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In this article, I extend the concept of separate cointegration to include the common-feature trend-
cycle decomposition approach. This combined approach operates a reduction of the parameter space
and permits the identi� cation of the time series long- and short-run constituent factors. A careful
assessment of their reciprocal relations, in turn, allows for the answering of potentially interesting
economic questions. To show the usefulness of the proposed methodology, I apply it to the study of
the relationships between the international business cycle and trade � ows.
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There are numerous cases in economics in which groups of
variables interact among each other differently from the way
variables interact within each group. Consider, for example,
real variables and monetary variables. The two groups are, in a
way, logically distinct; the variables from the different groups
are more dissimilar than those within each group. Moreover,
there are both theoretical reasons and a wealth of empirical
� ndings suggesting that, although what happens in the mon-
etary sector has a short-run in� uence on the real sector, the
long-run behavior of the latter is largely independent from the
former (Konishi and Ramey 1993).

As a further illustration, consider the likely relationships
between international aggregate outputs and international trade
� ows. Although the presence of long- and short-run relation-
ships among these variables is ultimately an empirical ques-
tion, there are economic reasons that would indicate the nature
of these links: Cointegration within a group of national prod-
ucts may follow from the presence of convergence forces,
and cointegration among pairwise international trade � ows
may also exist because of long-run balance-of-payments con-
straints. Short-run dynamics are likely within each group of
variables, in the form of an “international business cycle” and,
perhaps, of a “trade cycle.” Outputs and trade � ows, although
probably not linked by long-run cointegration relationships,
are obviously connected by other types of ties.

In this article, I propose an econometric methodology to
deal with the general case of separate groups of cointegrating
variables interacting in the short run. Our purpose is to allow
for a careful accounting of the variables’ long- and short-
run constituent factors and of their relationships therein. This
task is accomplished by extending the “separate cointegration”
approach of Konishi and Granger (1992) to incorporate the
“common-trend–common-cycle” approach of Vahid and Engle
(1993). I choose the latter as a permanent–temporary compo-
nent decomposition for the ease with which it allows for a
useful naming of the relevant factors and, also, for—certainly
disputable—aesthetic reasons.

Note, however, that other decomposition techniques, such as
the one proposed by Gonzalo and Granger (1995), would do
just as well. In fact, Proietti (1997) showed that the two tech-
niques are very similar and in some instances provide identical
results. Moreover, Granger and Haldrup (1997) provided the

necessary representation for the Granger and Gonzalo decom-
position within separate cointegration.

There is a further motivation for our work. The vector
autoregressive (VAR) modeling methodology is often affected
by a “curse of dimensionality”—too many parameters to esti-
mate with too little data. One of the approaches used to
tackle the problem, in the reduced-rank regression tradition,
is through the de� nition of (canonical correlation maximiz-
ing) linear combination of the data, or of their transformation,
that allow for an effective reduction of the parameter space,
as argued, among others, by Tsay (1989) and Velu, Reinsel,
and Wichern (1986).

Cointegration (and common-feature) analysis, by de� ning
such linear combinations as economically meaningful, permits
the use of economic theory to improve estimation ef� ciency.
For this reason, the methodology that I here propose, in carry-
ing forward the search for empirically tested and economically
meaningful restrictions, is within the broader reduced-rank
regression modeling philosophy.

To demonstrate the usefulness of our methodology in at
least one case, we propose an application of the latter of
the two examples illustrated previously. Using annual data
for the U.S., the Japanese, and the European economies, we
analyze the complex relationships between permanent and
temporary components of aggregate international outputs and
international trade � ows. As in many empirical applications,
the unconstrained empirical problem is characterized by a
large parameter space with respect to the available data. We
restrict its dimension by imposing both separate cointegration
and common-cycles restrictions to conclude that the interplay
between long- and short-run components of output and trade
is rich, that this analysis is informative, and that the econo-
metric methodology here proposed is a useful tool for such an
assessment.

The article is structured as follows. Section 1 describes the
proposed econometric methodology. The empirical exercise
follows. Some � nal considerations conclude.
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1. AN ECONOMETRIC FRAMEWORK

The purpose of the proposed econometric methodology is
the careful de� nition of a set of admissible links between two
or more groups of variables. Let us consider two groups of
variables described by a VAR error-correction model (VAR-
ECM) assuming that they interact in three different ways.

First, the same shock is allowed to in� uence both groups of
variables. In a VAR model, this means that we allow for con-
temporaneous correlation between the shocks of the two types
of variables. Second, the past history of variables in one group
is allowed to in� uence the variables in the other group. This
implies letting lagged differences of variables from one group
to enter the relation explaining the � rst differences of vari-
ables from the other. Last, the short-run dynamics of variables
in one group could be helpful in explaining variables from the
other group. In an error-correction model (ECM), we would
let the lagged error-correction term(s) of one block enter the
equations of the other. Not necessarily all these links have to
be present at the same time. Given an empirical problem, sta-
tistical testing can determine which one(s) of the three types
of link is active and also whether those three channels are all
that are needed to characterize the relations between the two
blocks of variables.

The concept of separate cointegration, introduced by
Konishi and Granger (1992), allows exactly for these restric-
tions on the data. Consider a k 1 vector X of nonstationary
I(1) components, and its partition X 0 D 4X 0

1
— X 0

2), where X1

and X2 are the k1 1 and k2 1 vectors corresponding to the two
blocks of variables, with k1

Ck2
D k. There is separate cointe-

gration when X1 and X2 are linked (at most) through the three
channels listed previously and when there are no cointegration
relationships involving variables from both groups. Moreover,
if the lagged error-correction term(s) from one block do(es)
not enter the equations for the other block of variables, then
we have what Konishi and Granger (1992) called “complete”
separation between the two blocks.

Consider the VAR-ECM representation of the two blocks of
variables X1 and X2 under these hypotheses:

ãX11 t
D â 11

1 ãX11 tƒ1 C C â 11
pƒ1ãX11 tƒpƒ1
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where ç11
D � 0

1‚1, ç22
D � 0

2‚2 are the usual “ç” matrices in
cointegration analysis, and ç12 and ç21 describe the in� uence
of the error-correction term(s) of one block on the other. ‚1

and ‚2 are the k1 r1 and k2 r2 matrices containing each the r1

and r2 independent cointegrating vectors of the two blocks of
variables. Within this representation, the growth rates of each
block of variables depend on their lagged growth rates and
error-correction term(s) and also on the lagged growth rates
and the error-correction terms of the other block of variables.

The matrix that describes the cointegration space of X 0 D 4X 0
1

—
X 0

2) has the following structure:

‚ D

2
64

‚0
1

r1 ü k1

0
r1 ü k2

0
r2 ü k1

‚0
2

r2 ü k2

3
75 0

That is, there are no stationary combinations of the data that
require variables from both blocks.

To further clarify this point, note that if there is sepa-
rate cointegration, with cointegrating relations present in each
block, it is always possible to de� ne a linear combination of
variables from both blocks that is also stationary, the simpler
case being the sum of all the linear combinations that have
been detected. This is true because linear combinations of sta-
tionary time series are also stationary. However, in this case,
it is not the pooling of variables from the two blocks what
makes the overall linear combination stationary. In this sense,
with separate cointegration, variables from both blocks are not
“required” to form stationary linear combinations of the data.
A different way of looking at the problem is by noting, as
Konishi and Granger (1992) did, that separate cointegration
means that the two blocks of variables do not share any com-
mon trends.

In their work, Konishi and Granger (1992) developed dif-
ferent testing procedures to determine whether the restrictions
imposed on the relationship between the two blocks are sup-
ported by the data and an iterative procedure to estimate the
cointegrating space. The latter is based on the observation that,
to estimate the cointegrating space of X1 in (1), the cointe-
grating space of X2 must be known, and vice versa. We report
details on this procedure, drawn from Konishi and Granger
(1992), in Appendix A.

Testing for separate cointegration can be easily accom-
plished by comparing the sum of the cointegrating ranks of
X1 and X2, r1

C r2, with the cointegrating rank of the uncon-
strained system, r . Under the null hypothesis of separate coin-
tegration, r D r1

C r2; that is, considering the unconstrained
system does not lead to the discovery of further bases of the
cointegrating space. Konishi and Granger (1992) showed that
the test can be executed by computing the maximum eigen-
value test familiar in Johansen’s (1988) cointegration analysis,
where H0 2 r D r1 C r2 and H1 2 r D r1 C r2 C 1. For complete-
ness, note that Konishi and Granger (1992) proposed two more
testing techniques that I do not consider here.

Separate cointegration can be combined with common-
feature analysis (Engle and Kozicki 1993; Vahid and Engle
1993), to generate the desired statistical framework. Consider
a multivariate version of the Beveridge–Nelson trend-cycle
decomposition (Beveridge and Nelson 1981) of an I(1) multi-
variate series Xt :

Xt
D C415

X̂

sD0

˜tƒs
C eC4L5˜t1

where C415 derives from C4L5, a moving average polyno-
mial in the lag operator with C405 D I ,

Pˆ
jD1 j—Cj

— < ˆ,
eC0

D I ƒ C415, and eCi
D ƒCi

ƒ CiC1
ƒ for i > 1. The � rst

part of the right side of the equation is an in� nite summation
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of random shocks multiplied by a constant matrix and is thus
nonstationary; I call it the trend of the decomposition. The
second part is a moving average and as such is stationary; I
call it the cycle of the decomposition. It can be shown (see
Engle and Granger 1987) that, if Xt is cointegrated with coin-
tegrating rank r , then the r cointegrating vectors are such that
‚0C415 D 0. Then, ‚0Xt

D ‚0ct
D ‚0 eC4L5˜t , a linear combi-

nation of stationary components. It can also be shown (Vahid
and Engle 1993) that the vectors ‚ ü that have the property that
‚ ü 0 eC4L5 D 0 are the common-feature vectors of ãXt , where
the feature of interest is serial correlation. From the de� ni-
tion of ‚ ü , we obtain that ‚ ü 0

Xt
D ‚ ü 0

C415
P

˜tƒs, that can be
shown to be equal to ‚ ü 0 P

˜tƒs .
Vahid and Engle (1993) argued that, when cointegration

and common-feature relations of this sort are present, the data
contain “common trends” and “common cycles.” More pre-
cisely, if r is the cointegrating rank and s the cofeature rank
(i.e., the number of orthogonal cofeature vectors), then there
are k ƒ r common trends, and k ƒ s common cycles. These
common trends and common cycles can be thought of as “fac-
tors,” each one built as a linear combination of the data that,
together, account for the variation of Xt . A general and use-
ful interpretation of why cointegration and serial correlation
common features are appropriate indicators, respectively, of
comovements among integrated and stationary time series was
provided by Vahid (1993).

The estimation and testing procedure proposed by Vahid
and Engle (1993) has two stages: First, the cointegrating space
is estimated using Johansen’s (1988) technique; then common
cycles are detected by estimating the canonical correlations
between ãXt and a dataset composed of the relevant lags of
ãXt and the lagged error-correction term(s).

The separate cointegraton framework can be easily extended
to accommodate Vahid and Engle’s two-step procedure. I am
interested in studying the common dynamic behavior of each
block of variables. Once the cointegrating space has been
estimated using Konishi and Granger’s method, the presence
of common cycles within each block can be detected using
canonical correlation analysis. In this case, however, the � rst
differences of each block of variables depend not only on
its lagged values and on the lagged error-correction term(s)
of that block but also on the same variables for the other
block. The common-factor vectors for the two blocks are then
the result of canonical correlation analysis between ãXi1 t

and 8ãX11 tƒ11 : : : 1 ãX11 tƒq1 ãX21 tƒ11 : : : 1 ãX21 tƒq 1EC11 tƒ1,
EC21 tƒ19, i D 11 2, where q is the relevant number of lags for
the differenced data and EC1 and EC2 are the error-correction
terms for the � rst and second blocks of variables. I call s1

and s2 the dimensions of the cofeature spaces in the � rst and
second blocks of variables, respectively. Thus, although the
cofeature space of a given block is de� ned in terms of its
variables only, its estimation also depends on the two sepa-
rate cointegrating spaces, which, as we have seen, are jointly
determined.

Separation in common cycles can be easily tested. If cycles
are correctly identi� ed within each block of variables, then
their total number should not increase when the whole uncon-
strained system is considered. Under the null hypothesis of
separation in common cycles, then, s D s1

C s2, where s is

the dimension of the unconstrained cofeature space. That is,
under the null hypothesis, considering the unconstrained sys-
tem does not lead to the discovery of further bases of the
common-feature space. The alternative hypothesis of the test
is s D s1

C s2
C 1.

Vahid and Engle (1993) also showed that, when the number
of cointegrating relations and the number of cofeature rela-
tions add up to the dimension of the data space, then it is
possible to easily recover the trend and the cycle component
of each individual time series. In the context of separate coin-
tegration, when r1 C s1 D k1 and r2 C s2 D k2, it is possible to
recover trend and cycle for each series in each block in a very
easy way. The derivation of such a decomposition is available
in Appendix B.

An interesting case occurs when ri or si is equal to the
number of variables less 1 4ki

ƒ 15. In the � rst instance, when
ri

D ki
ƒ 1, the ith block of the data is characterized by only

one common trend; that is, only one factor explains its long-
run behavior. In the second case, when si

D ki
ƒ1, the data are

characterized by only one common cycle; that is, the short-
run dynamics of the data can be effectively summarized by
only one shared transitory component. In the latter case, it can
be shown that the unique common cycle corresponds to the
error-correction term. For further details, see Vahid and Engle
(1993).

This decomposition is also useful to derive factor represen-
tation of the data, where each variable is explained by a series
of common factors. To allow for comparisons of the magni-
tudes of factor-loading coef� cients, it is advisable to consider
factors with normalized variance.

2. AN EMPIRICAL APPLICATION—THE
INTERNATIONAL BUSINESS CYCLE:

DOES TRADE MATTER?

In this section I provide an empirical application of the
methodology by focusing on the relationships between the
international business cycle and the short- and long-run
comovements of trade � ows.

Comovement of the outputs of different economies is a
well-established economic stylized fact. Outputs seem to
move together across countries both in the long run, possibly
because of the pressure to converge to a common growth path,
and also at business-cycle frequencies. Comovement of output
is self-evident when we consider the momentous events that
have shaped the economic history of the last century, such
as the crisis of the 30 or the oil shocks of the 70s. These
events affected economic activity virtually in all countries.
Even in more normal times, however, business-cycle peaks
and troughs tend to be roughly synchronized across countries,
a phenomenon that has already been noted in the pioneering
study on the business cycle by Burns and Mitchell (1946).
Evidence of comovement at business-cycle frequencies within
a cointegration framework has been found, among others, by
Kozicki (1992).

“Economic integration,” loosely de� ned, is often cited as
the explanation for this state of affairs. Economic integra-
tion is a catch-all term, comprising trade interdependence,
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integration of the � nancial markets, technological interdepen-
dence, and political and even cultural integration. With a few
exceptions—such as the work of Dellas (1986) and Canova
and Dellas (1993)—not much attention has been dedicated to
the effort of narrowing down the concept of economic inte-
gration to a more meaningful list of well-de� ned factors that
matter for the comovement of business cycles across countries.

Often, different factors receive different emphasis in
explaining international output comovement according to the
occasion and to the a priori beliefs of the writer. The old tra-
dition of the macroeconometric modeling of the world econ-
omy, for example, gives a prominent role in the transmission
of the business cycle to trade � ows between countries, within
a framework where aggregate activity is largely determined by
aggregate demand (e.g., Dornbusch 1980). The international
real business-cycle literature focuses instead on the impor-
tance of shocks that in part are common across countries, in
some instances spill over abroad through diffusion processes,
and in general are transmitted via variations in the accumula-
tion path of capital (e.g., Backus, Kehoe, and Kydland 1992;
Baxter 1996).

Different views on why economic activity seems to be syn-
chronized across countries have strikingly different economic
policy implications. If cycles are common because shocks
in one country are transmitted abroad—for example, through
trade interdependencies—then trading partners face a prob-
lem of economic policy coordination. On the other hand, if
common shocks are responsible for the international busi-
ness cycle, then economic policy coordination would not help.
A better understanding of what exactly explains the interna-
tional business cycle and of which aspects of economic inte-
gration matter would improve our knowledge of how the inter-
national economy works, and it would allow us to make better
informed economic policy recommendations.

To apply my methodology to this problem, I � rst conjure
up a list of possible links between the different variables
involved. With respect to the output variables, there are rea-
sons to believe that they are bound by long-run relationships.
Bernard and Durlauf (1995) argued that the neoclassical long-
run convergence theory implies that international outputs are
cointegrated; several outputs should then share a single com-
mon trend or have a cointegrating rank equal to the number of
outputs considered less 1. Bernard and Durlauf (1995), for a
number of Organization for Economic Cooperation and Devel-
opment countries, rejected the hypothesis of convergence (one
common trend) but found substantial cointegration, denoting
the presence of “a set of common long-run factors which
jointly determine international output growth” (p. 97).

The presence of long-run relationships among international
output variables does not seem to be linked to the nature of
the trade interdependencies, in the sense that the latter should
not be relevant in determining the cointegrating properties of
the former. As I have argued, short-run relationships are also
present among outputs across countries. Both common trends
and common cycles in international output, in the Vahid and
Engle (1993) sense, were detected by Kozicki (1992).

There are also reasons why trade � ows between countries
should be characterized by the presence of both long- and
short-run relations. If the trade � ows considered add up to

total world trade, a long-run equilibrium is simply given by
the accounting identity that equates total world imports to
total world exports. Often, individual countries are worried
by their trade imbalances with other individual trading part-
ners. The political and diplomatic pressure that follows such
imbalances, if effective, would result in long-run bilateral trade
equilibrium.

International trade � ows, moreover, are subject to shocks
that are, to a great extent, common across countries. Terms
of trade shocks, while affecting trade � ows asymmetrically,
are such an example. The same can be said of technologi-
cal shocks and of the trade diversion effects that follow the
creation of free trading areas: In all cases, the trade of many
countries is affected, although in different ways. These shocks,
permanent or temporary in nature, can have both permanent
effects, as they cause the trade � ows to move to a new path,
or temporary “cyclical” effects as the trade � ows, after having
been perturbed, return to their previous path.

On the other hand, stable long-run relations between output
and trade, even more so between output and pairwise trade
� ows, seem to be very unlikely. Technological relations are
not � xed but change over time as technological progress takes
place and as input substitution occurs because of movements
in relative prices. Moreover, bilateral trade typically includes
a vast array of (differentiated) products. The demand for these
goods depends on relative prices, on possibilities of substi-
tution with other goods produced in third countries, and on
product life-cycle considerations. The observed variations of
these determinants do not seem to be compatible with long-
run relationships between individual trade � ows and outputs.

One of our main goals is to characterize how trade � ows
and output variables interact in the short run at business-cycle
frequencies. There seem to be at least three channels through
which this can happen. First, the same shock may affect both
output and trade � ows. An oil shock, for example, may at the
same time decrease output of nonoil-producing countries and,
because of import substitution, decrease their imports from
other nonoil-producing countries. In a VAR framework, allow-
ing for this possibility means to allow for contemporaneously
correlated disturbances. Second, the past history of output
could be signi� cant in explaining trade � ows, as in famil-
iar import or export equations, and the past history of trade,
through the income identity, could be signi� cant in explain-
ing output. In an ECM representation of the two blocks of
variables, one would allow for the lags of the differences of
one type of variables to enter the regressions of the other
type. Third, the short-run dynamics of one type of variables
could help explain the other. In the ECM, one would let the
lagged error-correction term(s) for one block enter the equa-
tions for the other. The three channels that I have just listed
are obviously the same allowed for by the separate cointegra-
tion approach.

I have analyzed the international business cycle and the
trade links of three economies—the United States, Japan, and
Europe—de� ned as the sum of its four biggest economies—
Germany, France, the United Kingdom, and Italy. The United
States, Japan, and Europe together represent a considerable
share of world output, and their reciprocal trade � ows are an
important part of total world trade. Figures 1 and 2 show,



Picci: Explaining Long- and Short-Run Interactions in Time Series Data 89

Figure 1. The International Outputs (index numbers).

respectively, the output and the trade data. A description of
the data is in Appendix C.

The right columns of Table 1 show the results of sepa-
rate cointegration analysis for the two blocks of variables. In
reading the results, note that two lags of the variables have
been considered in the ECM; qualitative results do not change
if three lags are considered instead. Moreover, a linear time
trend has been included in the ECM, and its signi� cance has
been tested and found signi� cant for relevant dimensions of
the cointegrating space.

Both output and trade seem to be linked by one long-run
relation. In the whole VAR system composed of the nine out-
put and trade variables, once separate cointegration has been
imposed, there are two error-correction terms. The � rst one is
a linear combination of the output variables only; the second
term is a linear combination of the trade variables only.

Although there are reasons for there being separate cointe-
gration among the variables, the validity of the implied restric-
tions is largely an empirical question. The test statistic for the
null hypothesis H0 2 r D 2 versus the alternative H1 2 r D 3 is
equal to 36.108 and well below any conventional signi� cance-
level critical value. The constraints implied by the identifying
hypothesis introduced in Section 1 and imposed by separate
cointegration are not rejected by the data. The two cointegrat-
ing vectors are shown in Table 2.

Table 3 shows the correlations of the disturbances of the
ECM under the restrictions implied by separate cointegration
[Eq. (1)]. These correlations indicate how common the shocks
affecting output and trade are across countries. They are mod-
erately and (mostly) positively correlated within each block of
variables.

Figure 2. The Trade Flows (billions of 1985 U.S. dollars).

Innovations to output are positively correlated between the
United States and Europe and, to a smaller degree, between
Japan and Europe. Innovations to Japanese and U.S. output
are the least correlated. Correlations of the shocks to the two
trade � ows between each pair of countries are all positive: If
a shock increases imports from one country, on average it also
increases exports to that country. Since shocks to output are
positively correlated, if a shock causes a pair of economies to
do well, trade in both directions will also bene� t. Observe that
pairwise trade innovations are more correlated between, say,
Europe and the United States, whose output shocks also have
higher correlation, than between Japan and the United States,
whose output shocks are nearly orthogonal.

Imports to one country are for the most part positively cor-
related with its output. A possible explanation could be that a
higher expected income, as expressed by positive innovations
to output, increases imports.

European output is positively correlated with European
exports and Japanese output with Japanese imports from
Europe, possibly indicating that stronger than expected exports
are the source of stronger than expected growth; however, the
same positive correlations are not found in the other cases.

Table 1 also shows common-cycle analysis for the output
and for the trade variables considered separately. The dimen-
sion of the cofeature space is 2 for the output variables and
5 for the trade variables. Separation in the cofeature space
has been tested, as illustrated in Section 1, by considering
the dimension of the unconstrained cofeature space. The null
hypothesis that such a space is of dimension 7, equal to the
sum of the estimated dimensions for the constrained spaces,
has not been rejected with a P value equal to .518.
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Table 1. Separate Cointegration and Common-Feature Analysis

Separate cointegration analysis Common-feature analysis

Trace test statistic 5% critical values Canonical corr. P values r

Output variables

019 3074 084 000 2
6009 18017 069 047 1

35008 34055 060 076 0

Trade variables

056 3074 084 002 5
6063 18017 074 028 4

24003 34055 072 053 3
43090 54064 068 078 2
69044 77074 065 091 1

110059 104094 047 099 0

NOTE: Separate cointegration test—null hypothesis: H0 : rank ç µ r versus H1 : rank ç > r; Johansen’s method. Critical values are from Osterwald-Lenum
(1992). Common-feature test—test �2 on the null hypothesis that the current and all the smaller canonical correlations are jointly 0, after imposing the
restrictions implied by separate cointegration.

The estimated dimensions of the cointegrating and the
cofeature spaces imply that the three outputs have one com-
mon cycle and two common trends and that the trade vari-
ables have one common cycle and � ve common trends. In
this case, as indicated in Section 1, the short-run behavior of
each block of variables is described by one common cycle
only. We have thus veri� ed that indeed international output
has one “international business cycle” that drives the national
business cycles. Moreover, trade � ows are characterized by a
high degree of short-run commonality, which can be summa-
rized by only one “trade cycle.” Note that the interpretation of
an error-correction term as the cycle is possible if, as in the
present case, ri

D 1 and si
D ki

ƒ 1. More generally, as shown
by Vahid and Engle (1993), a cycle would be a linear combi-
nation of the error-correction terms.

The two cycles are shown in Figure 3. Note that the inter-
national business cycle presents the expected swings around
the negative world-economy downturns of the mid-70s and of
the early 80s. The trade cycle seems to be unrelated to the
business cycle. We will see how a more careful analysis of the
relations between these two cycles provides useful insights on
the economic problem at hand.

Table 4 shows the estimated coef� cients of the ECM,
together with the results of several signi� cance tests. Note that
in the test equations both error-correction terms are present
and that these are linear combinations of the same data for
which we are testing signi� cance. P values on the joint sig-
ni� cance of the two lagged values of a given (differenced)
variable are between parentheses under the estimated coef-
� cients (“Test A”). Trade � ows are mostly nonsigni� cant in
explaining output, with the exception of Japanese output,
which is signi� cantly explained by most lagged trade � ows.

Table 2. The Cointegrating Vectors

YUS YJAP YEU UsJap UsEu JapUs JapEu EuUs EuJap

EC1 1 0997 ƒ10510 0 0 0 0 0 0

EC2 0 0 0 1 0084 30592 ƒ0566 ƒ0244 ƒ0998

NOTE: EC1 (EC2): The output (trade) cointegrating vector; normalized weights of the linear combinations.

U.S. and Japanese outputs are signi� cant in explaining trade
� ows, respectively, in three and two cases out of six. Lagged
European output is signi� cant in only one case.

At the bottom of Table 4, I report the P values on the joint
signi� cance of all the lagged output variables (“Test B”) and
of all the lagged trade variables (“Test C”). Jointly considered,
lagged trade � ows are signi� cant in explaining output in only
one case. Lagged output, jointly considered, explains trade in
three cases out of six.

We now turn our attention to the error-correction terms.
Recall that EC1, the error-correction term of the output block,
represents the international business cycle and EC2 stands for
the trade cycle. The output cycle is signi� cant for both U.S.
and European output and not very far from being signi� cant
at conventional signi� cance levels for the Japanese output as
well. Most important, EC2, the trade cycle, is signi� cant in
explaining all three output variables. That is, lagged trade vari-
ables are mostly nonsigni� cant in explaining the variations of
output, but the only stationary linear combination of trade is.
The lagged trade cycle effectively “summarizes” the informa-
tion contained in the trade data relevant in explaining output,
and the short-run dynamics of trade do matter to explain out-
put. In the trade block, the error-correction terms are signi� -
cant in explaining trade � ows only in two cases.

To get a better grasp of the dynamic properties of the out-
put and of the trade data, we consider their constituent factors,
normalized to have unit variance to allow for comparison of
the loading coef� cients. The derivation of the constituent fac-
tors, in the present context, where ri

C si
D ki, is illustrated in

Appendix B. Table 5 shows those factor-loading coef� cients.
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Table 3. The Constrained ECM: Correlation Between Innovations

YUS YJAP YEU UsJap UsEu JapUs JapEu EuUs EuJap

YUS 1
YJAP 0054 1
YEU 0307 0222 1
UsJap 0004 ƒ0109 0228 1
Useu 0137 ƒ0042 0272 0384 1
JapUs ƒ0078 ƒ0002 ƒ0003 0189 ƒ0032 1
JapEu 0063 0099 0193 0032 ƒ0100 0352 1
EuUs ƒ0048 ƒ0070 0176 0137 0425 0184 0060 1
EuJap 0220 0141 0200 0115 0151 0216 0267 0272 1

NOTE: The estimated equations [Eq. (1) in the text]:
ãX11 t D â 11

1 ãX11 tƒ1 C C â 11
pƒ1ãX11 tƒpƒ1 C â 21

1 ãX21 tƒ1 C C â21
pƒ1ãX21 tƒpƒ1 C ç11X11 tƒp C ç21X21 tƒp C ˜11 t

ãX21 t D â 12
1 ãX11 tƒ1 C C â 12

pƒ1ãX11 tƒpƒ1 C â 22ãX21 tƒ1 C C â22
pƒ1ãX21 tƒpƒ1 C ç12X11 tƒp C ç22X21 tƒp C ˜11 t

YUS: U.S. output; YJAP: Japanese output; YEU: European output—UsJap: U.S. imports from Japan and so forth. Variables are in logs. For details on
the data, see Appendix C.

EC1 and EC2 refer to the output and the trade cycle, respec-
tively; FT1 and FT2 are the output trend factors, and FT3
to FT7 are the trade trend factors. Remember that these fac-
tors are linear combinations of either the output or the trade
variables: Each variable is completely explained by the fac-
tors of its group. This explains why not all factors are used to
explain output or trade variables. However, as I have shown
in Section 1, the relevant linear combinations from one block
also depend on the qualities of the other block’s data.

The output variables all have the same signs on the same
factors, denoting similar dynamic behavior. The trade vari-
ables, with the exception of European imports from Japan, are
characterized by the same sign on the loading coef� cient for
their cyclical common factor. This indicates that the cyclical
behavior of trade is largely shared by the different trade � ows.
The most affected by it is the bilateral trade � ow between the
United States and Europe. On the other hand, trade variables
seem to be characterized by a greater diversity with respect
to their common trend factors. Only FT4 is loaded with the
same sign on all the trade-� ow variables.

To better understand the relationship between trade � ows
and international output short-run dynamics, I compare the
respective common cycles, depicted in Figure 3. First, note
that they are nearly orthogonal, their correlation being equal
to ƒ0051. In other words, the trade cycle, which we have

Figure 3. The Error-Correction Terms, or “Cycles.“

already found to be signi� cant in explaining international out-
puts, seems to be unrelated to the output cycle. This may
be so because the determinants of the international business
cycle and of the trade cycle are either different or, while being
common, they interact with trade and with output in different
ways.

The availability of the time series constituent factors also
permits a Granger causality analysis between them that we
have carried out including two lags of the relevant variables.
The most interesting results of such an analysis are the fol-
lowing. Surprisingly, the output cycle does not Granger-cause
the trade cycle at conventional signi� cance levels (the P value
of the F test is equal to .42), but the trade cycle does cause
the output cycle: Trade short-run dynamics are important in
explaining output short-run dynamics. An explanation of this
result could be that some variables affect output through their
effect on trade.

3. CONCLUSIONS

I have proposed an econometric framework that, by com-
bining the concepts of separate cointegration and of common
features, allows for a careful assessment of the long- and
short-run constituent factors of two (or more) blocks of vari-
ables and of their relationships.

I have applied this combined methodology to the problem
of determining the relationship between international output
and international trade. The overall conclusion is that trade
does have an effect on the international business cycle. Trade
short-run dynamics are important in explaining output varia-
tions, and they provide valuable information to account for the
international business cycle.

A particular role is played by the trade cycle—that is, by
the unique stationary combination of the trade data that well
summarizes their cyclical behavior. The trade cycle also effec-
tively summarizes the role of trade in determining output, and
it is signi� cant in explaining future swings of the international
business cycle. Not surprisingly, I also � nd that output matters
to explain the dynamics of trade.

ACKNOWLEDGMENTS

This article derives from a chapter of my Ph.D dissertation
at the University of California at San Diego. I would like to



92 Journal of Business & Economic Statistics, January 2001

Table 4. The Constrained Error-Correction Models

Independent variable

Dependent
variable YUS YJAP YEU UsJap UsEu JapUs JapEu EuUs EuJap

YUS lag 1 017 005 004 2031 2033 027 ƒ071 020 ƒ2070
lag 2 019 ƒ000 015 1012 1022 056 002 098 1053
Test A (009) (085) (018) (001) (001) (077) (063) (054) (000)

YJAP lag 1 005 012 001 ƒ1047 ƒ2021 ƒ1079 ƒ1092 ƒ1077 ƒ3016
lag 2 012 ƒ028 006 010 2019 1019 ƒ1052 ƒ007 ƒ069
Test A (075) (003) (086) (043) (005) (016) (034) (033) (001)

YEU lag 1 ƒ007 ƒ002 ƒ014 1083 ƒ016 1001 ƒ071 088 2020
lag 2 013 ƒ029 ƒ015 041 ƒ073 047 2036 1047 2021
Test A (069) (004) (023) (033) (084) (066) (032) (042) (003)

UsJap lag 1 000 002 000 ƒ017 036 ƒ001 ƒ009 010 005
lag 2 000 001 001 ƒ007 ƒ001 ƒ016 ƒ037 ƒ017 ƒ005
Test A (098) (022) (045) (037) (002) (036) (011) (022) (079)

UsEu lag 1 ƒ001 ƒ002 ƒ000 ƒ011 ƒ063 ƒ003 017 ƒ023 003
lag 2 ƒ001 000 ƒ000 008 ƒ017 010 016 ƒ002 010
Test A (070) (010) (089) (038) (000) (055) (055) (017) (066)

JapUs lag 1 002 ƒ001 ƒ001 ƒ002 021 ƒ017 004 010 ƒ011
lag 2 002 004 000 ƒ005 001 ƒ005 042 ƒ001 ƒ002
Test A (019) (001) (085) (089) (028) (031) (005) (075) (060)

JapEu lag 1 ƒ000 ƒ001 ƒ000 ƒ016 ƒ011 ƒ005 ƒ020 003 001
lag 2 000 ƒ002 ƒ000 006 012 013 ƒ002 010 ƒ003
Test A (075) (002) (090) (010) (015) (013) (024) (043) (091)

EuUs lag 1 ƒ001 001 002 ƒ010 ƒ009 036 ƒ023 ƒ020 ƒ013
lag 2 ƒ001 ƒ001 000 ƒ027 ƒ020 006 ƒ009 ƒ015 ƒ006
Test A (071) (044) (024) (013) (035) (001) (041) (022) (051)

EuJap lag 1 002 001 001 019 011 015 019 009 003
lag 2 000 000 ƒ000 ƒ013 ƒ002 ƒ000 007 ƒ000 003
Test A (037) (043) (067) (012) (067) (044) (053) (077) (091)

EC1 (output 009 004 012 029 000 027 095 045 061
variables) (006) (020) (000) (036) (099) (038) (004) (018) (004)
EC2 (trade ƒ001 ƒ001 ƒ000 002 ƒ000 ƒ006 ƒ009 000 ƒ002
variables) (000) (000) (008) (049) (088) (002) (001) (092) (036)

R2 030 040 043 032 048 040 032 030 037
Test B (046) (010) (041) (004) (002) (055) (047) (050) (000)
Test C (058) (006) (066) (004) (000) (005) (025) (008) (092)

NOTE: For the estimated equations, see Table 3. YUS: U.S. output; YJAP: Japanese output; YEU: European output—UsJap: U.S. imports from Japan, and so forth. Variables are in logs. EC1
and EC2 are the (once lagged) error-correction terms for the output and trade variables’ blocks, respectively. Two lags of the dependent variables are included in the estimated (differenced)
equations, together with the output and the trade lagged error-correction terms. The table reports estimated coefcients; P values are between parentheses. Test A—null hypothesis: joint
signicance of once and twice lagged dependent variables; Test B—null hypothesis: joint signicance of all lagged output variables; Test C—null hypothesis: joint signicance of all lagged
trade variables; P values below error-correction estimated coefcients relate to the standard t test.
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APPENDIX A: ESTIMATION OF THE COINTEGRATING
SPACE UNDER SEPARATE COINTEGRATION

Consider the projections familiar in Johansesn’s (1988)
analysis:

R0t
D Xtƒk

ƒ P4Xtƒk
—ãXtƒ11 : : : 1ãXtƒkƒ15

and

Rkt
D Xtƒk

ƒ P4ãXtƒk
—ãXtƒ11 : : : 1ãXtƒkƒ151

where P4A—B5 denotes the least squares projection of A on B.
Similarly, call R0it and Rkit , i D 112, the same projections rel-

ative only to the ith block’s variables; that is, R0t
D 4R01t

—R02t5
and Rkt

D 4Rk1t
—Rk2t5.

The iterative procedure proposed by Konishi and Granger
(1992) consists of � rst estimating ‚1 considering X1t in isola-
tion. Then, by treating ‚1 as known and equal to its estimate
O‚1,

O‚0
1Rk1t is concentrated out from the original projections

by regressing R0t and Rkt against it. This de� nes a new set
of projections: eRkt

D Rkt
ƒ P4Rkt

—‚0
1Rk1t5 and eR0t

D R0t
ƒ

P4R0t
—‚0

1Rk1t5. ‚2 is then estimated again with Johansen’s
technique using the eR0t and eRkt projections to obtain O‚2. The
step is reiterated; that is, the estimated ‚2,

O‚2, is treated as
known and O‚0

2Rk2t is concentrated out from the the eR0t and
eRkt projections to obtain another estimate of ‚1.

This iterative process goes on until convergence of succes-
sive estimates is obtained. Precise convergence usually occurs
after two or three iterations. Konishi and Granger (1992)
showed that the results of this iterative procedure is the maxi-
mum likelihood estimate of Johansen (1988) that imposes the
restrictions of separate cointegration.
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Table 5. Factor Analysis

YUS YJAP YEU UsJap UsEu JapUs JapEu EuUs EuJap

EC1 18091 33009 24091
EC2 34057 118045 19091 23027 60019 ƒ15044
FT1 8031 11080 13029
FT2 ƒ2083 ƒ16082 ƒ12098
FT3 ƒ14023 ƒ55014 4093 4000 ƒ29013 3066
FT4 46057 123099 29073 125064 99078 68093
FT5 7070 ƒ3059 ƒ2095 1048 ƒ7078 ƒ4024
FT6 ƒ10020 ƒ192058 6022 ƒ68070 ƒ97075 58071
FT7 ƒ19019 ƒ3069 6056 ƒ11040 9094 5031

NOTE: Factor loadings, after variance normalization. Interpretation: YUS D 18.91*EC1C 8.31*FT1 ƒ 2.83*FT2, and so forth.

APPENDIX B: TREND–CYCLE DECOMPOSITION
WHEN r1 C s1 D k1 AND r2 C s2 D k2

Consider the k ü k matrix B, obtained by stacking the ‚ ü 0
’s

and the ‚
0
’s as follows:

B D

2
66666664

‚ ü 0

1
s1 ü k1

0
s1 ü k2

0
s2 ü k1

‚ ü 0

2
s2 ü k2

‚0
1

r1 ü k1

0
r1 ü k2

0
r2 ü k1

‚0
2

r2 ü k2

3
77777775

1

where the ‚i contains the cointegrating vectors and ‚ ü
i the

cofeature vectors of the ith block. Multiplying B times Xt , we
obtain

BXt
D

2
66664

‚ ü 0

1

P
˜11 tƒs

‚ ü 0

2

P
˜21 tƒs

‚
0

1
eC4L5˜11 t

‚
0

2
eC4L5˜21 t

3
77775

1

since ‚
0

iXi1 t
D ‚

0

i
eC4L5˜i1 t and ‚ ü 0

i Xi1 t
D ‚ ü 0

i

P
˜tƒs. Consider

next Bƒ1, the inverse of B, partitioned as follows:

Bƒ1 D

2
4

b ü
1

k1 ü s1

0
k1 ü s2

b1
k1 ü r1

0
k1 ü r2

0
k2 ü s1

b ü
2

k2 ü s2

0
k2 ü r1

b2
k2 ü r2

3
5 0

Premultiplying BXt by Bƒ1, we obtain

Bƒ1BXt
D

"
b ü

1 ‚ ü 0

1

P
˜11 tƒs

C b1‚
0

1
eC4L5˜11 t

b ü
2‚ ü 0

2

P
˜21 tƒs

C b2‚
0

2
eC4L5˜21 t

#

or

Bƒ1BXt
D

"
X

p

11 t
C Xc

11 t

X
p

21 t
C Xc

21 t

#
1

where X
p
i1 t

D b
p

11 t‚
ü 0

i Xt is the permanent component, or trend,
of the decomposition and Xc

i1 t
D b11 t‚

0

iXt is its transitory com-
ponent, or cycle.

APPENDIX C: THE DATA

The output is gross national product for the United States,
Japan, and Germany and gross domestic product for France,
Italy, and the United Kingdom. Output for Europe is a
weighted sum of the output of each included European coun-
try, expressed as index numbers in local currency units and at
constant prices. The weights have been computed as the share
of each country’s output in the sum of the four countries’
output in the second quarter of 1990 (the last observation of
the sample), expressed in dollars and using the average 1990
exchange rate. Other European countries could not be consid-
ered because of lack of the necessary trade data. The source
for the output data is IMF- IFS.

The six corresponding pairwise trade � ows are expressed
in dollars and also in index form. The trade data have been
taken from the IMF “Directions of Trade” (DOT) tapes. All
variables are expressed in logs.

All data are quarterly and seasonally adjusted, and the sam-
ple period is from the � rst quarter of 1965 to the second quar-
ter of 1990, for a total of 102 observations. The sample period
has been limited to the second quarter of 1990 to avoid any
overlapping of German pre- and post-uni� cation data.

The variables are named YUS, YJAP, and YEU for U.S.,
Japanese, and European output; and UsJap, UsEu, JapUs,
JapEu, EuUs, and EuJap for the six pairwise trade � ows
(where, for example, UsJap is U.S. imports from Japan).

[Received April 1999. Revised May 2000.]
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