
 1

Some facts about business cycles synchronisation across the euro area countries: the 
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Abstract: According to Optimum Currency Area literature, the synchronisation of business cycles is necessary 
for the successful implementation of a common monetary policy. This paper contributes to this debate, providing 
a descriptive analysis of the euro area business cycle synchronisation, using quarterly real GDP series, spanning 
from 1980:1 to 2004:4, for nine euro area countries. We consider the four largest countries (Germany, France, 
Italy and Spain), which account for almost 80% of the euro area GDP, and five among the smallest countries, 
Belgium, Finland, Greece, the Netherlands and Portugal. Our aim is to see whether the synchronisation and the 
amplitude of the business cycles across the Member States increased with the monetary integration process. We 
will give greater focus to small countries compared to what can be seen in existent literature. Overall, we found 
that the business cycles association for all nine countries considered from 1980 to 2004 is positive and 
significant. Moreover, evidence suggests that with the creation of the euro, business cycles became more 
correlated among the larger countries of the euro area, which is consistent with the hypothesis of endogeneity of 
the Optimum Currency Area criteria. Contrarily, the group of small countries is very heterogeneous and still 
presents different degrees of synchronisation with the euro area business cycle. Also, after 1997, the degree of 
synchronisation with the euro area business cycle has been reduced. This result indicates that the monetary 
policy of the European Central Bank, in place since 1999, has not been adjusted for some of the small countries 
of the euro area. The divergence of the Portuguese business cycle experienced in the recent past is of major 
concern.  
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1. Introduction 

The globalisation process and the increasing worldwide economic integration witnessed 
these past few years are widely believed to have led to more interdependence among the 
major nations of the World, and, will likely lead to further synchronisation of national cycles. 
In particular, the creation of the European Monetary Union (EMU) and the introduction of the 
euro, on 1st January 1999, put the synchronisation of business cycles among the euro area 
countries at the centre of the current debate on the EMU, given that it constitutes a key factor 
for the successful implementation of a common monetary policy. 

According to the Optimum Currency Area (OCA) theory, a high degree of 
synchronisation among the business cycles of the Member-States of a monetary union is a 
necessary condition for good functioning, as the common monetary policy, which is defined 
taking into account the aggregate statistics of the monetary union, will be suited to all 
countries. In the European case, it is worth asking whether or not there is a positive 
correlation between economic integration and the increase of the synchronisation of the 
business cycles because, in spite of the deepening of the economic and monetary integration 
among the euro area countries throughout the last decades, we still do not know about their 
effects in the business cycles synchronisation.  

In other words, have we seen a growing association among the business cycles of the 
euro area countries, which would lead on to the validation of the endogeneity OCA 
hypothesis suggested by Frankel and Rose (1998), and should we have reasons to be 
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optimistic about the success of the monetary policy in the euro area or, on the contrary, is 
there wide heterogeneity among the business cycles of the countries of the euro area, which 
could put the future of the EMU at risk? 

The issue is particularly relevant in the case of the small countries of the EMU, because 
if a small country experiences a recession or an expansion, and its business cycle presents low 
synchronisation with the euro area business cycle, as the short-term interest rates are not 
tailored to that country’s business cycle, then the common monetary policy will not work as 
an instrument of stabilisation for that economy. 

In recent years, several studies has been presented which, directly or indirectly, seek to 
study business cycles synchronisation among the euro area countries with mixed results, in 
keeping with sample period, the methods used and the countries included. Therefore, the 
question remains unanswered in the literature, as, thus far, there has been no systematic or 
satisfactory analysis of the synchronisation of the business cycles in the euro area. With this 
paper, we hope to provide a contribution in that sense, extending the existing analyses on 
business cycles synchronisation in the euro area across a number of dimensions. Firstly, we 
have used quarterly real GDP time series (and not industrial production indices which merely 
represent a part of the business cycle of the country) for the period prior to the EMU as well 
as for the EMU period itself. Secondly, we have used several measures of synchronisation 
including correlation coefficients, concordance indices, rolling and maximum correlations, 
and standard deviations. Thirdly, we have paid closer attention to the small economies of the 
euro area than is usually present. 

Fundamentally, the main objective of this paper is to analyse the dynamics of the 
business cycles synchronisation among the euro area countries, so as to ascertain whether the 
endogeneity hypothesis formulated within the context of the OCA theory stands up. The 
emphasis placed on small countries has the specific aim of answering the question: "Does the 
common monetary policy serve the interests of the small countries?". 

This paper is structured as follows: section 2 briefly outlines the literature related to the 
theme under study; section 3 describes the data and the methods used in the empirical 
analysis; the results are presented in section 4; and in section 5 the main conclusions are 
presented. 

 
2. Related literature: main conclusions 

Much of the debate over the desirability of a monetary union and its possible effects on 
the participating countries is centred on the OCA theory, formulated by Mundell (1961) and 
later enriched by the contributions of McKinnon (1963) and Kenen (1969), among others. The 
OCA theory holds that two countries are able to form a monetary union if the economic 
benefits derived from the savings of transactional costs (which are higher the greater the 
degree of economic freedom proffered by the partners of the monetary union) are superior to 
the economic costs which come about due to the loss of independence in handling monetary 
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and exchange policies. The economic costs of a monetary union increase with: (a) the 
intensity and the frequency with which the countries are affected by asymmetrical shocks; (b) 
the reduced flexibility of prices and wages; (c) the low mobility of production factors; (d) the 
high degree of specialisation of the countries’ production structure; and (e) the non existence 
of fiscal federalism. 

With regard to the possible consequences of economic and monetary integration in the 
national business cycles of the member countries of a monetary union, two schools of thought 
exist: one with positive implications for the future of the monetary unions; the other with 
negative implications. The first argument appears in the well-known report One Market, One 
Money, published in 1990, in which the European Commission evaluates ex-ante the impact 
of the single currency on the euro area countries. The prognosis is that broadening the 
European integration process will reduce the probability of asymmetrical shocks occurring, 
due to the increment of intra-industrial trade, to greater similarity among the productive 
structures of the EMU countries, and also to greater coordination of the national economic 
policies. 

The second argument, with roots in International Trade Theory and in the New 
Economic Geography Theory, had its origin in a warning given by Krugman (1993) to the 
Member States of the EMU cautioning them to learn from the "lessons of Massachusetts". 
According to this assessment, the regions of the USA have dimensions comparable to but 
more specialised than the countries of the EMU, probably due to the greater proximity 
brought about by a single market in the USA. Therefore, in the EMU, growing specialisation 
of its Member States is expected as obstacles to international trade are lessened and stock 
markets become more integrated. If this is so, trade among countries of the euro area will be 
mainly of the inter-industrial type. Consequently, the industry-specific shocks will be more 
and more identifiable with national shocks, and therefore, problems in macroeconomic 
management of the euro area will arise because the monetary policy of the European Central 
Bank (ECB) is shaped by common shocks in the euro area and not by shocks that hit any 
single country. 

After the publication of the Delors Report in 1989, which proposed the three phases that 
would lead to the founding of the EMU and which would later be included in the Maastricht 
Treaty, several empirical studies came about with the aim of assessing whether the European 
Union (EU) satisfied the conditions to be considered an OCA, and/or which group of 
countries should move ahead to the EMU. Most authors centred their attention on the analysis 
of the asymmetrical shocks that hit the countries of the EU, following two distinct methods. 
The first method had its origin in the pioneer article by Bayoumi and Eichengreen (1993), 
where the use of a SVAR as well as of the identification proposed by Blanchard and Quah 
(1989) allowed for an analysis of the symmetry of aggregate demand and of aggregate supply 
shocks among the countries of the EU. The authors' main conclusion was with regard to the 
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appearance of two distinct groups of countries within the EU: a group made up of the core 
countries (Germany, Austria, Belgium, Denmark, France, Luxembourg and Holland), which 
presented high correlations of their shocks with Germany’s – taken as the reference country – 
and the peripheral group made up of the countries of the EU that exhibited low correlations 
with Germany.1 

The second method, initiated by Artis and Zhang (1997), attempted to isolate the 
cyclical component from the trend component and to measure the synchronisation of the 
business cycles among the European countries, creating literature that has thrived in recent 
years. This literature has brought up several methodological questions, of which two have 
special relevance: how to identify and how to measure the synchronisation of the business 
cycles. Although several methods (parametric and non-parametric) have been put forward to 
extract the cyclical component of the series, there is still no consensus with regard to the best 
form of identification or estimation of the trend component. On the other hand, some authors 
reject the idea of trend-cycle decomposition and prefer to define the business cycle in terms of 
turning points based on the series of original data. 

As for a way of measuring the synchronisation of the business cycles, several alternative 
approaches have been proposed, which include the calculation of correlation coefficients and 
concordance indices, common factors analysis of the business cycle of each country and 
spectral analyses of the series, among others. The lack of consensus with regard to the 
methodology and the divergence of the results are illustrated in Appendix 1, in which we have 
summarised the main studies published on this matter. 

Artis and Zhang (1997) find, since 1979, increased integration for the member countries 
of the Exchange Rate Mechanism (ERM) of the European Monetary System (EMS). By 
contrast, Inklaar and De Haan (2001), using the same data, but enlarging the temporary period 
and dividing it into 4 sub-periods noted that for the period from 1971 to 1979 the cycles of the 
euro area countries are more correlated with the German business cycle than in the period 
1979-87. Moreover, Massmann and Mitchell (2004), using Artis and Zhang’s data (duly 
updated) and calculating eight alternative measures of the business cycle, concluded that the 
euro area, over the last 40 years, has been characterised by periods of cyclical convergence, 
associated with an increase in the average correlation and a decrease of the variance, and for 
periods of cyclical divergence. The results for the most recent period show that the correlation 
among the business cycles of the 12 Member States of the EMU is statistically positive and 
that it has been rising since the nineties, thereby suggesting that the euro area has entered a 
period of cyclical convergence after a period of divergence which occurred at the beginning 
of the nineties, at the time of German reunification and the EMS crises.  

                                                 
1  Subsequent studies have analysed the other criteria suggested by the OCA theory and overall have confirmed 

the existence of a centre and a periphery among the European countries. For a good review of those studies 
see, for example, Artis (2003) and Mongelli (2002). 
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A characteristic common to most empirical studies on the OCA is that they are based on 
data from the period prior to the EMU, so as to use the results obtained to draw implications 
for the functioning of the EMU. Indeed, much of the current debate on the possible effects of 
the EMU on the asymmetry of the business cycles is centred precisely on the validity of the 
inferences made using historical data as a springboard, which might not reflect the alteration 
of the political preferences or the change of political regime inherent in monetary unification 
(a criticism made by Lucas). In fact, the process of adopting a single currency assumes a 
structural alteration, which influences the behaviour of the economic agents and the political 
and economic institutions of the Member States involved in that monetary union and it may 
catalyse progress in several areas in which the viability of a monetary union is contemplated. 

Over the past few years, there has been growing interest in the study of the endogenous 
effects of monetary integration particularly so as to identify the different endogeneities that 
influence the dynamics of the EMU headed towards an OCA.2 This is a new area of research 
(stemming from a paper by Frankel and Rose, 1998) and the euro a recent reality. With regard 
to discussion of endofeneities of OCA, there first appeared the development of a conceptual 
framework, followed by an attempt at a systematic exploration of sources of endogeneity. At 
the same time, empirical studies, based on two different levels of analyses stand out: some 
used a sample of several countries of the world and others based on data of the EMU’s short 
period of life.3 
 
3. Data and Methods 

In our analysis, we used quarterly observations of the GDP at constant prices, seasonally 
adjusted, of nine countries of the EMU, namely; Germany (DEU), Belgium (BEL), Spain 
(ESP), Finland (FIN), France (FRA), Greece (GRC), the Netherlands (NLD), Italy (ITA) and 
Portugal (PRT), and of the euro area aggregate.4 The euro area aggregate includes the eleven 
countries that made up the EMU on 1st January 1999, and Greece, which joined the Euro 
Club in 2001.5 Full details of all data, including sample periods and sources, are provided in 
Appendix 2. 

                                                 
2  See de Grauwe and Mongelli (2005) for a good revision on literature concerning endogeneities of OCA. 
3  Frankel and Rose (1998), Rose (2000), Gruben et al. (2002), Imbs (2004), Kalemi-Ozcan et al. (2003), 

Fidrmuc (2005) and  Inklaar et al. (2005) are examples of studies that look at some of the channels through 
which economic and monetary integration can influence the synchronisation of the business cycles among 
countries. Mico et al. (2003) investigate the effects of the channels on the synchronisation of the business 
cycles of the EMU countries with data relevant to the euro area.  

4  Austria, Ireland and Luxembourg were excluded from the analysis due to limitations on data availability: the 
time series with quarterly data covered quite a short period. 

5 Slovenia was not included in the analysis because of its very recent participation in the process of economic 
and monetary integration: it joined the EU on 1st May 2004, and adopted the euro on 1st January 2007. 
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To identify the business cycle we used the definition proposed by Lucas (1977), as the 
deviations of the aggregate real output from trend.6 

In this sense, the identification of the "deviation cycle" consists in isolating the cyclical 
component from the trend component. However, as the business cycle is not an observable 
variable, several methods have been developed to extract the cyclical components of the 
macroeconomic series.7 From among the several available filters, we have centred our study 
on one of the statistical techniques which comes up frequently in literature regarding business 
cycles: the band-pass filter proposed by Baxter and King (1999).8 

The Baxter-King (BK) filter eliminates a trend component with very slow movement as 
well as the high frequency components; in other words, only the fluctuations that are inside a 
band of specific frequency are kept and considered as corresponding to the business cycles. 
Baxter and King suggested that the duration of the business cycle would lie between 1.5 and 8 
years; the inferior band would be of 6 quarters and the superior band of 32 quarters, that is, 
the filter removes the variations of low frequency trend and it softens the irregular high 
frequency variations, and the main characteristics of the business cycles are kept. As the ideal 
filter imposes a moving average of infinite order, in practice a close estimate is used. 

On the other hand, the analysis of the synchronisation of the business cycles in the euro 
area was based on the calculation of two measures. Firstly, we calculated the correlation 
coefficients, which describe the degree of linear association between pairs of business cycles. 
For each country under study, we analysed the contemporary correlation coefficients as well 
as the maximum correlation coefficients. Following Pérez et al. (2007), in the definition of 
the number of lag quarters for which the maximum correlation is obtained, we considered a 
window of a maximum of five quarters of leads and lags and from among those eleven 
correlations we chose the highest figure. In other words, we defined corr(xt,yt-i) as the 
correlation between the business cycle of country x and the business cycle of country y, in the 
lag i (-5≤ i ≤ 5), and two countries will be cyclically synchronised if the maximum correlation 
is contemporaneously obtained. A positive figure for i means that country x has a lag in i 
quarters with respect to the cycle of country y, and a negative figure for i means that country x 
has a lead of i quarters with respect to country y. 

Secondly, we determined the concordance indices, which measure the proportion of 
time in which two series are in the same cyclical phase. The concordance indices are based on 

                                                 
6  In empirical literature on business cycles, we found two different concepts, though related, of the business 

cycle. The first is generally designated as "classical business cycle" and has been used by the National Bureau 
of Economic Research (NBER) and refers to the absolute increase or decrease in economic activity. The 
second, commonly designated as "growth cycle" or "deviation cycle", is defined as being the deviations from 
trend and has become the main reference in academic literature since Lucas (1977). In this paper, we have 
followed the approach typically used in business cycles literature therefore we have centred our analysis on the 
"deviation cycle". 

7  Canova (2007) offers a good review of the empirical methods used to decompose the series into cyclical and 
trend components. 

8  In order to examine the robustness of the findings, we also considered the Hodrick Prescott (1997) filter, with 
λ = 1600, which is the conventional value for quarterly data. However, we obtained qualitatively similar 
results. These results for the Hodrick-Prescott (HP) filter are available from the authors on request. 
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binary series (0-1) for each country, in which the unit represents the expansion periods (above 
the trend) and the zero represents periods below the trend. Considering that Sx,t is one when 
the business cycle in country x is positive and zero when the cycle is negative, and defining 
Sy,t in the same way, the index of concordance (IC), between the business cycle of country x 
and the business cycle of country y is given as: 

{ })1).(1().( ,,,1 ,
1
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T
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− , 

in which T represents the dimension of the sample. 
Initially, Harding and Pagan (2002) advanced the indices of concordance, and since 

then, they have been increasingly used in literature as a complement of the correlation 
coefficient. The main advantage of the concordance indices in relation to the correlation 
coefficient consists in being able to use it in order to detect linear and non-linear relationships 
between business cycles. The concordance indices lie between 0 and 1, indicating 1 for 
maximum concordance. It is worthwhile pointing out that on average the existence of a 
positive relationship between the cyclical position of two countries implies a degree of 
concordance greater than 0.5, which is the expected number for the IC when there are two 
independent and identically distributed series (McDermot and Scott, 2000). 

With the aim of examining the evolution of the degree of business cycles 
synchronisation throughout the period 1981:1 to 2004:4, we used two procedures: (1) we 
calculated the two measures previously referred to for rolling periods, using a window of 32 
observations, corresponding to the maximum duration of the business cycle in the BK filter, 
which was used to obtain the cyclical component of the GDP, and (2) we calculated the 
correlation/concordance for sub-periods of eight years, with breaks at two important moments 
in the history of the European economic and monetary integration9. The first sub-period (the 
period of EMS) runs from 1981:1 to 1988:4, marked by great stability in the functioning of 
the EMS and includes the passing of the Single European Act on 1st July 1987, which, 
besides stipulating that by the end of 1992 a Common Market should have been attained, it 
also explicitly defined the creation of a EMU. The second sub-period (period of the Delors 
Report) goes from 1989:1 to 1996:4, and covers the implementation of several proposals 
made in the Delors Report needed for the creation of the Monetary Union. Finally, the third 
sub-period (the period of the single currency) begins in January 1997 and ends in December 
2004. Although the EMU got under way on 1st January 1999, the final date for the 
implementation was agreed only after consensus was reached with the Stability and Growth 
Pact in June 1997. 

                                                 
9  Overall, the studies, which analyse the synchronisation of the business cycles for sub-periods, distinguish the 

period prior to the EMS from the period of the EMS itself, as do, for instance, Artis and Zhang (1997, 1999). 
Moreover, some research still subdivides the EMS period: some in seemingly arbitrary ways (see, for instance, 
Inklaar and Haan, 2001) and others defining the breaks based on institutional and historical reasoning (see, 
among others, Pérez et al. 2007). 
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Finally, to check whether or not the business cycles in the EMU countries are of similar 
amplitude we calculated two dispersion measures: (1) the mean absolute deviation from trend 
and (2) the standard deviations of the business cycles.  

 
4. Results 

Figure 1 presents the business cycles of the countries of the euro area using the BK 
filter. This figure shows that, with the exception of Finland in the nineties, all of the countries 
present business cycles that move within a band of ±3,5%. It is also noteworthy that all of the 
business cycles are in an expansionary phase towards the end of the eighties and at the 
beginning of the nineties, which is followed by a recessive period. Finland is the country that 
presents the largest drop, with a deviation in relation to the tendency of -4.7% in 1993:1. 
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Figure 1 – Euro area country cycles (percentage deviations from trend) 
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Table 1 shows over the whole sample period the contemporaneous and maximum 
correlation coefficients, together with the corresponding lead time for the euro area and the 
contemporaneous concordance indices for each national business cycle with the aggregate 
euro area cycle.  

Table 1 – Measures of synchronisation with respect to the euro area, 1981-2004 
 DEU FRA ITA ESP av. l. NLD BEL PRT GRC FIN av. s. 
Cont. correlation 0.87 0.8 0.84 0.79 0.83 0.84 0.83 0.59 0.53 0.36 0.62 
Max. correlation 0.87 0.8 0.84 0.83 0.84 0.84 0.84 0.61 0.54 0.68 0.69 
Lead/lag 0 0 0 -1  0 -1 1 1 -4  
Cont. concordance 0.83 0.82 0.84 0.81 0.83 0.82 0.85 0.79 0.65 0.59 0.74 

Note: av. l. = average 4 largest countries; av. s. = average small countries 

All correlation coefficients are positive and statistically significant. The most interesting 
feature is the high degree of contemporaneous correlation in the majority of the countries, 
particularly in Germany, the Netherlands, Italy, Belgium, France and Spain. On the other 
hand, Portugal and Greece display modest levels of association while Finland has the lowest 
association with the euro area business cycle. Contemporaneous concordance indices provide 
similar indications. Moreover, in Germany, France, Italy and the Netherlands the 
contemporaneous correlation coefficient coincides with the maximum correlation, suggesting 
that business cycles in these countries are in phase with the euro area cycle. In the other 
countries, the cycles are out of phase with the euro area cycle: Spain and Belgium lead the 
euro area by one quarter, Finland leads the euro area by four quarters and the euro area cycle 
leads the Portuguese and Greece cycles by one quarter.  

We have also calculated the correlation and concordance statistics using Germany as the 
benchmark economy and the results (see Table A1, Appendix 3) are similar to the ones 
obtained previously. However, the association between Germany and the euro area countries 
business cycles is slightly lower. The highest degree of synchronisation with the German 
cycle is observed for the Netherlands and the lowest is observed for Finland.10  

With regard to the amplitude of the cycles, the two measures considered (the mean 
absolute deviation from trend and the standard deviation of the cycles) give similar results as 
can be seen in Table 2. Here, we can see notable differences in the individual country’s cycles 
amplitudes. The standard deviation of the cycle in the countries with the most volatility 
(Finland and Portugal) is about two times bigger than the standard deviation in the country 
with the lowest volatility (France). 

                                                 
10The weak synchronisation between German and Finnish cycles could be explained by the breakdown of the 

Communist regimes in Europe: Germany’s unification boom peaked when Finland’s cycle had already gone 
bust, in other words, the Germany and Finnish economies were affected asymmetrically by the same external 
shock. 
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Table 2 – Measures of dispersion, 1981-2004 
  DEU FRA ITA ESP av. l. NLD BEL PRT GRC FIN av. s. 

% 0.81 0.61 0.66 0.79 0.72 0.83 0.77 1.22 0.86 1.32 1 MAD 
rank 5 1 2 4   6 3 8 7 9   
% 1.04 0.75 0.82 0.97 0.9 1.03 0.92 1.46 1.2 1.97 1.32 

St. dev. 
rank 5 1 2 4   6 3 8 7 9   

Note: MAD = Mean absolute deviation in business cycles; St. dev. = Standard deviations of the cycles; av. l. = average 4 largest countries;  
av. s. = average small countries 

To summarize, considering the whole period, the euro area countries are in general 
highly synchronised with the euro area business cycle. However, some idiosyncratic 
developments can be detected especially in three small countries: Finland, Greece and 
Portugal. On the other hand, for small countries the differences in cycles amplitudes are very 
large, while the largest countries tend to have similar and smaller cyclical amplitudes among 
themselves. 

The period from 1981 to 2004 was characterized by several important macroeconomic 
changes that could have affected the degree of association among euro area cycles, so it is 
particularly relevant to analyse the synchronisation in a dynamic perspective. Figure 2 shows 
the rolling contemporary correlations between the business cycles of the countries included in 
our sample and the euro area as well as the correlations linear trend. For convenience 
purposes, in the rolling correlation analysis we take the average year of each period (for 
example, 1984 corresponds to period 1981-1988 and 2000 to period 1997-2004).  
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Figure 2 – Contemporary rolling correlation with respect to the euro area 
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From the analysis of this figure, we can extract the following: 
 Between 1984 and 1989, in France and Spain the correlations increase remarkably, 

afterwards they continue to increase until 1993, but at a more moderate pace (in 
1984 Spain has a 0.09 correlation which reaches 0.97 in 1993), subsequently there is 
a slight decrease in the case of France and a more notable and lasting decrease in the 
case of Spain, before starting a new upward trend;  

 Germany, Italy, the Netherlands and Belgium show little variation with a pattern of 
high correlations over time, but a general upward trend is evident (clearer in the case 
of Germany); 

 Greece has correlations above 0.75 in 1984, then declines to nearly 0.5 around 1987, 
it starts an upward trend that continues until 1995, when it begins a downward trend 
reaching a null value in 2000; 

 The pattern of correlations in Finland contrasts with that of other countries, as it 
presents correlations close to 0.75 in the middle of the 80s and 90s and correlations 
below 0.4 in the period 1988-1995;  

 In Portugal the correlations with the euro area increased remarkably after joining the 
EU in 1986 (from -0.19 in 1984 to approximately, 0.75 in 1987). However, from 
1993 onwards, there is a reduction in the correlations to about 0.5, with an exception 
in the period of 1997 and 1999 where there are slightly higher correlations but with 
lower values to the ones in period 1987-1993. 
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Figure 3 – Contemporary rolling concordance with respect to the euro area 
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As illustrated in Figure 3, the rolling concordance indices show similar results to the 
rolling correlation coefficients except for three countries: in Spain the concordances are high 
throughout the period; in Finland they have a downward trend; and in Portugal they have a 
time-varying pattern, alternating between decreasing and increasing phases.  

Further light on the evolution of the business cycle synchronisation is shed in Figures 
A1, A2 and A3 of Appendix 3, which show the corresponding contemporaneous correlation, 
contemporaneous concordances and maximum correlation values, but now expressed in 
relation to Germany. The patterns of synchronisation for the EMU countries with respect to 
Germany reinforce the above-mentioned observations in relation to the euro area.  

The results presented so far support the hypothesis of alteration of business cycles 
synchronisation between the countries in the euro area over time. In general, the countries 
increased their synchronisation with the euro area cycle and with the German cycle. The 
analysis does not allow a distinction between the behaviour pattern of the largest countries 
and the one for small countries. However, we identify three small countries with a pattern 
which is different from the others. For Greece and Finland the results do not suggest the 
existence of cyclical convergence with the euro area. For Portugal, we observe a remarkable 
increase in the degree of synchronisation with the euro area cycle, mainly in the period after 
joining the EU, while in recent years this country witnessed a weaker degree of association 
with the euro area than that observed in the period between 1987 and 1995.  
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Figure 4 – Rolling mean absolute deviation in business cycles 
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Figure 4 shows the amplitude of the business cycles of each euro area country, 
presenting the value of the mean absolute deviation for rolling periods of eight years. The 
amplitude of the cycles in the euro area countries exhibits a gradual tendency to decrease over 
the sample period. The most relevant aspect has been the gradual reduction in the high level 
of volatility in Greece and Portugal. In the case of Portugal, this movement is more moderate 
and occurs after an upward trend between 1985 and 1988. Finland stands out as the country 
with the highest cyclical amplitudes. In the beginning it has a low standard deviation, until 
1992 when it registers significant increases and then a downward trend which leads to 
standard deviations identical to the ones in the beginning. Germany and Spain show an 
increase in the mean absolute deviation until the end of the 80s. However, in Germany, in 
1990, and in Spain two years later, a descending trajectory begins. At the end of the period, in 
2000, both reach a lower value than the one obtained in the beginning. The remaining 
countries of the sample - Belgium, the Netherlands, France and Italy - present a pattern of 
cycles amplitude largely unchanged in the last 25 years, with standard deviations with low 
values. 

In short, the measures of dispersion seem to indicate that the amplitude of the business 
cycles has diminished over the period, although the pattern of evolution has varied notably 
among the different countries. 

So far the analysis carried out for both the measures of synchronisation, and for the 
measures of dispersion, shows changes in the cyclical association among the EMU countries 
over time. In order to find clear general trends, we calculate the various measures of 
synchronisation and dispersion for sub-periods. Taking into consideration that there are 
various channels which may have influenced the business cycles synchronisation in the euro 
area and that each of them may have changed significantly over time, we divide the sample 
period into three sub-periods of eight years each, corresponding to the maximum duration of 
the business cycle according to BK: (a) 1981-1988; (b) 1989-1996; and (c) 1997-2004. We 
should emphasize that these three sub-periods represent successive stages in the process of 
European integration, namely the ERM period, the Report Delors period and the single 
currency period.  

Table 3 presents the contemporaneous and maximum correlation coefficients, together 
with the corresponding lead time for the euro area as well as the contemporaneous 
concordance indices of each national business cycle with the aggregate euro area cycle, for 
different sub-samples. The evolution profile of synchronisation of each euro area country with 
the euro area observed in the sub-periods point to a possible distinction between the behaviour 
of the largest economies and the small ones. The average contemporaneous correlation 
coefficient for the largest economies increased remarkably from the first period to the second 
sub-period and increased moderately from the second to the third sub-period. Furthermore, in 
the second and in the third sub-periods the maximum correlations are coincident with the 
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contemporaneous correlations, with the exception of Spain which in the later period leads the 
euro area cycle by one quarter. The group of small countries, on average, notably increases 
their synchronisation with the euro area: the contemporaneous correlation coefficient rises 
from 0.46 in the period 1981-1988 (0.81 for maximum correlation) to 0.76 in the period 1989-
1996 (0.84 for maximum correlation). However, in the later period the synchronisation of the 
cycles falls to around 0.59 (maximum correlation 0.62). 

Table 3 – Measures of synchronisation with respect to the euro area for sub-periods 
 Sub-period DEU FRA ITA ESP av. l. NLD BEL PRT GRC FIN av. s. 
Cont. correlation 0.79 0.15* 0.84 0.01 0.45 0.77 0.78 -0.19* 0.76 0.2 0.46 
Max. correl. 0.79 0.23* 0.84 0.36 0.56 0.77 0.78 0.21* 0.82 0.46 0.61 
Lead/lag 0 1 0 -3   0 0 5 1 -3  
Cont. concordance 19

81
-1

98
8 

0.75 0.59 0.81 0.72 0.72 0.81 0.88 0.78 0.66 0.63 0.72 
Cont. correlation 0.84 0.86 0.83 0.95 0.87 0.95 0.89 0.84 0.66 0.44 0.76 
Max. correl. 0.84 0.86 0.83 0.95 0.87 0.95 0.91 0.86 0.66 0.83 0.84 
Lead/lag 0 0 0 0   0 -1 1 0 -4  
Cont. concordance 19

89
-1

99
6 

0.78 0.94 0.88 0.88 0.87 0.84 0.97 0.84 0.78 0.69 0.82 
Cont. correlation 0.97 0.96 0.91 0.86 0.92 0.87 0.8 0.76 0.05* 0.46 0.59 
Max. correl. 0.97 0.96 0.91 0.87 0.93 0.87 0.83 0.76 0.19* 0.47 0.62 
Lead/lag 0 0 0 -1  0 -1 0 2 -1  
Cont. concordance 19

97
-2

00
4 

0.97 0.94 0.84 0.84 0.9 0.81 0.72 0.75 0.5 0.47 0.65 
Note: av. l. = average 4 largest countries; av. s. = average small countries 
(*) The correlation coefficient is not statistically significant with a level of significance of 10% 

Table A2 of Appendix 3 shows the ascending pattern of the synchronisation of the 
cycles between the major economies over the three sub-periods as well as the downward trend 
of the small countries and the German cycle in the single currency sub-period. The conclusion 
for the small countries is reached through reading the coefficients of maximum correlation, as 
the contemporaneous correlations point to an increase in synchronisation throughout the three 
sub-periods under analysis. Cycles in the small countries became more synchronised with the 
German cycle over the three sub-periods, which denotes the importance of the calculation of 
the maximum correlations. 

A more detailed analysis of the evolution of the degree of business cycles 
synchronisation for each of the small countries for sub-periods shows the great heterogeneity 
of this group. On the other hand, Greece distinguishes itself for being the country which 
exhibits the highest decrease in the correlation coefficient both with the euro area and with the 
German cycle, between the three sub-periods, particularly in the latter period. Finland 
highlights the great difference between the contemporaneous correlations and the maximum 
correlations. Portugal shows a time-varying pattern; it rises remarkably from the first to the 
second sub-period but falls in later sub-period. Belgium and the Netherlands present in the 
last sub-period a reduction of their correlation with the euro area cycle, but if we consider the 
correlation with the German cycle a general upward trend is evident over the three sub-
periods. 
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Table 4 – Measures of dispersion for sub-periods 
  Sub-period DEU FRA ITA ESP av. l. NLD BEL PRT GRC FIN av. s.

% 0.71 0.44 0.55 0.55 0.56 0.76 0.61 1.32 1.2 0.52 0.88 MAD 
rank 6 1 3 3   7 5 9 8 2  
% 0.83 0.53 0.72 0.71 0.7 1.01 0.79 1.57 1.61 0.76 1.15 

St. dev. 
rank 19

81
-1

98
8 

6 1 3 2   7 5 8 9 4  
% 1.02 0.73 0.84 1.19 0.95 0.8 0.93 1.44 1.02 2.56 1.35 MAD 
rank 5 1 3 7   2 4 8 5 9  
% 1.24 0.88 1.02 1.3 1.11 0.9 1.08 1.59 1.22 3.22 1.6 

St. dev. 
rank 19

89
-1

99
6 

6 1 3 7   2 4 8 5 9  
% 0.65 0.61 0.52 0.45 0.56 0.78 0.71 0.83 0.33 0.65 0.66 MAD 
rank 5 4 3 2   8 7 9 1 6   
% 0.78 0.76 0.64 0.56 0.69 0.93 0.86 0.94 0.42 0.81 0.79 

St. dev. 
rank 19

97
-2

00
4 

5 4 3 2   8 7 9 1 6   
Note: MAD = Mean absolute deviation in business cycles; St. dev. = Standard deviations of the cycles; av. l. = average 4 largest 
countries;  av. s. = average small countries 

With regard to the cycles amplitudes (Table 4) it is not possible to distinguish a pattern 
of evolution for the small countries and another pattern for the largest countries. Overall, the 
trend is for the increase of the cycles amplitude, from the first period to the second period and 
a notable decrease from the second period to the most recent, except in the Greek case which 
exhibits a downward trend between the three sub-periods, reaching the lowest amplitude 
(0.33) in the period 1997-2004 among the nine countries analysed. 

 
5. Discussion and conclusions   

In this paper we calculate alternative measures of synchronisation and dispersion among 
euro area countries in order to characterize the degree of association among euro area 
business cycles and to detect if there is any endogeneity trend (if business cycles become 
more synchronised through time), in the period between 1981 and 2004. We place a particular 
emphasis on small countries, trying to find out if the common monetary policy, defined to the 
euro area as a whole, serves their interests. Additionally, we also question if the advent of the 
EMU has increased the degree of association of small countries cycles with the euro area 
cycle. 

The results obtained suggest that over the period considered the degree of 
synchronisation of business cycles among Euro countries is positive and statistically 
significant. The majority of the countries have a higher degree of association with the euro 
area cycle, while Finland, Greece and Portugal are the countries who show the lowest 
correlations/concordances with the euro area and also those that display greater volatility in 
cycles.  

In dynamic terms, we verify that the degree of synchronisation has varied over time. 
This fact can be observed in the correlation, concordance, and standard deviation for a rolling 
sample of 8 years. In general the rolling correlation and concordance of the euro area 
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countries with respect to the euro area cycle (and with the German cycle) have shown that the 
euro area business cycles have become increasingly synchronous, being therefore consistent 
with the endogeneity of OCA hypothesis. Moreover, the gradual decrease in the business 
cycles amplitude provides additional support to the hypothesis of increased synchronisation of 
the cycles within the euro area. 

The analysis carried out for sub-periods allows us to distinguish two different patterns of 
evolution: one for the largest economies and another for the smallest ones. In general, during 
the three sub-periods considered, the four largest economies are increasingly more 
synchronised with the euro area. Conversely in the group of small countries the evolution is 
different. From the first to the second sub-period, there is a notable increase in the degree of 
synchronisation with the euro area cycle but in the third sub-period, after 1997, the degree of 
synchronisation with the euro area is reduced. This reduction is nevertheless moderate, with 
the exception of Greece, which stands out for its enormous asynchronisation. In fact, Greece 
is a peculiar case because it is the only country of the euro area which exhibits a significant 
reduction of the synchronisation with the average of the EMU throughout the three sub-
periods, and in particular in the last one. In the case of Portugal, the evolution of its level of 
synchronisation in the single currency period is of major concern as it indicates that the 
Portuguese economy has had difficulties in adjusting to the functioning rules of the monetary 
union and/or felt the costs associated with the intensification of the globalization process, 
namely the competition from China, India and Eastern European countries.  

Evidence suggests that the ECB monetary policy, in place since 1999, has not been 
adjusted to the business cycles of some of the small countries. In a recent article, Blanchard 
also expresses his concerns about the EMU future: “The euro area is characterised by a 
succession of booms and busts each in a single country. A typical stop-go cycle starts with a 
localised increased in demand which in turn leads to higher wages, lost competitiveness and 
finally to a protracted downturn. Since short-term interest rates in the euro area are not 
tailored to individual countries’ cycles, monetary policy can attenuate neither boom nor 
bust”. 11 
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Appendix 1 – Summary of the literature on business cycles synchronisation in the euro area 

Authors Data Measure of cycle Measure of synchronisation Conclusions 

Artis and 
Zhang (1997, 
1999) 

OECD data on monthly 
industrial production,  
1961:1-1993:12 (1997);  
1961:1-1995:10 (1999); 
All euro area countries 
except AUS, FIN and LUX, 
plus six other countries. 

Deviation cycles extracted 
via 3 methods: PAT, HP 
filter and linear trending. 

Two sub-samples (pre-ERM period 
and ERM period); 
Contemporaneous and maximum 
correlation coefficients with 
Germany (and with the USA).  

Overall, the synchronicity and linkage between ERM 
economies and Germany has grown strongly between the two 
sub-periods (whilst the linkages with the USA cycle have 
diminished).  
For Portugal and Spain (who joined the ERM in 1989 and 
1992, respectively) the degree of synchronisation with the 
German cycle in the ERM period is less than that of any other 
ERM country. 
Results appear robust across filtering method. 

Dickerson et 
al. (1998) 

OECD data of annual real 
GDP indices, 1960-1993; 
All euro area countries plus 
11 other countries. 

Deviation cycles extracted 
via HP filter. 

Three sub-periods (1960s, 1970s 
and 1980/90s); 
Pairwise correlations coefficients 
(to analyse the timing of cycles); 
MADs (to measure the amplitudes 
of cycles) 

The authors find no evidence that business cycles in the EU12 
have become more synchronised after the formation of the 
ERM. 
There is a clear core-periphery distinction within the EU in 
both the time and magnitude of cycles. Evidence of strong 
comovements among a core group (AUS, BEL, FRA and 
DEU), not shared by all other EU countries. 

Wynne and 
Koo (2000) 

OECD data of total 
employment (1960-1996), 
and annual total output 
(1963-1992); 
All euro area countries plus 
three EU countries.  

Deviation cycles extracted 
via BK band pass filter. 

Pairwise correlations coefficients 
and standard deviation using GMM. 

In the EU founding members (BEL, FRA, DEU, ITA, LUX 
and NLD) the cycles show a higher degree of synchronisation 
than in any of the other countries that joined the EU in a later 
stage. 
The cyclical dispersion among euro area cycles appears to be 
decreasing by decade. 

Inklaar and de 
Haan (2001) 

OECD data of industrial 
production, 1961:1-1997:12; 
All euro area countries 
except PRT, plus seven 
other countries. 

Deviation cycles extracted 
via 3 methods: PAT, HP 
filter and linear trending. 

Four sub-periods (1960-71; 1971-
79; 1979-87; 1987-97);  
Contemporaneous correlation 
coefficient with German cycle. 

Overall, no evidence that business cycles in the ERM 
countries have become more synchronised after the formation 
of the ERM. 
Most ERM countries show an increase in correlation with 
Germany from 1960-71 to 1971-79, but a decrease from 1971-
1979 to the 1979-87 period. 

Agresti and 
Mojon (2003) 

ECB AWM data of GDP, 
1970:1-2000:4; 
All euro area countries 
except LUX and IRL, plus 
US. 

Deviation cycles extracted 
via BK band pass filter. 

Contemporaneous correlation of 
each national business cycle with 
the aggregate euro area cycle. 

The contemporaneous correlations are relatively high for most 
of the countries (between 0.7 and 0.92). The exceptions are for 
the countries in periphery such as Greece, Portugal or Finland 
(where the correlation drops to around 0.4). 
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Artis et al. 
(2004) 

OECD data of industrial 
production, 1961:1-1996:12; 
All euro area countries 
except GRC, IRL, FIN and 
LUX, plus UK. 

Deviation cycles proxied 
by smoothed probabilities 
of recession regimes 
estimated via Markov-
switching models. 

Pairwise correlation coefficients 
and contingency indices. 

Overall, relatively high correlation and contingency values 
among euro area countries.  

Artis (2004) IMF data of quarterly real 
GDP indices, 1970:1-2001:4 
(NLD and PRT: 1997; BEL: 
1980, IRL:1997) 
All euro area countries 
except Luxemburg, plus 
other countries  

Deviation cycles extracted 
via a band pass filter 
based on combining two 
HP low-pass filters. 

Three sub-periods (1970-79; 1980-
92; 1993-2001); 
Pairwise contemporaneous 
correlation coefficients. 

Overall, evidence of high correlation of all euro area cycles 
with euro area aggregate cycle and indications of increasing 
synchronisation during 90s.  

Massmann 
and Mitchell 
(2004) 

OECD data of industrial 
production, 1961:1-2001:8; 
All euro area countries. 

Deviation cycles extracted 
alternatively via three 
parametric methods (BN, 
UC, TIM) and four non-
parametric methods (MA, 
HP, BK, PAT); 
Classical cycles using one 
measure proposed by 
Harding & Pagan. 

Pairwise contemporaneous 
correlations and standard deviations 
using GMM; 
Rolling correlation coefficient. 

Although empirical inference about individual euro area 
business cycles is found to be sensitive to the measure of the 
business cycle, the measure of convergence exhibits common 
features across the alternative measures of cycle. 
Euro area has been characterised by periods of convergence, 
and periods of divergence. Evidence suggest that euro area has 
entered a period of convergence after the period of diverge in 
the early 90s. Some evidence that over the past 20 years 
correlations on average tended to increase. 

Altavilla 
(2004) 

OECD data of real GDP, 
1980:1-2002:4 
Five euro area countries 
(BEL, DEU, ESP, FRA, 
ITA), euro area, the UK and 
US 

Deviation cycles extracted 
via HP filter and BK band 
pass filter; 
Classical cycles based on 
MS-AR 

Two sub-periods: 1980-1991; 1992-
2002. 
Cross-correlation coefficients and 
concordance indices. 

Overall, the business cycles were reasonably similar across 
European countries in both their duration and amplitude. 
During the 1992-2002 period the euro area cycles become 
more synchronised, which suggest that adhesion to new 
currency area is likely to lead to stronger synchronisation of 
EMU members´ business cycles. 

Pérez et al. 
(2007) 

OECD and IMF data of 
GDP, 1960:1-2002:1; 
All euro area countries 
except GRC, IRL, LUX and 
PRT, plus five other 
countries. 

Deviation cycles extracted 
via HP filter and BK band 
pass filter; 
Growth rates. 

Rolling contemporary correlations 
and maximum positive correlation 
with Germany (and with USA); 
correlations over sub-periods 
(1960-1979, 1980-1990, 1991-2002 
and 1993-2002). 

Overall, the euro area countries cycles (FRA, ITA, ESP and 
NLD) become more synchronised with the German cycle, 
particularly since the 90s. 

Note: PAT = phase-average-trend; HP = Hodrick and Prescott; BK = Baxter King; MAD = mean absolute deviation; GMM = generalized methods of moments; AWM = Euro Area Wide model; BN = Beveridge-Nelson 
decomposition; UC = Unobserved components models; TIM = Linear regression models; MA = moving average; MS-AR = Markov-switching autoregressive models 
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Appendix 2 – Data source and availability 
 

The main source is the OECD National Account’s database, but the real GDP for Portugal has been 
extracted from databases of the Bank of Portugal (BP), “Quarterly Series for the Portuguese Economy” 
published in the Economic Bulletin in the summer of 2006. 

German data refers to a unified Germany since January 1991, and for the period between the first quarter 
of 1980 and the fourth quarter of 1991, they are concerned only with West Germany, which brings to the fore a 
break in Germany’s series in 1991. In order to correct this break we calculated: 1) for the first quarter of 1991, 
the ratio of the two series (the real GDP from unified Germany divided by the real GDP from West Germany); 2) 
we used the value obtained for scaling up the real GDP from West Germany in the fourth quarter of 1990; and 3) 
we corrected backwards (from the fourth quarter of 1990 to the first quarter of 1980) the values of the West 
German series maintaining the growth rates of the original series. 

Using the quarterly series of the GDP, we pretend to turn as possible as we can, certain limitations that, in 
our opinion some studies had, particularly: a) the use of annual data (typically the real GDP or total 
employment), which implies that much of the business cycle dynamics is lost; b) the use of sectoral data 
(typically the industrial production), that although the series is more harmonised among the several countries and 
is available for a longer period, it represents only one part of the economic activity of the country. 

The available data, sample periods and sources are shown in the table below. 
 

Country Code Sample Period Source 
Germany DEU 1980:1-2004:4 OECD (1970:1-2005:4) 
France FRA 1980:1-2004:4 OECD (1970:1-2005:3) 
Italy ITA 1980:1-2004:4 OECD (1970:1-2005:3) 
Spain ESP 1980:1-2004:4 OECD (1970:1-2004:4) 
Belgium BEL 1980:1-2004:4 OECD (1980:1-2005:2) 
Netherlands NLD 1980:1-2004:4 OECD (1977:1-2005:1) 
Greece GRC 1980:1-2004:4 OECD (1970:1-2005:3) 
Portugal PRT 1980:1-2004:4 BP (1978:1-2005:4) 
Finland FIN 1980:1-2004:4 OECD (1975:1-2005:1) 
Euro area EMU 1980:1-2004:4 OECD (1970:1-2005:3) 
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Appendix 3 – Further results 
 

Table A1 – Measures of synchronisation with respect to Germany, 1981-2004 
 FRA ITA ESP av. l. NLD BEL PRT GRC FIN av. s. 
Cont. correlation 0.49 0.62 0.51 0.54 0.79 0,60 0.41 0.53 0.42 0.45 
Max. correlation 0.51 0.62 0.59 0.57 0.8 0.65 0.41 0.54 0.47 0.69 
Lead/lag 0 0 -1   0 -1 1 1 -4  
Cont. concordance 0.68 0.74 0.65 0.69 0.78 0.71 0.65 0.65 0.63 0.66 
Note: av. l. = average 3 largest countries; av. s. = average small countries 

Table A2 – Measures of synchronisation with respect to Germany for sub-periods 
 Sub-period FRA ITA ESP av. l. NLD BEL PRT GRC FIN av. s. 
Cont. correlation -0.28 0.58 -0.52 -0.22 0.9 0.43 -0.47 0.67 -0.14 0.28 
Max. correl. 0.08* 0.58 0.20* 0.29 0.9 0.43 0.08 0.73 0.28 0.48 
Lead/lag -5 0 -5   0 0 5 1 -3  
Cont. concordance 19

81
-1

98
8 

0.34 0.69 0.47 0.5 0.88 0.63 0.53 0.78 0.56 0.68 
Cont. correlation 0.52 0.47 0.72 0.57 0.76 0.59 0.73 0.31 0.05 0.49 
Max. correl. 0.54 0.53 0.73 0.6 0.8 0.67 0.73 0.49 0.79 0.7 
Lead/lag -1 -1 -1   -1 -1 0 3 -5  
Cont. concordance 19

89
-1

99
6 

0.78 0.66 0.66 0.7 0.69 0.81 0.69 0.56 0.47 0.64 
Cont. correlation 0.86 0.92 0.74 0.84 0.81 0.74 0.73 -0.03* 0.4 0.53 
Max. correl. 0.86 0.92 0.81 0.86 0.81 0.83 0.73 0.10* 0.41 0.58 
Lead/lag 0 0 -1  0 -1 0 2 -1  
Cont. concordance 19

97
-2

00
4 

0.91 0.88 0.81 0.84 0.78 0.69 0.72 0.5 0.5 0.64 
Note: av. l. = average 4 largest countries; av. s. = average small countries 
(*) The correlation coefficient is not statistically significant with a level of significance of 10% 
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Figure A1 – Contemporary rolling correlation with respect to Germany 
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Figure A2 – Contemporary rolling concordance with respect to Germany 
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Figure A3 – Maximum rolling correlation with respect to Germany 

 


