
Tota multiplier (24 quarters) Country 1 230 11.75 9.65
Country 2 7.08 6.90 312
Country 3 —150 —6.63 —451

Note: The statistics refer to mean responses obtained using 1000 replications.
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detrended Japanese output has a large domestic impact (14.99% after 24 quarters)
but very modest international repercussions.

Two conclusions can be derived from this evidence. First, there exists an
international transmission of disturbances but, except for US output shocks, it is
not overwhelming in terms of magnitude and it is somewhat asymmetric. Roughly
speaking, US output shocks drive the international cycle, lending credence to the
popular press argument that the US economy is a ‘‘locomotive’’ for the world
economy. German output shocks crowd out foreign outputs in the medium run,
while Japanese output shocks have modest international impacts. Second, the
cross-country propagation of output shocks takes time, with the lag in the peak
response varying from 2 to 18 quarters, and cycle durations differ depending on
the national origin of the shocks.

4. The properties of the model

Since the model we consider has not yet been studied in the literature and since
its transmission properties are more complex than the ones obtained in one-good
economies (see, e.g., Backus et a., 1992; Baxter and Crucini, 1993) and in
multigood economies where only domestic capital is used in production (see, e.g.,
Schlagenhauf, 1989), we start by first summarizing the qualitative properties of the
transmission of shocks in existing models and then describe how different
propagation channels amplify and transmit disturbances in our model.

In a one-good world an idiosyncratic positive persistent domestic technological
disturbance raises the productivity of domestic factors of production, along with
domestic investment, hours and output and, to a lesser extent, domestic consump-
tion because of permanent income considerations. Because of the one-good
assumption, capital will flow to the most productive location (the magnitude of the
flow depends on the cost of moving capital) inducing a current account deficit in
the country experiencing the shock and a decline in investment, output and labor
demand in the other countries. Also, when capital markets are perfect and the
utility function is separable in consumption and leisure, risk sharing implies that
consumption profiles will be perfectly correlated across countries and that, once
the initial inflow of capital goods is exhausted, the current account of the country
experiencing the shocks will show a surplus. Hence, one-good models generate
cross-country output responses of opposite signs and transmission occurs because
of substitution and income effects that occur in the market for investment goods.

An idiosyncratic positive persistent government shock, which yields no utility
for domestic consumers and leaves the margina product of capital unchanged,
crowds out domestic consumption, affects the intertemporal alocation of leisure
and therefore future production possibilities (see, e.g., Aiyagari et al., 1992) but
has limited effects on the capital accumulation in any country (see, e.g., Backus et
al., 1995). Note that because of risk sharing foreign consumption will aso be
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crowded out. In this case, output responses will be positively correlated across
countries, will reach their peak a few periods after the shock and transmission
occurs because of the consumption risk sharing scheme which is in place.

These features of the domestic and international transmission appear to be
robust to several modifications of the basic framework. For example, Mendoza
(1991b), Backus et al. (1992) and Baxter and Crucini (1995) show that dispensing
with complete capital markets dlightly reduces cross-country consumption correla
tions without affecting other features of the transmission (in line with Cole and
Obstfeld, 1991). The same authors also show that making agents more risk averse,
increasing the costs of moving capital, introducing time to ship or changing the
size of the countries changes the magnitude of foreign responses but not their
qualitative features. Finally, Costello (1991) shows that the same international
propagation obtains in a two-sector model where each country produces both
consumption and investment goods but only investment goods are traded.

In the model of Schlagenhauf (1989) investment dynamics do not drive the
cycle because the investment good is nontraded (see also Stockman and Tesar,
1994). Instead, idiosyncratic shocks are propagated to the world economy because
of consumption interdependencies. When a positive and persistent disturbance
increases domestic output, consumption of both domestic and foreign goods by
domestic residents increases. The increase in demand and the risk sharing
arrangement imply that consumption of foreign goods will go up in al countries,
depressing foreign investments and future foreign output. Hence, although cross-
country output correlations are negative as in the one-good economy, the
transmission occurs through a countercyclical net trade in consumption goods as
opposed to a countercyclical net trade in investment goods. Mendoza (19918) and
Cardia (1991) show that, with minor modifications, the same mechanism operates
in a small open economy faced with exogenous productivity disturbances.

In the model considered here there are three reasons why domestic disturbances
may result in a temporary displacement of foreign outputs from their trend: shocks
may be correlated across countries, independent shocks may be transmitted
through production interdependencies or consumption interdependencies. Fig. 2
displays how the transmission mechanism works in each of these situations when
the three countries are symmetric: the first three panels show output responses
when technology disturbances are present and the last three panels output
responses when government disturbances which yield no utility for agents are
present (Table 2 gives the exact parametrization in each of the three cases). In all
cases time series of length T = 6000 were generated from the model, aVAR with 9
lags was fit to detrended outputs and empirical impulse responses following an
output shock in country 1 were computed triangularizing the system in the order
country 1, 2 and 3. The sample size is chosen to be very large to eliminate
sampling variability in the impulse response estimates and empirical responses (as
opposed to “‘population’ responses (see, e.g., King et al., 1988)) are used in order
to maintain comparability with the responses of Fig. 1.
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Table 2
Parameters of the model
Common shocks Production interdependencies Consumption interdependencies

Utility parameters

6, ; 0.30 if i=]j 030 if i =j 010i,j=1,23

6 ; 0.00 otherwise 0.00 otherwise

6, 0.70 0.70 0.70

o 2.00 2.00 2.00

B 0.99 0.99 0.99

¢ 1.00 1.00 1.00
Production parameters

@ 0.36 if i=]j 0121i,j=123 0.36 if i =]

@ 0.00 otherwise 0.00 otherwise

a, 0.64 0.64 0.64

y 1.008 1.008 1.008

é 0.025 0.025 0.025
Government parameters

T 0.00 0.00 0.00

S, 0.20 0.20 0.20
Social planner weights

) 0.33 0.33 0.33
Adjustment cost parameters

nlfjl -0.00001 -0.00001 -0.00001
Parameters of the shocks

Pa 0.95 0.95 0.94

Py 0.97 0.81 0.88

Yars 0.30 0.00 0.00

Vays 0.30 0.00 0.00

Vary 0.30 0.00 0.00

Yo, 0.30 0.00 0.00

Ygo s 0.30 0.00 0.00

Vg s 0.30 0.00 0.00

o, 0.0102 0.0102 0.0102

o, 0.0156 0.0156 0.0156

g

Note: The table reports parameters used to run the experiments contained in Fig. 2.

Consider first a situation where there are three completely separate economies
which move together because of correlated disturbances (panels 1 and 4 of Fig. 2).
In this case, the domestic dynamics are the same as in a closed economy (see, e.g.,
King et al., 1988; Aiyagari et a., 1992). Two features of the cross-country output
responses need to be noted. First, the model generates the same type of short-run
output responses regardless of the source of structural disturbances. In particular,
in both cases a positive output shock in country 1 is associated with positive
output responses in other countries and a slow return to the steady state position; a
peak response lagging the initial shock 3—6 quarters in al countries and an
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expansion phase which is approximately the same length in the two cases. Second,
it is possible to distinguish between the two sources of structural disturbances by
examining the sign of long-run output responses (negative with technology
disturbances and positive with government disturbances) and the magnitude of
total multipliers (larger for government shocks).

Next, consider the case of idiosyncratic shocks which are propagated to the
world economy because of production interdependencies. The experiment, which
mimics a situation where domestic residents consume only domestic goods and
countries are connected via trade in intermediate goods, is similar to the one
examined by Backus et al. (1993) except that here production requires domestic
and foreign capital goods while Backus et al. do not distinguish between
consumption and capital goods in their model.

A positive and persistent disturbance displacing output in country 1 from its
trend increases consumption, hours and investments in capital goods used for
domestic production (both of domestic and foreign origin) in the country
experiencing the shock. However, contrary to the one-good case, the features of
the international transmission depend on the relative size of capital inflows
(substitution effect) and of capital outflows due to the spillover of the shock
(wesalth effect). In turn, the net effect of these two opposing forces depends on the
weights of various capital goods in the production functions. If the domestically
produced intermediate inputs are more intensively used in domestic production,
the substitution effect dominates and cross-country output dynamics are similar to
those of the one-good economy. If foreign produced intermediate inputs are more
intensively used, the wealth effect prevails generating positive, athough lagged,
foreign output responses.

The second and fifth panels of Fig. 2 present an intermediate case where
domestic and foreign intermediate inputs have equal intensity in each of the three
production functions. Two features of the responses need to be noted. First, while
initially a positive output shock in country 1 induces a negative response in the
output of other countries, as foreign production for capital goods used in country 1
increases (and foreign investment in capital goods used in foreign countries
decling), in the medium run the spillover effect dominates and net exports of
investment goods from country 1 becomes positive. Second, the shape of the
output responses does not depend on the structural sources of disturbances. These
results agree with those of Backus et al. (1993) who show that both government
and technological disturbances induce contemporaneously negative output
comovements and a negative current account balance in the country experiencing
the shock. Notice also that the peak response of output in countries 2 and 3 lags
the shock by about 6 quarters, that responses have a cyclical behavior which
resembles that in the data and that total multipliers have the right sign but smaller
magnitude than those of the actual data.

Finally, consider the case of uncorrelated disturbances which are transmitted to
the world economy because of consumption interdependencies (in this case we
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assume that domestic production requires only domestic inputs). Depending on the
parameters of the utility function, we may have no transmission if the utility
function weighs domestic goods heavily, or a substantial one if domestic
consumers prefer foreign goods. The third and sixth panels of Fig. 2 present
impulse responses for the case where all goods have the same weight in the utility
function. Consistent with the dynamics described in Stockman and Tesar (1994),
this channel of transmission generates small positive output responses coupled
with alot of short run variability when technology disturbances drive the cycle. In
general, none of the cyclical features of the actual data we have emphasized can be
reproduced with this model specification. When government disturbances drive the
cycle the dynamics are more interesting. A negative government disturbance
increases current output available for private use and current consumption of all
goods. Because the level of foreign output is given when the shock occurs, the
increased domestic demand for foreign goods is accommodated via a reduction of
foreign investments. Since foreign hours increase at impact, foreign output
increases temporarily and then falls as the decline in foreign investment reduces
the capital stock. Also, because part of the increase in private consumption falls on
foreign goods, domestic investments increase more than in the closed economy
case boosting domestic production and leading to the lagged domestic peak
response observed in the sixth panel of Fig. 2. Hence, temporary cuts in
government expenditure generate positive domestic multiplier effects as resources
are moved from current to future consumption, but negative effects on foreign
outputs as resources are moved from future to current consumption. In the medium
run the wealth effect dominates and positive cross-country spillovers ensue. The
features of the resulting output cycles are very similar to those obtained with
government disturbances and production interdependencies. Peak responses lag
3-6 quarters in countries 1 and 2, the length of the expansion phase is 3—4 years
while total multipliers are too small, especialy for country 3.

Three main conclusions can be derived from studying the dynamics of the
model. First, output responses look very similar in two out of the three cases
making it difficult to distinguish which source of disturbance buffets the system.
Second, while contemporaneously correlated shocks induce short-run positive,
cross-country output responses which die out in the medium run, contempora-
neously uncorrelated shocks transmitted via trade in goods induce an immediate
negative response in foreign outputs and a positive spillover in the medium run.
Third, the lagged peak response of output observed in the data can be generated by
contemporaneous spillovers or lagged spillovers, but it is when contemporaneous
spillovers are allowed that the shape of the responses is similar to those in the data.

5. Can the model reproduce actual impulse responses?

The next question we ask is whether the model can, with a realistic parame-
terization, quantitatively reproduce the stylized features of output responses
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contained in Table 1. To start with we consider a situation where the world is
composed of three identical countries. This step is useful for two reasons: to
clarify which of the three channels we have discussed is dominant in transmitting
the two types of disturbances across the world and to make the analysis
comparable with previous work by, for example, Cantor and Mark (1988), Backus
et a. (1992) and Stockman and Tesar (1994) who primarily consider the case of
identical countries.

5.1. The parameterization of the model

The parameters of the model are ay, 6, B, W Wy» T An(L), &hs &, 3, 1y, the
socia planner weights «,, the elasticity of the investment—capital ratio to changes
in Tobin's Q, the steady state values of Tobin's Q plus steady state ratios (c/y;
gly; ily). The selected values are listed in Table 3.

Asin al real business cycle models, we desire that a model trying to explain the
cyclical properties of the data also fits long-run observations. This parameter
selection procedure is equivalent to the method of moments approach suggested by
Christiano and Eichenbaum (1992) when only first moments of the data are used
to form orthogonality conditions. Once this is done, parameters which are specific
to business cycle frequencies are typically selected on the basis of existing studies
or, in the absence of such literature, fixed a priori and a sensitivity analysis is
performed to assess the robustness of the results. According to this logic we
choose 6, ay,, 7, W, the steady-state ratios and the steady-state value of Tobin's
Q so that the steady states of the endogenous variables match long-run averages in
the data. We directly estimate A(L) and 3 from the data, while g, &, &y, n;, o, ae
fixed a priori or selected within a reasonable range of existing estimates.

Long-run averages are computed using data from several sources. Various issues
of Eurostat External Trade Analytic Tables and the United Nation International
Trade Satistics Yearbook report data on the value of imports and exports toward a
particular country and on its composition by category of goods. The Yearbook of
Labor Statistics provides data on hours worked per week (Establishment Surveys).
The Statistical Abstract of the US, the Japan Statistical Yearbook and the Monthly
Reports of the Bundesbank provide time series for the shares of labor compensa-
tion in GDP. These three sources are used to construct the 6, and «,; parameters.
IMF Government Finance Satistics Yearbooks provide data on the tax revenues
for the three countries which is used to select 7,. The OECD Economic Outlook,
Historical Satistics provide data on the average growth rate of GDP in the three
countries for the sample 1960—1989, which is used to pin down v,. Various issues
of the Satistical Abstract of the US Japan Satistical Yearbook and the Monthly
Reports of the Bundesbank provide the composition of GDP by categories of
absorption. Steady state ratios are computed averaging the composition of GDP by
categories over the sample 1960—1989. The steady state Tobin's Q is set equal to
1 so that the model with adjustment costs has the same steady state as a model
without adjustment costs.
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Table 3
Parameters of the model
US variables German variables Japanese variables

Utility parameters

0, 0.29 0.03 0.04

0, 0.01 0.30 0.03

0, 0.01 0.03 0.35

0, 0.69 0.64 0.58

o 197 1.68 212

B 0.99 0.99 0.99

1) 1.00 1.00 1.00
Production parameters

a, 0.3200 0.105 0.045

a, 0.0245 0.272 0.017

a, 0.0245 0.030 0.408

a, 0.6310 0.593 0.530

y 1.008 1.0077 1.016

8 0.025 0.025 0.025
Government parameters

T 0.180 0.161 0.120

S, 0.170 0.180 0.090
Social planner weights

[3) 0.50 0.25 0.25
Adjustment cost parameters

n_fll —0.00001 —0.00001 —0.00001

71_}1 —0.00001 —0.00001 —0.00001

n_f; —0.00001 —0.00001 —0.00001
Parameters of the shocks

Pa 0.97 0.95 0.94

Py 0.98 0.81 0.88

V. 0.28 0.20

Yy 0.39

Vg, 0.23 0.10

Vg, 0.72

o, 0.0102 0.0097 0.0133

a, 0.0156 0.0171 0.0375

Note: When government expenditure shocks are considered, p, = o, = Van; = 0.0. When productivity

a

disturbances are considered p, = o, = Yoy = 0.0. When we consider symmetric countries p, = 0.95,

n, =025 0, =00102 or p, =098, 1, =020, o, =0.0156.

The time series properties of government expenditure are estimated using an
AR(1) model on OECD data for the period 1960,1-1994,4 while the properties of
the technology shocks are estimated using a univariate AR(1) model on the Solow
residuals of the three countries. It is worth noting that government expenditure
may contain a component which is endogenously responding to the developments
in the economy. In this situation it is typical to use military expenditure to proxy
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for the exogenous component (see, e.g., Rotemberg and Woodford, 1992). Here we
do not follow this approach because military expenditure is only a small fraction
of total government expenditure (and of GDP) in Japan and Germany, so that the
resulting properties for g,, may have very little to do with its truly exogenous
component.

Many estimates of the coefficient of relative risk aversion exist for the US but
evidence for the other two nations is scant. To provide a range for selecting o;, we
estimate this parameter over five different samples using the three procedures
suggested by Brown and Gibbons (1985) and comparable wealth and consumption
aggregates. The ranges of estimates are [1.09, 2.06] for the US, [1.48, 1.97] for
Germany and [0.67, 2.23] for Japan. The values used are exactly identified GMM
estimates and are from Canova and De Nicolo' (1995).

Many of the values for US parameters presented in Table 3 are standard. For the
other two countries the values are similar to those previously employed in the
literature (see, e.g., Cardia, 1991; Reynolds, 1992; Stockman and Tesar, 1994;
Parente and Prescott, 1994). Tax rates are dlightly lower than those used by, for
example, Baxter and Crucini (1993) but this may be due to the presence of
measurement errors in tax revenues.

The table contains estimates of the parameters of share of foreign capital in
production which have not been previously used. Estimates of the share of foreign
consumption in total consumption are partially new. To construct the share of total
intermediate foreign goods in total output we add imports of industrial supplies,
fuels and machinery equipment in each country and divide the total by current
GDP. To decompose the total share by country of origin we calculate the share of
intermediate goods coming from each of the other two countries, normalize the
sum to one and divide the share of total intermediate goods using the relative
weights obtained. This normalization is necessary because the percentage of
intermediate imports from countries other than the two considered is large
especialy for Germany. The share of foreign goods in total consumption is
obtained by summing up the value of imports of food, beverages and nondurable
goods and dividing by the value of consumption of nondurable goods and services
in each economy. The share of foreign consumption goods by country of origin is
computed using the same procedure used to obtain each country’s share of
intermediate imports.

The previously used value for the share of foreign nondurable goods and
services coming from abroad is higher than the one employed here (Schlagenhauf,
1989, has 0.157, for example). However, previous measures are biased upward
since they include items such as imports of transport equipment which are neither
nondurable nor final goods. One should also note that our estimates may be biased
downward because no direct measure of the flow of services from foreign
produced durable goods is available. This may be important for the US, where
consumption of Japanese and German durables is substantial.

As in Christiano and Eichenbaum (1992) and Backus et al. (1993), we consider
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primarily the case of ¢, =0 but also examine whether results change when ¢,
varies from 0 to 1. Similarly, n, ; are chosen so that the investment—capital ratio is
sensitive to changes in Tobin's Q but we experiment with two other specifications
where the investment—capital ratio is less responsive. In principle, one could
estimate this elasticity parameter from moment conditions involving the variability
of investment. Because the model contains multiple capital goods and because no
disaggregated investment data exist, no fruitful estimation seems possible. Finally,
we assume that «,’s are proportional to the population of the three countries in
1960. Because, Baxter and Crucini (1993) have shown that country size has some
effect on the time series properties of saving and investment within countries, we
examine whether the properties of transmission are atered when these weights
change.

5.2 Some simulation results

Fig. 3 presents output responses following a one standard error output shock in
country 1 when the underlying economy is driven by technology disturbances
(panel 1) or by government disturbances (panel 2) for the case of three countries
with identical preferences, technologies and shocks. The lower panel of Table 1
reports summary statistics. The figure presents point estimates of the responses
where, to reduce the importance of small sample biases, the length of the
simulated time seriesis T=6000. To facilitate the comparison with the actual data,
the same 95% confidence bands presented in Fig. 1 when US GDP is shocked are
superimposed in each panel. US parameters are selected for this baseline case and
w, = 3. For technology disturbances the standard error is 0.0102, the serial
correlation 0.95 and the cross-country contemporaneous correlation 0.25. For
government expenditure disturbances the standard error is 0.0156, the seria
correlation 0.98 and the cross-country contemporaneous correlation 0.20.

When the economy is driven by technology disturbances output responses are
all positive in the short run suggesting that the effect due to the contemporaneous
correlation of shocks is strong. However, the persistent lagged response of outputs
in countries 2 and 3 and their magnitude are the results of production inter-
dependencies which create a virtuous circle in the medium run.

For both types of disturbances we observe a delayed peak response in country 2
and sizable cyclical responses in countries 2 and 3, as is the case with the actua
data. The magnitude of the peak responses is broadly consistent with those in the
data and, for most horizons, simulated responses are inside the 95% band of the
actual ones. In addition, the model driven by government disturbances generates a
lagged peak response in country 1, a feature which appears to be important for
actual US output shocks. One remarkable feature of Fig. 3 is that the two
specifications generate output responses which are qualitatively very similar. For
example, the model can qualitatively reproduce the ““US locomotive” in both
cases. positive output shocks in country 1 are associated with instantaneous
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Fig. 3. Output responses following a one standard error output shock in country 1.

positive foreign responses, a lagged peak response in country 2 and significant
multiplier effects in two of the three countries.

Both specifications fail in other dimensions. For example, the model is unable to
reproduce the lengths of the expansion phase under both specifications: cycles in
simulated data are somewhat too short and the timing of turning points is off by a
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Table 4

Fit of the model: Symmetric countries

Horizon Technology shocks Government shocks

(¢=00)

4 quarters Full 1.06 0.72 0.58 0.14 0.28 0.59
Common 0.67 0.19 0.16 0.37 0.24 0.12
PI. 117 3.56 0.83 1.01 2.80 212
C.. 3.66 297 0.83 0.09 0.83 1.23

24 quarters Full 6.31 122 21.80 0.45 0.94 32.22
Common 210 277 9.32 143 321 9.07
PI. 5.40 6.80 13.91 421 5.89 17.21
C.. 7.73 3.10 12.36 1.44 2.60 14.83

Note: The table reports cumulative differences between actual and simulated responses. Full indicates
an experiment where all channels of transmission are present, Common where shocks are contempora-
neously correlated, PI. where there are only production interdependencies and C.I. where there are only
consumption interdependencies.

few quarters. Also, the model does not reproduce the large and positive Japanese
output responses following US output shocks present in the data and it under-
estimates the magnitude of total multipliers in all three cases.

To quantify the importance of the two disturbances and of the three channels of
transmission we compute the cumulative square difference between the mean
estimates of the actual impulse responses and the simulated responses where in the
latter case we shut down two of the three channels of propagation as we did in
Section 4. We present results of whether different shocks or different transmission
mechanisms are more important at different horizons. The results obtained for two
different horizons (4 and 24 quarters), which appear in Table 4, suggest that
government disturbances do better in reproducing US and German output
responses following a US output shock while technology disturbances do better for
Japan output responses. Also, common shocks appear to outperform the other two
transmission channels at both horizons regardless of the source of disturbance.
Production interdependencies, on the other hand, do better than consumption
interdependencies in the long run when technology disturbances drive the cycle.
When government disturbances drive the cycle, consumption interdependencies
outperform production interdependencies both in the short and in the long run.

5.3 Senditivity analysis

Before moving on to more complicated versions of the model, we run eight
experiments to determine whether the features of the impulse responses we have
just described are robust to modifications of those parameters which are chosen a
priori or measured with substantial error.

Experiment 1 considers a situation where private and public consumption are
imperfectly substitutable in the utility of domestic agents, i.e. ¢ = 0.5. Experiment
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2 examines the situation where consumers are very risk averse, i.e. o =10.
Experiment 3 covers the case of a lower discount factor, i.e. 8=0.96. In
experiment 4 no distortionary taxes are levied on output, i.e. 7, =0.0 Vh.
Experiment 5 considers an economy with serially uncorrelated disturbances, i.e.
py = pa = 0.0. Experiment 6 presents a case where the elasticity of the investment—
capital ratio to Tobin's Q is lower, i.e. n(h,j) ' = — 0.005, Vh,j. Experiment 7
covers a situation where the cost of using domestically produced capital goods is
lower than the cost of using capital produced in another location, i.e. n(h,j) ' = —
0.01, n(h,h) ' = — 0.0001. Finaly, in experiment 8 we study a situation where
two of the three countries trade their own capital goods more easily, i.e
n(h,j)"*= —0.0001 if h,j=1,2 or h=j=3 and 7(h,j) " = — 0.01 otherwise.
Summary statistics for the first experiment can be found in Table 1 and for the
other seven experiments in Table 5.

When government expenditure is a better substitute for private consumption,
shocks are less persistent and output responses display smaller swings, but the
qualitative features of the international transmission are unatered. Intuitively, an
increase in government expenditure has two effects on consumption in this case.
The first is through the resource constraint, as when ¢ = 0.0. The second occurs
because an increase in government expenditure increases current utility of
domestic agents, reduces the incentive to substitute leisure intertemporally and,
therefore, the magnitude of future output increases. Hence, ceteris paribus, output
shocks generate fluctuations of reduced magnitude and have smaller international
repercussions. The magnitude of the change in agents' leisure profile depends on
the persistence of government disturbances: for highly persistent disturbances and
values of ¢ up to 0.7, the importance of this second channel is rather small.

Increasing o, or decreasing B8 has similar effects on the transmission of shocks.
When gy, is high, positive technology or negative government disturbances lower
total investment, result in less persistent domestic responses and a weaker and less
persistent cross-country spillover because agents are less willing to substitute
intertemporally. Similarly, with a lower 8 agents wish to consume more today
relative to the future. Consequently, with positive technology disturbances more
impatient agents will invest less and with negative government shocks they will
intertemporally substitute more current for future leisure, reducing the profile of
future output growth. In both instances, higher current consumption desires induce
weaker persistence, shorter cycles, smaller own multiplier and a reduced interna-
tional transmission of disturbances. Also in this case, the magnitude of the changes
is small.

Variations in tax rates from 0 to 50% have no significant effects on either the
shape or the magnitude of output responses when the economy is driven by
technology disturbances. When government spending disturbances drive the cycle
and there are no distorting taxes, agents enjoy more good times on domestic goods
so that the spillover effect is reduced. Also in this case the differences in the shape
and magnitude of the shocks are small.
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Table 5

Transmission of international cycles. Symmetric countries

Technology shocks

Government shocks

(¢=0.0)

Location Size Location Size
Experiment 1. =10
Cycle length (in quarters) Country 1 6 22
Country 2 24 7
Country 3 4 3
Peak response Country 1 1 1.00 3 150
Country 2 4 0.50 5 0.34
Country 3 1 0.34 1 0.23
Total multiplier (24 quarters) Country 1 2.56 10.85
Country 2 7.47 452
Country 3 —-144 —4.74
Experiment 2: B=0.96
Cycle length (in quarters) Country 1 6 23
Country 2 24 6
Country 3 4 3
Peak response Country 1 1 1.00 3 153
Country 2 4 0.42 5 041
Country 3 1 0.29 1 0.21
Total multiplier (24 quarters) Country 1 2.52 9.89
Country 2 6.52 5.94
Country 3 —-181 —6.77
Experiment 3: 7=0.0
Cycle length (in quarters) Country 1 6 23
Country 2 24 6
Country 3 3 3
Peak response Country 1 1 1.00 3 153
Country 2 19 0.40 17 0.40
Country 3 1 0.28 1 0.29
Total multiplier (24 quarters) Country 1 2.38 14.86
Country 2 7.15 571
Country 3 —-211 —8.09
Experiment 4: p=0.0
Cycle length (in quarters) Country 1 1 1
Country 2 1 1
Country 3 1 1
Peak response Country 1 1 1.00 1 1.00
Country 2 4 0.23 3 0.24
Country 3 1 0.25 1 0.18
Tota multiplier (24 quarters) Country 1 0.48 1.22
Country 2 0.13 0.07
Country 3 —0.16 —0.35
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Table 5. Continued

Technology shocks Government shocks
(#=0.0)
Location Size Location Size
Experiment 5: 5, = —0.05
Cycle length (in quarters) Country 1 10 12
Country 2 5 8
Country 3 9 4
Peak response Country 1 1 1.00 1 1.00
Country 2 1 0.27 9 0.50
Country 3 4 0.46 5 0.35
Total multiplier (24 quarters) Country 1 0.97 531
Country 2 0.75 —3.82
Country 3 —0.43 0.64
Experiment 6: 7, = — 0.00001; n,jj = —-0.01
Cycle length (in quarters) Country 1 5 11
Country 2 2 11
Country 3 1 2
Peak response Country 1 1 1.00 2 2.64
Country 2 19 0.83 4 1.63
Country 3 5 0.20 1 134
Total multiplier (24 quarters) Country 1 3.92 10.96
Country 2 —1.68 5.40
Country 3 —4.00 —-1.39
Experiment 7: | = —0.00001 for h,j=1,2 or h=j =3y, = — 001 otherwise
Cycle length (in quarters) Country 1 5 11
Country 2 2 11
Country 3 1 2
Peak response Country 1 1 1.00 2 1.37
Country 2 14 0.78 3 0.92
Country 3 5 0.05 1 0.12
Total multiplier (24 quarters) Country 1 4.87 8.09
Country 2 3.45 6.36
Country 3 —-0.13 —-0.29

Note: The statistics refer to mean responses obtained using 1000 replications.

When disturbances are serially uncorrelated, output responses die out quickly,
cycles are short, spillovers are small apart from the initial contemporaneous effect,
multiplier effects are insignificant and the location and magnitude of turning points
change. When g,, =0 Vt, 6 = 1.0, &, = 6, =0 V] # h and ¢;, = 1.0, this economy
is similar to the one examined by Long and Plosser (1983) in a domestic
framework and Cantor and Mark (1988) in an international setup. They assert that
with iid technology shocks, the model can generate output comovements across
sectors or countries. This experiment demonstrates that even when output
disturbances are uncorrelated over time, comovements in the cyclical component
of output do exist (the contemporaneous correlation of outputsis around 0.70). But
this is a high frequency not a business cycle phenomenon.
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Variations in n change the propagation features of output shocks. When the
elagticity of the investment—capital ratio to changes in Tobin's Q is smaller,
positive output shocks result in less investment both domestically and abroad,
independently of the source of disturbance, and this reduces the magnitude and the
international persistence of output responses. This is intuitive: if the cost of
installing new capital is higher, agents prefer to consume more now and less in the
future to avoid the deadweight loss. This result is independent of the exact value of
x: for values up to the one used by Baxter and Crucini, n = — 0.075, output
dynamics are similar.

When higher costs must be paid to install new foreign capital domestically, the
transmission features are atered when technology shocks drive the cycle since
output swings in country 1 are magnified in the medium run. When government
disturbances drive the cycle, only minor differences with the baseline case emerge.

Finally, when two of the countries (say, countries 1 and 2) enjoy some
proximity which allows them to incur lower costs in importing each other’s capital
goods, we observe a substantial asymmetry in output responses when technology
disturbances drive the cycle. The responses of country 3 are fairly close to zero at
all horizons. This is to be expected since investment dynamics are responsible for
the international cycle when technology disturbances drive the cycle. With
government expenditure disturbances, responses do not change much since in this
case the gross flow of capital across borders is of a smaller order of magnitude.

In sum, the properties of the domestic and international transmission of the two
types of disturbances change when we reduce the seria correlation of the
disturbances and when the sensitivity of the investment—capita ratio to changesin
Tobin's Q is low or asymmetric. In al the other cases both the shape of the
responses and their quantitative features are fairly robust to changes of parameters
within a reasonable range.

5.4. Heterogeneous countries

Since the model with three identical countries does not account for all features
of output responses, we next examine its performance when country-specific
heterogeneity is included. We first consider a case where countries differ in the
serial and contemporaneous correlation properties of the disturbances. Then we
proceed to six additional experiments, which maintain country-specific distribu-
tions in the disturbances and add differences in country size (experiment 2), in
preferences — both in terms of 6, and o, — (experiment 3), in fiscal policies
(experiment 4) and in technologies and growth patterns (experiment 5). Finally, to
maintain comparability with other studies, we study a case where exogenous
disturbances display asymmetric, one-period cross-country feedbacks (experiment
6). Plots of the point estimate of the impulse responses obtained with data
generated in experiment 5 are shown in Fig. 4 for the case of technology
disturbances and in Fig. 5 for the case of government expenditure disturbances.
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Once again, to facilitate the comparison, actua 95% confidence bands are
superimposed and, to downplay the importance of sampling variability, the length
of the simulated time series is set to T =6000. Summary statistics for these
experiments are in an appendix available upon request.

When technology disturbances drive the cycle, the presence of asymmetries in
the distribution of disturbances does not dramatically affect the transmission
properties of output shocks. In particular, we see that German output responses to
German output shocks die out quickly while there are significant swingsin US and
Japan output responses. Japan output shocks die out slowly domestically, induce a
lagged peak response in the US and small total multipliers in all countries.

When government disturbances drive the cycle, we note important asymmetries
in output responses and total multipliers. Positive US output shocks are somewhat
persistent domestically, induce long swings in German output and larger but less
persistent output responses in Japan. German output shocks have a strong
contemporaneous impact, generate output swings of wide amplitude in Japan and
strong negative and persistent US output responses. Finally, Japan output shocks
generate short but recurrent swings in its own responses and a negative displace-
ment of US and German outputs for about 15-16 quarters.

The qualitative similarities in the impulse responses we noted previously when
the two sources of disturbances drive the cycle disappear in this case. One major
difference is in US and German output responses following a Japan output shock:
both output responses are strongly negative and German output responses are
much more cyclical with government disturbances.

Changing the planner weights has very little influence on the cross-country
propagation of output shocks. The major difference is in the magnitude of US
output responses to foreign output shocks, which display fluctuations of reduced
amplitude. The addition of country-specific preferences, technologies and fiscal
policies has only a minor impact on total multipliers, length of the cycle and the
location of the turning points when technology disturbances drive the cycle. With
government disturbances, differences in fiscal policies and technology are im-
portant in determining the magnitude of the peaks and troughs of the cycle, but no
major change appears in the transmission properties. These results should not
come as a surprise: cross-country heterogeneities in preferences and technologies
are too small to substantially change the transmission properties of the model.
Fiscal variables do differ across countries both in terms of steady-state percentage
of output accounted for by government consumption and average tax rates.
However, impulse responses are insensitive to differences of these parameters
within the cross-country range presented in Table 3.

Finally, when exogenous disturbances display one-period, cross-country feed-
backs which are allowed to be asymmetric, the distinction between sources and
propagation becomes unclear. However, it is useful to consider this case to
maintain comparability with current literature which allows disturbances to have a
lagged impact across countries (as in Backus et al., 1995). Estimates of the
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one-period, cross-country feedbacks appear in an appendix available on request.
The inclusion of these feedbacks in the model affects the magnitude and, in some
cases, the sign of total multipliers, the location and the magnitude of turning points
and the length of the induced cycle. In general, the presence of cross-country
feedbacks does not improve the ability of the model to reproduce the data and
creates additional discrepancies in some dimensions where it was previously
adequate. It is therefore possible that the need to include these feedbacks in
previous models was due to the lack of production interdependencies which
endogenoudly generate international repercussions.

In sum, the addition of various forms of heterogeneities does not substantially
improve the fit of the model and, in some cases, worsens its performance.
Heterogeneities in the distribution of the exogenous disturbances create some
asymmetries in the impulse response function but they are either insufficient to
rationalize the wide variety of total multiplier effects present in the actua data or
go in the opposite direction of what one would like. For example, none of the
modifications can generate the large domestic output response, coupled with the

Table 6
Fit of the model: Heterogeneous countries
Technology shocks Government shocks (¢ =0.0)
Full Common PI. Cl. Full Common PI. Cl.

Horizon: 4 quarters

US shocks 0.65 0.74 123 306 0.63 0.57 124 031
1.03 1.27 4.86 1.92 0.66 0.54 2.66 1.18

0.07 0.25 0.88 0.19 0.20 0.38 1.99 1.77

German shocks  0.05 0.12 013 0.26 0.02 0.04 011 015
0.10 0.17 018 034 3.86 354 501  4.66

0.27 0.45 0.44 0.62 0.05 0.10 0.14 0.12

Japan shocks 0.08 0.15 018 0.36 2.01 321 368 451
0.04 0.16 0.23 0.52 1.13 1.76 1.98 2.82

0.13 0.41 0.55 0.89 0.36 0.86 1.01 0.98

Horizon.: 24 quarters

US shocks 231 3.46 6.02 8.17 491 497 5.12 5.33
3.39 3.79 6.95 4.10 8.73 10.12 13.64 1245

14.35 15.43 17.70 1866 15.25 17.65 1824 1794

German shocks 2.01 3.06 3.09 4.27 1.28 1.67 1.82 2.95
2.19 3.77 4.80 6.92 30.72 28.67 2586 31.03

2576 3248 3198 3429 1732 19.23 1942 26.15

Japan shocks 2.04 247 2.94 341 6.23 9.02 9.24 10.01
0.85 0.80 0.88 0.96 29.16 27.48 2999 31.07

1.02 144 159 206 5.67 7.10 829 827

Note: The table reports cumulative differences between actual and simulated responses. Full indicates
an experiment where al channels of transmission are present, Common where shock are contempora-
neously correlated, PI. where there are only production interdependencies and C.I. where there are only
consumption interdependencies.
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modest international transmission effects, observed after Japan output shocks. To
guantitatively examine which of the two sources of shocks and which transmission
mechanism account better for the actual impulse responses we compute also in this
case the cumulative square difference between actual and simulated responses at 4
and 24 quarter horizons. The results are shown in Table 6. With a country-specific
parameterization, it is a model with technology disturbances which accounts best
for features of the propagation of German and Japan output shocks. Note also that
now this specification performs very much like the model with government shocks
for the US. Once again the presence of a common component to the shocks is most
important in quantitatively reproducing actual data. However, production inter-
dependencies may also play a role in the cross-country transmission of output
disturbances.

6. Conclusions

This paper investigates the generation and the transmission of international
business cycles using a multi-country general equilibrium model with production
and consumption interdependencies. The model features two sources of fluctua
tions and three types of propagation mechanisms which may transmit disturbances
across countries. We show how each of the three channels of transmission works
for both types of disturbances and describe the induced cross-country output
dynamics. The paper then asks whether the model can account for the transmission
of actual output shocks with a redlistic parameterization. We show that when
countries are symmetric both government and technology disturbances which are
moderately correlated across countries can reproduce aspects of the ‘‘locomotive’”
role played by the US economy but that they are unable to account for other
important features of the actual impulse responses. Quantitatively, the model
driven by government disturbances outperforms the one with technology distur-
bances. Senditivity analysis demonstrates that the qualitative characteristics of
cross-country propagation are largely independent of the parameterization used.
Cross-country heterogeneities help to induce some of the asymmetries we see in
the data. Also when heterogeneities are present, technology disturbances are more
successful than government disturbances in accounting for the data. In general,
however, the three countries are too similar to hope that the performance of a
symmetric model will be crucially improved by the presence of heterogeneities.

There are at least three modifications which may improve the fit of the model.
The first is the inclusion of monetary factors. At least in the case of Germany,
monetary policy is used to ater the transmission features of domestic output
shocks. The introduction of country-specific monetary factors may therefore
improve our understanding of how international cycles are generated and prop-
agated. Second, if countries respond differently to changes in the terms of trade
because their size in the world economy differs, an explicit modelling of terms of



164 F. Canova, J. Marrinan / Journal of International Economics 46 (1998) 133—-166

trade disturbances may give an additional characterization of the sources of
international cycles. Third, in the real world labor market practices differ
substantially across countries while in the model competitive labor markets are
assumed. The inclusion of heterogeneities in labor markets across countries may
be important in generating an asymmetric transmission of shocks.

Because the paper has concentrated attention primarily on output dynamics, it
has neglected a wealth of empirical information regarding terms of trade, real
interest rates, net exports and hours, which may sharpen our understanding of what
is responsible for international business cycles. We plan to examine these
implications in future work (see also Canova and De Nicolo’, 1995, for a study of
the asset price implications of the model).

Finally, the model provides some answers to the policy questions posed in the
Introduction. First, because cross-country output dynamics in the short run are
almost entirely dominated by the strong common component of the disturbances,
the removal of trade barriers across US, Japan and Germany is unlikely to change
the way outputs comove and how recessions and expansions spread across
countries. Clearly, this does not imply that the changes in trade practices will have
no effect on the growth pattern of the three countries. Second, and as a
consequence of the above, restricting trade practices may not necessarily stabilize
domestic fluctuations and may reduce consumer’s welfare. Third, fiscal coordina-
tion does not seem responsible for the increased symmetry in world business
cycles observed in the 1980s since such a coordination would only affect
contemporaneous output comovements and would not change the propagation
features of output shocks.

Acknowledgements

An anonymous referee, Marianne Baxter, Hal Cole, Robert Hodrick, Ron Jones,
Argia Sordone, Gregor Smith, Alan Stockman, Eric Van Wincoop, Mike Woodford
and the participants of seminars at the Federal Reserve of Atlanta, University of
Rochester, Queen’s University, University of Brescia, University of Rome, IGIER,
Federal Reserve Bank of Minneapolis and Northwestern University have provided
helpful comments and suggestions. Part of the work was conducted while the first
author was also associated with the European University Institute. Financial
support from EUI and DGICYT grants is gratefully acknowledged.

References

Aiyagari, R., Christiano, L., Eichenbaum, M., 1992. The output, employment and interest rate effects of
government consumption. Journal of Monetary Economics 30, 73—-86.



F. Canova, J. Marrinan / Journal of International Economics 46 (1998) 133—-166 165

Amhed, S, Ickes, B., Wang, P, Yoo, B., 1993. International business cycles. American Economic
Review 83, 335-359.

Ashauer, D., 1989. Is public expenditure productive?. Journal of Monetary Economics 23, 177-200.

Backus, D., Kehoe, P, 1992. Internationa evidence on the historica properties of business cycles.
American Economic Review 82, 864-888.

Backus, D., Kehoe, P, Kydland, F., 1992. International business cycles. Journal of Political Economy
100, 735-775.

Backus, D., Kehoe, P, Kydland, F., 1993. The dynamics of the trade balance and the terms of trade:
The J-curve?. American Economic Review 84, 84-103.

Backus, D., Kehoe, P, Kydland, F., 1995. International business cycles: Theory and evidence. In:
Cooley, T. (Ed.), Frontiers of Business Cycle Research. Princeton University Press, pp. 331-356.

Baxter, M., Crucini, M., 1993. Explaining savings and investment correlations. American Economic
Review 83, 416-436.

Baxter, M., Crucini, M., 1995. Business cycle and the asset structure of foreign trade. International
Economic Review 36, 821-854.

Baxter, M., King, R., 1993. Fiscal policy in general equilibrium. American Economic Review 83,
315-334.

Baxter, M., Stockman, A., 1989. Business cycles and the exchange rate regime: Some international
evidence. Journal of Monetary Economics 23, 377—-400.

Blackburn, Ravn, 1992. Business cycles in the United Kingdom: Facts and fictions, economics.
Economica 59, 383—401.

Blanchard, O., 1989. A traditional interpretation of macroeconomic fluctuations. American Economic
Review 79 (5), 1146-1164.

Brown, D., Gibbons, M., 1985. A simple econometric approach for utility based asset pricing models.
Journa of Finance 40, 359-381.

Canova, F., 1991. Sources of financial crises: Pre and post Fed evidence. International Economic
Review 32, 689-713.

Canova, F., 1994. Detrending and business cycle facts. Journal of Monetary Economics (forthcoming).

Canova, F., Dellas, H., 1993. Trade interdependence and international business cycle. Journal of
International Economics 34, 23—49.

Canova, F., De Nicolo’, G., 1995. Stock returns and business cycles: A structural approach. European
Economic Review 39, 981-1016.

Cantor, R., Mark, N., 1988. International debt and world business fluctuations. International Economic
Review 29, 493-507.

Cardia, E., 1991. The dynamics of a smal open economy in response to monetary, fisca and
productivity shocks. Journal of Monetary Economics 28, 411-434.

Christiano, L., Eichenbaum, M., 1992. Current real business cycle theories and aggregate labor market
fluctuations. American Economic Review 82, 430—450.

Cogley, T., Nason, J., 1995. Output dynamics in real business cycle modes. American Economic
Review 85, 92-511.

Cole, H., Obstfeld, M., 1991. Commodity trade and international risk sharing. Journa of Monetary
Economics 28, 3-24.

Cooley, T., Ohanian, L., 1991. The cyclical behavior of prices. Journal of Monetary Economics 28,
25-60.

Costello, D., 1991. Trade in intermediate goods and international business cycles. University of Florida,
manuscript.

Crucini and Baxter, 1995. Business cycles and the asset structure of foreign trade. International
Economic Review 36, 821-854.

Danthine, J.P, Donaldson, J., 1986. Inflation and asset prices in a exchange economy. Econometrica 54,
585—-605.

Dotsey, M., 1990. The effects of production taxes in a stochastic growth model. American Economic
Review 80 (5), 1168-1182.



166 F. Canova, J. Marrinan / Journal of International Economics 46 (1998) 133—-166

Finn, M., 1991. Energy price shocks, capacity utilization and business cycle fluctuations. Empirical
Institute, Federal Reserve Bank of Minneapolis, discussion paper 50.

Gali, J,, 1992. Does the IS-LM model fit US postwar data?. Quarterly Journal of Economics CVII,
708-738.

Gerlach, S., 1988. World business cycles under fixed and flexible exchange rates. Journal of Money,
Banking and Credit 21, 195-232.

Gregory, A., Head, A., Raynauld, J., 1995. Measuring world business cycles. International Economic
Review (forthcoming).

King, R., Plosser, C., Rebelo, S., 1988. Production, growth and business cycles |: The basic
neoclassical model. Journal of Monetary Economics 21, 195-232.

King, R., Plosser, C., Stock, J., Watson, M., 1991. Stochastic trends and economic fluctuations.
American Economic Review 81 (4), 819-840.

Long, J., Plosser, C., 1983. Real business cycles. Journal of Political Economy 91, 39—69.

Mendoza, E., 1991. Redl business cyclesin a small open economy. American Economic Review 81 (4),
797-818.

Mendoza, E., 1991. Capital controls and the gains from trade in a business cycle model of a small open
economy. IMF Staff Papers 38 (3), 480-505.

Morgenstern, O., 1959. International Financial Transactions and Business Cycles. Princeton University
Press, Princeton, NJ.

Parente, S., Prescott, E., 1994. Technology adoption and growth. Journal of Politica Economy 102,
298-321.

Reynolds, P, 1992. International comovements in production and consumption: Theory and evidence,
USC manuscript.

Rotemberg, J., Woodford, M., 1992. Oligopolistic pricing and the effect of aggregate demand on
economic activity. Journal of Political Economy 100, 1153-1207.

Schlegenhauf, D., 1989. Rea business cycles and open economy models. University of Arizona,
manuscript.

Stockman, A., Tesar, L., 1994. Tastes and technology in a two country model of the business cycles:
Explaining international comovements. American Economic Review 85, 168—185.



