-

View metadata, citation and similar papers at core.ac.uk brought to you by t CORE

provided by Research Papers in Economics

CESifo Working Paper Series

OUTPUT DYNAMICS OF THE G7
COUNTRIES - STOCHASTIC TRENDS
AND CYCLICAL MOVEMENTS

Yin-Wong Cheung
Frank Westermann*

Working Paper No. 220
December 1999

CESifo
Poschingerstr. 5
81679 Munich
Germany
Phone: +49 (89) 9224-1410/1425
Fax: +49 (89) 9224-1409
http.//www. CE Sifo.de

* We would like to thank Carl Walsh and Antonio Garcia Pascual for their helpful
comments. This research is supported by the CGES at UC Berkeley and UC Santa Cruz
faculty research funds.


https://core.ac.uk/display/6634843?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

CESifo Working Paper No. 220
December 1999

OUTPUT DYNAMICS OF THE G7 COUNTRIES -
STOCHASTIC TRENDS AND CYCLICAL MOVEMENTS

Abstract

Using a time series framework, the paper studies the interactions of the
annual real per capita GDP data of the G7 countries. We find evidence of
six common nonstationary processes behind the international output
dynamics. In addition, there is evidence for the existence of a common
business cycle among these countries. The trend and cycle components of
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that the relative variability and the correlation of the trend and cycle
components are not similar across the G7 countries.
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I. Introduction

For both acadenmic and policy considerations, long and short term
conmoverrents in real output data have been extensively analyzed in the
literature. The issue of l|ong-term output conovenment bears significant
implications for economic growmh theories. Under standard assunptions,
the neoclassical growth theory (Solow, 1956; Cass, 1965) predicts that
the per capita output levels of countries with simlar technol ogi es and
preferences converge to a comon value in the steady state. The observed
differences in per capita output, thus, are only a tenporary phenonenon.
A similar view on output convergence is shared by real business cycle
nmodel s (Kydland and Prescott, 1982), which typically have productivity
(technol ogy) shocks as the main force behind economic growh. The
persuasi veness of the output convergence hypothesis s, however,
underm ned by the advance of endogenous growth nodels (Ronmer, 1986). In
this class of nodels, wth endogenously evolving conmponents, it is
possi bl e for economi es not to converge to same per capita output |evels.

The cross-section and tinme-series approaches are the two mgjor
met hodol ogi es used to exanm ne the output convergence hypothesis. The
relative nerit of the time-series approach is advocated by Bernard and
Durl auf (1996) and Durl auf and Quah (1998). Durlauf and Quah (1998) also
offer a critical survey of studies on growh across countries. These
authors propose that the wunit root and cointegration tests are the
nat ur al time-series t echni ques to i nvestigate the persi stence,
conovenent, and convergence properties of international output data.

Bernard and Durlauf (1995) and Quah (1992) adopt the tine-series
approach to investigate convergence among national output data. Using the
cointegration technique, Bernard and Durlauf find that there are nore
than one integrated process driving the output data of the 15 CECD
countries. The result is considered as unfavorable to the convergence
hypot hesis. The existence of multiple growth factors is also reported in
Lee (1998). Quah (1992) exam nes the unit root property of the per capita
output data relative to those of the U S. and also finds evidence agai nst
the convergence hypot hesi s.

The issue of cyclical out put conovenent is related to the
transm ssion of business cycles across countries. In addition to commpn
shocks, production and consunption interdependencies lead to the
spillover of output fluctuations across national borders. It is wdely
perceived that the existence of conmon business cycles has inportant
policy inplications. For instance, the choice of optinmal currency regine
and the need for nonetary integration crucially depends on business cycle
comoverrents (Mundell 1961). Furthermore, the effectiveness of trade
policies on stabilizing the |ocal econonmy depends on whether there is a
strong cyclical conovenent across countries. A high correlation would
render, for exanple, real exchange rate policies targeting the trade
sector in the short run ineffective.

The enpirical evidence on common business cycles is not unanbi guous.
Based on autocorrelation estinmates, Canpbell and Mankiw (1989) suggest
the G7 countries do not share simlar business cycles. Cheung (1994) uses
the common feature technique and confirns Canpbell and Mankiw s findings.
Lumsdai ne and Prasad (1997), on the other hand, adopt a tine-varying
wei ghts schene to construct the comon conponent of national industrial
production growth rates and report evidence for an international business



cycle. Using a multi-country nodel, Canova and Marrinan (1998) find that
the presence of a common shock and production interdependence play a
crucial role in describing the cyclical dynamics of the de-trended out put
data from the U S., Germany, and Japan. The effect of comobn shocks on
i nternational output conpvenents is also docunented in Canova and Dell as
(1993).

While these enpirical studies offer nixed inferences on the
interactions of international output dynam cs, one comon finding is the
presence of both stochastic trends and cycles in national output data. It
is useful to investigate both the long-termtrends and cyclical dynam cs
simultaneously for at least two reasons. First, know edge about the
comon | ong-run behavior is crucial for detecting the presence of commpn
short-run conponents. Ignoring long-run interactions nmy lead to
erroneous inference about short-run dynami cs. Second, information on both
I ong-run and short-run conmpovenents can lead to a nore efficient way to
deconpose the data into their trend and cycle conponents. One salient
feature of our enpirical exercise is to enploy a coherent nultivariate
time series framework to investigate the presence of comobn growth
factors and synchroni zed business cycles. This approach allows us to
eval uate both the long-run and short-run international output dynamics in
a consi stent manner. Specifically, the cointegration technique (Engle and
Granger, 1987) and the nultivariate comopn feature test (Vahid and Engle
1993) are used to study the output relationship. Using these techniques,
we are able to deconpose individual output series into their respective
stochastic trend and cycle conponents (Vahid and Engle, 1993; Engle and
I ssler, 1995).

In the next section, we present the prelimnary data analysis on the
G7 output data. Section IIl reports the cointegration and common feature
test results. There is evidence that the national output data tend to
move together in the long run and there are nultiple factors affecting
| ong-term growt h. Furthernore, a common business cycle is found anmpong the
G7 countries. The trend and cycle decomposition analysis is conducted in
Section IV. The estimted U S. cycle conponent is, in general, in
accordance with the NBER dating of business cycles. However, the relative
variability of the trend and cycle conponents is not the sane across the
G7 countries. Section V contains sone concl uding remarKks.

II. Preliminary Analysis

The annual output data of the G7 countries; nanmely Canada, France,
Germany, Italy, Japan, the UK, and the US., from 1952 to 1997 are
considered. Data on gross donmestic product (GDP), consuner prices, and
popul ation were taken from the International Financial Statistics
dat abase to construct the log real GDP per capita (hereafter, output for
short). As argued by Bernard and Durl auf (1996), the tinme series approach
requires the countries under consideration are near their |ong-run
equilibria and not domi nated by the transition dynam cs. Thus, our choice
of a rather honmpgeneous group of developed countries is in accord with
the mai ntai ned assunption of the tine-series approach

The output data are plotted in Figure 1. The series exhibit the
upward trend commonly observed in output data. However, there are sone
discernible differences between these output paths. To determ ne the
nature of the trending behavior, we formally test for the presence of
unit roots (stochastic trends) in each of the seven output series. The



augnented Di ckey and Fuller (ADF) test allowing for both an intercept and
atime trend is used. Let X be the country i's output at tine t, where
i = Canada, France, Germany, Italy, Japan, the U K , and the U S. The ADF
test is based on the regression equation:

DXit =m+nr+tax, o+ alDXm-l T +apDXit-p t e, (1)

where O is the first difference operator and [ is an error term The
Akai ke information criterion (AIC) is wused to determine p, the lag
par anet er.

Results of applying the ADF test to the data and their first
differences are shown in Table 1. The null hypothesis of a unit root is
not rejected for the data series and is rejected for the first
di fferenced data. Thus, there is a unit root in individual output series.
The unit root test result is consistent with both real business cycle and
endogenous growh nodels. In a canonical real business cycle nodel, the
stochastic output trend is driven by exogenous technol ogical progresses.
For an endogenous growth nodel, endogenous growth generating nechanism
can induce |(1) nonstationarity to output data even in the absence of
exogenous growh generating factors (Lau, 1999). In the subsequent
anal ysis, we assume each output data series is difference-stationary.

The graphs of output growh rates are presented in Figure 2. There
is considerable variation in the data. Nonethel ess, the national output
growh rates seem to display simlar cyclical behavior and nobve in
synchroni zation. Also, volatility appears to be |ower towards the second
hal f of the sanple period. In Table 2, the nunbers bel ow the diagonal are
the averages of growth differentials calculated as the average annual
growh rates of the colum country relative to the row country. The
gromh differentials indicate that there is some kind of catch-up
phenonenon. Both the U. K. and U. S., which are the richer countries after
Wrld War 11, have average growth rates lower than the other five
countries. The sanple correlation coefficients of output growh rates
(nunmbers above the diagonal) cover a wide range fromO0.09 (the U S. -ltaly
pair) to 0.73 (the U. S.-Canada and France-Japan pairs). The geographic
vicinity may be an explanation for the high correlation between the U S
and Canada growth rates. Apparently, such an argument does not apply to
the case of France and Japan. Wile Table 2 offers some insights on
i nternational output dynanmics, nore vigorous analyses of the interactions
bet ween these output data are given in the follow ng sections.

IIT. Common Trend

Following Bernard and Durl auf (1995, 1996), we adopt t he
cointegration technique and apply the Johansen (1991) naxi num |ikelihood
procedure to deternine the nunmber of comon stochastic trends in
i nternational output. The Johansen cointegration test is conducted as
foll ows. Let X. be the nxl1l vector of national output at tine t (in this
exercise, n = 7). Suppose the dynanmics of X, can be nodeled by a p-th
order vector autoregression process:

X, =m+ 3’ gx., +e, (2)



where O is the intercept term and 0 is the vector of innovations. The
Johansen test statistics are devised from the sanple canonical

correlations (Anderson, 1958; Marinell, 1995) between Dx., and X,
adjusting for all intervening | ags.

To inplement the procedure, we first obtain the |east squares
residuals from

DX, = m + §
and

X., = m+ 3" GDX. , +e, (3)

where ma and m are constant vectors. The |lag parameter, p, is deternined
by the AIC. Next, we conpute the eigenvalues, I; 3...3 |, of w,w!w,

with respect to w, and the associated eigenvectors, v;, ..., v Wwhere
the monent matrices w, = r'3 é.é¢for i, j =1, 2. I, s are the squared
canoni cal correl ations between Dx. and X., adjusting for all intervening

|l ags. The trace statistic,
e, = -T@"_, In(1-1), 0 £ r £n (4)

tests the hypothesis that there are no nore than r cointegrating vectors.
Note that the presence of r cointegrating vectors inplies there are n-r
comon stochastic trends driving the long-term dynanmics. In testing the
hypothesis of r against the alternative hypothesis of r+1 cointegrating
vectors, we use the maxi mum ei genval ue statistic,

| =-7iIn(1-1,,-. (%)

rlr+1

The eigenvectors v;,...,v, are the sanple estimates of the cointegrating
vect ors.

The trace and naxi num ei genval ue statistics are reported in Table 3.
Both the trace and maxi mum ei genval ue statistics suggest that the output
data are cointegrated and there is one cointegrating relationship. The
estimated cointegrating vector, with the coefficient of the Canadian
output normelized to one, is reported in Table 5. The asynptotic t-
statistics given in parenthesis indicate that the cointegrating
coefficients are individually significant. Since countries have different
output mxes and there is nobre than one stochastic trend (see below), it
is very difficult to interpret the cointegrating vector. Nevertheless,
the test result shows that all the seven output series are |inked
together in the long run via an enpirical relationship specified by the
coi ntegrating vector

One crucial inplication of the presence of one cointegrating vector
is that, in the long run, the dynam cs of the G/ output data is driven by
six stochastic trend elenents. The usual notion of convergence requires
the existence of one and only one compn stochastic trend (that is six
cointegrating vectors in this case) in the system Thus, t he
cointegration test result is at odds with the convergence hypothesis.



However, the presence of nmultiple stochastic trends may be consistent
with a more general class of growth nodels.

The real business cycle nodel is widely perceived to inply output
convergence at least for countries that are at a sinlar stage of
econonmi ¢ and technol ogi cal devel opment. However, as observed by Durl auf
(1989), if unit root persistence is generated by technology, it is likely
to have different types of technol ogi cal shocks affecting various sectors
of an econony and, hence, its aggregate output. Further, differences in
work habits, corporate cultures, and infrastructures can have persistent
effects on output dynamics. Thus, it is not surprising to have nore than
one integrated technol ogi cal shock behi nd output grow h.

For the <class of endogenous growh nodels, Lau (1999) offers
conditions under which there is nore than one common stochastic trend.
Tayl or (1999) develops a three-factor nmpodel to explain convergence. It
appears that the presence of nore than one growh factor is a
theoretically viable alternative. Durlauf (1989) and Lucke (1998), in
fact, document the existence of nore than one sector-specific growth
factor in the U S. and German economies. King et. al. (1991) also cast
doubt on the claim that the U'S. econony is domnated by a single
permanent shock. Thus, the nultitude of growmh factors revealed by the
cointegration test can be appropriately interpreted as an evi dence of the
plurality of gromh factors determ ning national output in the long run.

IV. Common Cycle

In this section, we analyze the national output data for simlar
short-run cyclical novenents. As short-run cyclical fluctuations are
usually identified with correlation patterns, we enploy the conmpbn
feature test (Engle and Kozicki, 1993; Vahid and Engle, 1993) to detect
the presence of commmon serial correlation patterns. The intuition behind
the common feature analysis is as follows. Suppose the tenporal dynam cs

of DX, a nxl vector of I(0) output growth series (in this exercise, n =
7), are driven by a common stochastic process. The effect of this commpn
stochastic conmponent can be renoved by choosing an appropriate |inear
combi nati on of the elenents of Dx.. Thus, the presence of a conmon seri al
correlation cycle inplies the existence of a |inear conbination of output
series that is not correlated with the past information set.

Since the national output series are cointegrated, the test for
comon features has to control for the long-run interactions in the data.
The multivariate test procedure amounts to finding the sanple canoni cal
correl ations between Dx, and W(p)°(Dx¢, ..., Dx¢ , EC._,), where EC is
the error correction term given by OX, and 0O is the cointegrating
vector. The inclusion of the error correction termin W(p) accounts for
the effects of cointegration on the test (Vahid and Engle, 1993). The
test statistic for the null hypothesis that there are at least s
cofeature vectors (that is, the linear conbinations that elimnate the
common stochastic cycles) is

Ap, 9 =7 - p- DA _In(1-1), (6)

where I, 2...3 |; are the squared canonical correlations between DX, and
W(p). If s is the nunber of independent cofeature vectors, then the



di mension of the cofeature space is s and the nunber of commopn cycles is
given by n - s. Thus, the conmon feature test can reveal both the
presence and the nunmber of comopn serial correlation cycles. Under the
nul | hypothesis, the statistic C(p,s) has a c?>distribution with s + snp
+ sr - sn degrees of freedom The dinension (rank) of the cofeature space
is equal to the number of statistically zero squared canonical
correl ations.

The commopn feature test results are reported in Table 4. The |ag
parameter, p, is equal to 2, which is the sane as the one used in the
cointegration test. The sanple squared canonical correlations and the
associated C(p,s) statistics suggest that there are six cofeature
relationships in the system The national output series respond to conmpbn
transitory shocks such that sone |inear conmbinations of the growh series
are unpredictable wth respect to the history of the variables
thenmsel ves. In other words, the short-term output variations in these
countries are not independent from each other. This result is consistent
with the sinmlarity of cyclical growth behavior depicted in Figure 2. The
estimated cofeature vectors and their respective t-statistics are
reported in Table 5. Anpbng 42 cofeature paraneter estimtes, only two are
statistically insignificant. They are the Italy and UK estimates in the
sixth cofeature vector. Overall, there is substantial evidence of commopn
short-terminnovations in international output.

The presence of six cofeature vectors inplies the G/ countries share
exactly one comopn serial correlation cycle. That is, there is only one
comon business cycle elenent anong the G/ countries. The studies on
i nternational business cycle fluctuations usually allow for different
channel s for shock transmi ssion and propagation. In addition to compn
shocks, the Iliterature considers the effects of consunption and
production interdependencies and country-specific disturbances (Canova
and Marrinan, 1998; dick and Rogoff, 1995; Kwark, 1999). The commpn
feature test, however, indicates that there is only one conmobn factor
behind the cyclical behavior of the seven growth series. Even though
there are different shock transnission channels, they appear to have
simlar inmplications for cyclical novenents and lead to a conmon cycle
among the G7 annual output data.

V. Trend and Cycle Decomposition

The finding of one <cointegrating and six cofeature vectors
constitutes an interesting special case. The nunber of cointegrating
vectors and the nunmber of cofeature vectors add up to the nunber of
variables. In this case it is possible to perform a unique deconposition
procedure to recover the stochastic trend and the cycle conponent of each
output series. The rationale behind the trend-cycle deconposition can be
illustrated using the common trend and common cycle representation, which
is an extension of Stock and Watson (1988) common trend representation

As the G7 output data have both conmmon trends and cycles, it can be
represented as

X, =d, +yc,, (7)

t

where [y is a 6x1 vector of common 1(1) trends and ¢ is the conmon cycle.
[J and y are coefficient matrices of appropriate orders. Let [] be the 7x1



cointegrating vector and p be the 7x6 mtrix containing the six
cofeature vectors. Note that b is orthogonal to [J and bis orthogonal to
y. Define BB = (b b) and B* = (p- b-), where the dimensions of b- and
b- are, respectively, 7x6 and 7x1. Hence,

X = BB X.
= b b'Xe+ b b’'Xe
= b b '+ b b'Yyc: (8)

The trend and cycle elenments are given by b- b’ ), and b" b’'Yyc.

The deconposition is unique as B has a full rank. By construction the
error correction term OX. (=0yc) 1is the force behind the cycle
conmponents of the seven output series. The trend and cycle conponents
are, in general, correlated (Vahid and Engle, 1993).

One wunique feature of the deconposition algorithm is that it
i ncorporates restrictions on both long-run and short-run dynanmics in
constructing the individual trend and cycle conponents. Gven the
exi stence of both cointegration and common features, it is desirable to
account for these data interdependencies in extracting the conponents.
The trend-cycle deconposition approach is in contrast with the strategy
that assunmes either a determnistic trend or a unit root stochastic trend
to extract the individual cyclical conponents (Canova and Marrinan, 1998;
Lunsdai ne and Prasad, 1997).

The results of deconposing the national output series are sunmarized
in Figure 3, Figure 4, and Table 6. The trend conponents graphed in
Figure 3 appear quite different from each other. The distinctiveness of
national output trends matches the result that there are six different
integrated processes driving the output series. Sone trend conponents
di splay a higher level of volatility than the original output series. As
seen in Table 6, for some countries, the correlation between the trend
and cycle conponents are negative. Therefore, it is possible that the
volatility of the trend conmponent is higher than the output series.

For brevity, Figure 4 presents the cycle conponent of the U S. data.
The cycle conponents of the other six countries are a scaled version of
the U S one. On the same figure, we superinpose the annual NBER
chronol ogy for recessions on the graph. The cyclical downturns derived
from the deconposition procedure occur in the 1950s (three tinmes), the
early and md-1970s, early 1980s, and early 1990s. The occurrences of
these downturns are broadly consistent wth the NBER dating of
recessi ons.

The standard errors of the trend (in first differences, as the trend
is 1 (1)) and cycle conponents are presented in Table 6. The result shows
that the relative variability of the trend and cycle conmponents varies
across countries. Four countries (the U S., France, Italy, and Canada)
have a nore volatile cyclical variation while two other countries
(Germany and Japan) have a snoother cycle. The correlation between the
two conmponents is not uniform across countries. The trend and cycle are
negatively correlated in Germany, Japan, the UK., France, and lItaly
while they are positively correlated in the U S. and Canada. Overall, the
G7 countries exhibit different patterns of trend and cycle relationships.



VI. Conclusions

A unified tinme-series framework, which allows for both Iong-run and
short-run interactions, is enployed to study the relationships of the
annual real per capita GDP data of the G/ countries. The cointegration
test shows that international output data have nore than one growt h-
generating factor. The result is consistent with growth nodels that have
a nultitude of driving forces behind the output dynamics. On cyclical
behavior, we find evidence for the hypothesis that national business
cycles are alike. Wiile there may be different forces affecting national
busi ness cycles, the comopn feature test shows that the countries under
consideration share one conmon cyclical elenent; a result that is
supportive of the view that there are international business cycles. In
assessing the relative variability of the trend and cycle conmponents, we
find some mxed results - the trend conmponent has a higher |evel of
variation in some countries but not in others. There are also ambi guous
findings on the correlation between the two conponents. While the trend
and cycle conmponents in five countries are negatively correlated, they
tend to nove together in the other two countries.

While the enpirical results reported in the previous sections offer
some information on international output dynamics and economc growth

nmodel s, there are still a few issues that should be addressed in future
research. For instance, even if there is evidence on the presence of a
multitude of growth factors and an international business cycle, little

enpirical evidence on the macro determ nants of the growth factors and
the common cycle element has been firmy established. Further, it is of
interest to investigate the factors affecting the relative inportance of

shocks and their correlation patterns. It is recognized that the
identification and the extraction of the rel evant conponents of the nmacro
vari abl es can be a controversial issue. However, information on the role

of macro variables and their relationships with the trend and cycle
conmponents are indispensable for a better understanding of economc
grow h.
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Table 1. Unit Root Test results

Level s First
Di ff erences

Canada -0.94 (3) -4.29* (1)
France -0.86 (2) -3.21* (2)
Ger many -1.63 (2) -4.86* (2)
Italy -0.39 (2) -4.35* (3)
Japan -1.94 (3) -3.91* (2)
U. K -2.33 (3) -3.92* (1)
U S A -2.11 (2) -4.45* (2)
Not e:

The ADF test statistics calculated from the Ilevels and first
differences of the annual real per capita GDP data are reported. The
lag paraneters selected by the Akaike information criterion are in
parent heses next to the statistics. "*" indicates significance at the
five percent |level (Cheung and Lai, 1995). The unit root hypothesis is
not rejected for the data series but is rejected for their first
di fferences.

Table 2. Gowh Differentials and Correl ati ons

OUSA OUK CJAP o TA 0OGER OFRA 0OCAN
OUSA 0.54 0.23 0. 09 0.25 0. 30 0.73
OuK - 0. 0047 0.38 0.29 0.51 0.44 0.32
JAP -0.0307 -0.0259 0.62 0. 57 0.73 0.18
o TA -0.0249 -0.0202 0.0057 0.62 0.68 0.22
OGER -0.0168 -0.0121 0.0138 0.0080 0. 66 0.32
UOFRA -0.0120 -0.0073 0.0186 0.0129 0.0048 0.27
0OCAN -0.0046 -0.0007 0.0260 0.0203 0.0122 0.0074

Not e:

The nunbers below the diagonal are the averages of growh
differentials calculated as the average annual growh rates of the
colum country relative to the row country. The sanple correlation
coefficients of the growh rates are given above the diagonal



Tabl e 3. Cointegration Test Results

H( 0) Trace Statistic Maxi nrum Ei genval ue Statistic
r =0 159. 74* 56. 32*

r =1 103. 41 39. 37

r =2 64. 04 24.03

r =3 40. 00 16. 43

r =4 23.57 12. 36

r =5 11.21 9.74

r =6 1.46 1.46

Not e:

The trace and naxinmum eigenvalue statistics conmputed from the
mul tivariate system consisting of the G7 countries real per capita GDP
are reported. The lag paraneter is set to tw according to the Akaike
information criterion. Only the null of no cointegrating relationship
(r =0) is rejected (Cheung and Lai, 1993).

Table 4. Test for Conmmpbn Features

Nul | Squar ed Canonical Statistic Degree of

Hypot hesi s Correl ation C(p,s) Freedom

s =1 0.08 3.30 9

s =2 0.18 11.11 21

s =3 0.31 25.32 33

s =4 0. 40 44. 84 58

s =5 0.53 74.12 65

s =6 0.62 111. 56 84

s =7 0.91 205. 95* 105

Not e:

The commopn feature test results are reported. The degree of freedom of
the Cc(p,s) is calculated with n = 7, r = 1 and p = 2. "*" indicates

significance at the five percent |evel
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Table 5. Estimated Cointegrating and Cof eature Vectors

USA GER JAP UK FRA | TA CAN

Coi ntegrating 1.60 -1.12 0. 05 0.92 -0.20 0. 65 1

Vect or (1.92) (-9.19) (8.20) (1.74) (-2.79) (7.13) (10. 00)
Cof eat ure 1 0.25 -0.33 0.12 -1.60 -0.10 -1.06
Vector 1 (2.15) (1.68) (-1.77) (0.37) (-3.70) (-0.44) (2.88)
Cof eat ure -6.23 1 2.83 -5.02 -3.79 4.16 1.96
Vector 2 (-2.87) (2.00) (2.71) (-2.39) (-3.79) (2.10) (3.39)
Cof eat ure 2.16 0. 15 1 -0. 86 -2.65 1.40 -2.07
Vector 3 (3.45) (2.03) (3.69) (2.77) (-4.57) (3.89) (-4.14)
Cof eature -0.25 0. 20 0. 36 1 0.62 -1.12 -0.54
Vector 4 (-4.12) (2.56) (4.21) (3.57) (-5.09) (-4.18) (-4.77)
Cof eat ure -0.23 -0. 37 -0.18 0. 15 1 -0.01 -0.33
Vector 5 (-4.87) (-3.22) (-4.83) (4.39) (5.10) (4.50) (-5.33)
Cof eat ur e -2.92 -1.86 1.25 1.69 -0.29 1 -1.02
Vector 6 (-5.35) (-3.88) (5. 20) (4.61) (-5.53) (-4.51) (-5.71)

Not e:
The estimated cointegrating and cofeature vectors and their respective asynptotic
t-statistics (in parentheses) are reported.

Table 6: Variability and Correlation of the trend and cycle conponents

USA GER JAP UK FRA | TA CAN
St andard Error
Trend 0.014 0. 057 0. 043 0. 041 0. 049 0. 029 0.013
(1t diff)
Cycl e 0. 030 0. 038 0.021 0. 041 0.127 0. 052 0. 046
Correl ation 0.42 0. 33 -0.28 -0.20 -0.14 -0.23 0.15
Not e:

The standard errors and correlations of the trend (in first differences) and cycle
conponents are reported
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Figure 2. Annual real per capita GDP G owth
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Figure 3. Qutput Trends of the G7 countries (normalized)
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Figure 4. The Cycle Conponent of the U.S. Qutput
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Not e:
The solid line traces the cycle conponent of the U S. output. The shaded

areas denote recessions according to the NBER dating schenme (U.S. Departnent
of Conmerce, Survey of Current Business, October 1994, Table C-51).
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