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Abstract

The volatility of economic activity in most G7 economies has moderated over the
past forty years. Also, despite large increases in trade and openness, G7 business cycles
have not become more synchronized. After documenting these twin facts, we interpret
G7 output data using a structural VAR that separately identifies common international
shocks, the domestic effects of spillovers from foreign idiosyncratic shocks, and the
effects of domestic idiosyncratic shocks. This analysis suggests that, with the exception
of Japan, the widespread reduction in volatility isin large part associated with areduction
in the magnitude of the common international shocks. Had the common international
shocks in the 1980s and 1990s been as large as they were in the 1960s and 1970s, G7
business cycles would have been substantially more volatile and more highly
synchronized than they actually were.
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1. Introduction

Most of the G7 economies have experienced areduction in the volatility of output
growth, and a concomitant moderation of business cycle fluctuations, in the past two
decades. Table 1 presents the decadal averages and standard deviations of four-quarter
growth rates of per capita GDP for each of the G7 countries for the past four decades.
Germany, Italy, Japan, the UK, and the US all experienced large reductions in volatility,
while France and Canada experienced smaller moderations. Over this period,
international trade flows have increased substantially, financial markets in developed
economies have become increasingly integrated, and continental European countries
moved to asingle currency. These developments raise the possibility of changes not only
in the severity of international business cycles, but also in their synchronization.

There already is alarge body of research on these changes, and thereisa
consensus concerning many of the basic facts. Asinitially pointed out by Kim and
Nelson (1999) and McConnell and Perez-Quiros (2000), there has been a substantial
moderation in output fluctuations in the US, with these and most other authors suggesting
that this moderation is well modeled as a single break in the mid 1980s. Some of the
proposed explanations of this moderation, such as changes in monetary policy and
adoption of new inventory management methods, are domestic in origin, while others,
such as smaller international shocks or stabilizing effects of trade, have international
roots; for further discussion and references see Blanchard and Simon (2001) and Stock
and Watson (2002a).

Although the moderation of volatility is also evident in international data, when
modeled as a single break the reductions generally are neither concurrent nor of similar
magnitudes (e.g. Dalsgaard, Elmeskov and Park (2002), Del Negro and Otrok (2003),
Doyle and Faust (2002), van Dijk, Osborn, and Sensier (2002), Fritsche and Kouzine
(2003), Mills and Wang (2000), Simon (2001)). Moreover, existing research suggests
little tendency towards increasing international synchronization of cyclical fluctuations
(Doyle and Faust (20023, 2002b), Heathcoate and Perri (2002), Kose, Prasad, and
Terrones (2003)). Instead, there appears to have been an emergence of at least one

cyclically coherent group, the major countries in the Euro-zone (Artis, Kontelemis, and



Osborn (1997), Artis and Zhang (1997, 1999), Carvalho and Harvey (2002), Helbling and
Bayoumi (2003), Dalsgaard, ElImeskov and Park (2002), Del Negro and Otrok (2003),
Luginbuhl and Koopman (2003)), and possibly a second, English-speaking group,
consisting of Canada, the UK, and the US (Helbling and Bayoumi (2003)).

This paper has two specific objectives. Thefirst isto provide a concise summary
of the empirical facts about the moderation in output volatility, changesin persistence,
and changesin cyclical comovements for the G7 countries. One conclusion is that the
single-break model of variance reduction, which fits the US well, does not adequately
describe the international patterns of moderation. In addition, we provide further
evidence of the emergence of two cyclical groups, the Euro-zone and English-speaking
groups.

Our second objective is to provide quantitative estimates of the sources of these
changes: arethey domestic or international in origin, and do they reflect changesin the
magnitudes of structural shocks or, rather, changes in the response of the economiesto
those shocks? To obtain these estimates, we use a so-called factor-structural vector
autoregression (FSVAR), specified in terms of the growth rates of quarterly GDP in the
G7 countries. ThisFSVAR isaconventional structural VAR, where the identifying
restrictions come from imposing an unobserved-component factor structure on the VAR
innovations. The idiosyncratic shocks are alowed to affect future output in other
countries, so this FSVAR makes it possible to quantify both the direct effect of common
international shocks and the indirect effect of spillovers from the domestic shocksin one
country to its trading partners. The FSVAR is overidentified, and tests of the
overidentifying restrictions suggest that the G7 output data are well described as being
driven by two common international shocks, plus seven country-specific shocks. This
FSVAR makesit possible to address various counterfactual questions, and (for example)
facilitates estimating the extent to which the moderation in volatility is aresult of smaller
common international shocks, isdomestic in origin, or isthe result of amoderation in the
US which spills over into the other G7 countries.

The data and the two methods we use to remove trends and to isolate business
cycle components are briefly described in Section 2. Section 3 summarizes the empirical

facts about changes in volatility and persistence for the individual G7 output data, and



Section 4 summarizes the changes in international correlations. The FSVAR is
described, and its overidentifying restrictions are tested, in Section 5. Empirical results
and counterfactual calculations based on the FSVAR are presented in Section 6. Section

7 concludes.
2. Dataand Filters

The data are quarterly per capitareal GDP for the G7 countries (Canada, France,
Germany, Italy, Japan, UK, and US), covering 1960:1 — 2002:4. Data sources are
summarized in Table A-1.

The long-term growth rate of GDP is not constant for some of these countries,
especially Germany, Japan, and Italy. The focus of this paper is fluctuations at yearly
through business cycle horizons, not the determinants of early postwar growth in
Germany, Japan, and Italy. Because alow-frequency drift can introduce bias into certain
statistics, such as cross-country correl ations computed over large subsampl es, we adopt
two alternative methods for eliminating this low-frequency component.

The first method is to detrend the growth rate of GDP using an unobserved
components model with atime-varying drift. Lety; = 400AINn(GDP;) be the quarterly
growth of GDP at an annual rate. We adopt an unobserved components specification
which represents y; as the sum of two terms, a slowly evolving mean growth rate and a

stationary component:
Vi = 4 + U, Where (4 = thq + 1t Q)

and a(L)u; = &, where L isthe lag operator and & and 77, are serially and mutually
uncorrelated mean zero disturbances. The Kalman smoother can be used to estimate the
local mean, (4, and the residual. The detrended GDP growth rate isthe residual, that is,
the Kalman smoother estimate of u.

Implementing this detrending procedure requires a value of ratio a,f /su(0), where

suw(0) isthe spectral density of u; at frequency zero. When a,f Isw(0), issmall, asitis



likely to bein this application, the maximum likelihood estimator of J,f /su(0) hasthe

“pileup” problem of having asymptotic point mass at zero even if itstrue value is nonzero

but small, so we estimate a,f /su(0) on a country-by-country basis using the median-

unbiased estimator of Stock and Watson (1998), and use this country-specific estimate to
detrend GDP growth."

The four-quarter growth rates of GDP in the seven countries are plotted in Figure
1. Figure 2 plots the detrended four-quarter growth rates, that is, the rolling four-quarter
average of the detrended quarterly growth rates. Comparison of Figures 1 and 2 reveals
that the detrending procedure eliminates the local mean of each series, but otherwise
leaves the series essentially unchanged. Figure 2 also shows the simple average of the
four-quarter growth rates for the G7 countries. Evidently many of these countries have
episodes of considerable comovement, or synchronization, with aggregate G7
fluctuations.

The second filtering method we use is the Baxter-King (1999) band-pass (BP)
filter, with 8 leads and lags and a pass-band of 6 to 32 quarters, applied to log(GDP).
Band-pass-filtered GDP for each country are plotted in Figure 3, along with the average
of the BP-filtered G7 GDP. Evidently BP-filtered GDP, like four-quarter growth, has
periods of considerable international synchronization in business cycles. Notably, at the
level of detail of Figures 2 and 3, the period of greatest synchronization appears to be the
1970s, and there is no readily apparent trend towards increased synchronization.

3. Changesin Volatility and Persistence

This section presents statistics summarizing the changes in the volatility of GDP

and the persistence of innovations to GDP in the G7 countries.

3.1 Volatility

1 The median-unbiased estimators of [T? a,f /5.,(0)]¥? were computed by on inverting the
point optimal invariant statistic with local parameter 7; see Stock and Watson (1998) for



Asdiscussed in the introduction, there has been a substantial moderation in
volatility in the post-1983 period, relative to the pre-1983 period. To get more detail on
this moderation, we estimate the time path of the instantaneous variance of GDP using a
nonGaussian smoother based on a stochastic volatility model with heavy tails and time-
varying autoregressive coefficients. Let y; be the quarterly GDP growth at an annual rate.
The stochastic volatility model is,

p
— — 2 2
Vo= o+ D aY.; + Gi& Where gjt = gy + crand Ino? =Ina, + &, (2)
=

where &, ..., e a@ei.i.d. N(0,1) and where ¢; is distributed independently of the other
shocks. To alow for large jumps in the instantaneous innovation variance, ¢; is drawn

from a mixture-of-normals distribution. The time-varying parameters were estimated by

Markov Chain Monte Carlo methods. Given aq, ..., n, and o?, itispossibleto

compute the instantaneous standard deviations of GDP growth, of four-quarter GDP
growth, and of BP-filtered GDP for an idealized BP filter. For additional details, see
Stock and Watson (2002a, Appendix A).

The resulting estimated instantaneous standard deviation of 4-quarter GDP
growth is plotted in Figure 4. Different countries exhibit quite different paths of
instantaneous standard deviations. In the US, there was a sharp moderation in the mid-
1980s, while in the UK volatility declined in the late 1970s. Germany experienced a
large but gradual declinein volatility, while volatility moderated in Japan but has
increased recently. Figure 5 plots the implied instantaneous standard deviation of BP-
filtered GDP. Comparison of Figures 4 and 5 shows nearly identical patterns for four-
quarter growth rates and BP-filtered GDP.

Formal tests for breaksin the conditional mean (that is, the autoregressive lag

coefficients) and the conditional variance (that is, the autoregressive innovation variance)

details. The estimates are: Canada, 6.4; France, 9.3; Germany, 3.3; Italy, 8.9; Japan, 6.2,
UK, 0.0; and US, 3.1.



of GDP growth are reported in Table 2. The hypothesis of constant parametersis tested
using the Wald version of the Quandt likelihood ratio (QLR) statistic, evaluated over the
central 70% of the sample; thetest of a constant conditional variance allows for the
possibility of abreak in the conditional mean at an unknown date that differs from the
break date for the conditional variance. The break date and its 67% confidence interval
are reported when the QLR statistic rejects at the 5% significance level. The final block
of Table 2 tests an alternative specification in which the innovation variance is modeled
asalinear function of time with a discrete jump at an unknown break date, thereby
nesting the single-break and linear time trend specifications.

Theresultsin Table 2 indicate widespread instability in both the conditional mean
and the conditional variance of these autoregressive models for GDP: in five of the seven
countries, the hypothesis of a constant conditional mean is rejected at the 5% level, and in
all countries but Japan the hypothesis of a constant conditional variance isrejected. For
the US, theresultsin the final block suggest that the break model is preferred to alinear
timetrend: inthe nested specification, the break is significant but the time trend is not.
This finding does not generalize to the other countries, however. For example, for
Germany neither the trend term nor the break term are individually significant in the
nested specification. Thisfinding does not imply that the variance for Germany was
constant, for the test in panel B rejects the no-break specification at the 1% level and the
estimated instantaneous variances in Figure 3 indicates a substantial reductionin
volatility over this period; rather, the nonrejections for Germany and Japan — and the
significance of both terms for the UK — suggests that neither the single-break nor the
linear-decline model provides agood summary of the changing volatility for these
countries. Although the nested testsin the final block of Table 2 point towards the trend
model for Canada and Italy, the estimates in Figures 5 and 6 ook more like a series of
plateaus than alinear trend. Taken together, we interpret this all as evidence that the
pattern of the change in GDP volatility for most G7 countries is more complex than the
single-break model that describes the U.S.

2Raw (i.e. not detrended) GDP growth rates are used in the tests in Table 2 to ensure that
currently available theory can be used for the null distribution of the break tests (Andrews
(1991)) and the distribution of the break date estimators (Bai (1997)).



3.2 Persistence and Size of Univariate Shocks

Another way to look at the changing autocovariances of GDP growth in these
countries is to examine changes in the variance of the AR innovation and in the sum of
the AR coefficients, which measures the persistence of a shock to GDP growth. Changes
in the variance of GDP growth imply that that its spectrum has changed; an increasein
the sum of the AR coefficients implies an increase in the relative mass at frequency zero,
while a change in the innovation variance implies a shift in the level (but not necessarily
the shape) of the spectrum.

Table 3 presents the sum of the coefficients and the one-step ahead forecast
standard error for univariate AR models of detrended GDP growth. The sum measures
the persistence of an innovation to GDP, and by this measure GDP innovations have
become substantially more persistent for Canada, France, and the UK. Persistence has
increased dightly for the US and Italy, while it has declined for Germany and Japan. For
all countries except Japan, the magnitude of the GDP innovations, as measured by the
standard error of the regression, has decreased substantially: one-quarter ahead forecasts
based on univariate autoregressions have become more accurate for the G7 countries.

Figure 6 presents estimated time paths for the sum of coefficients and AR error
variance. These estimates are computed using arolling fourth-order autoregression,
where the autoregression is estimated by weighted least squares with two-sided
exponential weighting, with a quarterly discount factor of .97; the date plotted in the
figure corresponds to the central observation with the greatest weight.® These figures are
consistent with the two-sample evidence in Table 3. In all countries, the innovation
variance fell substantially, although it increased again during the 1990s in Japan. In
Canada, France, and the UK, persistence has increased substantially, while persistence

has been roughly constant for the US. The timing of these changes differs across

% That is, the estimate plotted at date sis based on weighted |east squares estimation of
the AR using all observations, with the observation at date t receiving weight .97,
Similar results are obtained using the nonGaussian smoother estimates based on (2). The
two-sided exponential weighting scheme is used here for comparability with the two-
sided VAR estimates reported in Sections 4 and 6.



countries, aresult consistent with variations in the patterns of declining variancesin

Figures 4 and 5.

4. Changesin Synchronization

This section reports various measures of time-varying international comovements
of GDP. To facilitate comparisons with the analysis of Sections 5 and 6 using the
FSVAR, these measures are estimated using a reduced form seven-country VAR. The
section begins by describing the reduced form VAR, then turns to the measures of time-

varying correlations.

4.1 Reduced Form VAR

A conventional VAR(p) with al seven countries would have 7p coefficientsin
each equation, where p is the number of lags. With the short quarterly data set at hand,
this many coefficients would induce considerable sampling uncertainty even with small
values of p. One solution to this dimensionality problem isto consider VARs specified in
terms of subsets of countries, asis done by Doyle and Faust (2002b), but this limits the
international spillovers and common shocks that can be studied in a single model.
Another solution isto specify amodel for all seven countries but to impose additional
restrictions on the VAR coefficients, asis done in many papersin this literature, for
example Helg et. al. (1995). Wetake thislatter route and consider two such sets of
restrictions.

For the main results, the restriction we useis for lagged foreign GDP growth to
enter with adifferent number of lags than domestic GDP growth. Specificaly, let Y; be
the vector of detrended quarterly GDP growth rates. The reduced form VAR is

Y:=A(L) Y1 + i, where Evi = % 3
where the diagonal elements of the matrix lag polynomia A(L) have degree p; and the

off-diagonal elements have degree p,. Denote the resulting VAR by VAR(p1,p2). The
AIC and BIC, computed for the two subsamples, point to aVAR(4,1) specification.



The second restriction we considered further restricts the coefficients on the lags
of foreign GDP to be proportional to their trade shares, an approach taken by Elliott and
Fatas (1997) and Norrbin and Schlagenhauf (1996). Results from that VAR are reported
as part of the sensitivity analysisin Section 6.

The second moments of interest in this paper can all be computed directly from

estimates of the VAR parametersin (3). The spectral density matrix of quarterly growth
Y. is S(@) = A€z A(e'*)/27r. Theimplied spectral density matrix of four-quarter
GDP growth is |1 + €“+ &+ e?)’Si(e) = { §”(w) }, so that s* (w) isthe cross-

spectrum (spectrum when i =) between four-quarter GDP growth in country i and

country j at frequency . The implied spectral density matrix of BP-filtered GDP growth
is||b(€“)/(1 — €9)[°Sy( ), where |||? is the squared norm of the possibly complex
variable zand b istheidedlized BP filter so that ||b(e“‘)||2 =1for ap < w< @y, Wherethe

frequencies apy and @ respectively correspond to periodicities of 32 and 6 quarters, and

lIb(€®)||? = 0 otherwise. Thus, for example, the contemporaneous correlation ,q“”

between four-quarter growth ratesin countriesi andj is

I _’;s‘j“) (w)dw
(" s0@ad) (["so(aad

P = (4)

Various second moments were computed both for the two subsamples and for
rolling estimates of the VAR parameters. Therolling VAR parameters were estimated by
weighted least squares using the two-sided exponential weighting scheme described in
Section 3 for therolling ARs.

4.2 International Synchronization

Table 4 presents various measures of international output comovements. Panels
A and B tabulate the correlation of four-quarter GDP growth rates across countries, first
using the raw data then based on the estimated model. The average absolute difference of



these estimated correlations is .04 in the first subsample and .10 in the second subsample,
indicating that that the reduced form VAR(4,1) captures most of the business cycle
comovements of these series; the biggest exception is that the VAR(4,1) estimated
correlation considerably exceeds the sample correlation between US and French four-
guarter GDP growth in the second period. Panel C of Table 4 presents the correlations
among BP filtered GDP estimated using the reduced form VAR(4,1); the entriesin Panel
C and correlations estimated directly from BP-filtered data (not tabul ated) differ by an
absolute average of .08 in the both the first and second periods.

Rolling correlations between own-country BP-filtered GDP and US and German
BP-filtered GDP, based on the reduced-form VAR(4,1), are plotted in Figure 7; like the
other plots of rolling estimates, the plotted date corresponds to the center of the rolling
window, the date with the greatest weight in the rolling exponential weighting scheme.

Three aspects of Table 4 and Figure 7 bear emphasis. First, as emphasized by
Doyle and Faust (20023, 2002b), Heathcoate and Perri (2002), and Kose, Prasad, and
Terrones (2003), there is no overall tendency towards closer international
synchronization over this period: depending on the correlation measure used, the average
cross-country correlation either is unchanged between the two subsamples or drops
dightly.

Second, there nevertheless appears to have been substantial shiftsin
comovements among the G7 economies, but these shifts are more towards the emergence
and evolution of Euro-zone and English-speaking regional groups. Based on the
correlations in Table 4(a), during the first subsample the average correlation within the
two groups was .50 (continental Europe) and .50 (English-speaking), and the average
cross-group correlation was .38. In contrast, in the second period the average correlations
within the two groups rise t0.65 (continental Europe) and .70 (English-speaking), while
the average cross-group correlation dropsto .28. A significant part of this change isthe
decline in the correlation between UK GDP growth and that of France and Germany, and
an increase in its correlation with the North American economies. The emergence of the
two regional groups, English-speaking and Euro-zone, also is evident in Figure 7 through
the increasing French-German and Italian-German correl ations and the increasing

correlation between the UK and the US (and their decreasing correlations with Germany).
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Third, the synchronization of Japanese cycles with the rest of the G7 has been low
throughout this forty-year period and recently decreased further. Based on the
correlations of four-quarter GDP growth in Table 4(a), from 1960 — 1983 the average
correlation between Japan and the other G7 countries fell from 0.35 during 1960 — 1983
to 0.18 during 1984 — 2002.

5. TheFactor-Structural VAR mode

There are severa frameworks available for developing atime series model with
enough structure to permit answering the questions of interest here, such as the fraction
of acountry’s cyclical variance that is due to international shocks and how that has
changed over time. Before discussing the specific framework used in this paper, a
structural VAR, it is useful to discuss the various modeling options available and to
assess their strengths and weaknesses.

The basic issue to be resolved is the best way to identify aworld (or G7) shock.
One approach is simply to define aworld shock to be the innovation in a univariate time
series model of world (or G7) GDP growth. While this approach has the advantage of
being easy to implement, because US output receives great weight in G7 GDP it
confounds world shocks with US shocks and idiosyncratic shocks to other large
economies. Suppose there were in fact no common shocks and no trade; this
identification scheme would nevertheless attribute a large fraction of US fluctuationsto a
common shock as an arithmetic implication of its construction.

A second approach isto use a parametric dynamic factor model in which the
number of shocks exceeds the number of series, and the comovements across series at al
leads and lags are attributed to the common shock. Thisleads to an unobserved
components model that can be estimated using Kalman filtering and related methods.
This approach has been widely used in the international fluctuations literature; recent
contributions include Kose, Otrok, and Whiteman (2001), Kose, Prasad, and Terrones
(2003), Harvey and Carvalho (2002), Luginbuhl and Koopman (2003), and Monfort,
Renne, Ruffer, and Vitale (2002). Thisframework has severa advantages. In the

hypothetical case of no trade and no common shocks, there would be no comovements
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and the common shock would correctly be estimated to have zero variance. This
framework also captures the differences in dynamic responses of different economiesto a
world shock. On the other hand, because cross-dynamics are all attributed to the world
shock, this approach is not well suited to identifying the separate effects of acommon
world shock and spillovers arising through trade: if there werein fact no world shocks
but idiosyncratic shocks were transmitted through trade, the parametric dynamic factor
model would incorrectly estimate a nonzero world shock.*

A third approach is to use nonparametric methods to estimate a dynamic factor
model. If alarge number of series have a dynamic factor structure, then the common
component or the common dynamic factor can be estimated using principal components
(Stock and Watson (2002b)) or dynamic principal components (Forni, Hallin, Lippi, and
Reichlin (2000)). Thisstrategy is used by Helg et. al. (1995) to extract European
industry and country shocks as principal components of reduced-form VAR errors, and
by Helbling and Bayoumi (2003) to estimate the importance of common factorsin G7
fluctuations. Prasad and Lumsdaine (2003) also adopting this strategy, using a weighting
scheme rather than principal components to extract the innovation in a single common
G7 factor. In principle the principal components/nonparametric approach has the
advantages of the second approach without the disadvantage of assuming that all
comovements stem from the common disturbance rather than through trade spillovers; in
practice, however, if this approach is based on only the G7 then individual countries are
necessarily heavily weighted |eading to the same problems as the first approach, in
particular finding a common factor even if thereis none.

A fourth approach, the one used here, isto adopt a VAR framework for the lagged
effects but to identify world shocks as those that affect all countries within the same
period. Thus country-specific shocks can lead to spillovers, but those spillovers are
assumed to happen with at |east a one-quarter lag. In practice thisresultsin an
overidentified structural VAR, in which the shocks are identified by imposing a factor

* Monfort, Renne, Riiffer, and Vitale (2002) partially address this drawback by
considering, as an aternative to their main analysis, a specification with regional shocks
that interact dynamically and thus alow cross-region spillovers. Going further down this
route and fully relaxing the lag dynamics would lead to the FSVAR model discussed
below.

12



structure on the reduced-form errors. Examples of papers using this approach (in a
regiona or international context) include Altonji and Ham (1990), Norrbin and
Schlagenhauf (1996), and Clark and Shin (2000). Two advantages of this approach are
that no world shock is estimated if thereis none, or if all cross-dynamics arise from
lagged trade spillovers. A potentia disadvantage of this approachisthat if an
international shock affects several countries only with alag, that effect may incorrectly
beinterpreted as a spillover.

We therefore consider the FSVAR model consisting of the VAR model (3) in

which the errors have the factor structure,

vi =+ &, where E(ff) = diag(o ,..., 0 ) and E(&&) = diag(oy,...,0), (5)

where f; are the common international factors, I' is the 7xk matrix of factor loadings, and
& are the country-specific, or idiosyncratic, shocks. In (5), common international shocks
or factors are identified as those shocks that affect international output
contemporaneously.

The FSVAR specification (5) is overidentified, so that empirical evidence can be
brought to bear on the number of factorsk. Tests of the overidentifying restrictions are
summarized in Table 5. In both subsamples and in the pooled full sample, the hypothesis
of k =1 isregjected against the unrestricted alternative (that is, against Z, having full rank)
at the 1% significance level, but the null hypothesis of k = 2 is not rejected at the 10%
significance level. These results suggest that k = 2 is appropriate, so we adopt a
specification with two common international shocks.

For the decompositions and counterfactual calculationsin Sections 6.2 and 6.3,
we need to adopt a further normalization to identify separately the factor loadings I and
the variances of the common shocks. The specific normalization we adopt isthat the first
factor has contemporaneous unit effect on US GDP, that is, 'ys1 = 1; and that the second
factor hasimmediate unit effect on France but does not immediately affect the US, so

IMFrance1 = 1 @nd Mys2 = 0.
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6. Empirical Results

This section presents empirical results based on the FSVAR, including an analysis

of the sensitivity of the results to some modeling decisions.

6.1 Changing Importance of Common and Country-Specific Shocks

The factor structure permits a decomposition of the h-step ahead forecast error for
GDP growth in a given country into three sources: unforeseen common shocks,
unforeseen domestic shocks, and spillover effects of unforeseen domestic shocks to other
G7 countries. Because the country shocks and the common shocks are all uncorrel ated
by assumption, this decomposition in turn permits a threefold decomposition of the
variances of the h-step ahead forecast error. This approach also can be used to
decompose the variance of BP-filtered GDP.

Table 6 summarizes these variance decompositions for GDP growth and for BP-
filtered GDP. At the one-quarter horizon, international spillovers account for none of the
GDP growth forecast error variance: thisis the assumption used to identify the
international shock. At longer horizons, spilloverstypically account for between 5% and
15% of the variance of GDP growth, depending on the country and the subsample. Most
of the variance of GDP growth is attributed to the common and idiosyncratic domestic
shocks, but the breakdown between these varies considerably across countries. In the
first period, the effects of international shocks at the four-quarter horizon are estimated to
be the greatest for Canada, France, and Germany, and the least for Italy and Japan. Inthe
second period, almost all the forecast error variance in Japan is attributed to domestic
shocks, aresult consistent with the declining correlation between GDP in Japan and in
other countriesin the second period reported in Section 4.

One measure of the degree of exposure of domestic economiesto international
sources of fluctuations, either common shocks or spillovers, isthe share of the forecast
error variance attributed to domestic shocks;, asmall domestic share correspondsto a
relatively larger role for international rather than domestic disturbances. By this measure,
the international exposure of Canada and Italy has increased substantially and the
exposure of Germany and the US has increased moderately, but the effect on Japan of

14



international linkages has dropped to less than 5%. The variance decompositions for BP-
filtered GDP yield similar conclusions to the variance decompositions of GDP growth at
the 4- and 8-quarter ahead horizon.

Figure 8 presents time-varying estimates of the variance decomposition of BP-
filtered GDP, based on rolling estimates FSVAR (as before, using exponential
weighting). The unitsin Figure 8 are those of the variance; the lower lineisthe
contribution to the variance of the international shocks, the middle lineis the sum of the
contributions of the international shocks and spillovers, and the top lineis total variance,
so the gap between the top and middle linesis the contribution to the variance of
domestic shocks. For Germany, the UK, and the US, the recent decline in the overall
volatility tracks a decline in the variance arising from international shocks. For Italy, the
large historical declinein the variance is associated with a declining importance of
domestic shocks. For Japan, international shocks have become unimportant, and
domestic shocks explain nearly al of its volatility in the 1990s and are the source of its
recent increase in volatility.

The correlations presented in Section 4 suggest the emergence of a Euro-zone
cluster in the second period. This suggests that the second period might have seen the
emergence of a*“Euro-zone only” factor. The hypothesis that one of the common factors
loads only on France, Germany, and Italy provides three testable restrictions on the
FSVAR. Inthe FSVAR estimated over 1960 — 1983, thisrestriction is rejected at the 5%
significance level (p =.02), but when estimated over 1984 — 2001, the restriction is not
rejected at the 10% significance level (p =.31). In other words, the hypothesis of a
continental Europe factor can be rejected in the first period but not in the second, giving a
guantitative meaning to the apparent emergence of the Euro-zone cluster.

6.2 Changesin Volatility: Impulseor Propagation?

In principle, the contribution of international shocks to output volatility could
decrease because the variance of the international shocks has decreased, because a shock
of afixed magnitude has less of an effect on the economy, or both. Said differently, the

variance of GDP growth in a given country can change because the magnitude of the
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shocks impinging on that economy have changed or because the effects of those shocks
have changed.

In this section, we decompose the change in the variance from the first subsample
to the second into changes in the magnitudes of the shocks (“impulses’) and changesin
their effect on the economy (“propagation”). To make this precise, let V, denote the
variance of the 4-quarter-ahead forecast errorsin a given country in period p, where p =
1, 2 corresponds to 1960 — 1983 and 1984 — 2002. The variance decomposition attributes
aportion of V, to each of the nine shocks in the model, so we can write, V= V1 + ... +
Vp9, Where V,j isthe variance in period p attributed to the j™ shock. Thusthe changein
the variance between the two periodsisV, — Vi = (V21— V11) + ... + (V29— Vig). In

identified structural VARSs, the variance component V,,; always can be written as a, o7,

where ay; is aterm depending on the squared cumulative impul se response of GDP to

shock j in period p and Jﬁj isthe variance of shock j in period p. Thusthe changein the

contribution of the j™ shock can be decomposed exactly as,

2 2

+a,. o +0-.
V2,J' _VlJ = (%j(aﬁl _lej)+(leZI\J(a2j _aij)' (6)

That is, the change in the variance can be decomposed into the contribution from the
change in the shock variance plus the contribution from the change in the impulse
response. The decomposition (6) is additive so these contributions can be aggregated into
variance changes arising from the common shocks, spillovers, and own shocks, with each
type of shock in turn decomposed into changes in variances arising from changing shock
variances and from changing impul se responses; thisyields a six-way decomposition of
the change in the variance of GDP forecast errors from the first period to the second.

Table 7 presents this six-way decomposition of the change in variances of four
guarter-ahead forecast errorsin GDP. Evidently, the decline in the variance between the
two periods isto agreat extent attributed to a decline in the magnitudes of the shocks.
Indeed, for Canada, France, the UK, and the US, the decline in the shock variances more
than accounts for the drop in the variance of GDP forecast errors, in the sense that
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changes in the propagation mechanism worked to increase rather than decrease the total
variance across these two periods. For Germany and Italy, the net contribution of
changes in propagation is small, so that most of the variance reductionsin Germany and
Italy are attributed to changes in the magnitudes of the shocks. The exception here, aswe
have seen in other aspects of this analysis, is Japan, in which the decline in the varianceis
largely attributed to changes in the propagation mechanism, not to changes in the size of
shocks. Among the different types of shocks, reductionsin the size of international
shocks played a substantial role in the volatility moderation in all countries but Japan
(where the international shock is estimated to have negligible effect). In addition, in all
countries asmall but nonzero portion of the moderation in all is attributed to smaller
foreign idiosyncratic shocks.

One lesson from Table 7 is that there have been important changes in the effect of
an international shock of afixed magnitude on some of these economies. This changing
effect is examined further in Figure 9, which presents the impul se response functions for
the different countries in the two subsamples with respect to the first common factor
(Figure 9a) and the second common factor (Figure 9b). The most noticeable featureis
that for many countries, in particular the Canada, France, the UK, and the US, thereisa
large estimated increase in the magnitude of the effect of the common shocks and in their
persistence. Again, Japan is different than the rest of the G7, with the estimated

responses to both shocks being nonzero in the first period but nearly zero in the second.”

6.3 Counterfactuals: Second Period Propagation, First Period Shocks

The foregoing results indicate that much of the moderation is attributable to
declinesin the variance of the common international shocks. Thisraisesthe
counterfactual question: what would the volatility and cross-correlations have been in
1984 — 2002, had the G7 economies been confronted with common international shocks
as large as they experienced in 1960 — 1983?

®> The impulse response functions in Figure 9 apply to the normalization of the two
common shocks discussed at the end of Section 5. Although different normalizations
would yield different impul se response functions, they would be linear combinations of
the impul se response functions in Figure 9, and the discussion about persistence in this
paragraph would apply to those linear combinations as well.

17



This counterfactual question can be addressed by suitably combining the impulse
responses from the second period FSV AR with the shock variances from the first period
FSVAR, then computing the implied moments. The resulting estimated variances are
summarized in Table 8. Comparing the first line of each panel (the estimated standard
deviations based on second-period impul se response functions and second-period shock
variances) with the second line (in which the first-period variance of the common shocks
isused) revealsthat all countries, except again Japan, would have had considerably
greater volatility over the past two decades had the world experienced the first-period
shocks. For example, the standard deviation of four-quarter GDP growth in the US
would have been approximately 2.9 percentage points, compared with the actual value of
1.6 percentage points; the standard deviation of French four-quarter GDP growth, which
in reality was essentially constant over the two periods, would have doubled had the
second period experienced international shocks of the same magnitude as the first period.

The cross-country correlations implied by this counterfactual scenario are
summarized in Table 9. Not surprisingly, had the common shocks been larger in the
second period than they actually were, the cross-country correl ations would have been
higher, and indeed would have been much higher than they were in the first period.
Under the counterfactual scenario the correlations typically increase by between .10 and
.20 (Japan again being the exception). According to these estimates, had the common
shocks in the second period been as large as they were during the first period,
international business cycles would have been more highly synchronized than they
actually were, and indeed would have been more highly synchronized than there were in
the 1960 — 1983 period.

6.4 An examination of the inter national shocks

Because moderation of the international shocks appears to be an important source
of the moderation in G7 volatility, it is of interest to see if these international shocks can
be linked to observable and interpretable time series.

This section examines several candidates for such observable shocks, taken from
Stock and Watson (2002a). Thefirst candidate is US monetary policy shocks; athough
these are domestic shocks, were they to affect other countries within the quarter that they
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occur, then they would be classified as common international shocksin the FSVAR
identification scheme. Many methods have been proposed for identifying monetary
policy shocks; here, we adopt Christiano, Eichenbaum and Evan’s (1997) identification
method. The second candidate seriesis US productivity shocks, identified using Gali’s
(1999) method; we treat this as a proxy for world productivity shocks. The third set of
shocks are innovations to commaodity prices, measured here by an aggregate index of
commodity prices, an index for food, an index of industrial materials, and an index of
sensitive material prices, al for the U.S. Thefina set of shocks are oil prices, measured
in three ways. the nominal growth ratein oil prices (in the US), and Hamilton's (1996)
oil price series, which isthe larger of zero and the percentage difference between the
current price and the maximum price during the past four quarters. For details of
construction of these series, see Stock and Watson (2002a).

Table 10 reports the adjusted R* s from a regression of the common factors onto
four quarterly leads and lags of the candidate shock series, separately for each of the two
subsamples. In thefirst period, the first common international shock is correlated with
the U.S. monetary policy shock and with the oil price measures, but not with the other
shocks. Otherwise, however, the adjusted R* s are nearly zero or are negative, indicating
that the common international shocksin the FSVAR are in these cases unrelated to these
candidate observable shocks. Several of the candidate shocks examined in Table 10 are
U.S.-centric and an obvious next step is to examine aternative measures of global
shocks.

6.5 Sensitivity analysis

This section reports the results of two checks of the foregoing results to changes
in the modeling assumptions or in the precise statistics reported.

Trade-weighted VAR lag restrictions. As a check, we considered a further
restriction of the VAR in which the coefficients on foreign GDP are proportional to trade
shares. Elliott and Fatas (1996) used a similar restriction to identify shocks in a structural
VAR, and Norrbin and Schlagenhauf (1996) used it (as we do here) to smplify the lag
dynamics. Accordingly, the restricted reduced form VAR is,
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Y: =b(L) Y1 + d(L)WYi1 + W, where Eviv’ = 2 ()

where b(L) and d(L) are 7x1 vector lag polynomials and Wis afixed weighting matrix,
where the diagonal elements of W are zero and the (i,j) element is the share of grosstrade
(imports plus exports) of trading partner j in all of country i’s trade with G7 countries.®

In the restricted reduced form VAR (7), the number of coefficients per equation
equals the number of own lags (the degree of b(L)) plus the number of lags on trade-
weighted foreign GDP (the degree of d(L)). AIC and BIC comparisons point to 4 own
lags and 1 lag of trade-weighted foreign GDP growth. The FSVAR corresponding to (7)
imposes the factor structure (5) on the reduced form errorsin (7).

As agauge of the sengitivity of the resultsin the previous sections, we
recomputed the counterfactual variances and correlations of Tables 8 and 9 for the trade-
weighted FSVAR,; the results are reported in Tables 11 and 12. Although the numerical
values for the estimated changes in variances in Tables 8(a) and 11 differ, the qualitative
conclusions are the same. In most countries, the variances of four-quarter GDP growth
would have been considerably larger had second-period shocks been as large as first-
period shocks. The main differences between the standard deviations in Tables 8(a) and
11 isthe estimated increase for the UK, which isless using the trade-weighted FSVAR
than the base case FSVAR in Table 8(a). The main differences between the implied
correlationsin Tables 9 and 12 is that the model-based estimatesin Table 12(a)
(estimates of actuals, not counterfactuals) in some cases differ considerably from the
actual sample correlationsin Table 4(a): the average absol ute difference between the two
correlations is .18, amost twice the average of .10 for the FSVAR(4,1). The trade-
weighted model especially failsto capture the correlations involving Canada. In this
sense, the trade-weighted FSVAR does not fit the data as well asthe FSVAR(4,1). Still,
the main conclusion from Table 9 — that international synchronization would have been
substantially greater had the common shocks in the second period been as large as they
werein the first — aso obtains using the trade-weighted FSVAR.

Measuring synchronization by average coherences. The analysis of

international synchronization so far has relied on contemporaneous cross-correl ations of
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four-quarter GDP growth and of BC-filtered GDP as the measures of comovements, but
this can mask lagged associations. An alternative measure of comovements, which is
invariant to these lagged effects, is the average coherence at business cycle frequencies.

Specificaly, let ap and w be the lower and upper frequencies that define the business
cycle portion of the spectrum, and let sﬁ“’ (w) be the cross-spectrum between the four

guarter growth ratesin countriesi and j asin (4). One measure of the average coherence

between four-quarter growth ratesin countriesi and j at business cycle frequenciesis,

INERCIEE:

IS CONINGACED

R (@, @) = - (8)

This measure reduces to the usual definition of the coherence when it is evaluated at a
single frequency rather than over the range a to w.

The square root of average coherence (8), R;j(ab, ), was computed for the
counterfactual correlations examined in Table 9, and the results are summarized in Table
13 (because the coherence has the interpretation of an R, using the square root of the
average coherence makes this measure more directly comparable to the correlations of
Table9). Comparing panel (a) of Tables 9 and 13 shows that the coherences are higher
than the correlations of four-quarter growth rate, which is not surprising because the
coherences are not sensitive to phase shifts and also focus on business cycle frequencies,
whereas the four-quarter growth rates contain some higher frequency noise. The
gualitative conclusions from the counterfactual exercise, however, are the same as those
drawn from Table 9: under the counterfactual scenario, average business cycle
coherences increase, typically by .10 to .15. In genera, findings based on the
contemporaneous correlations and the average coherence will be different. Asit happens,
however, the cross-country lead-lag relations evidently are modest, so these different

measures give similar results.

® Bilateral import and export data are from the IMF's | FS database.
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7. Discussion and Conclusion

These empirical results suggest four broad conclusions. First, although there has
not been a general increase in international synchronization among G7 business cycles,
there have been important changes, in particular the emergence of two groups, one
consisting of Euro-zone countries and the other of English-speaking countries, within
which correlations have increased and across which correl ations have decreased. Over
this period, cyclical movementsin the UK became less correlated with Euro-zone
countries and more correlated with North American countries.

Second, common international shocks have been smaller in the 1980s and 1990s
than they were in the 1960s and 1970s. According to the FSVAR, this declining
volatility of common G7 shocks is the source of much of the observed moderation in
individual country business cycles. Moreover, this moderation of common G7 shocksis
responsible, in a mechanical sense, for the failure of business cyclesto become more
synchronous as one might expect given the large increase in trade over this period: had
world shocks been as large in the 1980s and 1990s as they were in the 1960s and 1970s,
international cyclical correlations would have increased considerably.

Third, the Japanese experience isin many ways exceptional. For the other G7
countries, volatility generally decreased or at least stayed constant in the 1990s, but it
increased in the 1990s in Japan. During the 1980s and 1990s, cyclical fluctuationsin
Japanese GDP became almost detached from the other G7 economies, with domestic
shocks explaining almost all of the cyclical movements in Japanese GDP. Thisfindingis
consistent with Asian trade being increasingly important for the Japanese economy and
with the domestic nature of the economic difficulties Japan experienced in the 1990s.

Fourth, arobust finding is that, however measured, persistence of disturbances —
both reduced-form innovations and structural shocks — has increased in Canada, France,
the UK. In those countries, a shock of a given magnitude would result in more cyclical
volatility today than thirty years ago.

This analysis has focused on documenting the changes in the magnitudes of
shocks and their effects. Animportant next step is sorting out the reasons for these
changes and their implications for economic policy.
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Real GDP series were used for each of the G7 countries for the sample period

TableA.1 Sourcesfor GDP Data

1960:1-2002:4. A consistent series over the entire sample period did not exist for

Canada, France and Italy, and in these cases two series were spliced. The table below
gives the data sources and sample periods for each data series used. Abbreviations used
the source column are (DS) DataStream, (DRI) Data Resources and (E) for an internal

OECD series from Dalsgaard, Elmeskov, and Park (2002).’

Country | Series Name | Source Sample period
Canada | cnona017g OECD (DS) 1960:1 1960:4
cngdp...d STATISTICS CANADA (DS) 1961:1 2002:4
France frona017g OECD (DS) 1960:1 1977:4
frgdp...d I.N.S.E.E. (DS) 1978:1 2002:4
Germany | bdgdp,,,d DEUTSCHE BUNDESBANK (DS) 1960:1 2002:4
Italy OECD (E) 1960:1 1969:4
itgdp...d ISTITUTO NAZIONALE DI STATISTICA (DS) | 1970:1 2002:4
Japan jpona0l7g OECD (DS) 1960:1 2002:4
UK ukgdp...d OFFICE FOR NATIONAL STATISTICS (DS) | 1960:1 2002:4
us gdpg Dept. of Commerce (DRI) 1960:1 2002:4
Table1l. Mean and Standard Deviations of
4-quarter GDP growth in the G7 by decade
Mean growth rate Standard deviation of
4-quarter growth
60-69 | 70-79 | 80-89 | 90-02 | 60-69 | 70-79 | 80-89 | 90-02
Canada | 3.11 [ 254 | 1.71 | 152 [1.83 |1.82 |267 |224
France 407 | 297 | 178 |133 [124 [1.66 |1.27 |1.43
Germany | 3.83 [ 259 | 157 | 131 [256 |213 |167 |1.53
Italy 455 | 361 | 217 132 [234 [314 |1.33 |1.30
Japan 865 | 355 | 321 [1.21 |219 [3.16 |157 |2.08
UK 235 | 220 | 212 [1.84 |1.84 |248 [251 |1.60
us 295 | 220 | 2.00 [1.62 |2.09 |274 |266 |1.47
Notes: The columns labeled “Mean growth rate” show the sample mean of 400xIn(GDP;

/IGDPy_;). The*Standard deviation” columns show the standard deviation of
100%(GDPy/GDP¢_y).

"We thank Brain Doyle and Jon Faust for advice and for supplying us with the Dalsgaard,

Elmeskov, and Park (2002) data.
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Table 3. Autoregressive Parametersfor GDP growth rates:

Sumsof AR coefficients and standard error of theregression

Ay = a(L)Ay: 1 + &

a g,
1960 - 1983 | 1984 - 2002 | 1960 - 1983 | 1984 — 2002
Canada 0.00 0.56 3.82 2.27
France -0.36 0.43 2.95 1.79
Germany 0.04 -0.18 5.42 3.39
Italy 0.02 0.13 4.03 2.16
JP 0.38 0.09 4.08 3.79
UK 0.03 0.65 4.81 1.84
U 0.30 0.47 3.98 1.96

Notes. Estimates are computed using detrended GDP growth.



Table4. Cross-country GDP growth correlations

(a) Four-quarter growth rates, smple correlation coefficients

Canada | France | Germany | Italy | Japan | UK | US

1960 - 1983

Canada 1.00

France 0.31 1.00

Germany 0.50 0.56 1.00

Italy 0.30 0.59 0.35 1.00

Japan 0.20 0.40 0.46 0.28 1.00

UK 0.26 0.54 0.53 0.13 0.48 1.00

us 0.77 0.39 0.52 0.21 0.32 0.46 1.00
1984 — 2002

Canada 1.00

France 0.33 1.00

Germany 0.12 0.59 1.00

Italy 0.38 0.77 0.59 1.00

Japan -0.05 0.28 0.38 0.34 1.00

UK 0.72 0.33 0.11 0.47 0.09 1.00

us 0.80 0.26 0.22 0.29 0.02 0.58 1.00

(b) Four-quarter growth rates, implied by reduced form VAR(4,1)

Canada | France | Germany | Italy | Japan | UK | US

1960 — 1983

Canada 1.00

France 0.31 1.00

Germany 0.57 0.56 1.00

Italy 0.35 0.52 0.33 1.00

Japan 0.33 0.29 0.39 0.22 1.00

UK 0.31 0.52 0.50 0.12 0.44 1.00

us 0.72 0.38 0.53 0.20 0.33 0.42 1.00
1984 — 2002

Canada 1.00

France 0.56 1.00

Germany 0.09 0.54 1.00

Italy 0.45 0.79 0.49 1.00

Japan -0.02 0.15 0.33 0.13 1.00

UK 0.70 0.58 0.18 0.56 0.03 1.00

us 0.81 0.64 0.24 0.42 0.04 0.68 1.00
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Table 4, continued

(c) BP-filtered GDP, implied by reduced form VAR(4,1)

Canada | France | Germany | Italy | Japan | UK | US

1960 — 1983

Canada 1.00

France 0.36 1.00

Germany 0.62 0.60 1.00

Italy 0.39 0.56 0.37 1.00

Japan 0.35 0.31 0.41 0.24 1.00

UK 0.34 0.56 0.55 0.15 0.47 1.00

us 0.76 0.44 0.59 0.23 0.34 0.46 1.00
1984 — 2002

Canada 1.00

France 0.50 1.00

Germany 0.08 0.59 1.00

Italy 0.42 0.79 0.53 1.00

Japan -0.03 0.20 0.42 0.18 1.00

UK 0.68 0.51 0.15 0.54 0.04 1.00

us 0.79 0.59 0.23 0.37 0.07 0.64 1.00

Notes: The correlationsimplied by the reduced form VAR(4,1) were computed from the
VAR coefficients and variance matrix estimated over the two subsamples. The
correlations for BP-filtered GDP were computed for the ideal BP filter.

Table5. Testsof k-factor M odel versus Unrestricted Error Covariance Matrix

Number of | d.f. 1960-2002 1960-1983 1964-2002
Factors (k) LR p-value LR p-value LR p-value
Statistic Statistic Statistic
1 14 | 47.32 0.00 33.36 0.00 39.29 0.00
2 8 12.78 0.12 13.05 0.11 12.68 0.12
3 3 2.25 0.52 2.69 0.45 1.59 0.66

Notes: Entriesare the likelihood ratio test statistic and its p-val ue testing the null
hypothesis that the VAR(4,1) error covariance matrix has a k-factor structure, against the
unrestricted alternative. The degrees of freedom of the test are given in the second

column.
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Table6. Variance Decompositions. Common Shocks, Spillovers, and Own-Country
Shocks

(a) Forecast Error Variance Decompositions for GDP Growth

1960 — 1983 1984 - 2002

horizon | standard | Factor | Spillover | Own | standard | Factor | Spillover | Own
deviation deviation

Canada 1 3.37 0.36 0.00 0.64 2.04 0.97 0.00 0.03
2 2.70 0.45 0.09 0.46 1.77 0.92 0.05 0.03
4 2.01 0.50 0.16 0.34 1.71 0.89 0.09 0.02
8 1.43 0.52 0.17 0.31 1.59 0.83 0.15 0.02
France 1 2.66 0.97 0.00 0.03 1.62 0.96 0.00 0.04
2 1.90 0.87 0.11 0.02 1.23 0.93 0.04 0.03
4 1.29 0.82 0.16 0.02 111 0.91 0.06 0.03
8 0.87 0.81 0.18 0.01 1.06 0.88 0.10 0.02
Germany 1 4.81 0.24 0.00 0.76 3.12 0.26 0.00 0.74
2 3.35 0.33 0.10 0.57 2.02 0.31 0.06 0.63
4 2.32 0.38 0.15 0.47 1.26 0.34 0.07 0.59
8 1.73 0.41 0.16 0.43 0.90 0.39 0.08 0.53
Italy 1 3.86 0.10 0.00 0.90 1.96 0.33 0.00 0.67
2 3.11 0.10 0.02 0.88 1.40 0.41 0.05 0.54
4 2.42 0.12 0.04 0.84 1.09 0.45 0.08 0.47
8 1.59 0.15 0.06 0.80 0.88 0.51 0.12 0.37
Japan 1 3.96 0.17 0.00 0.83 3.62 0.01 0.00 0.99
2 3.01 0.19 0.02 0.79 2.52 0.00 0.03 0.97
4 2.49 0.20 0.02 0.78 1.84 0.00 0.03 0.97
8 1.98 0.20 0.03 0.77 1.37 0.01 0.04 0.95
U.K. 1 4.66 0.24 0.00 0.76 1.69 0.03 0.00 0.97
2 3.22 0.23 0.03 0.74 1.56 0.10 0.00 0.90
4 2.35 0.24 0.03 0.72 131 0.20 0.02 0.78
8 1.71 0.25 0.04 0.71 1.22 0.29 0.03 0.68
U.s. 1 3.95 0.27 0.00 0.73 1.74 0.22 0.00 0.78
2 3.23 0.31 0.01 0.68 141 0.29 0.05 0.66
4 2.55 0.33 0.02 0.65 1.29 0.38 0.12 0.50
8 1.84 0.35 0.02 0.63 1.20 0.47 0.17 0.36
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Table 6, continued

(b) BP-filtered GDP

1960 — 1983 1984 — 2002

standard | Factor | Spillover Own standard | Factor | Spillover Own

deviation deviation
Canada 1.19 0.50 0.20 0.30 1.16 0.80 0.18 0.02
France 0.74 0.77 0.21 0.01 0.76 0.85 0.14 0.02
Germany 1.34 0.41 0.19 0.41 0.72 0.39 0.10 0.51
Italy 1.46 0.14 0.06 0.81 0.67 0.49 0.13 0.38
Japan 1.49 0.20 0.03 0.77 1.07 0.02 0.05 0.93
U.K. 1.33 0.25 0.05 0.71 0.86 0.33 0.05 0.62
u.s. 151 0.34 0.03 0.63 0.87 0.44 0.20 0.37

Notes. Standard deviations are in percent per year (growth rates) or percentages (BP-
filtered). Remaining entries are the fraction of the variance associated with the common
factors, with cross-country spillovers, or with the country’s own idiosyncratic shocks.
Panel (a) presents forecast error variance decompositions at various horizons, panel (b)
decomposes the total variance of BP-filtered GDP.

Table7. Decomposition of changesin the variance of 4-quarter-ahead forecast

errorsinto changing impulses and changing propagation.

Variances Contribution of change in Contribution of change in

shock variance impulse response function
1960- | 1984- | change | int'l | spill- | own total int'l | spill- | own | total

1983 | 2002 over over
Canada 4.06 2.93 -1.13 -7.45 | -0.71 | -2.40 | -10.56 | 8.03 0.31 1.09 9.43
France 1.66 1.22 -0.44 -2.31 | -0.32 | -0.02 -2.65 2.06 0.12 0.03 2.21
Germany | 5.39 1.59 -3.80 -1.47 | -043 | -1.41 -3.31 | -0.03 | -0.27 | -0.18 | -0.49
Italy 5.86 1.19 -4.67 -1.14 | -0.32 | -3.18 -4.64 0.95 0.20 -1.18 | -0.03
Japan 6.18 3.39 -2.79 -0.53 | -0.24 | -0.01 -0.78 | -0.67 | 0.20 -1.54 | -2.01
U.K. 5.52 1.73 -3.80 -1.45 | -0.23 | -5.03 -6.72 0.45 0.08 2.39 2.92
U.S. 6.51 1.66 -4.84 -2.56 | -0.54 | -3.26 -6.36 1.03 0.62 -0.13 1.52

Notes: Thefirst three columns give the variance of BP-filtered GDP in the first and

second subsample, estimated using the FSVAR, and their difference. The remaining
columns decompose this difference into changes in the impul se response functions and

changes in the variances of the shocks themselves. The sum of the “international,”

“spillover,” and “own” columns equals the “total” column, and the sum of the two “total”
columns equals the “change” column.
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Table 8. Counterfactual Volatility Measures during 1984 — 2002
using Common and Country Shock Variances from 1960 — 1983

(a) Standard Deviationsof 4-quarter GDP growth

Period for shock Standard deviation of 4-quarter GDP growth
variances
Common | Country | Canada | France | Germany | Italy Japan UK us
shocks | shocks
84-02 84-02 2.06 1.43 1.34 1.21 1.87 1.59 1.60
60-83 84-02 4.63 2.94 1.94 2.04 1.96 2.61 2.92
60-83 60-83 5.33 3.25 2.37 2.78 2.16 3.95 3.84
(b) Standard Deviations of BP-filtered GDP
Period for shock Standard deviation of BP-filtered GDP
variances
Common | Country | Canada | France | Germany | ltaly Japan UK us
shocks | shocks
84-02 84-02 1.16 0.76 0.72 0.67 1.07 0.86 0.87
60-83 84-02 2.62 1.55 1.04 1.12 1.12 1.43 1.56
60-83 60-83 3.01 1.70 1.27 1.52 1.22 2.16 2.08

Notes: Entriesin panel (a) are the standard deviations of four-quarter GDP growth based
on the FSV AR impul se response functions estimated using data from 1984 — 2002, using
the shock variances estimated over the sample indicated in the first two columns. The
first row isthe model-based estimate of the actual standard deviation during 1984 — 2002;
the remaining rows are counterfactuals. The entriesin panel (b) are analogousto thosein
panel (a) but pertain to BP-filtered GDP.



Table9. Counterfactual Correlations Between Four-quarter Growth Rates
during 1984 — 2002 using Common Shock Variances from 1960 — 1983

(a) FSVAR estimates of actual 1984 — 2002 corr elations

Canada | France | Germany Italy Japan UK us
Canada 1.00 . : . :
France 0.57 1.00 .
Germany 0.10 0.55 1.00 .
Italy 0.48 0.80 0.48 1.00 .
Japan 0.01 0.16 0.27 0.15 1.00 .
UK 0.70 0.58 0.19 0.56 0.05 1.00 )
us 0.81 0.66 0.23 0.53 0.13 0.70 1.00

(b) FSVAR estimates of 1984 — 2002 correlations
using common shock variances from 1960 - 1983

Canada | France | Germany Italy Japan UK us
Canada 1.00 : . : :
France 0.70 1.00 .
Germany 0.25 0.71 1.00 .
Italy 0.67 0.92 0.69 1.00 :
Japan 0.12 0.23 0.31 0.23 1.00 .
UK 0.84 0.76 0.43 0.75 0.21 1.00 .
us 0.90 0.82 0.43 0.76 0.23 0.88 1.00

Notes: Entriesin panel (a) are the correlations among four-quarter GDP growth based on
the FSVAR estimated using datafrom 1984 — 2002. Entriesin panel (b) are based on the
1984 — 2002 FSV AR, except cal culated using the common shock variances from the
1960 — 1983 FSVAR.
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Table10. R* from Regressionsof International Factors
onto Various Candidate Shocks

(a) Factor #1

1960-2001 1960-1983 1984-2001
US Money (CEE) .094 .099 .011
US Productivity (Gali) .035 .006 .046
Com Price: All .044 .064 —-.037
Com Price: Food —.023 .003 —.087
Ind. mat’s prices .085 .105 .007
Sens. mat’s prices .107 128 —-.016
oil price (nominal) —.028 130 —-.070
oil price (Hamilton) .029 115 -.071

(b) Factor #2

1960-2001 1960-1983 1984-2001
US Money (CEE) —-.004 —-.074 .013
US Productivity (Gali) .024 —.045 .040
Com Price: All —.028 —.088 —.003
Com Price: Food —.005 —.054 —.056
Ind. mat’s prices —.034 —.044 .028
Sens. mat’s prices —.030 —.048 .041
oil price (nominal) —.044 —-.040 —.035
oil price (Hamilton) —.006 —-.021 .001

Notes: Entriesare R*’sfrom aregression of common factor #1 (panel (a)) or #2 (panel

(b)) onto four leads and lags of the series listed in the first column. These series are

described in the text.
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Table 11. Counterfactual Standard Deviation of 4-quarter GDP Growth Based on

Trade-Weighted FSVAR

Period for shock

Standard deviation of 4-quarter GDP growth

variances
Common | Country | Canada | France | Germany | ltaly Japan UK us
shocks | shocks
84-02 84-02 1.88 1.20 1.36 1.10 1.93 1.49 1.43
60-83 84-02 3.51 2.17 1.81 1.59 2.01 1.65 2.07
60-83 60-83 4.15 2.20 2.26 2.25 2.16 3.39 2.89

Notes. Entries are computed in the same way asin panel (a) of Table 8, except they are
based on the FSVAR (7) with trade-weight lag restrictions.

Table 12. Sensitivity Check: Counterfactual Correlations of 4-quarter GDP

Growth Based on Trade-Weighted FSVAR

(a) Trade-weighted FSVAR estimates of actual 1984 — 2002 cor r elations

Canada | France | Germany Italy Japan UK us
Canada 1.00 . .
France 0.22 1.00 .
Germany -0.09 0.52 1.00 .
Italy 0.15 0.68 0.43 1.00 .
Japan 0.20 0.11 0.10 0.08 1.00 .
UK 0.15 0.35 0.20 0.24 0.07 1.00 .
us 0.75 0.34 0.09 0.24 0.30 0.17 1.00

(b) Trade-weighted FSVAR estimates of 1984 — 2002 corr elations
using common shock variances from 1960 - 1983

Canada | France | Germany Italy Japan UK us
Canada 1.00 . .
France 0.28 1.00 .
Germany -0.14 0.64 1.00 .
Italy 0.22 0.84 0.61 1.00 .
Japan 0.24 0.16 0.13 0.12 1.00 .
UK 0.26 0.52 0.32 0.43 0.14 1.00 .
us 0.87 0.44 0.07 0.38 0.33 0.33 1.00

Notes. Entries are computed in the same way asin Table 9, except they are based on the
FSVAR (7) with trade-weight lag restrictions.
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Table 13. Sensitivity Check: Counterfactual Coherences Between Four-quarter
Growth Rates during 1984 — 2002 using Common Shock Variances from 1960 — 1983

(a) FSVAR estimated actualsfor 1984 — 2002

Canada | France | Germany Italy Japan UK us
Canada 1.00 : : :
France 0.73 1.00 .
Germany 0.32 0.61 1.00 .
Italy 0.64 0.88 0.58 1.00 :
Japan 0.20 0.18 0.34 0.21 1.00 .
UK 0.82 0.71 0.33 0.68 0.19 1.00 .
us 0.88 0.77 0.36 0.67 0.21 0.82 1.00

(b) FSVAR estimated counterfactualsfor 1984 — 2002
using common shock variances from 1960 - 1983

Canada | France | Germany Italy Japan UK us
Canada 1.00 . . . .
France 0.82 1.00 .
Germany 0.53 0.79 1.00 .
Italy 0.80 0.96 0.78 1.00 .
Japan 0.34 0.29 0.37 0.32 1.00 .
UK 0.93 0.83 0.54 0.83 0.32 1.00 .
us 0.95 0.89 0.59 0.86 0.35 0.94 1.00

Notes. Entries are square root of the average coherence at business cycle frequencies, as
defined in (8), computed using the FSVAR described in Section 4. The factual (panel
(a)) and counterfactual (panel (b)) scenarios are the same asin Table 9.
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Figure 2. Detrended four-quarter GDP growth:
individual countries (solid lines) and G7 aggregate (dashed line)
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Figure 3. Band-pass GDP growth:
individual countries (solid lines) and G7 aggregate (dashed line)
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Figure 5. Estimated instantaneous standard deviation of BP GDP
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Figure 6b. Rolling autoregressions: innovation standard error (J,)
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Figure 7. Band-pass GDP growth:

A. Canada B. France C. Germany
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Figure 8. Rolling FSVAR Variance decomposition of BP-filtered GDP growth:
International shocks (lower); international shocks + spillovers (middle); and total (top)
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Figure 9a. Cumulative impulse response function: first common factor in 1960 — 198

(solid line) and 1984 — 2002 (dashed line)
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Figure 9b. Cumulative impulse response function: second common factor
in 1960 — 198 (solid line) and 1984 — 2002 (dashed line)
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