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1. Introduction

It has long been recognized that business cycle comovement is
greater between countries that trade more with one another. Frankel
and Rose (1998) first demonstrated stronger correlations between
business cycle fluctuations in real GDP for trading partners. A large
ensuing literature has demonstrated that this result is robust to the
inclusion of a battery of additional explanatory variables, country-pair
effects, and is also present for intra-industry and infra-national trades.1

However, business cycle fluctuations are not the only, or even
dominant, source of output growth fluctuations for many countries.
Shocks to the trend component of aggregate output, which we define
as shocks that have permanent effects on output levels, are also of
primary importance. Indeed, shocks to the trend account for over half
the variance of quarterly real GDP growth for the majority of countries
in our sample. The extent of comovement in GDP trends is also substan-
tial; the median absolute correlation between quarterly trend shocks is
0.3 over our sample period, and thus the capacity of trade to transmit
trend shocks is of important policy relevance. In addition, because
shocks to the trend have permanent effects on the level of output,
while cyclical fluctuations have only transitory effects, trend shocks
will be the dominant source of comovement in long-horizon output
growth. We can then expect that any changes in correlations of long-
horizon output growth work principally through changes in trend
shock comovement. Given these facts, it is surprising that the existing
literature has focused exclusively on transitory cyclical shocks. Our
goal in this analysis is to empirically assess the impact of trade on
comovement between shocks to countries' trend levels of output.

Our paper'smain contribution is to demonstrate that, contrary to the
standard result for cyclical fluctuations, the correlation between shocks
to GDP trends is significantly weaker among G7 countries that trade
more intensively with one another.2 The negative association between
trade openness and trend comovement is quantitatively important. A
one-standard deviation increase in trade intensity between countries
reduces the correlation in shocks to their output trends by approximate-
ly one-third of a standard deviation. Having estimated the effect of trade
on comovement in both cyclical fluctuations and trend shocks, we then
perform a simulation experiment to quantify the relative importance of
omovement, the average correlation in trend fluctuations across all
ive, with very few country-pairs experiencing negative correlations
ple. Thus the negative impact of trade on the correlation between
ns indicates a movement in correlations toward zero, or weaker
rage.
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each effect on comovement in overall output growth. We find the neg-
ative effect of trade on trend comovement is quantitativelymore impor-
tant for explaining ten-year output growth correlations. For countries
outside the G7, we find no relationship between trade openness and
trend comovement. This finding that the effect of trade openness on
trend comovement is relatively more important for G7 country pairs is
also consistent with the standard results for cyclical comovement in
Kose et al. (2003, 2008).

Our analysis requires that we obtain distinct measures of the trend
and cyclical components of real GDP. To estimate these separate compo-
nents of each nation's output series we use an unobserved-components
model that identifies trend versus cyclical fluctuations by assuming that
the trend represents the accumulation of the permanent effects of
shocks to the level of real GDP, which is equivalent to the stochastic
trend in real GDP. The cyclical component is the deviation of real GDP
from this stochastic trend, and represents transitory fluctuations in
the series. The unobserved-components model has been used exten-
sively as a tool for trend and business cycle measurement,3 and avoids
issues associated with deterministic detrending and band-pass filters.4

Having estimated shocks to nations' output trends, we construct our
key dependent variable as the correlation between changes in the
trend component of quarterly real GDP observed over the years 1980
to 2010 for 210 country-pairs.

We take several steps to ensure that the effect of trade on
comovement that we identify is not due to other underlying factors.
To avoid spuriously attributing common shocks across countries that
occur within a period to the effect of trade linkages, we construct a
panel of comovement periods for three distinct decades and control
for decade fixed effects. By constructing a panel of comovement periods
within each country-pair we can also include pair fixed effects, which
accounts for inter alia, relative asset market completeness between
countries. Relevant to our context, Ghironi (2006) and Baxter and
Crucini (1995) find the differential output response to productivity
shocks between complete and incomplete asset market structures is
much larger when the shocks are permanent. Given our focus on the
transmission of permanent shocks, constructing a panel of comovement
periods and including pair-level effects to account for the nature of asset
markets is likely important. The substantial literature on cyclical
comovement suggests other factors that may contribute to
comovement in output levels. Our empirical strategy incorporates
these alternative channels which could potentially obfuscate the conse-
quences of international trade.5 Themain result regardingweaker trend
comovement among trading partners is robust to the inclusion of these
other potential determinants of comovement patterns.
3 Examples of macroeconomic detrending using the unobserved-components frame-
work include Harvey (1985), Watson (1986), Clark (1987), Harvey and Jaeger (1993),
Kuttner (1994), Kim and Nelson (1999), Kim and Piger (2002) and Sinclair (2009). Also,
as shown in Morley et al. (2003), the unobserved-components decomposition is consis-
tent with the identification of trend and cyclical components used in the Beveridge and
Nelson (1981) decomposition. For a recent example of measurement of macroeconomic
trends using the Beveridge-Nelson decomposition, see Cogley and Sargent (2005).

4 Other popular approaches to business cycle measurement used in the existing litera-
ture on the trade–comovement relationship, such as the band-pass filter of Baxter and
King (1999) or first differencing, have been shown to produce measures of the business
cycle that conflate transitory and permanent shocks. See, e.g., Cogley and Nason (1995)
andMurray (2003). Thus, the existing literature can be interpreted as providing amixture
of the effects of trade on permanent and transitory output variation. Here, we separate out
these effects, and show they are very different.

5 Imbs (2004) and Imbs andWacziarg (2003) argue that specialization patterns in out-
put across countries independently affect comovement patterns. Baxter and Kouparitsas
(2005) evaluate the robustness of other country-pair specific features in generating cycli-
cal comovement and find strong support for the inclusion of gravity variables (e.g., geog-
raphy), which partially determine trade flows. Our use of country-pair fixed effects
subsumes these gravity variables. There is also evidence that investment linkages impact
comovement (Prasad et al., 2007) as does the presence of foreign affiliates of multina-
tionals firms located partner countries (Kleinert, et al. 2014). Blonigen and Piger (2011)
demonstrate that the best predictors of foreign direct investment patterns and multina-
tional firm activity between countries are those suggested by gravity models. Thus our
fixed-effects strategies also capture motives for nations to invest in one another.
The next section describes our methodology for estimating trend
and cyclical fluctuations for the GDP series of each country, the calcula-
tion of comovement between country-pairs, and our empirical specifi-
cation linking comovement to trade intensity. Section 3 presents the
results for the effects of trade on comovement patterns, and presents
a simulation exercise to quantify the effects of trade on trend
comovement. The final section concludes.

2. Empirical strategy

Our analysis proceeds in two steps. First, we separate changes in the
real GDP series for each country into trend and business cycle compo-
nents, and calculate cross-country correlations for the fluctuations in
both of these components. Second, we relate these correlations to
trade intensity between country-pairs. This section provides details
about each step of our empirical strategy.

2.1. Estimating trends and cycles in real GDP

The trend and business cycle components of real GDP are not direct-
ly observed. A large existing literature provides several alternative
definitions of trend versus business cycle fluctuations, and correspond-
ingmethods to identify these defined components. Here, we define and
identify trend versus business cycle components in real GDP using an
unobserved-components (UC) model. The UC model has a long history
in macroeconometrics as a tool for business cycle measurement.6 In
the UC framework, log real GDP for country i in period t, denoted yi,t,
is additively divided into trend (τi,t) and cyclical (ci,t) components:

yi;t ¼ τi;t þ ci;t : ð1Þ

TheUC framework then specifies explicit equations for the trend and
cyclical components. The trend component is specified as a random
walk process, while the cyclical component follows a covariance sta-
tionary autoregressive (AR) process:

τi;t ¼ μ i þ τi;t−1 þ vi;t ; ð2Þ

ϕi Lð Þci;t ¼ ϵi;t ; ð3Þ

where ϕi(L) is a pth order lag polynomial with all roots outside the com-

plex unit circle, vi;t � i:i:d: N 0;σ2
vi

� �
, and ϵi;t � i:i:d: N 0;σ2

iloni

� �
.

Following the bulk of the existing literature on business cycle measure-
ment with UC models, we make the assumption of independence be-
tween trend and cyclical shocks, such that σvi ;ϵi ¼ 0.7 The model in
Eqs. (1)–(3) is estimated via maximum likelihood, and estimates of
the trend and cycle components are constructed using the Kalman
Smoother.

The UC model identifies trend versus business cycle fluctuations by
assuming that the trend represents the accumulation of the permanent
effects of shocks to the level of real GDP. In otherwords, the trend in real
GDP is equivalent to the stochastic trend in real GDP. The business cycle
component is then the deviation of real GDP from this stochastic trend,
and represents transitory fluctuations in the series. This identification
strategy is consistent with a wide range of macroeconomic models in
which business cycle variation represents temporary fluctuations in
real GDP away from trend. As shown in Morley et al. (2003), the UC ap-
proach to detrending is also equivalent to the well-known Beveridge
6 Early examples of macroeconomic detrending using the UC framework include
Harvey (1985), Watson (1986), and Clark (1987).

7 See, e.g., Harvey (1985), Clark (1987) and Harvey and Jaeger (1993). Morley et al.
(2003) provide analysis and application of UC models with correlated components.



11 Several previous studies have employed measures of trade intensity identical to
Eq. (7) except that nominal values of trade and GDP are used instead of real values. Such
ameasure only has an interpretation as a real measure of trade intensity when the proper
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and Nelson (1981) decomposition, which measures the business cycle
from the forecastable variation in real GDP growth.8 Rotemberg and
Woodford (1996) argue that this forecastable variation makes up the
essence of what it means for a macroeconomic variable to be “cyclical.”

The existing literature investigating the relationship between trade
intensity and business cycle comovement has taken multiple
approaches to measure the business cycle component of real GDP, in-
cluding deterministic detrending (linear or quadratic), the band-pass
filters of Hodrick and Prescott (1997) and Baxter and King (1999), and
first differencing. For our purposes, deterministic detrending is unsatis-
factory, aswe are interested in studying correlations between stochastic
shocks to trend real GDP. Under the assumption of a deterministic trend,
such stochastic shocks do not exist.

When real GDP contains a unit root, band-pass filters and first
differencing will both produce a measure of the cyclical component
that is partially influenced by shocks to the stochastic trend. For
example, suppose that real GDP is generated by a stochastic process
similar to Eqs. (1)–(3), then thefirst difference of real GDP and the busi-
ness cycle component produced by a band-pass filter will be influenced
by both the permanent and transitory shocks, vt and ϵt. To the extent
one believes that permanent shifts to real GDP appropriately belong in
the trend of real GDP, this is problematic. As an example of this,
Cogley and Nason (1995) and Murray (2003) demonstrate that if real
GDP is itself a random walk, band-pass filters will generate a cyclical
component.9 As will be seen in Section 3 below, this seemingly extreme
example is relevant to a number of countries in our sample, for which
the trend dominates the variance of real GDP growth.

The model for the trend component in Eq. (2) implies a constant
average growth rate of μ for the trend component of real GDP. To relax
this restriction, for each country we also estimate a version of the
model in which Eq. (2) is replaced with:

τi;t ¼ μ i;0 þ μ i;1Di;t þ τi;t−1 þ vi;t ; ð4Þ

whereDi,t is a dummy variable that is zero prior to the break date ki, and
one thereafter. This break date is estimated alongwith the other param-
eters of the model via maximum likelihood.10 We then report results
based on the UC model with either Eq. (2) or (4) by choosing that
model that minimizes the Schwarz Information Criterion.

2.2. Variable construction

For each country-pair in our sample, we require the correlation
between trend fluctuations and the correlation between cyclical fluctu-
ations in aggregate output. Measured across all the country-pairs, these
correlations thenmake up the cross-section for twodifferent dependent
variables used in our analysis. To create a time-series dimension to our
sample, we measure correlations separately by decade. The correlation
between cyclical fluctuations in countries i and j in decade d is given by

ρc
ijd ¼ corrd ĉi;t ; ĉ j;tÞ;

�
ð5Þ

where corrd(⋅) indicates the sample correlation coefficient measured
using data in decade d, and ĉi;t and ĉ j;t represent the Kalman smoothed
estimates of the business cycle component for countries i and j respec-
tively. For trend fluctuations, the level of the trend component contains
a unit root by assumption, and secondmoments of this level are thus in-
finite. To study the correlation between trend fluctuations, we consider
the correlation between first differences of the trend component. Given
8 Specifically, Morley et al. (2003) show that given the same reduced form time-series
model used to represent real GDP, the UC-based decomposition gives the same estimates
of trend and cycles the Beveridge–Nelson decomposition.

9 In the literature, this phenomenon is often, and notwithout controversy, referred to as
a “spurious cycle.” See, e.g., Cogley (2001) and Pedersen (2001).
10 We assume that the breakdate does not occur in the initial or terminal 20% of the sam-
ple period.
the random walk assumption for the trend component in (2), this is
equivalent to considering the correlation between the permanent
shocks to real GDP in the two countries:

ρτ
ijd ¼ corrd v̂i;t ; v̂ j;tÞ;

�
ð6Þ

where v̂i;t and v̂ j;t represent the Kalman smoothed estimates of the
shocks to the trend component for countries i and j.

Our goal is to relate comovement patterns to the strength of trade
relationships across countries. As with previous studies of cyclical
comovementweweight trade flows between countries by their respec-
tiveGDP levels. The variable, Tradeijd, measures trade between countries
i and j during decade d, and is calculated by

Tradeijd ¼ 1
Td

X
t∈d

Xijt þMijt

Yit þ Yjt

 !
; ð7Þ

where Td is the total number of quarterly time periods observed in each
decade d, Xijt + Mijt is real valued exports plus imports between coun-
tries i and j expressed in $US, and Yit and Yjt are real GDP for countries
i and j expressed in $US. Thus, this measure has the interpretation of
the amount of trade between countries i and j relative to the total
economic size of these two countries.11

Our choice of decades as the time-series unit of observation is driven
by several factors. First, this time interval matches the earlier literature,
for example Frankel and Rose (1998), Calderon et al. (2007) and Kose
et al. (2003), which aids comparability of our results. Second, while a
longer time interval holds the promise of more accurate estimates of
output correlations, it also increases the probability of computing corre-
lations over periods that include structural changes in international out-
put processes. In their study of G7 business cycle correlations, Doyle and
Faust (2005) find structural breaks in time-series processes for interna-
tional real GDP series that correspond roughly to traditional decade def-
initions. This suggests decades as themaximum time period overwhich
to compute correlations without contamination from structural breaks.

2.3. Data

GDP data come from the International Financial Statistics published
by the InternationalMonetary Fund (IMF). For 21 countries, we observe
quarterly output from 1980:Q1 to 2010:Q4. By restricting ourselves to
the post-1980 period we are able to include a relatively large number
of countries from different regions of the world and at different stages
of development.12 The set of countries in our sample also corresponds
to those studied in previous analyses of comovement, limiting the po-
tential for sample selection to generate any differences in our results
for trend versus cyclical comovement.

We choose to measure GDP quarterly, as there is substantial evi-
dence in the existing literature that both the business cycle and trend
components account for a substantial portion of quarterly fluctuations
in international real GDPgrowth series.13Wewill present evidence con-
sistent with this result for our sample of countries in Section 3 below.
Previous studies have estimated cyclical comovement patterns for a lon-
ger time series, but generally have relied on annual data that can mask
some of these important higher frequency fluctuations. For example,
deflator for the trade terms and each of the GDP terms is identical. If this is not true, and
there is no reason to believe that itwould be, then the trade intensitymeasure constructed
using nominal data will be affected by various relative price level changes.
12 The countries in our sample are Australia, Austria, Belgium, Canada, Denmark, Finland,
France, Germany, Italy, Japan, Korea, Mexico, Netherlands, New Zealand, Norway,
Portugal, Spain, Sweden, Switzerland, United Kingdom and United States. New Zealand
is a slight exception in that we do not observe the real GDP series until mid 1982.
13 See, e.g., Cogley (1990), Morley et al. (2003), and Aguiar and Gopinath (2007).



Table 1
Comovement summary statistics.

Variable Obs Mean Std. dev. Min Max

Full sample Cycle corr 630 0.248 0.416 −0.950 0.986
Trend corr 630 0.211 0.242 −0.422 0.793
Trade 630 0.223 0.531 0 5.664

G7 nations Cycle corr 63 0.513 0.473 −0.890 0.975
Trend corr 63 0.234 0.299 −0.422 0.793
Trade 63 0.961 1.194 0.057 5.664

80s Cycle corr 210 0.285 0.435 −0.668 0.968
Trend corr 210 0.115 0.179 −0.409 0.714
Trade 210 0.187 0.448 0.001 4.374

90s Cycle corr 210 0.099 0.396 −0.950 0.935
Trend corr 210 0.105 0.209 −0.422 0.753
Trade 210 0.229 0.547 0.001 5.490

00s Cycle corr 210 0.359 0.371 −0.510 0.986
Trend corr 210 0.414 0.195 −0.353 0.793
Trade 210 0.252 0.588 0 5.664
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annual data will average away business cycle episodes that last only a
few quarters.

Information about bilateral trade flows comes from the Direction of
Trade Statistics, also published by the IMF.We observe total imports and
exports between country-pairs. Trade flows are expressed in nominal
US dollars, which we deflate directly as described in Section 2.2 above.
In several instances export values do not correspond precisely to import
values reported by the destination country. Our results are insensitive to
which country's reported value of trade is used for any given country-
pair.14

Using the quarterly real GDP datawe construct estimates of the cycle
and trend components and the corresponding country-pair cycle and
trend shock correlations as described in Sections 2.1 and 2.2 above.
The correlations are computed for each of the three decades in the sam-
ple, 1980–1989, 1990–1999 and 2000–2010. The average bilateral trade
intensity over each of these decades is also computed for each country-
pair. The final data set is then a panel with 210 unique trading partners
and 3 time series observations corresponding to the three decades in
the sample. Table 1 presents summary statistics for the cycle correlation,
trend shock correlation, and bilateral trade flow measure for the full
sample, for each decade, and for country pairs where both are G7
members.

2.4. Relating comovement to trade

To estimate the differences in comovement patterns across country-
pairswith varying trade relationshipswe estimate the following regres-
sion equation:

ρh
ijd ¼ α þ βTradeijd þ ΓXijd þ ηij þ δd þ ξijd ð8Þ

where h= c, τ. Our primary interest is in explaining variation in ρijdτ , the
correlation between permanent trend shocks, across country pairs.
However, we also estimate Eq. (8) where the dependent variable is
the correlation between transitory (cyclical) shocks, that is ρijdc , to verify
that our sample is consistentwith the patterns highlighted previously in
the literature.

The variable δd is a decade-specific fixed effect used to control for
systematic changes across the sample in country-pair GDP movement
correlations. Doyle and Faust (2005) estimated structural breaks in
comovement statistics among G7 nations and found that, on average,
cyclical comovement became weaker over the period 1960–2002.
Table 1 confirms this result for cyclical correlations, but also shows a
subsequent increase in average cyclical correlations during the 2000s.
Table 1 also shows increases in the average correlation between trend
shocks in the 2000s, after remaining stable in the 1980s and 1990s.
Finally, Table 1 demonstrates that, on average, trade has grown steadily
over the sample period. Decade-specific fixed effects spurious correla-
tion from these patterns in the trade–comovement relationships we
estimate. In addition, we also include a full set of interactions between
trade intensity and the decade effects to investigate whether the role
of trade in generating comovement has changed over time.

The term ηij is a country-pair fixed effect includedwhenwe estimate
Eq. (8) to account for the varying incentives for countries to trade and
invest with one another, and other fixed characteristics between
countries that influence comovement such as asset market structure.
The gravity model predicts that exogenous differences in geography
and distance will cause bilateral trade patterns to vary.15 The impor-
tance of gravity variables in generating comovement in GDP series is
emphasized by Baxter and Kouparitsas (2005) and Kose and Yi
14 Note that the trademeasures have been scaled (×100) to improve exposition of tables
that report point estimates for the effects of trade on comovement patterns.
15 Redding and Venables (2004) provide robust evidence on the effects of geography on
international trade patterns.
(2006). Moreover, Kose and Yi (2006) examine trade in a comovement
in a multilateral framework, where the potential to trade with a third
country influences the transmission of shock between any pair of coun-
tries. As shown by Redding and Venables (2004), among many others,
country-pair fixed effects account for the relative price effects of inter-
national trade in a multi-country setting. Including pair-level fixed ef-
fects is also important to account for the relative completeness of
asset markets between countries, which also influences the transmis-
sion of shocks. Particularly relevant to our context, Ghironi (2006) and
Baxter and Crucini (1995) show the difference in output response to
productivity shocks when there are complete versus incomplete asset
market structures much larger when the shocks are permanent. Since
we focus on the transmission of permanent output shocks between
countries, our preferred specifications include pair-level fixed effects
to account for the relative degree of asset market completeness.

We also estimate Eq. (8) separately for the sample of country pairs
that involve two G7 member countries. Previous studies have demon-
strated that the impact of trade linkages on business cycle comovement
varies substantially across levels of industrial development; Calderon
et al. (2007) provide evidence that the effect of trade on cyclical fluctu-
ations is much different among developing countries than for high in-
come nations, and Kose et al. (2003) demonstrate specifically the
importance of estimating the effect of trade separately for G7 and
non-G7 nations. Moreover, members of the G7 have undergone signifi-
cant reductions in the volatility of their output series in the last several
decades, which affects the measurement of how synchronized are the
shocks to nations GDP series; see Stock and Watson (2005) for further
discussion of this point. Also relevant to the current context, there is ev-
idence that the type and composition of trade differ between small and
large countries (i.e., G7 and non-G7 members).

The vector Xijd incorporates several observable variables suggested
previously in the comovement literature. Imbs and Wacziarg (2003)
show that comovement patterns are systematically related to patterns
of industry specialization. To account for similarity in specialization pat-
terns, Imbs (2004) suggests controlling for the combined income levels,
as well as differences in income, between country-pairs.16 Rose and
Engel (2002), and subsequent studies, argue that nations within a cur-
rency union exhibit stronger comovement in cyclical output. We in-
clude an indicator variable, CUijd, that equals one if country-pair ij
belongs to a currency union during period d. In contrast Baxter and
Kouparitsas (2005) perform a general robustness analysis of the deter-
minants of comovement across countries. They argue that bilateral
16 We note that our inclusion of relative income levels between countries does not con-
form exactly to the specification in Imbs (2004). He estimated a static model in a simulta-
neous equations framework, whereas here we exploit time series variation in the sample.
Thus, the role of national incomes across our specifications differs somewhat.
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trade is a robust predictor of business cycle comovement,while patterns
of industrial specialization andmembership in a currency union are not.
Wepresent evidence from specificationswith andwithout these control
variables and obtain similar results.

3. Results

3.1. Trend & cycle components of real GDP

Table 2 reports results regarding the estimated trend and cyclical
components of real GDP across countries. The second column gives
the estimate of μi, which has the interpretation of the average quarterly
growth rate of the trend component for country i. For those countries
where the model with a one-time structural break in μ is the preferred
model, Table 2 reports the estimates of both μi,0 and μi,1, along with
the estimated date of the structural break (in parenthesis). For most
countries, average annualized trend growth rates range from between
1.6% to 3.2%. Korea displays faster growth than all other countries over
the entire sample period, although this growth rate slows in the last
decade of the sample period. During the first decade in the sample
period, Japan also displays faster than typical trend growth, before
slowing significantly at the start of the 1990s. Two other countries,
Spain and Italy, also display evidence of a changing trend growth rate,
which in both cases are growth slowdowns in the early to mid 2000s.

Our primary interest in this paper is the stochastic shocks to the
trend and business cycle components. The second and third columns
of Table 2 give the estimated standard deviation of these shocks, σvi

and σϵi. Comparing across countries, there are large differences in the
estimated standard deviations for shocks to the trend component.
Eight of the countries in the sample experience quarterly shocks to the
trend component with a standard deviation of 4% of real GDP or higher
on an annualized basis, while for seven others this standard deviation is
below 2% of real GDP. For nearly all countries, shocks to the trend com-
ponent are substantial, with Canada being the only case where trend
shocks have a standard deviation less than 1% of real GDP. For shocks
to the business cycle component there is more uniformity, although
three countries,Mexico, NewZealand, andNorway, stand out for having
larger than typical business cycle shocks.

A novel feature of our paper is the focus on the relationship between
trade intensity and comovement in trend fluctuations. Thus, it is of
particular interest to gauge the relative importance of the trend versus
the cycle for generating variability in real GDP growth. If the trend
Table 2
Trend and cyclical components of quarterly real GDP series.

Country Trend & Cycle components

Avg trend growth St. dev. o

Non-G7 Australia 0.008 0.005
Austria 0.006 0.009
Belgium 0.006 0.008
Denmark 0.004 0.012
Finland 0.006 0.011
Korea (2000:1) 0.019, 0.010 0.013
Mexico 0.006 0.011
Netherlands 0.005 0.008
New Zealand 0.007 0.012
Norway 0.006 0.010
Portugal 0.005 0.011
Spain (2004:3) 0.007, 0.004 0.008
Sweden 0.005 0.011
Switzerland 0.004 0.003

G7 Canada 0.007 0.000
France 0.005 0.003
Germany 0.005 0.008
Italy (2001:1) 0.004, 0.001 0.005
Japan (1990:3) 0.012, 0.003 0.008
United Kingdom 0.005 0.004
United States 0.007 0.004
component was relatively unimportant in this respect, the effect of
trade on trend comovement would be of less interest. To measure
the relative importance of the trend we calculate variance decompo-
sitions. Note that from Eq. (1), quarterly output growth can be
expressed as Δyi,t = Δτi,t + Δci,t. Given the independence of shocks
to the trend versus the cyclical component, the variance of quarterly
output growth is then given by Var(Δyi,t) = Var(Δτi,t) + Var(Δci,t).
Each of the components on the right hand side of this equation can
be computed analytically using the estimates of the parameters of
the unobserved-components model. In particular, Var(Δτi,t) = σvi

2 ,
while Var(Δci,t) can be recovered from the autoregressive specifica-
tion of the cyclical component. Given these components, we then
compute a decomposition for the proportion of the variance of
quarterly output growth due to the trend component as Var(Δτi,t)/
(Var(Δτi,t) + Var(Δci,t)).

The final column of Table 2 reports these variance decompositions,
which reveal that the trend component contributes substantially to the
overall variance of quarterly real GDP growth in most countries. The av-
erage share of the trend component in the variance decomposition across
countries is 0.58. Also, the variance decomposition is above 0.25 for all
but two countries, Switzerland and Canada, and is above 0.75 for ten
countries. These results suggest that fluctuations in the trend component
are a quantitatively significant source of total quarterly output fluctua-
tions for a large number of countries.

This evidence also highlights the potential danger of using first
differences or a band-pass filter to measure a business cycle component
defined as the transitory fluctuations in economic activity. As was
discussed in Section 2.1 above, such approaches to detrending will
producemeasures of the business cycle that mix permanent and transi-
tory fluctuations. Given that the permanent component produces a
substantial amount of quarterly real GDP fluctuations in our sample,
this contamination could be significant. The unobserved-components
methodwe use is explicitly designed to capture permanent vs. transito-
ry variation, and is thus free of these issues.
3.2. Cyclical comovement and trade intensity

We now turn to estimating the relationship between trade and
comovement patterns across countries. We first examine cyclical
comovement patterns to confirm that our data sample and empirical
strategies are consistent with previous studies. We then turn to our
Variance decomposition

f trend shock St. dev. of cycle shock Frac. from trend

0.005 0.40
0.002 0.89
0.002 0.90
0.003 0.94
0.005 0.65
0.001 0.89
0.010 0.47
0.002 0.81
0.014 0.32
0.008 0.27
0.002 0.83
0.002 0.79
0.002 0.76
0.004 0.12
0.006 0.00
0.003 0.45
0.003 0.77
0.004 0.54
0.004 0.79
0.004 0.27
0.005 0.30



Table 3
Trade and cyclical comovement.

(1) (2) (3) (4) (5)

Trade 0.167⁎⁎⁎ 0.166⁎⁎⁎ 0.304⁎⁎⁎,† 0.604⁎⁎⁎,† 0.634⁎⁎⁎,†

(0.033) (0.0303) (0.083) (0.172) (0.159)
90s −0.193⁎⁎⁎ −0.141⁎⁎⁎ −0.143⁎⁎⁎ 0.054

(0.0398) (0.043) (0.0335) (0.0794)
00s 0.063⁎ 0.084 0.083⁎⁎⁎ 0.593⁎⁎⁎

(0.038) (0.041) (0.0308) (0.199)
Trade × 90s −0.252⁎⁎,† −0.299⁎⁎⁎,† −0.292⁎⁎⁎,†

(0.109) (0.11) (0.107)
Trade ×00s −0.119† −0.192⁎⁎⁎,† −0.192⁎⁎⁎,†

(0.092) (0.069) (0.068)
SumGDP −0.580⁎⁎⁎

(0.215)
DiffGDP 0.0482

(0.158)
Currency union −0.136⁎⁎

(0.056)
Constant 0.211⁎⁎⁎ 0.254⁎⁎⁎ 0.228⁎⁎⁎ 0.172⁎⁎⁎ 0.839⁎⁎⁎

(0.0169) (0.030) (0.032) (0.036) (0.244)
FEs No No No Yes Yes
Observations 630 630 630 630 630
R-squared 0.045 0.114 0.129 0.208 0.229
Number of pair 210 210

Robust standard errors in parentheses.
⁎⁎⁎ p b 0.01.
⁎⁎ p b 0.05.
⁎ p b 0.1.
† F b 0.05.
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question of primary interest: how does trade influence the correlation
between trend shocks across countries?

Table 3 reports estimates from the regression in Eq. (8), where the
dependent variable is the correlation between cyclical fluctuations in
real GDP. Robust standard errors are in parenthesis. For each specifica-
tionwe find that bilateral trade intensity has a positive effect on cyclical
fluctuations in output. Since the average correlation between cyclical
components is positive across countries, the positive effect of trade indi-
cates an increased correlation. These specifications and results are
Table 4
Trade and trend comovement.

(1) (2) (3) (4)

Full sample of countries

Trade 0.223⁎ −0.012 0.015 0.002
(0.131) (0.045) (0.059) (0.048)

90s −0.0101 −0.005 0.162⁎⁎

(0.018) (0.019) (0.048)
00s 0.300⁎⁎⁎ 0.301⁎⁎⁎ 0.704⁎⁎

(0.018) (0.020) (0.118)
Trade × 90s −0.028 −0.014

(0.030) (0.027)
Trade × 00s −0.012 −0.023

(0.032) (0.028)
SumGDP −0.495

(0.143)
DiffGDP 0.092

(0.094)
Currency union 0.103⁎⁎

(0.038)
Constant 0.162⁎⁎⁎ 0.117⁎⁎⁎ 0.112⁎⁎⁎ 0.689⁎⁎

(0.029) (0.012) (0.015) (0.169)
FEs Yes Yes Yes Yes
Observations 630 630 630 630
R-squared 0.014 0.474 0.475 0.504
Number of pair 210 210 210 210

Robust standard errors in parentheses.
⁎⁎⁎ p b 0.01.
⁎⁎ p b 0.05.
⁎ p b 0.1.
† F b 0.05.
consistent with previous literature. In column (1) we include only
measures of trade intensity to confirm the result first obtained by
Frankel and Rose (1998). Doyle and Faust (2005) demonstrate that
comovement patterns have become weaker in years prior to 2002,
consistent with the negative estimate we obtain for the 90s decade
effect in column (2). However, the recent global recession has lead to
a sharp increase in cyclical comovement during the 2000s.

Column (4) introduces country-pair fixed effects to control for
differences in the propensity of countries to trade and to share common
shocks to GDP. Again, consistent with previous literature, we find that
trade intensity is associated with stronger cyclical comovement
patterns. Attributes specific to each country-pair appear to play a sub-
stantial role in comovement patterns. For example, the estimated effect
of trade in the 1980s nearly doubles from 0.304 to 0.604 in column
(4) once pair fixed effects are included, with comparable changes in
the effect of trade in later decades. This suggests that relationship-
specific effects may also be important cofactors when we examine
comovement in GDP trends. Finally, in column (5) we introduce
controls for country attributes that previous literature has suggested
affect comovement relationships independently. The positive impact
of trade on business cycle comovement is robust to these additional
controls.

The preferred estimates from column (5) of Table 3, which includes
the full set of controls, indicate that the average effect of the trade
variable on cyclical correlations is 0.47. Table 1 reports that the standard
deviation in trade flows is approximately 0.53 for the full sample of
countries. Thus, a one standard deviation increase in trade between
the average country-pair will increase the correlation in their cyclical
fluctuations by approximately 0.25, which is equivalent to 0.6 of a
standard deviation in cyclical correlations. This suggests that typical
variation in trade is associated with non-trivial variation in cyclical
correlations.

3.3. Trend comovement and trade intensity

In Table 4 we turn to the primary focus of the paper: trend
comovement. We present results for both the full sample of countries
(5) (6) (7) (8)

G7 nations

−0.086 −0.189⁎ −0.094⁎,† −0.079†

(0.152) (0.094) (0.051) (0.051)
⁎ −0.0536 −0.0813 0.643⁎⁎⁎

(0.067) (0.083) (0.193)
⁎ 0.439⁎⁎⁎ 0.517⁎⁎⁎ 1.98⁎⁎⁎

(0.043) (0.043) (0.361)
0.013† 0.013†

(0.040) (0.033)
−0.090⁎⁎⁎,† −0.037†

(0.019) (0.023)
⁎⁎⁎ −1.93⁎⁎⁎

(0.444)
−0.033
(0.289)

⁎ −0.241⁎⁎⁎

(0.066)
⁎ .316⁎⁎ 0.287⁎⁎⁎ 0.204⁎⁎⁎ 2.564⁎⁎⁎

(0.146) (0.073) (0.053) (0.532)
Yes Yes Yes Yes
63 63 63 63
0.003 0.742 0.787 0.853
21 21 21 21



Table 5
Trade and trend comovement: different sample periods.

(1) (2) (3) (4) (5) (6) (7) (8) (9)

1980–2005 1980–2008 1980–2010

Trade −0.246⁎⁎⁎ −0.240⁎⁎⁎ −0.121⁎⁎⁎ −0.181⁎⁎⁎ −0.179⁎⁎⁎ −0.076⁎ −0.191⁎⁎⁎ −0.188⁎⁎⁎ −0.079⁎⁎

(0.048) (0.039) (0.041) (0.032) (0.032) (0.040) (0.035) (0.035) (0.036)
1990s −0.011 −0.013 0.870⁎⁎⁎ −0.03 −0.03 0.674⁎⁎⁎ −0.027 −0.028 0.643⁎⁎⁎

(0.064) (0.066) (0.196) (0.065) (0.066) (0.135) (0.064) (0.065) (0.139)
2000s 0.152⁎⁎⁎ 0.165⁎⁎⁎ 1.770⁎⁎⁎ 0.454⁎⁎⁎ 0.456⁎⁎⁎ 1.798⁎⁎⁎ 0.510⁎⁎⁎ 0.512⁎⁎⁎ 1.796⁎⁎⁎

(0.045) (0.046) (0.311) (0.046) (0.047) (0.246) (0.043) (0.044) (0.261)
Currency −0.111⁎⁎ −0.233⁎⁎⁎ −0.013 −0.130⁎⁎ −0.022 −0.141⁎⁎

Union (0.052) (0.046) (0.039) (0.051) (0.044) (0.053)
Sum GDP −0.024⁎⁎⁎ −0.019⁎⁎⁎ −0.018⁎⁎⁎

(0.004) (0.003) (0.003)
GDP diff −0.009 −0.012⁎ −0.014⁎

(0.008) (0.007) (0.007)
Constant 0.250⁎⁎⁎ 0.246⁎⁎⁎ 3.244⁎⁎⁎ 0.216⁎⁎⁎ 0.215⁎⁎⁎ 2.618⁎⁎⁎ 0.221⁎⁎⁎ 0.220⁎⁎⁎ 2.517⁎⁎⁎

(0.035) (0.028) (0.533) (0.023) (0.022) (0.378) (0.027) (0.026) (0.370)
No. Obs. 63 63 63 63 63 63 63 63 63
R2 0.254 0.267 0.502 0.729 0.729 0.818 0.77 0.77 0.85
No. Pairs 21 21 21 21 21 21 21 21 21

Robust standard errors in parentheses.
⁎⁎⁎ p b 0.01.
⁎⁎ p b 0.05.
⁎ p b 0.1.
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(columns 1–4), and for a sample that includes only country-pairs where
both countries are a member of the G7 (columns 5–8). Each specifica-
tion includes country-pair fixed effects. Robust standard errors are
in parentheses.

The results in Table 4 for the effects of trade on the correlation be-
tween trend fluctuations are drastically different than those estimated
for cyclical comovement. For the full sample, there is a positive andmar-
ginally statistically significant impact of trade on trend comovement
when no controls are included beyond the fixed effects (column 1).
However, this significance disappears when the decade effects are
added (column 2), suggesting unaccounted for trends in the correlation
and trade variable are driving the results in column (1). More impor-
tantly, the point estimate for the effect of trade is negative in column
(2), in contrast to the positive effect found for correlations in cyclical
output. In column (3) we allow the effect of trade to vary across
decades, while in column (4) additional controls are added. In both
cases the effect of trade is statistically insignificant, and is estimated to
be negative in certain decades.

When we restrict attention to G7 country pairs (columns 5–8), we
find a consistently large and negative effect of trade on trend co-
movement. This effect is statistically significant for those regressions
that include controls beyond fixed effects (columns 6–8). Focusing on
the preferred estimates from the regression reported in column (8),
which includes the full set of controls, the average effect of the trade var-
iable on trend comovement across decades is −0.087, and an F-test of
the hypothesis that trade has no effect on trend correlations in any de-
cade is rejected (p ‐ value b 0.05). The average correlation in trend
shocks for these country pairs is positive, indicating that greater trade in-
tensity leads toweaker comovement. This is in sharp contrast to the doc-
umented association between greater trade intensity and increased
cyclical comovement.17

From Table 1, the standard deviation of trade flows is approximately
1.19 for the sample of G7 countries, meaning that a one standard devi-
ation increase in trade between the average country-pair will reduce
17 Here we have focused on the trend component of real GDP, whichwe havemeasured
as the stochastic trend component of this series. However, there is a large literature that
documents that the real GDP series for many G7 countries shares a common stochastic
trend with the investment and consumption series for the same country (e.g., King et al.
(1991) and Harvey and Mills (2005).) Thus, our results regarding the relationship be-
tween trade and the comovement of trendfluctuations in real GDP can also be interpreted
as the relationship between trade and the comovement of trend fluctuations in consump-
tion or investment.
the correlation in their trend shocks by approximately 0.10. This is
equivalent to 0.33 of a standard deviation in trend shock correlations.
While somewhat smaller than the similarly defined effect on cyclical
correlations of 0.6 of a standard deviation, this effect is still substantial.
Further, the relative size of these effects does not necessarily imply the
relative importance of the trend versus cycle in determining the effect of
trade on overall output growth correlation. This will depend on addi-
tional factors, including the relative importance of the trend versus
cycle in contributing to overall output variation, as well as the horizon
over which wemeasure output growth correlations. In the next section
we explore the effect of trade on overall output comovement via a
simulation experiment.

Our sample period extends to 2010 and so includes the period of the
global recession and the observed great trade collapse in 2008–2009.
Given that these periods are outliers in terms of the shocks nations
received, the observed degree of comovement, and the observed
volume of trade, it is worthwhile to examine the robustness of our re-
sults to the exclusion of these time periods. In Table 5 we estimate our
preferred specifications where the 2000s decade is restricted to include
2000q1–2005q4 (columns 1–3) and 2000q1–2008q4 (columns 4–6.)
Given that the definition of the 2000s decade changes across these dif-
ferent sample periods, we omit the interaction between trade volumes
and decade effects and focus solely on the average effect of trade over
the whole period. For the sake of comparison, columns (7)–(9) report
estimates of the average effect of trade over the entire sample period.

Regardless of whether the periods of the latest global recession and
ensuring great trade collapse are omitted,we continue to find that trade
linkages have a negative and significant impact on the transmission of
shocks to trend levels of output among G7 countries. In fact, the pre-
ferred estimate in column (3) when comovement in the 2000s decade
is calculated between 2000q1 and 2005q4 is −0.121, which is larger
in magnitude than the estimated effect of trade of −0.079 when the
outlying periods in the later part of the decade are included in column
(9). If anything this suggests that these outliers in the data work against
finding our main result, though we note that the estimated effects are
not statistically different from one another.

3.4. Quantifying the effect of trade on output comovement

Tables 3 and 4 suggest that trade has a statistically significant effect
on both cyclical and trend shock correlations. Becausewe have estimat-
ed the impact of trade linkages on the comovement of both cyclical



Table 6
Simulation of effect of trade on output correlations.

Simulation parameters Output growth correlation (change from baseline)

Change in correlation from Baseline Fraction of quarterly output growth variance due to trend Quarterly output growth Ten-year output growth

1–4 0.25 0.18 0.06
Increase in cycle 0.50 0.12 0.03
Correlation of 0.25 0.75 0.06 0.01
1–4 0.25 −0.03 −0.08
Reduction in trend 0.50 −0.06 −0.09
Shock correlation of 0.10 0.75 −0.08 −0.10

Notes: “quarterly output growth correlation” is the correlation of simulated quarterly output growth for the two countries. “Ten-year output growth correlation” is the correlation of
simulated 10-year output growth for the two countries. The changes in cycle and trend shock correlations considered are based on the estimated effect of a one standard deviation increase
in trade intensity.
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fluctuations and trend shocks, we can decompose the effect of trade on
the comovement of overall output growth between countries. In this
section we report results of a simulation experiment to quantify the ex-
tent to which typical changes in these correlations due to changes in
trade intensity pass through to changes in output growth correlations.
These results demonstrate that the extent of such pass-through de-
pends on whether we measure output growth over shorter versus
longer-run horizons.

A standard measure of output growth comovement for two coun-
tries is the correlation in quarterly output growth, which we term a
short-run comovement measure. For this measure, both transitory cy-
clical shocks and permanent trend shocks are important for under-
standing the effect of trade on comovement, with the relative
contribution of each depending on the magnitude of the effects of
trade on cyclical versus trend shock correlations, as well as the relative
importance of the trend versus cyclical component in driving the vari-
ance of quarterly output growth. Again, as was demonstrated in
Table 2, for many countries the trend component accounts for the ma-
jority of quarterly output growth variance. Thus, in these cases, the
change in the correlation of quarterly output growth induced by a
change in trade could be more substantially driven by the change
in trend shock correlation, even if the change in trend shock correlation
was relatively small as compared to the change in the cyclical
correlation.

Alternatively, we may be interested in comovement of output
growth over a long horizon (such as a decade.) Because shocks to the
trend component correspond to permanent changes in real GDP,
while cyclical variation is transitory in its effects on output, trend
shock correlations should be more important than cyclical correlations
in determining these long-horizon output growth correlations. This
will be true regardless of the importance of trend versus cyclical fluctu-
ations in determining the variance of short-horizon output growth.
Thus, for correlations in long-horizon output growth, we would expect
the effects of trade to work primarily through the effect on trend
shock correlations.

To provide a numerical example of the effects of trade on output
comovement, we conduct a simulation experiment. We simulate quar-
terly real GDP series for two hypothetical countries over one decade,
where each series follows a UC process as in Eqs. (1)–(3), and each UC
process is calibrated with identical parameters. We choose parameters
to match low, medium, and high cases for the fraction of quarterly out-
put growth variance accounted for by the trend component; these cases
correspond to 0.25, 0.50 and 0.75 for this fraction. Over 100,000 such
simulations, we compute the correlation in simulated quarterly output
growth, as well as the correlation in simulated ten-year output growth
for the two countries.18 We begin with a baseline experiment in
18 Each simulation yields 40 realizations of quarterly output growth for each country,
and one realization of ten-year output growth for each country. The correlation for quar-
terly output growth is then computed based on 400,000 realizations of quarterly output
growth, and 100,000 realizations of ten-year output growth.
which we set the correlation between trend shocks and the correlation
between cyclical components each equal to 0.50. We then consider two
additional experiments meant to assess the marginal effects of a one
standard deviation increase in trade intensity, which in the first exper-
iment raises the cyclical correlation by 0.25 and in the second lowers
the trend shock correlation by 0.10.

Table 6 presents the changes (relative to the baseline experiment) in
the correlation of short-run and long-run output growth that are gener-
ated by the change in the cyclical or trend shock correlation. The third
column of Table 6 shows that the pass-through of changes in cyclical
and trend shock correlations to quarterly output growth correlations
depends substantially on the fraction of quarterly output growth vari-
ance due to the trend component. Specifically, when the fraction of
quarterly output growth variance due to the trend component is low,
an increase of 0.25 in the cyclical correlation is substantially passed
through to quarterly output growth correlations, increasing this correla-
tion by 0.18. However a decrease of 0.10 in trend shock correlations
resulting from greater trade intensity has very little effect, decreasing
quarterly output growth correlations by only 0.03. The opposite is true
when the fraction of quarterly output growth variance due to the
trend component is high. It is notable that in this latter case, themargin-
al effect of the change in the trend shock correlation on the quarterly
output growth correlation is larger than that for the change in the cycli-
cal correlation, despite the fact that the change in the cyclical correlation
corresponding to a standard deviation increase in trade intensity is sub-
stantially larger.

The final columnof Table 6 shows that the change in the trend shock
correlation passes through substantially to long-horizon output growth
correlations. Regardless of the extent to which the trend component ac-
counts for the variance of quarterly output growth, the correlation in
ten-year output growth falls by roughly 0.10 as a result of the decrease
in trend shock correlations of 0.10. This is in contrast to the increase in
the cyclical correlation, which has a very little marginal effect on corre-
lation in long-horizon output growth. Although previous studies of
comovement in output across countries have focused exclusively on cy-
clical correlations, these results highlight the importance of changes in
trend shock correlations over the long-run, due to the fact that trend
shocks reflect permanent changes in output levels.
4. Conclusion

In the current volatile economic climate, policymakers are increas-
ingly focused on the policies established in countries with which they
have close economic relationships. International trade linkages can po-
tentially transmit episodes of output contraction across borders. The re-
sults presented here suggest that such concerns are less warranted
when considering long-run, permanent, changes in real GDP. While
trade has been shown to increase cyclical comovement between coun-
tries, here we have found that closer trade relationships reduce the cor-
relation between shocks to G7 countries' trend levels of output. For
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countries outside the G7, we find no statistically significant effect of
trade intensity on trend comovement.

Our evidence suggests that the effect of trade on trend comovement
in the G7 is of substantial economic importance. For many countries in
our sample, shocks to trend levels of output account for over half of
the variation in their quarterly real GDP growth, so that changes in
trend shock correlationswill pass through to significant changes in out-
put growth correlations formany country pairs. Also, while cyclical fluc-
tuations have only transitory effects on output levels, trend shocks have
permanent effects, meaning that fluctuations in output levels over lon-
ger horizons will be dominated by the trend. As a consequence,
comovement in long-horizon output growth across countries will be
driven by correlations in trend shocks, rather than business cycle
correlations.
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