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Abstract

This paper proposes a multivariate unobserved components model to simultaneously
decompose the real GDP for each of the G-7 countries into their respective trend and
cycle components. In contrast to previous literature, our model allows for explicit
correlation between all the contemporaneous trend and cycle shocks. We find that all the
G-7 countries have highly variable stochastic permanent components for output, even
once we allow for structural breaks. We also find that common restrictions on the
correlations between trend and cycle shocks are rejected by the data. In particular, we
find that correlations across permanent and transitory shocks are important both within
and across countries.
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1 Introduction

The debate about the nature of economic fluctuations has long been at the center
of macroeconomic research. One critical issue is whether the business cycle is wholly
transitory, or whether it might be “real” in the sense that it is characterized primarily by
permanent rather than transitory movements.® Research addressing this issue has
generally focused on the U.S., but there has been increasing interest in cross-country
comparisons as well (e.g. Cogley, 1990; Backus, Kydland and Kehoe, 1992; Canova and
de Nicolo, 2003). Another subject that has received attention recently is the linkage of
economic activity across countries. Research on international business cycles has
documented international co-movements in a wide array of macroeconomic variables
(e.g. Backus, Kydland, and Kehoe, 1992; Gregory, Head, and Raynauld, 1997; and Kose,
Otrok and Whiteman, 2003).

This paper proposes a multivariate unobserved components model to examine the
role of permanent or “trend” shocks versus transitory or “cycle” shocks as sources of
variation in real GDP across the G-7 countries from 1960 through 2009. With this model
we simultaneously decompose the real GDP for each of the G-7 countries into their
unobserved permanent and transitory components. Cross-country evidence should be
helpful to ascertain business cycle characteristics as there are commonalities in the
behavior of real quantities across countries (Diebold and Rudebusch, 1996). We thus use
the variation across countries to identify the parameters for each individual series in order

to improve the efficiency of the estimates. Furthermore, we build on the model of

! For a discussion of this debate, see Kim, Piger, and Startz (2007). Throughout this paper we use the term
“business cycle” to refer generally to economic fluctuations. This is in line with the definition that the
NBER and the CEPR business cycle dating committees use, according to Harding and Pagan (2005). For
an alternative approach relating the phases of business cycle movements in the G-7, see Chauvet and Yu
(2006).



Morley, Nelson, and Zivot (2003), and allow for explicit interaction between permanent
and transitory shocks. We are thus able to jointly address three major macroeconomic
questions: 1) Are fluctuations in output primarily due to permanent or transitory
movements? 2) Is the relative importance of permanent versus transitory movements in
output similar across countries? 3) What is the pattern of correlation between the
permanent and transitory movements in output across the G-7 countries?

This paper employs a multivariate correlated unobserved components model in
order to consider these questions. Prior research has explored the role of permanent and
transitory shocks in a single real GDP series using a univariate correlated unobserved
components model (e.g. Basistha, 2007, for Canada; Morley, Nelson, and Zivot, 2003, for
the U.S.). Multiple series relationships for the same country have been explored as well
in an unobserved components framework (e.g. Basistha, 2007, for Canadian output and
inflation; Morley, 2007, for U.S. consumption and income; Sinclair, 2009, for U.S. output
and the unemployment rate). There has also been a significant amount of research
examining cross-country relationships using various empirical models (e.g. Kose, Otrok
and Whiteman, 2003, and references therein). The novelty of this paper is to estimate a
multivariate correlated unobserved components model using data from several countries
and explore the interactions among their permanent and transitory shocks.

The majority of previous studies that have considered international output co-
movements have used detrended or first-differenced data. One benefit of our approach is
that it does not require a prior transformation of the GDP series. Common detrending
methods, such as the Hodrick Prescott filter and bandpass filters, are known to produce

spurious cycles for nonstationary data, such that the results are sensitive to the detrending



method that is chosen (Cogley and Nason, 1995; Murray 2003; Doorn 2006). First-
differencing can avoid the problem of the spurious cycle for difference-stationary data,
but then the permanent and transitory components cannot be separated without additional
identification assumptions. Our approach, however, allows us to estimate the permanent
and transitory components jointly as well as the relationships between them.

Our model also places fewer restrictions on the relationships across countries than
in several other studies. Dynamic factor models, for example, often assume there is a
single common world factor, which may lead to attributing all cross-country relationships
to the “world shock” (see discussion in Stock and Watson, 2005). Our empirical
framework avoids imposing a common dynamic factor structure on all countries prior to
estimation. It is also not necessary to assume common trends or common cycles for
identification (see Centoni, Cubadda, and Hecq, 2007; Vahid and Engle, 1993, 1997),
though our framework still accommodates potential commonalities (Everaert, 2007,
Schleicher, 2003). Finally, we are able to directly use the estimated correlation matrix to
examine the cross-country relationships, instead of estimating the correlations in a second
stage using the estimated components.

To preview our results, we find that permanent shocks play an important role for
the real GDP of all seven countries, even after allowing for structural breaks. We also
find that permanent and transitory shocks within each series are negatively correlated.
One interpretation of our results is that each economy is frequently buffeted by
permanent shocks. Observed output, however, takes time to adjust to the changing steady
state, resulting in the contemporaneous negative correlation between permanent and

transitory shocks within each series.



With regards to the cross-country relationships, we find that we cannot neglect the
cross-country, permanent-transitory correlations, i.e. the correlations between permanent
shocks to country i and transitory shocks to country j. If we restrict these correlations to
be equal to zero then we would conclude that the G-7 countries are mostly connected
through their permanent shocks. The data reject this restriction, however, in favor of a
more complicated relationship across countries where there are also shocks that appear to
have permanent effects in some countries while temporary effects in others.

The rest of the paper proceeds as follows. In Section 2 we present the
multivariate correlated unobserved components model. In Section 3 we discuss the data

and the results. In Section 4 we conclude.

2 The Model

The output for each country can be represented as the sum of a stochastic “trend”
component and a “cycle” component. The “trend” (1), also called the permanent
component, is the steady-state level after removing all temporary movements from the
series. The “cycle” (c), also called the transitory component, embodies all temporary
movements and is assumed to be the stationary remainder after removing the trend
component:

Yy =Ty +Cy, 1 =110 7 for each country

A random walk for each of the trend components allows for permanent movements in the

series. We also allow for a drift (p) in the trend:

Ty = M T 175

1)

(2)



According to Perron and Wada (2009), including a structural break in the trend
may be important for proper estimates of the variability of the permanent component.
They find that a break occurred in 1973:1 for the U.S. Moreover, an extensive literature
indicates that there was a productivity slowdown in all the G-7 countries at about that
time (Ben-David and Papell, 1998; Bai, Lumsdaine, and Stock, 1998). We, therefore,
tested each series separately for structural breaks in the drift (Andrews, 1993, and Bai and
Perron, 1998). Univariate break tests find structural breaks in the drift terms for all seven
countries somewhere in the early 1970s and an additional break for Japan in 1991Q3. We
incorporate these structural breaks into our estimates and will discuss this further below
in section 3.2. 2

We model each transitory component as a second order autoregressive process,
AR(2):

Cip = P;Ci s +D5Ci, + &5
In general, AR(2) dynamics are sufficient for identification (Morley, Nelson, and Zivot,
2003; Sinclair, 2009). Univariate specification tests were performed which suggested
that an AR(2) model for each individual country would be appropriate. Further discussion
of the AR(2) assumption is included in Section 3.3.

We assume the shocks (#i, and &) are normally distributed, mean zero, random
variables with a general covariance matrix (allowing possible correlation between any of
the contemporaneous shocks to the unobserved components). The two key identifying

assumptions of this model are that the permanent component is a random walk with drift

2 Another alternative would be to use the mixture of normals approach as discussed in Wada and Perron
(2006).
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and that the remaining stationary part has only autoregressive dynamics (but the reduced
form growth rates also have MA dynamics).
The key difference between our model and a traditional unobserved components

model is in the variance-covariance matrix for the permanent and transitory shocks:

[ )5 %)

where ¥, is the 7 x 7 variance-covariance matrix for the shocks to the permanent

components:
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Traditionally, unobserved components models have imposed restrictions on the
variance-covariance matrix. Generally they have assumed that the off-diagonal elements
of (4) were equal to zero, or at least that (4c) was a matrix of zeros. Our model, however,
imposes no restrictions on the variance-covariance matrix and thus we have estimates for
all potential contemporaneous within-series and across-series correlations.

We cast the model into state-space form (available from the authors upon request)
and apply the Kalman filter for maximum likelihood estimation (MLE) of the parameters
using prediction error decomposition and to estimate the permanent and transitory

components.®
3 The Data and Results

We apply the model of Section 2 to output data for the G-7 countries; namely
Canada, France, Germany, lItaly, Japan, the U.K., and the U.S. The data are quarterly
observations on real GDP from 1960:1 to 2009:4 from OECD Quarterly National
Accounts.*

Table 1 reports the maximum likelihood estimates of our multivariate correlated
unobserved components model. Model 1 allows for the general covariance matrix and
includes a structural break in the drift term in early 1970s for all countries, and an

additional structural break for Japan in the third quarter of 1991.° The remaining two

¥See chapter 3 of Kim and Nelson (1999a) or chapter 4 of Harvey (1993) for a discussion of the
implementation of the Kalman filter. All estimation was done in GAUSS version 6.0. To ensure that the
estimates represent the global maximum, estimates of all models were repeated using different starting
values approximating a coarse grid search. The appropriateness of MLE in the case of random walk
components has been examined in Chang, Miller, and Park (2009).

* Specifically we downloaded the following data for all seven countries from OECD.Stat: VOBARSA:
Millions of national currency, volume estimates, OECD reference year, annual levels, seasonally adjusted
(downloaded on March 3, 2010).

® Based on univariate unknown structural break date tests, the structural breaks were in the second quarter
of 1973.2 for the U.S., U.K., Japan, and Germany and in second quarter of 1974 for Canada, France, and
Italy.



columns of Table 2 report restricted models. Model 2 presents results restricting the
cross-correlation matrix, X,.. to be a matrix of zeros. Model 3 allows for the general
covariance matrix, but does not include structural breaks. Models 2 and 3 are both
rejected in favor of Model 1 based on likelihood ratio tests with p-values less than 0.01 in
both cases.® For each country, Figure 1 presents the estimated components based on

Model 1 along with the corresponding real GDP series.
3.1 The Estimated Components

Based on the seven panels of Figure 1, the estimated permanent components are
clearly variable. In fact, if we compare the standard deviations of the permanent shocks
(presented in the first column of Table 1c and discussed further in section 3.4) with that
of the growth rate of real GDP for each country, we find that the permanent shocks have
larger standard deviations than the standard deviation of real GDP growth for all seven
countries. The permanent components can be more volatile than the series itself because
we find, as we discuss further in Section 3.5, that there is negative correlation between
permanent and transitory shocks for all of the G-7 countries. Given the variability of the
permanent components, the transitory components may not completely capture the
traditional “cycle.”” The shaded regions in Figure 1 represent recessions (i.e. business
cycle peak to trough periods), based on dates provided by the Economic Cycle Research

Institute (ECRI), except for the U.S. where the dates come from the National Bureau of

® It is particularly striking that based on restricted Model 2, which does not all for correlation between the
permanent and transitory shocks, that the estimates for the autoregressive parameters for several countries
appear implausible. For example, the estimated AR parameters for Germany are negative and for Italy they
are both near zero. This suggests that Model 2 is imposing inappropriate restrictions.

" Japan and the U.K. appear to have the most volatile components (confirmed by the estimates of the
standard deviations of their shocks). As discussed in Section 3.3, we may want to take these two estimates
with some caution because the estimates of their second autoregressive parameters do not appear to be
statistically significant, which is necessary for identification.



Economic Research (NBER). There is clear peak to trough movement for most
recessions in the transitory components, but the permanent components also appear to
decline during most recessions.? In further discussion in Section 3.5, we interpret some of
the movements of the transitory component as being adjustments to the permanent

shocks, although other interpretations are possible.

3.2 The Drift Terms

Table la presents the drift terms for our estimated models. Based on the
estimates from Model 1, the post-1970s drift term is found to be smaller than that of the
pre-1970s sample for all seven countries, further supporting the productivity slowdown
hypothesis for the G-7 countries.’

We also considered whether there were structural breaks associated with other
important developments that occurred during our sample period. The only other
significant structural break that we found was for Japan in the third quarter of 1991. The
smaller drift term after the third quarter of 1991 for Japan is consistent with the slower

economic growth that Japan has experienced since the early 1990s.

® In an elegant paper applying generalized method of moments to a rational expectations aggregate
demand/aggregate supply model of the output growth and inflation of France , Germany, Italy, the
Netherlands, the U.K. and the U.S., Hartley and Whitt (2003) found that it is actually permanent demand
shocks that have been the dominant source of variance in output growth in several of the countries in their
sample. Therefore, we are careful not to interpret our permanent components as capturing only supply
shocks.

® papanyan (2007) models the G-7 countries with a common permanent component. She finds that this
component experiences a one-time switch from a high-growth regime to a low-growth regime in the second
quarter of 1973, which is consistent with our structural breaks occurring in the early 1970s.



3.3 The Autoregressive Parameters

Table 1b presents the AR parameters for our estimated models. The
autoregressive coefficients reflect the dynamics of the transitory components. It is
important to emphasize that the transitory components are simply the stationary part of
the data, as identified from the model presented in Section 2.1. Our estimates suggest
that a substantial amount of the fluctuations in real GDP occur in the permanent
components, so movements in the transitory components do not necessarily match the
traditional notion of the “cycle.” For example, for some of the countries in our sample
(Canada, Japan, and the U.K.) the autoregressive process in the transitory component
does not have complex roots, suggesting that these components do not have the periodic
characteristic of a “cycle.”

The sum of the autoregressive coefficients provides a measure of persistence of
the transitory components. Focusing on our preferred model, Model 1, all countries
appear to have quite persistent transitory components, ranging from a sum of 0.80 for
Germany to 0.91 for both the U.K. and Canada. None of these results appear to be
outside the range of previous estimates. Most importantly, these are not at the boundary
where the transitory component might appear nonstationary.

Since one of the key assumptions of identification is that the transitory component
contains at least AR(2) dynamics, it is important to investigate this assumption. As
discussed in Morley, Nelson, and Zivot (2003), an AR(p) transitory component
corresponds to an ARMA(p, p) for the reduced form (i.e. the growth rate). Therefore, we
first estimated ARMA models for the growth rates of the seven series individually.

Based on the Akaike Information Criterion (AIC), all countries have at least ARMA(2, 2)

10



dynamics for their real GDP growth rate. For several countries the AIC indicated longer
lags might be appropriate. We therefore also estimated an AR(4) model and found that
additional lags did not qualitatively change the results. We thus reported the
parsimonious AR(2) results. Upon examining the AR(2) estimates, however, it appears
that according to our preferred model, Model 1, the second AR coefficient is not
significant for the U.K. or for Japan. We therefore also estimated a model for the 5
remaining countries and found that the results for those countries remained consistent
with our conclusions based on the G7 model. We may, however, take the results for the

U.K. and Japan with a bit of caution.

3.4 The Permanent and Transitory Standard Deviations

The estimates based on Model 1 suggest a large role for permanent movements.
In fact, the standard deviation for the innovation to the permanent component exceeds the
standard deviation for the innovation to the transitory component for five of the seven
countries (Canada, France, Germany, Italy, and the U.S.). In addition, the permanent
shocks have a larger standard deviation than the standard deviation of real GDP growth
(defined as the first difference in the natural log of real GDP times 100) for all seven
countries.

It is interesting here to compare the results of the restricted models with Model 1.
Column 2 presents estimates of a traditional unobserved components model which
assumes that there is only correlation between permanent shocks and correlation between
transitory shocks, with no correlation across permanent and transitory shocks (either

within series or across countries) This restriction results in lower estimates of standard

11



deviations for both permanent and transitory movements than does the fully correlated
UC model for all seven countries. Restricting the correlation between permanent and
transitory shocks to be zero is implicitly restricting the volatility of both components. In
the case where the correlation between permanent and transitory shocks is negative, each
component can potentially be more volatile than the series itself. Based on our estimates,
the restriction of zero correlation between permanent and transitory shocks is rejected by
the data for all the G7 countries in favor of negative correlation, so the finding of higher
standard deviations for both permanent and transitory shocks is not surprising.

In terms of the role of structural breaks in the estimates of the standard deviations
of the shocks, we can compare Model 3, which excludes structural breaks, with Model 1.
Based on this comparison, there is not a clear pattern on the standard deviations of the
shocks by including structural breaks. For five of the seven countries the standard
deviation of the permanent shock is larger without structural breaks, but for two, Canada
and the U.S., the estimate is larger in the case including structural breaks. A similar
pattern occurs for the transitory shocks where the standard deviations are smaller with
structural breaks for four countries, but about the same in the case of Canada and larger
for both the U.K. and the U.S. What is important to note, however, is that we still find a
clear role for permanent shocks even after incorporating structural breaks. This is in
contrast to the finding based on univariate models. For example, Perron and Wada
(2009) find that U.S. real GDP becomes trend-stationary after accounting for a break in
the drift term. Basistha (2007) estimates a model similar to Perron and Wada for Canada
and also finds that the trend becomes almost non-stochastic. Our results are, however,

consistent with findings from other multivariate models. Basistha (2007) found that
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permanent shocks were important for Canadian real GDP once he expanded his model
into a bivariate model by adding inflation. Similarly, Sinclair (2009) found an important
role for permanent shocks in a bivariate model of U.S. real GDP and the unemployment
rate even after incorporating structural breaks. Our estimates present further evidence
that incorporating structural breaks does not remove the role for permanent shocks once

we take advantage of information provided by using data series from multiple countries.

3.5 The Within-Series Relationships

The correlations between the permanent and transitory shocks within each series
are found to be significantly negative for all seven countries, whether or not we include
structural breaks in the drift term, as can be seen Table 1d. Based on Model 1, these
estimates range from -0.78 for the U.S. to -0.99 for Canada. These results are consistent
with prior research that has examined the correlation between permanent and transitory
shocks for the real GDP of the U.S. (Morley, Nelson, and Zivot, 2003), Canada (Basistha,
2007), the U.S. and the U.K. (Nagakura, 2008), and six of the seven G-7 countries
(excluding Japan, Nagakura, 2007). All of these models found that the correlation
between the permanent and transitory shocks for real GDP is significantly negative.
Berger (forthcoming), however, finds that the within series correlations are in general
close to zero and insignificant for a multivariate model of output, unemployment, and
inflation for aggregated euro area data. By contrast, in our multiple-country model we
find that the negative correlation between the permanent and transitory shocks in real

GDP is robust to multivariate modeling and is similar across the G-7 countries.
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One interpretation of the negative correlation between the permanent and
transitory shocks is that it is due to a dominance of shocks which shift permanent GDP
today, but with slow adjustment of actual GDP to the steady-state level (see, for example,
Stock and Watson, 1988; Morley, Nelson, and Zivot, 2003; Morley, 2007; and Sinclair,
2009). Slow adjustment of the series to permanent shocks would result in negative
contemporaneous correlation since the difference between the series and the permanent
component is negative in the case of a positive permanent shock. Two potential sources
of the slow adjustment have been previously emphasized in the literature. Blanchard and
Quah (1989) suggest that the pattern arises from supply shocks combined with nominal
rigidities, such as imperfectly flexible prices. Real business cycle theories, such as those
of Prescott (1987) and Kydland and Prescott (1982), instead emphasize “time-to-build.”
They suggest that it may take more than one period for the construction of new
productive capital in response to real shocks. Our results are consistent with either of
these interpretations. Either interpretation requires frequent permanent shocks and is thus
supported by the variable stochastic permanent component estimated for each of the
countries.

There are other theories, however, which can potentially explain the negative
correlation between the innovations to the unobserved components of GDP. One example
would be the “creative destruction” hypotheses. According to this view, recessions are
times of cleansing when outdated or unprofitable techniques are pruned out of the
productive system. A related idea is the pit-stop view of recessions according to which
recessions are times when productivity improving activities are undertaken because of

their temporarily low opportunity costs (Caballero and Hammour 1994). Both of these
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theories would imply a negative correlation between innovations to the within-series
components. However, the dynamic behavior of our estimated permanent and transitory
components during expansions and recessions suggest that a large part of the transitory
movements in the series arise from adjustment to permanent changes, rather than vice-
versa.

Another theory is that the negative correlation is arising due to model
misspecification. This may be due to misspecification of the structural breaks (Perron
and Wada, 2009) or more general misspecification of the process that might be better
captured by a mixture of normals (Wada and Perron, 2006) or a generalized trend (Ma
and Wohar, 2009). Based on our estimates including structural breaks, we still find a role
for significant variation in the permanent component and for negative within series
correlation. This finding suggests it is not neglected drift breaks alone which explain the
negative within series correlation.’® Our results remain sensitive to model specification,
however our model is more general in several respects than most previous models of real
GDP. Evidence from our estimates suggests that the correlation between permanent and

transitory shocks is important for modeling the real GDP of the G-7 countries.

19We also considered the impact on our results of the significant decrease in volatility in U.S. output
growth around 1984 known as the “Great Moderation,” (documented initially in the U.S. by Kim and
Nelson, 1999b, and McConnell and Perez Quiros, 2000, and in the other countries of the G-7 by Mills and
Wang, 2003, and van Dijk, Osborn, and Sensier, 2002). Due to the number of parameters in our model,
neither sub-sample analysis nor a complete break in the covariance matrix is possible. We do find,
however, that our results are robust to allowing for a one-time break in the variances. We do this by adding
seven additional parameters to the state-space model, assuming that the correlations stay the same and that
the proportional size of the break is the same for the permanent and transitory components. Support for our
choice of a proportional change in the matrix comes from Doyle and Faust (2005) who cannot reject the
hypothesis that correlation has remained the same across the G-7 countries. Ahmed, Levin, and Wilson
(2004) provide additional support for our choice of modeling, at least for the U.S. They find that they
cannot reject the hypothesis that the reduction in volatility in U.S. real GDP growth is proportional across
all frequencies. They interpret this result to suggest that the volatility reduction is primarily due to a
reduction in innovation variance.
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3.6 The Cross-Country Relationships

Using the multivariate unobserved components model, we are able to identify and
estimate the cross-country correlations between the permanent shocks (o), the
transitory shocks (ogg), and the permanent and transitory shocks (o). 1 we
simultaneously estimate the correlation between the shocks when estimating the
components. This is an improvement over the conventional method of estimating the
components and then estimating their correlation in a second stage. Studying the
estimate of the correlation rather than the correlation of the estimates allows us to avoid
potential measurement error and spurious results arising from detrending methods. Based
on the estimated correlations between the permanent and transitory shocks across
countries listed in Tables le through 1g, we find that both permanent and transitory
shocks are important in driving international co-movements. In particular, it appears
important that we allow for correlation between the permanent shocks and the transitory
shocks. The estimates clearly reject the restriction (imposed in Model 2) that the %,
matrix is a zero matrix in favor of the unrestricted estimates from Model 1. This result is
not simply due to the importance of within-series correlations. We also estimated a
model where the X, matrix was restricted to be a diagonal matrix. This model was also
rejected in favor of the unrestricted estimates from Model 1 with a p-value for the
likelihood ratio test statistic of less than 0.01. In fact, comparing the additional
restrictions of Model 2 with the diagonal matrix model led to a p-value of the likelihood
ratio test statistic of 0.08. Thus the correlations between permanent and transitory shocks

across countries appear important to the estimates.

1 For a discussion of the co-movements among the growth rates of the G-7 countries, see Doyle and Faust
(2002, 2005).
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The finding that we cannot restrict the permanent-transitory correlations to be
zero means that we cannot directly decompose the relationships across countries into
those due to the correlation among permanent shocks versus those due to temporary
shocks. There are, however, a few key patterns to discuss. First, we can compare the
results across the three models reported in Table 1. Comparing Model 3, which excludes
structural breaks in the drift term, with Model 1 suggests that the structural breaks reduce
the estimated size of most of the correlations across countries for both permanent shocks
and for transitory shocks. It is clear that the structural break that occurred at
approximately the same time for all of these countries results in their growth rates
appearing more correlated than once we take this structural break into account.

The key results, however, become clearer when we compare Model 2, where we
restrict the X, matrix to be zero, with our general Model 1. If we estimate a more
traditional unobserved components model, i.e. Model 2, where we restrict the cross
country correlations to be only permanent or temporary, with no permanent-transitory
correlations, then we would conclude that the G-7 countries are mostly connected
through their permanent shocks. We find, however, that the data reject this restriction in
favor of a more complicated relationship across countries where there are also shocks that
are permanent in some countries while temporary in others, as presented in Model 1. We
find that almost all of the correlations between the permanent components across
countries are smaller once we allow for cross country permanent-transitory correlation.
On the other hand, for the correlations between the transitory components, the estimates

are larger in general in the case of Model 1 compared to Model 2.2

12 This finding of complicated cross-country interconnectedness does not, however, contradict the finding
of Crucini, Kose and Otrok (2008) that “the source of the international business cycle is primarily driven by
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Our results have implications regarding the potential for international output risk
sharing among the G-7 countries. The low correlations across permanent and transitory
shocks that we find may suggest the existence of a large pool of risks that can be
effectively insured. However, our results indicate that permanent shocks are a major
driver of output variability in these economies. Many recent papers in the literature
(Baxter and Crucini, 1995; Asdrubali, Sorensen and Yosha, 1996; Sorensen and Yosha,
1998; Becker and Hoffman, 2006) argue that insurance against permanent output shocks
are much harder to achieve, especially across countries. This is because insurance against
such shocks requires the use of state-contingent assets such as e.g. equity whereas
transitory shocks can be smoothed through the use of credit markets such as e.g. loans
and bonds alone (Baxter and Crucini, 1995). Becker and Hoffman (2006) find that while
insurance against transitory fluctuations in output is virtually complete for OECD
countries, it is nearly non- existent for permanent shocks. They conclude that various
forms of endogenous market incompleteness make permanent shocks more difficult to

insure, particularly at the international level.

3.7 The Recession of 2007 — 2009

According to the Economic Cycle Research Institute (ECRI), all seven countries
experienced a business cycle peak somewhere near the end of our sample, with Italy
having the earliest peak in August of 2007 and Germany having the latest peak in April
of 2008. For four of the seven countries, by February, 2010, the ECRI had also already

indicated a trough within our sample, occurring as early as January 2009 for Germany

productivity.” As discussed in Lippi and Reichlin (1994), we cannot interpret innovations to the permanent
component as productivity changes because productivity shocks should have more complex dynamics.
These dynamics may be exactly what is captured in the cross-shock relationships.
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and as late as July 2009 for Canada. Trough dates have not yet been selected for the
U.S., UK, or Italy. Given the importance of these recent events, we next explore the
implications of this “Great Recession” based on our model. First, we estimated a model
based on the data through 2007 to ensure that having the Great Recession at the end of
the sample did not impact our estimates. We found that the estimates are remarkably
robust comparing the sample through 2007 with the sample through 2009. Next, we
examined the estimated components for the 2005-2009 period. There appeared to be no
particular pattern to the permanent components, but there is a striking similarity in the
peak of the transitory components for the G-7 countries, as can be seen in Figure 2. Most
countries, with the exception of the U.K. appeared to be at trend with a zero transitory
component in the beginning of 2005. All seven countries experienced increases in their
transitory components and appear to have a peaked in the first quarter of 2008 and
crossed zero about the first quarter of 2009. Thus it appears that the common part of the

2007-2009 recession for the G-7 countries is captured in the transitory components.

4 Conclusions

In this paper we estimated a multivariate correlated unobserved components
model for the G-7 countries from 1960 through 2009. Using this new methodology we
are able to jointly address three major macroeconomic questions: 1) Are fluctuations in
output primarily due to permanent or transitory movements? 2) Is the relative importance
of permanent versus transitory movements in output similar across countries? 3) What is
the pattern of correlation between the permanent and transitory movements in output

across the G-7 countries?
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Our findings for the first and second questions suggest that fluctuations in output
are primarily due to permanent movements for all of the G-7 countries. Once we allow
for correlation between the countries, we find that the permanent component appears to
account for a significant part of GDP fluctuations. We also find that the correlation
between the permanent and transitory shocks within each country’s GDP is significantly
negative. These results are remarkably consistent across the G-7 countries. The results
hold even after allowing for a structural break in the early 1970s for all countries and an
additional structural break in the third quarter of 1991 for Japan. Finally, the model
allows us to examine the correlations between permanent shocks and transitory shocks
across countries for this period. We find that the correlation between permanent and

transitory shocks across countries is important for modeling the real GDP of the G-7.
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Table 1: Drift Terms, AR Parameters, and Standard Deviations

Table 1a: Log Likelihood Values and Drift Terms

Model 2 Model 3
Model 1 No permanent- No drift
Unrestricted transitory correlation breaks
(2= 0) (1= po = )
Log
Likelihood -1599.81 -1690.99 -1634.26
Value
Drifts (1) Estimate (SE)
(ESP:‘;; 1.25 0.66 1.36 0.64 0.83
19742) | ©40 (0.14) (0.09) (0.05) (0.26)
'(:gf:;lf 1.72 0.43 1.40 0.49 0.75
1974.2) | ©20) (0.18) (0.07) (0.04) (0.57)
G(ebrrr;‘;‘lr(‘y 1.04 0.50 1.07 0.46 0.62
19732) | 024 (0.19) (0.14) (0.08) (0.49)
(t')trae';’k 137 0.41 1.40 0.40 0.66
19722 | (019 (0.15) (0.12) (0.07) (0.14)
Japan
(breaks | 258 | 076 | 0.24 | 230 | 0.84 | 0.33 0.75
19732 & | (0.30) | (0.49) | (0.37) | (0.11) | (0.07) | (0.06) (1.12)
1991.3)
(;’r';"k 1.36 0.42 1.35 0.58 0.59
1973.2) | ©89 (0.34) (0.36) (0.08) (0.11)
(é’r fék 1.26 0.66 1.16 0.67 0.79
19732 | @29 (0.12) (0.12) (0.07) (0.03)
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Table 1b: Autoregressive Parameters

Model 2
Model 1 No permanent- N Mpdel 3
. - . o drift breaks
Unrestricted transitory correlation (= pi2 = )
(an:: O) 1= M2 = H3

1*' AR parameter (¢;) Estimate (SE)
Canada 1.36 0.77 0.81
(0.11) (0.10) (0.03)
France 1.35 0.40 1.30
(0.05) (0.08) (0.08)
Germany 1.35 -0.38 1.28
(0.01) (0.01) (0.04)
Italy 1.46 0.00 1.11
(0.15) (0.01) (0.09)
Japan 0.96 0.93 0.99
(0.04) (0.07) (0.01)
UK 0.95 0.91 0.83
o (0.04) (0.07) (0.05)
US 1.38 -0.41 1.32
" (0.11) (0.17) (0.03)

2" AR parameter (¢;) Estimate (SE)
Canada -0.45 -0.05 -0.06
(0.13) (0.04) (0.03)
Erance -0.49 0.31 -0.43
(0.07) (0.08) (0.10)
Germany -0.54 -0.96 -0.50
(0.04) (0.02) (0.06)
Italy -0.59 0.00 -0.26
(0.15) (0.01) (0.11)
Japan -0.06 -0.04 -0.03
(0.04) (0.05) (0.02)
UK -0.04 0.07 0.03
o (0.06) (0.07) (0.03)
US -0.55 0.45 -0.72
e (0.11) (0.16) (0.01)
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Table 1c: Standard Deviations

Standard Deviation Estimate (SE)

Standard M(ﬁgl 2 Model 3
Countr Deviations of the Model 1 ermanent- No drift
y Real GDP Growth Shock Type - P -
Rate!? Unrestricted transitory breaks
ate . ah
correlation | (uy =, = ps)
(Zy:=0)
Permanent Shocks 1.71 0.64 1.34
; 0.45 0.06 0.14
Canada 0.90 .(G”’) 045 006 0.14)
Transitory Shocks 1.51 0.51 1.47
(Gii) (0.42) (0.06) (0.24)
Permanent Shocks 1.56 0.51 1.86
; 0.29 0.04 0.34
France 0.99 .(0”’) (0.29) (0.04) 0.34)
Transitory Shocks 0.93 0.64 1.25
(i) (0.38) (0.05) (0.44)
Permanent Shocks 1.67 1.03 1.78
(Oyi) (0.22) (0.05) (0.20)
Germany 113 Transitory Shocks 0.80 0.04 0.84
(Gii) (0.29) (0.02) (0.14)
Permanent Shocks 1.17 0.88 1.55
(oyi) (0.01) (0.05) (0.13)
Italy 102 Transitory Shocks 0.88 0.21 1.67
(i) (0.14) (0.05) (0.16)
Permanent Shocks 2.61 0.61 4,92
(Oyi) (0.31) (0.12) (0.93)
Japan 1.30 Transitory Shocks 2.74 0.79 5.06
(0si) (0.24) (0.07) (0.74)
Permanent Shocks 2.02 0.57 1.59
(oyi) (0.20) (0.09) (0.29)
UK. 0.98 Transitory Shocks 2.17 0.77 1.48
(i) (0.53) (0.05) (0.10)
Permanent Shocks 1.00 0.81 1.03
(Oyi) (0.19) (0.04) 0.17)
US. 0.87 Transitory Shocks 0.83 0.07 0.41
(Gii) 0.17) (0.02) (0.09)

3 The growth rate of real GDP is defined as the difference in the natural log of real GDP times 100 for each
country. These standard deviations are calculated for the raw series and do not incorporate structural

breaks.
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Table 1d: Correlations between Within-Series Permanent and Transitory Shocks

Model 2
No permanent- Model 3
Mode_l " transitory No drift breaks
Unrestricted : _
correlation (1= p2 = 3)
(2:=0)

Correlation between the Permanent Innovation
and Transitory Innovation for the Same Series (pyi:) Estimate (SE)

Canada -0.99 U -0.89
(0.01) (by assumption) (0.05)

France -0.94 U -0.96
(0.02) (by assumption) (0.02)

Germany -0.91 U -0.95
(0.05) (by assumption) (0.01)

Italy -0.83 U -0.88
(0.08) (by assumption) (0.05)

Japan -0.94 U -0.98
(0.02) (by assumption) (0.01)

UK -0.91 0 -0.82
T (0.02) (by assumption) (0.06)
US -0.78 0 -0.89
" (0.05) (by assumption) (0.09)
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Table 1e: Correlation Parameters, Permanent Shocks (Z,)

Model 2
No permanent- Model 3
Unl\lfleos(:?ilc%e d transitory No drift breaks
correlation (1= p2 = u3)
(2:=0)
Country Country Pairwise Correlation between
i j the Permanent Shocks (piyj) Estimate (SE)
-0.09 0.65 0.44
Canada France (0.10) (0.07) (0.14)
0.04 0.20 0.30
Canada Germany (0.02) (0.06) (0.06)
-0.01 0.38 0.65
Canada Italy (0.00) (0.09) (0.09)
-0.55 0.05 0.24
Canada Japan (0.16) (0.04) (0.16)
0.63 0.91 0.54
Canada UK (0.71) (0.06) (0.11)
0.41 0.66 0.74
Canada uUs (0.12) (0.06) (0.25)
0.45 0.76 0.54
France Germany (0.10) (0.07) (0.18)
0.36 0.61 0.42
France Italy (0.07) (0.08) (0.18)
0.20 0.24 -0.09
France Japan (0.09) (0.08) (0.29)
0.40 0.88 0.27
France UK (0.50) (0.06) (0.16)
0.32 0.21 0.30
France uUs (0.05) (0.10) (0.24)
0.14 0.31 0.15
Germany Italy (0.05) (0.07) (0.11)
-0.34 0.32 -0.19
Germany Japan (0.27) (0.09) (0.19)
-0.03 0.58 -0.22
Germany UK (0.51) (0.13) (0.06)
0.06 0.21 0.24
Germany uUs (0.15) (0.07) (0.13)
0.70 0.80 0.63
Italy Japan (0.07) (0.08) (0.07)
0.18 0.44 0.22
Italy UK (0.22) (0.13) (0.20)
0.33 0.16 0.53
Italy uUs 0.17) (0.07) (0.12)
-0.07 0.13 0.21
Japan UK (0.36) (0.10) (0.18)
0.07 0.36 0.56
Japan uUs (0.12) (0.09) (0.04)
0.52 0.57 0.74
UK uUs (0.38) (0.07) (0.02)
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Table 1f:

Correlation Parameters, Transitory Shocks (x,)

Model 2
No permanent- Model 3
Mode_l L tfansitory No drift breaks
Unrestricted . o
correlation (1 = o = p3)
(£,:0)
Country Country Pairwise Correlation between the

i j Transitory Shocks (p;ig;) Estimate (SE)
0.04 -0.42 0.48

Canada France (0.05) (0.12) (0.07)
0.32 0.36 0.38

Canada Germany (0.06) (0.21) (0.09)
0.32 -0.69 0.77

Canada Italy (0.16) (0.24) (0.09)
-0.33 0.26 0.41

Canada Japan (0.14) (0.15) (0.11)
0.67 -0.30 0.21

Canada UK (0.35) (0.12) (0.11)
0.79 0.18 0.71

Canada us (0.07) (0.35) (0.21)
0.68 -0.41 0.75

France Germany (0.07) (0.19) (0.12)
0.69 -0.04 0.61

France Italy (0.04) (0.35) (0.04)
0.27 0.17 0.05

France Japan (0.04) (0.09) (0.21)
0.41 0.12 0.04

France UK (0.40) (0.07) (0.01)
0.54 0.36 0.58

France us (0.06) (0.30) (0.13)
0.50 -0.69 0.47

Germany Italy (0.09) (0.49) (0.01)
-0.18 0.41 0.05

Germany Japan (0.28) (0.31) (0.18)
0.24 0.74 -0.34

Germany UK (0.38) (0.14) (0.04)
0.50 -0.83 0.50

Germany us (0.16) (0.14) (0.04)
0.57 -0.59 0.67

Italy Japan (0.09) (0.20) (0.06)
0.52 -0.37 0.28

Italy UK (0.49) (0.27) (0.07)
0.71 0.21 0.75

Italy uUs (0.17) (0.64) (0.09)
0.24 0.33 0.59

Japan UK (0.30) (0.12) (0.08)
0.07 -0.27 0.66

Japan us (0.21) (0.17) (0.08)
0.88 -0.86 0.58

UK us (0.13) (0.15) (0.03)
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Table 1g: Correlation Parameters, Cross-Country Permanent/Transitory Shocks

(Z,.)
Model 2
No permanent- Model 3
Mode_l L transitory No drift breaks
Unrestricted . o
correlation (1 = o = p3)
(£,:=0)
Pairwise Correlation between the Cross-Country
Country Country Permanent/Transitory Shocks (pyis) Estimate
i j (SE)
0.07 0 -0.44
Canada France (0.09) (by assumption) (0.13)
-0.22 0 -0.34
Canada Germany (0.04) (by assumption) (0.07)
-0.19 0 -0.55
Canada Italy (0.17) (by assumption) (0.09)
0.43 0 -0.31
Canada Japan (0.13) (by assumption) (0.13)
-0.60 0 -0.38
Canada UK (0.45) (by assumption) (0.13)
-0.72 0 -0.74
Canada us (0.07) (by assumption) (0.20)
0.00 0 -0.45
France Canada (0.03) (by assumption) (0.09)
-0.51 0 -0.59
France Germany (0.07) (by assumption) (0.06)
-0.56 0 -0.47
France Italy (0.15) (by assumption) (0.09)
-0.22 0 0.08
France Japan (0.12) (by assumption) (0.26)
-0.33 0 -0.12
France UK (0.45) (by assumption) (0.07)
-0.43 0 -0.52
France us (0.11) (by assumption) (0.22)
-0.11 0 -0.27
Germany Canada (0.04) (by assumption) (0.06)
-0.54 0 -0.65
Germany France (0.18) (by assumption) (0.24)
-0.27 0 -0.21
Germany Italy (0.15) (by assumption) (0.13)
0.30 0 0.20
Germany Japan (0.39) (by assumption) (0.19)
0.11 0 0.42
Germany UK (0.52) (by assumption) (0.09)
-0.17 0 -0.37
Germany us (0.29) (by assumption) (0.13)
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Table 1g (cont.): Corr. Parameters, Cross-Country Perm./Trans. Shocks (%, )

Model 2
Model 1 No perm-trans N S/Ipfdi)l 3 K
Unrestricted correlation ° [' t _rea S
(Z,.=0) (w1 = p2 = p3)
Country i Country j pyisi) Estimate (SE)

-0.11 0 -0.89
Italy Canada (0.05) (by assumption) (0.02)
-0.44 0 -0.47
Italy France (0.08) (by assumption) (0.11)
-0.26 0 -0.33
Italy Germany (0.04) (by assumption) (0.04)
-0.67 0 -0.64
Italy Japan (0.07) (by assumption) (0.08)
-0.21 0 -0.30
Italy UK (0.18) (by assumption) (0.07)
-0.36 0 -0.77
Italy uUs (0.04) (by assumption) (0.10)
0.48 0 -0.36
Japan Canada (0.18) (by assumption) (0.13)
-0.21 0 -0.03
Japan France (0.05) (by assumption) (0.23)
0.29 0 -0.04
Japan Germany (0.15) (by assumption) (0.19)
-0.47 0 -0.64
Japan Italy (0.16) (by assumption) (0.07)
0.01 0 -0.61
Japan UK (0.16) (by assumption) (0.10)
0.12 0 -0.68

Japan uUs (0.25) (by assumption) (0.04)
-0.70 0 -0.33

UK Canada (0.58) (by assumption) (0.17)
-0.38 0 -0.14

UK France (0.47) (by assumption) (0.10)
-0.20 0 0.25

UK Germany (0.38) (by assumption) (0.06)
-0.48 0 -0.20

UK Italy (0.56) (by assumption) (0.23)
-0.17 0 -0.17

UK Japan (0.48) (by assumption) (0.16)
-0.81 0 -0.51

UK uUs (0.22) (by assumption) (0.25)
-0.47 0 -0.59

uUs Canada (0.12) (by assumption) (0.26)
-0.45 0 -0.32

uUs France (0.15) (by assumption) (0.21)
-0.32 0 -0.28

uUs Germany (0.19) (by assumption) (0.04)
-0.74 0 -0.52

uUs Italy (0.05) (by assumption) (0.16)
-0.19 0 -0.52

uUs Japan (0.08) (by assumption) (0.05)
-0.57 0 -0.68

uUs UK (0.32) (by assumption) (0.05)
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Figure 1: Real GDP and the Estimated Components**

Panel 1: Canada
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! Shaded areas represent business cycle peak to trough dates based on the Economic Cycle Research
Institute (ECRI) except for the U.S. where the dates come from the National Bureau of Economic Research
(NBER).
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Panel 2: France
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Panel 3: Germany
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Panel 4: Ital
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Panel 5: Japan
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Panel 6: U.K.
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Panel 7: US
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Figure 2: Transitory Components 2005 — 2009
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