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ABSTRACT

This paper examines the time series properties of real GDP in the Euro area
(EU 11), both prior to and after the adoption of the Euro in January 1999. We employ
the relatively recent “optimal approximation” band pass filter developed by Christiano
and Fitzgerald (2003) in order to identify a Euro-zone business cycle. We also utilise
two alternative assumptions regarding the behaviour of the trend component of Euro
area real GDP. The empirical results suggest that the single currency experiment
appears to have reduced trend growth in the Euro zone, both ex-ante during the
Maastricht nominal convergence phase, and also ex-post, during the period 2001Q1 to
2005Q4. With respect to cyclical behaviour, we identify a very robust measure of the
Euro zone business cycle in the post 1994 period which does not appear to be
sensitive to the particular assumption made regarding the trend rate of growth of real
GDP. This type of result should facilitate a more accurate assessment of the extent to
which individual countries and groups of countries are converged with respect to the
Euro area business cycle.
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1 Introduction

The countries within the European Union (EU) have become increasingly integrated
in recent decades. Following the inception of the Common Market under the Treaty
of Rome in 1957 we have witnessed: the introduction of the European Monetary
System (EMS) in 1979; the onset of the Single Market in 1992 (covering goods,
services, labour and capital); the signing of the Maastricht Treaty in 1992, and the
introduction of the single currency, the Euro, in January 1999. Although the EU has
certainly become more integrated in recent years, there is a continuing debate over the
extent of convergence across the EU countries, and most especially across the
countries participating in the single currency. Furthermore, this debate has intensified
recently with the accession of a further ten countries into the EU and the expectation
that they will ultimately join the single currency, the Euro zone.

Following the seminal contribution of the theory of Optimal Currency Areas
(OCAs) by Mundell (1961), business cycle convergence and the absence of
asymmetric shocks has been considered as an important pre-requisite for a successful
monetary union. Subsequent analysis, such as Frankel and Rose (1998), however, has
stressed that OCAs may be endogenous, in the sense that a group of countries
adopting a single currency may be more likely to satisfy the OCA criteria ex-post
rather than ex-ante. This is also the view of the European Commission (1990), who
have argued that real macroeconomic convergence is more likely ex-post given the
stimulus to intra-industry trade provided by the adoption of the single currency. A
contrary view has been proposed by Krugman (1991), however, who argues that the
combination of trade integration and economies of scale is likely to result in industrial
concentration and clustering, as in the U.S., which may well exacerbate asymmetric
shocks and hence undermine real macroeconomic convergence.

A further contentious issue is the potential impact of the adoption of the Euro
on growth in the Euro zone economy. Once again, there is an ex-ante and ex-post
aspect to this issue. From an ex-ante perspective, there is the possibility that, for
many of the countries wishing to participate in the single currency, the nominal
convergence criteria set out in the Maastricht Treaty imposed a severe deflationary
policy bias which may have acted to reduce economic growth. There is also the
possibility that the continuing imposition of the Stability and Growth Pact, and the

consequent restriction on Government fiscal deficits relative to GDP, may have
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reduced economic growth, at least in the short term, after the introduction of the Euro.
It is also possible that the alleged benefits of monetary unions (such as the elimination
of transactions costs, the boost to intra-industry trade, the potential reduction in real
interest rates and the stimulation of investment expenditure, etc.) may have acted to
enhance economic growth ex-post.

The main purpose of this paper, therefore, is to examine the time series
properties of real GDP in the Euro area as a whole, both prior to and after the
adoption of the Euro in January 1999. The sample period is 1980Q1 to 2005Q4 and
covers the EU-11 countries which were the initial adopters of the Euro. Of particular
interest is the decomposition of the real GDP series into trend and cyclical
components. This is a key issue in respect of any business cycle convergence analysis
as the aggregate Euro zone cycle provides an ideal benchmark for comparison against
the cycles of individual countries. To date, most of the convergence analysis has
consisted of comparing the cycles of individual countries (for example, Dickerson et
al, 1998, and Wynne and Koo, 2000) or comparing these cycles with benchmark
countries such as Germany (see, for example, Artis and Zhang, 1997, 1999). Given
that the European Central Bank (ECB) sets monetary policy in the context of the Euro
zone economy as a whole, however, it can be argued that it is the extent to which
individual countries’ business cycles are converged with that of the Euro zone as a
whole which is of paramount importance from an OCA perspective. Hence, although
the analysis of Euro zone convergence is beyond the scope of this current paper, a
thorough analysis of the time series properties, and in particular the trend and cycle
decomposition of the Euro zone real GDP series, is of great policy relevance.

In addition, by offering a fresh perspective on the decomposition of Euro area
real GDP into trend and business cycle components, we aim to provide a perspective
on whether the adoption of the Euro has had any impact on trend real GDP growth in

the Euro area, both ex-ante and ex-post.

2 Data

The univariate analysis conducted in this paper relates to real GDP (seasonally
adjusted) for the aggregate Euro zone economies. As mentioned previously, the

sample period is 1980Q1 to 2005Q4 and relates to the EU-11 economies. We utilise
the official data produced by the ECB from 1990Q1. Prior to this date, however, no
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official data is available and we utilise the Euro area database constructed by
Gollinelli, and we gratefully acknowledge the use of this data. This data has been
constructed (and verified) to be consistent with the official ECB data (see Gollinelli

and Pastorello, 2000, for further details). Plots of the logarithms of this series,

denoted ¢,, and the annual growth rates (computed as IOO(q, —q,_4) are shown in

Figure 1 and show several features that are of interest and importance in any
decomposition of the series into trend and cyclical components. While the series
exhibits a secular increase with an average rate of growth per quarter of 0.5%
(approximately 2% per annum), this growth rate is by no means constant. In the early
years of the 1980s growth was nonexistent but picked up quite rapidly during the later
years of the decade. There was a pronounced downturn during 1992, whereupon
growth picked up once again, remaining fairly stable until 2001, whereupon there was

a growth slowdown.

3 Trend-Cycle Decompositions of Real GDP

In this section we consider trend-cycle decompositions of real GDP of the form

q, =7, +c,+¢,, where 7,, ¢, and &, are the trend, cycle and irregular (short-run)
components of ¢g,, assumed to be independent of each other. As is now common in
the business cycle literature, we require that ¢, captures those components of ¢, that

have frequencies in the range of 1.5 to 8 years (6 to 32 quarters). This component can
be estimated by a band pass filter: the filter that we actually use is the ‘optimal
approximation’ of Christiano and Fitzgerald (2003), which has been shown to be
superior to the traditional Hodrick and Prescott (1997) filter and the Baxter and King
(1999) band pass filter in several respects. In particular, the asymmetric version
employed here is better at estimating the cycle in real time, i.e., at and near the end of
the sample period, which is important when attention is focused on identifying recent
and current cyclical movements, as would be the case here.

Of course, construction of any cyclical filter requires assumptions about the
behaviour of the trend component. We construct our cyclical component under two

very different assumptions about the trend behaviour of ¢, . First, we consider that ¢,

follows an ARIMA process, so that the underlying trend is stochastic. The model so
identified is an ARIMA(1,1,0) with drift
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Ag, = 0.0038 + 0.226 Aq, , +a, &, =0.00489
(0.0007) (0.094)

Standard errors are shown in parentheses and &, is the estimated standard error of the
white noise a,. Thus trend growth averages 0.38/(1—0.226):0.49% per quarter
(1.96% per annum) and the filter proposed in Christiano and Fitzgerald (2003, section
2) is approximately optimal. Figure 2 shows the stochastic trend that is obtained from
this filter (the cycle is discussed later). The trend is seen to evolve over time in line
with the discussion above.

An alternative trend assumption is that it evolves as a deterministic function.
Given our earlier discussion of the evolution of ¢, , a simple linear (or indeed higher
order polynomial) trend is unappealing. However, a segmented linear trend of the

type originally analysed by Fuller (1976, chapter 9.2) produces a satisfactory fit:

g, = 6.877+ 0.0073 ¢, — 0.0123 @, + 0.0110 @, — 0.0025 @, +e,
(0.006) (0.0003)  (0.0019)  (0.0019)  (0.0007)

e, = 0.834 ¢, +a, &, =0.00422
(0.057)
-7, t>r1, 1 4
L= i=1,...,
Pu 0, <t
where
7, =1983Q1 7, =1992Q1 7, =1993Q1 7, =2000Q4

Here five segments are fitted and their selection follows the evolution of the series
discussed above. The fitted trend is shown in Figure 3. Trend growth is zero until
1983Q1 and then 0.73% per quarter (3% per annum) until 1992Q1. The downturn
during 1992 is then modelled as a trend change, with a decrease of 0.5% per quarter
(2% per annum). From 1993 to 2001Q1 trend growth was 0.59% per quarter (2.3%
per annum), after which growth declined to 0.34% per quarter (1.4% per annum).
Hence, the evidence provided in Figure 3 reinforces the finding from the stochastic
trend specification that the adoption of the Euro appears to have reduced the trend rate

of growth of the Euro zone economies, both ex-ante and ex-post. Specifically, annual
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trend growth during the Maastricht convergence period was only around 2.3% per
annum, in contrast to 3% between 1983Q1 and 1992Q1. Furthermore, the trend
growth rate declined further to only 1.4% per annum in the post-2001Q1 period.

In the context of the segmented linear trend, the innovations to the trend are
modelled by a stationary first order autoregressive process. Since the residuals,

defined as e, =¢q, —7, =c, +¢&,, are by definition stationary, the cyclical component
¢, can be calculated by applying the stationary Christiano and Fitzgerald filter to e, .

The cyclical components estimated by the two methods are shown in Figure 4.
Since 1994 the two cycles are very similar to each other. The cycles are very
different to each other between 1992 and 1994 because the segmented trend model
treats the decline of 1992 and subsequent rebound as a pair of trend shifts whereas the
random walk model allocates this movement to the cycle. Less severe differences are
also seen before 1992, again because the models allocate shifts to trend and cycle
differently.

The evidence presented in Figures 2 to 4 suggests that the deflationary impact
of the Maastricht Treaty from early 1992 contributed to the very large cyclical
downturn evident in the early 1990s, but also reduced the trend rate of growth during
the 1990s relative to that which prevailed for most of the 1980s. With respect to the
introduction of the Euro, the evidence suggests that the trend rate of growth from
early 2001 has been reduced relative to the mid to late 1990s, and especially relative
to the late 1980s. It is clearly inappropriate to attribute this recent slowdown in
growth solely to the impact of the single currency. The initial growth slowdown is
likely to be attributable in large part to the impact of the “high tech shock™ and the
subsequent general slowdown in the world economy after 2001. Nevertheless, it
seems likely that many countries in the Euro-zone, faced with this general slowdown
in world economic growth, were unable to allow their automatic stabilisers to work in
the traditional fashion due to the imposition of the Stability and Growth Pact. Clearly,
this will have compounded the loss of an independent monetary policy and exchange
rate under the single currency and may well have transformed a cyclical downturn in
the Euro zone economies into a further decline in trend growth.

The fact that the two alternative methods produce very similar cycles in the
post-1994 period gives us some confidence that we have identified a robust and

definitive Euro-zone business cycle for this period. Clearly, this should prove
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extremely useful in the context of subsequent business cycle convergence analysis,
1.e., the extent to which individual countries or groups of countries have business
cycles which are synchronised or converging with the Euro-zone business cycle.

With respect to business cycle chronology, both cycles suggest a business
cycle peak in 1995 followed by a double dip recession during 1996/97 and 1998/99.
The latter may well be attributable to the deflationary impact of the Maastricht
convergence criteria ahead of the decision on Euro eligibility in 1997. 1t is the case,
for example, that, due to the construction of the inflation convergence requirements,
the average inflation rate in the potential Euro zone countries was continually driven
downwards until 1998/99. The very stringent fiscal convergence requirements,
however, necessitated very tight fiscal as well as monetary policies and it was not
until 1996, for example, that the Euro zone economies in aggregate managed to
reduce the ratio of Government debt to GDP. Finally, conformation of the fact that
the impact of the convergence process was most pronounced in the post-1996 period
is confirmed by the fact that short term interest rates across the Euro-zone began to
converge with those of Germany’s over this period. Hence, the pronounced
deflationary impact of the Maastricht nominal convergence requirements may well
have been sufficient to “snuff out” the economic recovery evident during 1996 / 97
and produce the double dip recession during 1998 / 99.

Interestingly, the launch of the single currency in January 1999 coincided with
a strong cyclical upturn in the Euro-zone economies with a business cycle peak in
early 2001. Aside from any positive benefits attributable to the single currency itself,
this may also reflect the fact that the countries in the Euro zone were effectively freed
from the deflationary constraints of the Maastricht convergence criteria after 1997 and
hence the abortive economic recovery of 1996 / 97 belatedly materialised across the
Euro zone. The subsequent downturn ended in mid-2003 and, during the latter part of
the sample, the Euro area was still experiencing a steady cyclical recovery which

previous evidence suggests will probably have been completed by mid-2006.

4 Summary and Conclusions

In this paper we employ the ‘optimal approximation’ band pass filter developed by
Christiano and Fitzgerald (2003) to identify a Euro-zone business cycle in real GDP.

We also utilise two alternative assumptions regarding the behaviour of the trend
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component of Euro area real GDP. In both cases, it is evident that the single currency
experiment appears to have been associated with reduced trend growth in the Euro
zone relative to the period 1983 to 1992, both ex-ante during the Maastricht nominal
convergence phase, and also ex-post, during the period 2001Q1 to 2005Q1.

With respect to the cyclical behaviour of Euro zone real GDP, there are
considerable differences between the cycles from the segmented and stochastic trend
models during the earlier part of the sample period, most especially during 1992.
From 1994, however, the two cycles are very closely synchronised. This suggests that
we have identified a very robust measure of the Euro zone business cycle in the post
1994 period which does not appear to be sensitive to the particular assumption made
regarding the trend rate of growth of real GDP. This should facilitate a more accurate
assessment of the extent to which individual countries and groups of countries are
converged with respect to the Euro area business cycle. As the ECB makes monetary
policy decisions with respect to the Euro zone as a whole, such analysis is important

in the context of any analysis of Europe as an OCA.
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Figure 1 Real Euro-GDP; 1980.1 — 2005.4. Top panel: logarithms: ¢,. Bottom
panel: annual growth rates, IOO(q, - qt_4).
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the relatively recent “optimal approximation” band pass filter developed by Christiano
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area real GDP. The empirical results suggest that the single currency experiment
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1 Introduction

The main purpose of this paper is to examine the time series properties of real GDP in
the Euro area as a whole, both prior to and after the adoption of the Euro in January
1999. Of particular interest is the decomposition of the real GDP series into trend and
cyclical components. This is a key issue in respect of any business cycle convergence
analysis as the aggregate Euro zone cycle provides an ideal benchmark for
comparison against the cycles of individual countries. To date, most of the
convergence analysis has consisted of comparing the cycles of individual countries
(for example, Dickerson et al, 1998, and Wynne and Koo, 2000) or comparing these
cycles with benchmark countries such as Germany (see, for example, Artis and
Zhang, 1997, 1999). Given that the European Central Bank (ECB) sets monetary
policy in the context of the Euro zone economy as a whole, however, it can be argued
that it is the extent to which individual countries’ business cycles are converged with
that of the Euro zone as a whole which is of paramount importance from an Optimal
Currency Area (OCA) perspective (see Mundell, 1961). Hence, although the analysis
of Euro zone convergence is beyond the scope of this current paper, a thorough
analysis of the time series properties, and in particular the trend and cycle
decomposition of the Euro zone real GDP series, is of great policy relevance.

In addition, by offering a fresh perspective on the decomposition of Euro area
real GDP into trend and business cycle components, we aim to provide a perspective
on whether the adoption of the Euro has had any impact on trend real GDP growth in

the Euro area, both ex-ante and ex-post.

2 Data

The univariate analysis conducted in this paper relates to real GDP (seasonally
adjusted) for the aggregate Euro zone economies. The sample period is 1980Q1 to
2006Q1 and relates to the EU-11 economies until 2000Q4 and the EU-12 economies
from 2001QI1, following the entry of Greece into the Euro zone. We utilise the
official data produced by the ECB from 1990Q1. Prior to this date, we utilise the
Euro area database constructed by Gollinelli, and we gratefully acknowledge the use
of this data. This data has been constructed (and verified) to be consistent with the

official ECB data (see Gollinelli and Pastorello, 2000, for further details). A plot of
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the logarithms of this series, denoted ¢,, is shown in Figure 1 and shows several

features that are of interest and importance in any decomposition of the series into
trend and cyclical components. While the series exhibits a secular increase with an
average rate of growth per quarter of 0.5% (approximately 2% per annum), this
growth rate is by no means constant. In the early years of the 1980s growth was
nonexistent but picked up quite rapidly during the later years of the decade. There
was a pronounced downturn during 1992, whereupon growth picked up once again,
remaining fairly stable until the Euro-zone entry of Greece in 2001Q1 produced both

an immediate jump in real GDP followed by a growth slowdown.

3 Trend-Cycle Decompositions of Real GDP

In this section we consider trend-cycle decompositions of real GDP of the form

q, =7, +c,+¢,, where 7,, ¢, and ¢, are the trend, cycle and irregular (short-run)
components of ¢g,, assumed to be independent of each other. As is now common in
the business cycle literature, we require that ¢, captures those components of ¢, that

have frequencies in the range of 1.5 to 8 years (6 to 32 quarters). This component can
be estimated by a band pass filter: the filter that we actually use is the ‘optimal
approximation’ of Christiano and Fitzgerald (2003), which has been shown to be
superior to the traditional Hodrick and Prescott (1997) filter and the Baxter and King
(1999) band pass filter in several respects. In particular, the asymmetric version
employed here is better at estimating the cycle in real time, i.e., at and near the end of
the sample period, which is important when attention is focused on identifying recent
and current cyclical movements, as would be the case here.

Of course, construction of any cyclical filter requires assumptions about the
behaviour of the trend component. We construct our cyclical component under two
very different assumptions about the trend behaviour of ¢, . First, we consider that ¢,
follows an ARIMA process with an additive outlier at 2001Q1 to model the inclusion

of Greece into the Euro-zone, so that the underlying trend is stochastic. The model so

identified is a random walk with drift

Ag, = 0.0048 + 0.0172 ¢, +a, &, =0.00523
(0.0005) (0.0053)
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where the additive outlier is defined as ¢, =1(2001Q1), 1(-) being the indicator
function. (Standard errors are shown in parentheses and &, is the estimated standard
error of the white noise a,.) Thus trend growth averages 0.48% per quarter (1.9% per

annum), with the entry of Greece producing a one-off increase in the growth rate of

1.72%. The adjusted series

. a, £ <2000Q4
=4 —00172 +>2001Q1

then follows a pure random walk with drift, for which the filter proposed in Christiano
and Fitzgerald (2003, section 2) is then optimal. Figure 2 shows the stochastic trend
that is obtained from this filter (the cycle is discussed later). The trend is seen to
evolve over time in line with the discussion above.

An alternative trend assumption is that it evolves as a deterministic function.

Given our earlier discussion of the evolution of ¢, , a simple linear (or indeed higher

order polynomial) trend is unappealing. However, a segmented linear trend of the

type originally analysed by Fuller (1976, chapter 9.2) produces a satisfactory fit:

g, = 6.987 + 0.0074 @, — 0.0124 @, + 0.0108 p; + 0.0169 ¢, — 0.0194 p,, +e,
(0.005) (0.0002)  (0.0018)  (0.0018)  (0.0045)  (00046)

e, = 0810 ¢, +a, &, =0.00425
(0.061)
t—1,, t>r, s
= i=1,...,
Pu 0, t<r,
where
7, =1983Q1 7, =1992Q1 7, =1993Q1
7, =2000Q4 7, =2001Ql

Here six segments are fitted (the fifth is equivalent to the additive outlier modelling

the Greek entry) and their selection follows the evolution of the series discussed
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above. The fitted trend is shown in Figure 3. Trend growth is zero until 1983Q1 and
then 0.74% per quarter (3% per annum) until 1992Q1. The downturn during 1992 is
then modelled as a trend change, with a decrease of 0.5% per quarter (2% per annum).
From 1993 to Greek entry in 2001Q1 trend growth was 0.58% per quarter (2.3% per
annum), after which growth declined to 0.43% per quarter (1.7% per annum). Hence,
the evidence provided in Figure 3 reinforces the finding from the stochastic trend
specification that the adoption of the Euro appears to have reduced the trend rate of
growth of the Euro zone economies, both ex-ante and ex-post. Specifically, annual
trend growth during the Maastricht convergence period was only around 2.3% per
annum, in contrast to 3% between 1983Q1 and 1992Q1. Furthermore, the trend
growth rate declined further to only 1.7% per annum in the post-2001Q1 period.

In the context of the segmented linear trend, the innovations to the trend are
modelled by a stationary first order autoregressive process. Since the residuals,

defined as e, =q, — 7, =, +¢,, are by definition stationary, the cyclical component

¢, can be calculated by applying the stationary Christiano and Fitzgerald filter to e, .

The cyclical components estimated by the two methods are shown in Figure 4.
Since 1994 the two cycles are very similar to each other. The cycles are very
different to each other between 1992 and 1994 because the segmented trend model
treats the decline of 1992 and subsequent rebound as a pair of trend shifts whereas the
random walk model allocates this movement to the cycle. Less severe differences are
also seen before 1992, again because the models allocate shifts to trend and cycle
differently.

The evidence presented in Figures 2 to 4 suggests that the deflationary impact
of the Maastricht Treaty from early 1992 contributed to the very large cyclical
downturn evident in the early 1990s, but also reduced the trend rate of growth during
the 1990s relative to that which prevailed for most of the 1980s. With respect to the
introduction of the Euro, the evidence suggests that the trend rate of growth from
early 2001 (after the entry of Greece into the Euro) has been reduced relative to the
mid to late 1990s, and especially relative to the late 1980s. This may reflect the fact
that many countries in the Euro-zone, faced with the general slowdown in the world
economy after 2001, were unable to allow their automatic stabilisers to work in the

traditional fashion due to the imposition of the Stability and Growth Pact. Clearly,
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this will have compounded the loss of an independent monetary policy and exchange
rate under the single currency.

The fact that the two alternative methods produce very similar cycles in the
post-1994 period gives us some confidence that we have identified a robust and
definitive Euro-zone business cycle for this period. Clearly, this should prove
extremely useful in the context of subsequent business cycle convergence analysis,
1.e., the extent to which individual countries or groups of countries have business
cycles which are synchronised or converging with the Euro-zone business cycle.

With respect to business cycle chronology, both cycles suggest a business
cycle peak in 1995 followed by a double dip recession during 1996/97 and 1998/99.
Interestingly, the launch of the single currency in January 1999 coincided with a
strong cyclical upturn in the Euro-zone economies with a business cycle peak in early
2001. The subsequent downturn ended in mid-2003 and the Euro area is still
experiencing a steady cyclical recovery which previous evidence suggests will

probably be complete by mid-2006.

4 Summary and Conclusions

The evidence produced in this paper suggests that the single currency experiment
appears to have reduced trend growth in the Euro zone relative to the period 1983 to
1992, both ex-ante during the Maastricht nominal convergence phase, and also ex-
post, during the period 2001Q1 to 2006Q1.

With respect to the cyclical behaviour of Euro zone real GDP, there are
considerable differences between the cycles from the segmented and stochastic trend
models during the earlier part of the sample period, most especially during 1992.
From 1994, however, the two cycles are very closely synchronised. This suggests that
we have identified a very robust measure of the Euro zone business cycle in the post
1994 period which does not appear to be sensitive to the particular assumption made
regarding the trend rate of growth of real GDP. This should facilitate a more accurate
assessment of the extent to which individual countries and groups of countries are
converged with respect to the Euro area business cycle. As the ECB makes monetary
policy decisions with respect to the Euro zone as a whole, such analysis is important

in the context of any analysis of Europe as an OCA.
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