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Editorial

This supplement to Applied Economics Quarterly reports on the 66™ Annual
Meeting of the Association of German Economics Research Institutes (ARGE),
which took place in Berlin on May 15, 2003. The topic was

“Globalisation: the End of National Economic Policy?
New Forms of International Business Cycle Linkages™

Annette Kuhn (IfW Kiel) and Roland Doehrn (RWI Essen) were responsible for
the conceptual preparation of the conference. The opening address was given by
Willi Koll (BMWA - Federal Ministry of Economics). Subsequent sessions were
organized in the form of presentations, each followed by a discussant’s statement.
The following authors contributed to the conference: Volker Clausen (Essen);
Christian Dreger (Halle/Saale); Horst Entorf (Darmstadt); Ferdinand Fichtner
(Cologne); Gerhard Flaig, Jan-Egbert Sturm and Ulrich Woitek (Munich); Gustav-
Adolf Horn (Berlin); Andre Jungmittag (Wuppertal); Willi Koll (Berlin); Annette
Kuhn (Kiel); Bernd Lucke (Hamburg); Torge Middendorf and Nils A. Radmacher-
Nottelmann (Essen); Manfred J. M. Neumann (Bonn); Michael Schroeder (Man-
nheim).

Next year’s Research Meeting is scheduled for April 22/23, 2004 in Berlin and
will deal with

“Reformstau: a Logjam of Reform in Europe
and the Economics of Reform”.

The next meeting will be organized in association with non-German European
research institutes.

June 2003 Joachim Scheide
Thomas Straubhaar
Rainer Winkelmann
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Economic Policy in the Light of
New Forms of International Business-Cycle Convergence

By Willi Koll*

Since the massive and synchronous world-wide economic slump of 2000/2001,
the topic of “business-cycle convergence” has been the object of intensive discus-
sion by academics and policymakers. But there are significant differences between
many of the perspectives taken and conclusions drawn. We must therefore be clear
about what we mean by the term “business-cycle convergence” and about the eco-
nomic processes and phenomena it involves; for it is of central importance for
economic-policy conclusions and recommendations for action.

1. Business-Cycle Convergence from the Perspective
of Economic Policy

The synchronous trend of growth rates is not a reliable yardstick for determining
the degree of integration of the global economy and for identifying the genuine
influence of global economic impulses on domestic economic trends.

The following is a good illustration of this point: a simple correlation of growth
rates indicates a decrease rather than an increase of convergence of business cycles
among Germany, the United States, and the world economy since the seventies (in
the nineties there was even a counter-trend!). Some recent studies (which are mak-
ing use of more refined methodologies) also arrive at a conclusion of diminished
business-cycle convergence (Fig. 1 see page 10).

But great care should be taken for policymakers not to look at the diminished
convergence and draw any premature or false conclusions about the actual signifi-
cance of global economic inter-action and the resulting need for political action.
From the economic policy perspective, it is important clearly to distinguish three
different dimensions or levels of business-cycle convergence, and to ask:

* This paper is based on a publication by the Federal Ministry of Economics and Technol-
ogy (2002): Germany’s Integration in Global Economic Processes — The Increasing Signifi-
cance of “New” Transmission Mechanisms.

Author’s address: Federal Ministry of Economics and Labour, Berlin
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Figure 1: Germany, USA, World: Real Growth — % change from previous year

> First: What impulses or “shocks” — global or country-specific —
trigger the economic fluctuations?

The seventies and eighties were largely characterized by shocks, such as the two
oil crises, that impacted all economies worldwide both similarly and above all
simultaneously, and for this very reason produced synchronous developments. By
contrast, important impulses to economic activity in the nineties — German reunifi-
cation and the Asia crisis are examples — in the initial phase affected only indivi-
dual regions and, in terms of their timing of positive and negative events (such as
the Gulf War/reunification at the beginning of the nineties), had an internationally
contrary impact, and thus an offsetting effect. These offsetting, country-specific
“shocks” of the nineties have masked over the increasing significance of business-
cycle transmission and thus resulted in an underestimation of global economic
interaction with the consequence of contributing to serious mistakes in growth fore-
casting in recent years (Fig. 2 see page 11).

> Second: What are the actual transmission mechanisms?

There is far-reaching agreement (including IMF, OECD, EU Commission, Ger-
man Council of Economic Experts) that global economic integration has appreci-
ably increased, in particular as the result of the “new transmission mechanisms,”
which I will return to in greater detail in the next chapter. Global changes have a
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far stronger and faster impact on domestic economic dynamics than even only a
few years ago.
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Source: IMF, World Economic Outlook, April 2003; Arbeitsgemeinschaft deutscher wirtschaftswis-
senschaftlicher Forschungsinstitute, April 11, 2003.
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Figure 2: USA, Japan, Europe and Germany: Real Growth — % change from previous year.
2003 and 2004 projections in research institutes’ spring report

> Third: How are global economic changes handled by the domestic
economy?

The ability to adapt, flexibility on the part of the domestic economy, and the
possibilities of policy response ultimately determine — as key links in business-
cycle convergence — the extent to which global economic changes translate into
growth losses or growth impulses. The strengthening of resilience to global eco-
nomic shocks is therefore a central challenge to be confronted by national econom-
ic policy. Above all, this aspect should not be overlooked with regard to the ques-
tion of the impacts of international business-cycle influences.

“Business-cycle convergence” thus appears as the result of the interaction of the
three elements “shock,” “transmission,” and “resilience.”

2. New Transmission Mechanisms

Developments of the past several years show that global economic impacts on
the German economy — regardless of whether they impede or stimulate — may be
explained less and less only in terms of the so-called “classic mechanisms of trans-
mission” (i.e. exchange-rate/interest-rate convergence, foreign trade). Increasing
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direct investment by globally operating companies, international financial markets
that are becoming more and more interrelated, and the expectations of investors
and consumers that are influenced by international developments have helped cre-
ate new and effective channels of transmission.

But it is hard to determine the real significance of the individual channels.
While the influence of international trade can be identified indirectly through the
export trend, the so-called “new transmission channels” act in conjunction with
other factors and have a direct impact on domestic investment and consumption,
thus making it difficult to isolate them and assess their significance. Arriving at
more exact results would surely be a worthwhile task for economic science (Fig. 3).

International Trade l:‘l> Exports
FDI

Investment
Business climate |:>

Consumption
Financial markets

Figure 3: International Linkages:
New Transmission Channels gaining in Importance

2.1 Foreign Trade: a Factor of Continued Importance

As the world’s vice-champion in exports, Germany is particularly dependent on
the development of world trade: the long-term average trend of export ratios in the
G7 countries shows a continuous increase in Germany’s export-openness. By con-
trast, only a very slight change has been noted for Japan, the UK, and the United
States (Fig. 4 see page 13).

Third-country effects via world trade are more important than bilateral trade
flows: Studies (among others, by the INSEE, France’s National Institute for Statis-
tics and Economic Studies) show that, for example, the negative influence of
slower growth in the United Sates on economic growth in Germany is approxi-
mately three-times stronger via world trade (i.e. including third-country effects)
than alone through bilateral trade between Germany and the United States.



New Forms of International Business-Cycle Convergence 13

30

25 |
20 |
15 1
10
0 | d 2

France Germany Italy Japan UK USA
M@ 1971-1980 W 1981-1990 [J1991-2002

Source: OECD.
Figure 4: G7: Exports’ Share of GDP' — in %

2.2 International Direct Investment and Corporate Integration have
Gained Considerable Importance in Recent Years

The total amount of German direct investment abroad has more than quadrupled
in the ten years from 1990 to 2000 (Fig. 5).
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Source: Deutsche Bundesbank.

Figure 5: Stock of German Direct Investments Abroad — in Euro (billions)

1 Nominal, exports of goods and services.
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According to the IMF, sales by foreign subsidiaries of German companies
quoted on the German stock exchange are now nearly as high as the companies’
domestic turnover (Fig. 6).
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Source: IMF 2001.

Figure 6: Sales of Foreign Subsidiaries in % of Domestic Sales by Companies Quoted
on Stock Markets
1990- 1994 by comparison with 1995-2000

In 2000, the global turnover of German subsidiaries abroad was nearly twice as
high as total German exports of goods and services (Fig. 7 see page 15).

The United States was by far the most important “individual location” for for-
eign involvement of German companies (in 2000, nearly 30% of total German
equity capital). The turnover from German stakes in the United States is roughly
five times that of German exports of goods and services to the United States.

Through the direct investment boom, a new and weighty transmission channel
has arisen in only a few years: changes in the economic environment abroad are
felt directly at home by way of the earnings of the foreign subsidiary and are able
to directly influence — thus not only via exports — the earnings and investment
possibilities of the parent company in Germany. A weakening of global economic
activity therefore directly affects the trend of investment in Germany.

But trade flows are also increasingly directly linked with corporate involvement
abroad: initial estimates by Germany’s Federal Statistical Office suggest that some
one-third of German exports and imports of goods now take place among affiliated
companies (intra-company trade).
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Figure 7: Germany’s Exports and Sales by German Subsidiaries Abroad —
2000 in Euro (billions)

2.3 Changes in the Mood of Consumers and Investors
are Directly Transmitted

Recent studies (IMF, DIW) show that the mood in European business and indus-
try reacts far more strongly to changes in the business climate in the United States
than parallel economic trends would be able to explain. “Climate transmission”
above all from the United States has clearly become more significant in recent
years.

Also consumers’ confidence in the future would increasingly appear to react to
fluctuations in the global economic climate. In recent studies, the EU Commission
has identified an every closer link between the trend of consumer confidence in the
United States and Europe (Fig. 8 see page 16).

2.4 The Growing Together of Financial Markets Synchronizes Economic Trends

The trends on financial markets in the United States and Europe are increasingly
moving on parallel tracks. Worldwide “branch-related business-cycles” (IT stocks)
are increasingly replacing regionally limited “location-related business cycles.”
Refinancing possibilities, above all for growth companies quoted on the stock ex-
changes, thus move in a more and more synchronous manner (Fig. 9 see page 16).

In Europe, the share of private households’ financial assets accounted for by
stock and investment certificates quoted on the stock markets is still significantly
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lower than the level in the United States. However, in recent years there has been a
considerable increase in the involvement in the stock market: in the case of private
households in Germany, there has been an increase from some 10 % of total finan-
cial assets in 1995 to roughly 17 % in 2000 (even though as the result of the drop
in prices on the stock market, these rates are likely to have fallen since 2000)
(Fig. 10 see Page 17).
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Figure 9: Trend of Stock Market Prices EU/USA /Japan/Germany
(January 1994 = 100)
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Figure 10: Share of Households’ Financial Assets accounted for by Issues
and Investment Certificates Quoted on Stock Markets

Even if, according to most studies, direct wealth effects on private consumption
are likely to have had little significance in Germany thus far, the link between
consumer confidence and the trend on the stock market has become increasingly
pronounced in recent years, just as in the United States. It should be added, how-
ever, that parallel movement of expectations for the future will also likely play a
role as a common factor (Fig. 11).
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Figure 11: Consumer Confidence and Stock Price Trend in Germany
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Conclusions

“Transmission mechanisms” are going to become more and more important
even if numerous questions on details remain unanswered in terms of their manner
of functioning, their quantification, and their strength of impact.

In an overall analysis of the business-cycle, the German Council of Economic
Experts (2001/2002 Annual Expertise) concludes that, if the new transmission
mechanisms (direct investment, stock markets, confidence effect) are considered,
shifts in the business cycle in the United States are not only transmitted to Ger-
many’s economic growth trend significantly faster but also, three times as strong
in the first year. Professor Wolfgang Wiegard, Chairman of the German Council of
Economic Experts, recently estimated that a 1% decline in United States GDP
results in an increase of capacity under-utilisation in Germany of 0.3 to 0.4 percen-
tage points for a year — more than in the rest of the Euro zone.

The IMF also confirms (October 2002 country report on Germany) a link be-
tween growth declines in the United States and diminishing vitality in Germany
that is more pronounced than in the rest of Europe.

3. Political Conclusions

3.1 National Economic Policy: Increasing the German Economy’s Resilience
in the Face of “external Shocks”

“External shocks” (e.g. geopolitical conflicts, terrorism, oil-price trend, finan-
cial market instability) cannot be ruled out in the future.

An open economy’s resilience and its ability to adapt in the face of global eco-
nomic disturbances increase

o the better markets function in stable competitive frameworks;

o the more flexible and innovative companies and workers react to new condi-
tions;

o the less that the state’s capability to act is impeded by structural budget deficits
and debt burden (latitude for automatic stabilizers).

Reforms that take account of these principles not only expand the long-term
growth and employment potential of the economy but additionally make the
growth process more robust.

> Structural reforms of the past several years in Germany contribute impor-
tantly in this context (e.g. tax reform 2000, comprehensive market liberaliza-
tion in telecommunications/energy / post/ transport, strengthening of research
and development activities, modernization of education and training).
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> Agenda 2010: The comprehensive reform measures packaged together in the
Federal Chancellor’s reform agenda should thus not only be understood as na-
tional steps toward more growth and employment. Structural reforms on the
labour market, in social insurance systems, and for the promotion of entrepre-
neurship and private initiative serve as important contributions to increasing
indigenous vitality and thus the structural resilience of the German economy in
the face of “external shocks.”

3.2 Thinking and Acting European

Recent experience has shown that European integration cannot provide insula-
tion from global economic influences or freedom from national responsibility. But
by way of the internal market and single currency it offers the opportunity for
more competition, greater efficiency and innovation, and thus for more indigenous
vitality from a stable, common, inner base.

But to ensure that this is the case, European policy must be conducted in each
country. Such a policy must be based on a cross-border perspective; it must allow a
single and open market to develop; and it must utilise European competition as an
innovative force (also in policymaking by using benchmarking and best-practice
comparisons). Synergies in knowledge acquisition and use must be encouraged.

A solid framework of fiscal policy as provided by the stability and growth pact,
and a wage trend conducive to stability and employment are needed as prerequi-
sites which allow monetary policy to support growth and employment without
jeopardising price stability.

Despite the numerous deficits in enactment that undoubtedly still exist, we are
making gradual progress on this path to an integrated Europe (inter alia common
stability culture in fiscal and monetary policy; market liberalisation in the electri-
city, gas, postal, and railway sectors; common competitive policy and supervision
of the granting of aids; closer financial market integration through the Euro; mobi-
lity in the education and science sectors and among companies and workers).

3.3 Intensifying International Co-operation

> Closer global economic integration is important for all of the industrial coun-
tries and means for them an expanded responsibility for global economic
events.

> There is basically an institutional framework for the necessary international
dialogue; necessary is the willingness of all, even for difficult national topics
(such as WTO/ agriculture) to think, act, and co-operate at the multilateral
level more with an eye to the global economic implications.

2%
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> Global governance in multilateral co-operation is becoming a task of central
importance for the future.

Examples of central fields where action is needed are:

> International Monetary Fund: Of increasing importance for the stability of
the overall world economy is the need to safeguard the stability of the inter-
national financial system as a global public-good. Against this background, we
see greater IMF activity in the following areas as especially important:

— Crisis prevention (including transparency and early action, greater IMF sur-
veillance of the Member Countries; a strengthening of individual responsi-
bility and ownership in the context of IMF loan programs);

— Monitoring of the international capital markets as developments occur
(regular IMF capital market reports and co-operation with private market
players have proved to be valuable measures);

— Private sector involvement to help overcome crises (inter alia clearly re-
stricted access to IMF funding for Member Countries, avoidance of unjusti-
fied bail-outs and moral hazard);

— New mechanisms for avoiding crises of over-indebtedness (we support IMF
efforts to find new ways for timely debt restructuring for emerging and less
developed countries. Since a comprehensive sovereign debt restructuring
mechanism (SDRM) is not now feasible at the international level, work on
collective action clauses and on a voluntary code of conduct must be inten-
sified.

> WTO: Of decisive importance as a signal for functioning international co-op-
eration is a successful conclusion of the Doha Round. There is concern that
progress has thus far been made on only a small part of the Doha agenda for
negotiations. Above all in the critical negotiating areas (agriculture, issues in-
volving developing countries such as access to medication), decisive progress
must be achieved before the opening of the Cancin ministerial if success is to
be ensured.

> G7/G8 process: The annual summit of heads of state and government pre-
sents the opportunity for dealing with global economic topics of central impor-
tance at the highest level and drafting joint efforts. In view of the close linkage
of the G7/G8 process with the economic policy administration of the G7 coun-
tries, the world economic summit — as an ongoing discussion process — has
proven to be a powerful flywheel for international co-ordination, harmonisa-
tion, and joint actions.

Above all these co-ordinating processes are of enormous importance in our pre-
sent difficult situation, for they act to strengthen confidence in the ability of gov-
ernments to act at the international level.



International Synchronization
of National Business Cycles?

By Gebhard Flaig*, Jan-Egbert Sturm*. ** and Ulrich Woitek**

Abstract

This paper explores the extent to which co-movement in business cycles in the G-7 coun-
tries has changed over the last fifty years. Several complementary methods are applied to
check the robustness of the findings. The most important result is that the correlation be-
tween the national business cycles was remarkably high during the fifties and early sixties of
the last century, declined in the late sixties to in some cases even negative values and recov-
ered after the first oil price shock. Over the last two decades we observe a rather stable and
high co-movement of the national business cycles.

Keywords: business cycles, economic integration
JEL classification: C20, E32, F02

1. Introduction

In an open economy, business cycle developments not only depend upon inter-
nal supply and demand factors, but also from shocks originating in other countries.
The increasing international integration of goods, capital and factor markets sug-
gests that economic dynamism in one country is more responsive to external influ-
ences as used to be the case. This suggests increasing business cycle affiliations.
On the other hand, however, economic and financial integration allows countries
to exploit comparative advantage through specialization, which leads to increased
macroeconomic asymmetry (Krugman, 1991). This paper explores the extent to
which co-movement in business cycles in the G-7 countries has changed over the
last fifty years. Several complementary methods will be applied to check the ro-
bustness of our findings.

* ifo Institute for Economic Research, Munich, Germany.

** University of Munich, Germany.
Corresponding author’s address: ifo Institute for Economic Research, Poschingerstraie 5, D-
81679 Munich, Germany. sturm @ifo.de
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The degree of synchronization depends upon the correlation of the external
shocks between countries and the intensity to which single markets are internation-
ally integrated. For instance, changes in oil prices affect countries simultaneously,
but to a different extent. It is also possible that shocks that originate in one particu-
lar country expand across border and affect other countries as well. Following the
European Commission (2001, p. 7), the transmission channels can be grouped into
four: international trade, the corporate channel, confidence effects and financial
linkages. Ideally, one needs a structural model to be able to differentiate between
these channels and to test whether at least one of these channels has changed over
time. There is a general feeling that all four channels have indeed become more
important in recent history. Removal of trade barriers has boosted international
trade, especially between European countries. Recent years have witnessed expo-
pentially increasing flows of foreign direct investment. Confidence indicators
throughout the world have moved in tandem in recent years. As confidence influ-
ences business cycles, the increased international co-movement of confidence indi-
cators could suggest a larger transmission of shocks. Finally, linkages through
financial markets have become stronger as investors have increased the interna-
tional diversification of their portfolio.

The often mentioned intensification of international business cycle co-move-
ment has clear implication for economic policy. For instance, many economists
argue that divergence among the EMU member countries still is so high and the
flexibility of labor markets so low, that the euro-zone common currency area is not
optimal from an economic point of view (De Grauwe, 2000; Eijffinger and De
Haan, 2000). Various studies have, in that respect, pointed out that business cycles
in the euro-zone countries diverged considerably in the past (see, e.g. Christodou-
lakis, Dimelis and Kollintzas, 1995). However, in assessing the economic case for
EMU tlhe crucial question is how likely it is that business cycles will diverge in the
future.

This paper explores to which extent co-movement of business cycles actually
has increased over time and should therefore be seen as an — in our view — first and
necessary step in a larger project on business cycle synchronization. We concen-
trate on the seven largest OECD countries, i.e. the G-7. The next section will dis-
cuss the data and present some descriptive statistics. Section 3 uses rolling correla-
tion coefficients for the cyclical component generated by an Unobserved Compo-
nents Model, whereas Section 4 applies spectral analysis to the problem at hand.
We end with some conclusions.

! Arthis and Zhang (1999) found evidence that business cycles are becoming more syn-
chronous across Europe. This view is challenged by Inklaar and De Haan (2001).
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2. Data

In order to analyze business cycles across countries and over time, we need to
observe the evolution of a measure of production both comparable across countries
and over time. The latter implies focusing on a measure like real GDP. Cross-
country comparison forces us to convert real GDP into one unit of measure. As we
do not want the data to be influenced by the relatively volatile movements of
exchange rates, we turn to Purchasing Power Parities (PPPs). We use GDP mea-
sures based on constant PPPs. This approach to generate time series of PPPs is to
fix a ‘base’ year and to extrapolate PPPs for other years. Extrapolation is done by
applying the relative rates of inflation observed in different countries to the base
year PPPs. GDP series in national currency and at current prices can now be con-
verted with these PPPs to yield volume measures that are comparable across coun-
tries. The resulting measures of GDP comparisons are volume indices at constant
prices and PPPs.”

These time series have a very convenient property: they replicate exactly the
relative movements of volume GDP growth of each country, which facilitates the
use and interpretation of PPPs over time. Another advantage is that the resulting
series is unaffected by methodological changes relating to the calculation of
PPPs.? For these reasons, the OECD recommends indices based on constant PPPs
for th4e analysis of relative business cycle performance between countries and over
time.

The GDP data comes from the GGDC Total Economy Database at the Univer-
sity of Groningen and The Conference Board.” This database is strongly rooted in
the work of Angus Maddison. For most countries trends in GDP before 1990 are
derived from Maddison (2001) as well as some of Maddison’s other publications.
GDP series since 1990 are constructed by researchers of the Groningen Growth
and Development Centre and The Conference Board. In some cases the long-run
series were revised when new estimates came available. We use the tables for
OECD countries expressed in 1999 US dollars, for which ‘EKS’ purchasing power
parities (as published by the OECD, 2002) have been used. For all G-7 countries,
data covers the period 1950 until 2002.° Figure 1 shows the GDP growth rates for
(the sum of) these countries.

2 The same result would have been achieved by applying volume growth rates of GDP to
the comparative GDP levels of the base year.

3 A drawback of this approach is that it is assumed that price structures do not change
over time. Economic reality has it, however, that relative prices do change over time and it is
well known that ignoring these shifts over longer periods can generate a biased picture of
economic developments. Another consequence of fixing price structures at a base year is the
dependence of results on the choice of the base year.

4 For the latest ‘snapshot’ comparisons of GDPs and therefore business cycles across
countries, the OECD recommends the use of indices based on current (benchmark) PPPs.

5 http:/ / www.eco.rug.nl/ ggdc
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Figure 1: Growth rates for G-7 GDP

To analyze the issue of business cycle synchronization, it is necessary to deter-
mine the cyclical component of output. The problem we face here is that the
widely used filtering methods cause artificial cyclical structure when applied to a
series based on a data generating process different from the assumptions underly-
ing the chosen filter.” Following Canova (1998), we chose the pragmatic way of
comparing the results for different filters, e.g., the difference filter, the Hodrick-
Prescott filter (HP, Hodrick and Prescott, 1997), the Baxter-King filter (Baxter and
King, 1999) with a modification by Woitek (1998) and the filter generated by an
Unobserved Components Model.®

2.1 Correlation Coefficients

Arguably the most commonly used measure of co-movement is correlation ana-
lysis.9 Correlation analysis is used to summarize the extent to which the cyclical
components exhibit co-movements across countries. A high coefficient of correla-

6 The G-7 countries include Canada, France, (West-) Germany, Italy, Japan, the United
Kingdom and the United States.

7 See the discussion in Cogley and Nason (1995), King and Rebelo (1993) and Harvey
and Jaeger (1993).

8 Note that, Arthis and Zhang (1997, 1999) and De Haan et al. (2002) report that their
results are not dependent on the choice of the detrending method.

9 Recently, Harding and Pagan (2002) proposed a new ‘concordance’ measure as new
indicator for economic convergence. We will not focus on this new measure.
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tion indicates that countries tend to be in similar states of cyclical movement. The
degree of synchronization itself is determined on the basis of contemporaneous
cross-correlation, while the overall linkage between cyclical movements is mea-
sured by the maximum coefficient, which emerges from cross-correlation at differ-
ent lags and leads. This allows for a fairly comprehensive analysis. Developments
in synchronization over time are examined on the basis of the contemporaneous
cross-correlation coefficients for rolling 10-year periods.'°

While evidence of increasing or decreasing synchronization may emerge, there
is uncertainty as to whether this is due to generally higher or lower linkages in
cyclical developments or simply to a phase shift of the cycles, effectively reducing
the number of lag and lead periods during which the maximum correlation occurs.
Evidence of increased synchronization may thus be considered most convincing if
the contemporaneous correlation is increasing over time and tends to be equal to
the maximum correlation at a zero lag or lead (ECB, 1999).

There are drawbacks when using ‘moving windows’. For instance, the results
might be quite dependent on the size of the window. For example, if the moving
window covers a common shock (such as the oil price shock in the 1970s), correla-
tion is very high, and immediately drops once this common shock is no longer
covered.

In this section we restrict our attention to a correlation analysis for the period
1950 until 2002. In a first step we explore the association between the growth rate
of GDP of each country and the growth rate of GDP of the rest of the G-7 coun-
tries.

The left-hand side of Table 1 shows the highest cross-correlation coefficients
between the growth rates of single countries versus the growth rate of the rest of
the G-7 countries. As the first column indicates, the contemporaneous correlation
coefficient is the highest among all lead / lag-relationships.

Using the cyclical component extracted by using the Hodrick-Prescott-filter the
picture is somewhat changed. The right-hand side of Table 1 shows that in this
case the US leads the other G-7 countries by one year; France, Germany, Italy and
Japan on the other hand lag the other G-7 countries by one year. The differences in
correlation coefficients are substantial. Whereas Canada, France, Italy and the Uni-
ted Kingdom all report correlation coefficients of around 0.7, for Germany and
Japan its magnitude drops to 0.38 and 0.37, respectively.

10 For our purpose, to determine the evolution of co-movement over time subsamples
need to be examined. This makes the measure sensible to the length of the samples.
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Table 1

Maximum cross-correlations for single countries versus G-7 countries

Growth rates HP filtered series

lead/lag corr. lead/lag corr.
Canada 0 0.71 0 0.70
France 0 0.63 -1 0.71
Germany 0 0.57 -1 0.38
Italy 0 0.60 -1 0.70
Japan 0 0.56 -1 0.37
United Kingdom 0 0.50 0 0.70
United States 0 0.47 1 0.54

3. Synchronization of Business Cycles in the Time Domain
3.1 The Econometric Model

In this section we employ an Unobserved Components Model in order to extract
the cyclical component from the yearly GDP series for single countries and the
rest of the G-7 countries, respectively. In a second step, we use rolling correlation
coefficients to analyze the changing pattern of synchronization between the na-
tional and international business cycles.

The basic assumption underlying Unobserved Components Models is that an
observed time series y, can be decomposed into several interpretable components
(for a general discussion see Harvey, 1989; Maravall, 1995). In the following, we
decompose the logarithm of the yearly GDP series into the unobserved compo-
nents trend T, cycle C, and the irregular I:

(1 =T +C+I .

The trend component represents the long-run development of GDP and is speci-
fied as a random walk with a possibly time-varying drift rate y,:

2 T =T+ -1 +& .

The level impulse ¢, is a white noise variable with mean zero and variance o?2.
The drift rate y, is allowed to vary over time and is also defined as a random walk:
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(3) =1+ & .
The drift impulse &, is a white noise variable with variance og.

The model specified in equations (2) and (3) implies that the trend component
follows an IMA(2,1)-process. Special cases emerge when we set the variance of
the shocks to zero. If both are zero, we get a deterministic linear trend. If ag is zero
and o? is strictly positive, the model collapses to a random walk with a constant
drift rate. The opposite case with a strictly positive ag and ag equal to zero gives
an integrated random walk with a usually smooth trend component.

The cycle C, captures the business cycle fluctuations around the trend compo-
nent and is modeled as the sum of M subcycles with different frequencies:

M
(4) C=) Cy.
i=l1

The specification of the total cycle as the superposition of subcycles with differ-
ent frequencies is able to represent some ideas of classical business cycle theory
(e.g., the existence of Kitchin or Juglar cycles) and to capture several forms of
business cycle asymmetries (for some alternative specifications see Harvey, 2002,
and Harvey and Trimbur, 2001).

Each subcycle is specified as a vector AR(1) process:

Ci\ _ cosAY  sinAf \ (G Kui
) (&) =n( 5 m8) (&) + (%)

C*appears only by the construction of the recursion and has no intrinsic interpre-
tation.

The period of subcycle iis 27/ /\ic with XS the frequency in radians. The damp-
ing factor p;with 0 < p; < 1 ensures that C,; is a stationary ARMA(2,1) process
with complex roots in the AR-part (see Harvey, 1989). This guarantees a quasi-
cyclical behavior of C;;. The shocks x,; and K,Z,- are assumed to be uncorrelated
white noise variables with common variance o2. They induce a stochastically
varying phase and amplitude of the wave-like process. The total cycle C; is an
ARMA(2M,2M-1) process with restricted MA-parameters.

The irregular component is specified as a pure white noise process:

(6) L =u .

It is assumed that all disturbances are normally distributed and are independent
of each other. This is the usual assumption to assure the identification of the para-
meters (see, e.g., Watson, 1986).

Estimation of the model parameters is carried out by maximum likelihood in the
time domain. The initial values for the stationary cycle components are given by
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the unconditional distribution and for the nonstationary trend and drift components
by a diffuse prior. The filtered and smoothed values of the unobserved components
are generated by the Kalman filter (for details see Harvey, 1989).

3.2 Empirical Results

After an intensive specification search we choose a model with two subcycles.
This model passes all specification tests and delivers plausible estimates for the
trend and cycle components. The short subcycle varies between 3.5 and 5 years,
the long subcycle between 9 and 12 years.

Figures 2 to 8 show the results for the G-7 countries. The upper part of each
figure contains the estimated cyclical component for the individual country (thick
line) and for the rest of the G-7 countries (thin line).

In the lower part of each figure the rolling contemporaneous correlation coeffi-
cients between the two cycle components are depicted (thick line). Each value of
the correlation coefficient is calculated over a window of the past 10 years. In order
to capture some phase shifts between the cycles of different countries we calculate
in addition a centered three year moving average of each cycle component. The thin
line shows the rolling correlation coefficients for the moving average.
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