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Abstract

Within a two-step GARCH framework we explore the linkages between equity returns of ten
sectors in the euro area, the United States and Japan, respectively. Our estimation framework
allows a distinction to be made between spillover effects originating from one of the three
currency areas and intra-sectoral spillover effects. We use daily data from the period between
January 1986 and October 2002.

We find that, during the late 1990s, the worldwide importance of European equity markets has
increased considerably. More precisely, price innovations in European equities (both aggregate
returns and sector returns) have doubled or tripled their impact on other stock markets. At the
same time, there is evidence that sectors have become more heterogeneous in each of the three
currency aress, ie the response to aggregate shocks has increasingly varied across sectors.
Spillover effects of aggregate market innovations have generally outweighed intra-sectoral
spillover effects. Overal, the process towards higher integration has been primarily a
phenomenon of equity markets in the euro area and the United States.

Keywords:  equity returns, spillover effects, country-specific, sector-specific, financia
integration
JEL classification: F36, G15
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Non-technical summary

The introduction of the euro at the beginning of 1999 constituted a major step towards an
integrated European equity market. A higher degree of integration may be reflected in a greater
influence of the European market on other major world stock markets. Furthermore, stock
prices are one indicator that central banks use to assess economic conditions. In order to
promote the understanding of stock price movements, the present paper investigates how price
innovations in equity markets are propagated between the major global stock markets and
whether the propagation mechanism has changed over time.

To investigate the linkages among equity markets, a distinction can be made between three
types of spillover effects: first, cross-country linkages, second, cross-sector linkages within a
given country or currency area and, third, linkages among equivalent sectors across countries,
ieintra-sectoral linkages. This paper focuses on the latter two types of spillover effects.

We estimate an empirical model of daily return spillover effects, which enables us to make
statements about the degree of equity market integration at the industry level by investigating
the exposure of different sectors in different currency areas to country-specific and sector-
specific shocks. Cross-sector linkages within a given country or currency area are measured as
the exposure of a given sector to innovations in the domestic aggregate market. Intra-sectoral
linkages are investigated by estimating the spillover effects between equivalent industries in
different currency areas. The more heavily an industry return is dependent on domestic market
shocks, the more integrated the return becomes domestically (cross-sector dimension). The
more heavily an industry return is dependent on foreign sector-specific shocks, the more
integrated it becomes at the cross-country industry level. We identify country-specific and
sector-specific shocks in a multivariate GARCH framework.

We find that the importance of European equity markets in the world has increased
considerably over time. More precisely, price innovations in European equities, stemming from
both aggregate returns and sector returns, have doubled or tripled their impact on other stock
markets. At the same time, there is evidence that sectors have become more heterogeneous in
each of the three currency aresas, ie the response to aggregate shocks has increasingly varied
across sectors. Furthermore, country-specific spillover effects have generaly outweighed
sector-specific spillover effects. For example, a European sector responded more strongly to
US market innovations than to innovations in its US counterpart. Overall, we find that the
process towards greater integration has been primarily a phenomenon of equity markets in the
euro area and the United States. There is no sign of a comparable process taking place with
respect to the Japanese equity market.
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1 Introduction

The introduction of the euro at the beginning of 1999 is likely to have had an impact on the
alocation of capital on international financial markets. With the introduction of the euro, the
exchange rate risk between European Monetary Union (EMU) member states was eliminated.
Since then, stocks in the participating countries have been quoted in one currency — the euro —
rather than in different domestic currencies. Undoubtedly, EMU constituted a major step
towards an integrated European equity market, which may be reflected in a larger influence of
the European market on other major world stock markets.

While the euro area financial system is still dominated by bank intermediation, stock prices
may influence the economy through cost of capital, wealth, confidence and balance sheet
effects. Further, as stock prices reflect the discounted stream of expected dividends, they are
inherently forward-looking and, thus, a useful indicator of market participant’s expectations
regarding future economic developments. Therefore, stock prices are one indicator that central
banks use to assess economic conditions' and it appears useful to explore the mechanisms of
the determination of stock prices further.

To investigate the linkages among equity markets, a distinction can be made between three
types of spillover effects. On the one hand, cross-country linkages at the aggregated country
level and, on the other hand, cross-sector and intra-sectoral linkages at the more disaggregated
industry level. Cross-country linkages between aggregated market indices have been used by
Fratzscher (2001) to address the issue of financia integration in Europe. Spillover mechanisms
at the industry level are the subject of the present paper. Therefore, cross-sector linkages within
agiven country or currency area, measured as the exposure of a given sector to innovationsin
the domestic aggregate market, and linkages among equivalent sectors across countries, ie
intra-sectoral linkages, are investigated.

Recently, there has been evidence of a closer co-movement of national stock markets. The
source of the increase in co-movements can be attributed to the declining importance of
country-specific factors in the determination of stock prices, as is argued by Brooks and
DelNegro (2002b). In addition, Campbell et al (2001) provide evidence that returns at the firm
level show increasingly idiosyncratic risk, which points to a strengthened influence of firm-
specific factors. Fratzscher (2001) investigated the spillover effects of European and US
returns to severa national equity returns. He found evidence of an increased impact of

! For amore thorough discussion of the relationship between the stock market and monetary policy see European
Central Bank (2002).
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aggregate European shocks on most European stock markets over time. This was, however,
more acyclical process than a smooth, linear one.

But to what extent has the increase in cross country co-movement led to an increase in co-
movement among Sectors across currency areas? This paper explores the evolution of sector-
specific spillover effects between different currency areas, while accounting for country-
specific market innovations. Against this background, we revisit the relative importance of
sector and country-specific effects in industry returns. In addition, identifying the direction of
the shock transmission allows us to assess, whether and how the globa importance of
European equity markets has changed over time.

Our sample consists of the euro area, the United States and Japan. We employ a generalised
autoregressive conditional heteroskedasticity (GARCH) framework to take account of the time
variation and persistence of volatility and perform rolling estimations to explore the time-
varying nature of the spillover effects. “Euro area’ and “European” are used synonymously
throughout the paper.

We find that, during the late 1990s, the global importance of European equity markets in the
world has increased considerably. More precisely, price innovations in European equities, both
aggregate returns and sector returns, have doubled or tripled their impact on other stock
markets. At the same time, there is evidence that sectors have become more heterogeneous in
each of the three currency areas, ie the response to aggregate shocks has increasingly varied
across sectors. Although decreasing in 1999/2000, spillover effects of aggregate market
innovations have outweighed intra-sectoral spillover effects over most of the sample period.
The remainder of the paper is organised as follows: section two provides an overview of the
literature; section three outlines the econometric framework we use; section four presents the

data; section five discusses the results and section six presents conclusions.

2 Relevant literature

There is along tradition of investigating co-movements in international stock markets. Several
approaches have been pursued. First, starting from a solid theoretical foundation, various
versions of the capital asset pricing model (CAPM), developed by Sharpe (1964), Lintner
(1965), and Mossin (1966), have been applied. In the CAPM, asset returns in excess of the
risk-free interest rate are proportiona to the non-diversifiable market risk. Therefore, a single
factor drives asset returns. In fully integrated markets, stocks and portfolios depend only on the
market risk factor. In countries with different currencies, exchange rate risk is another risk
factor of individual returns. In completely segmented markets, however, excess returns depend
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only on the local price of risk. Hardouvelis et a (1999), for example, estimated severa
versions of the CAPM alowing for a time-varying degree of financial integration, modelled as
the weight of the EU-wide risk factor as opposed to country-specific risk factors. They found
that during the period from 1991 to 1995 local risk factors accounted for an average of 77% of
total expected returns across the 11 starting members of EMU and the United Kingdom. From
1996 to 1998 the average impact of local risk factors dropped to 34%, suggesting a
considerable increase in stock market integration over time.

Second, Brooks and DelNegro (2002a, 2002b), Heston and Rouwenhorst (1994, 1995),
Rouwenhorst (1999), and Campbell et al (2001) adopted a more micro-based approach. Heston
and Rouwenhorst (1994, 1995) and Rouwenhorst (1999) collected individual stock returns and
ran cross-sectional regressions on country and industry dummies in order to quantify the
sector-specific and the country-specific components of stock returns. Up to the late 1990s,
country effects far outstripped sector-specific effects.

Recently, Brooks and DelNegro (2002a) have updated the Heston and Rouwenhorst
estimations using an enlarged sample. They find that, at the global level, industry effects have
increased since the mid-1990s and have been outgrowing country effects since 1999. However,
once the telecommunications, media, biotechnology and information technology (TMBT)
sectors are excluded, there is no evidence in mature markets — except Europe — that industry
effects have become more important than country effects. In Europe, however, there has been a
broad-based increase in the relative and absolute importance of industry effects with or without
TMBT firms. This is a relatively recent phenomenon, which was not obvious until August
1998 when Rouwenhorst’s (1999) sample period ends.

Brooks and DelNegro (2002b) estimated a factor model, which distinguishes firm level equity
returns in terms of a globa factor, a country-specific component, an industry-specific
component and a firm-specific component. In contrast to the Heston and Rouwenhorst
approach, the factor model relaxes the assumption that all firms have the same exposure to
their given country or industry factor. They found evidence over the 1990s of an increased
importance of the global factor, an unchanged impact of industry factors and, most importantly,
a waning impact of country-specific factors in stock markets. Their results suggest that the
increased co-movement of national stock markets is mainly due to the decline of the
importance of country-specific factors.

Campbell et a (2001) investigated the long-run behaviour of the volatility of stocks and its
sources at the market, industry and firm levels. As outlined above, the CAPM predicts a
proportional relation between industry returns and the market return as well as between
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individual stock returns and the respective industry return or market return. The degree of
proportionality is measured by the respective beta. In order to circumvent the problem of time-
varying betas, Campbell et a computed weighted averages of firm-level volatility across firms
in one industry, weighted averages of industry volatility across industries and market volatility.
That allowed for a beta-free variance decomposition, since the weighted betas aggregate out.
They found that firm volatility is clearly the largest component of volatility of US stocks
explaining about 72% of the unconditional mean of total volatility of an average firm. The
shares of market volatility and industry volatility are 16% and 12%, respectively. While market
and industry volatilities in levels are stable in the sample period (despite some spikes during
recessions and crashes), the average firm volatility measure increased steadily over the sample
period (including in addition to some spikes during recessions and crashes). This points to a
declining correlation among individual stock returns, which is actually the case as Campbell et
al show.

Third, some authors used more aggregate measures such as country and sector returns to
investigate the relation between country and sector-specific factors or to estimate their
interdependence with European or internationa returns. Along those lines, Fratzscher (2001)
investigated the size of spillovers from European and US stock markets to individual countries
using atrivariate GARCH model. He found evidence of a higher degree of integration between
equity markets of several European countries since 1996, which, he argues, is mainly
attributable to a decrease in exchange rate volatility.

Berben and Jansen (2002) developed a novel bivariate GARCH model with smoothly time-
varying correlation to test for an increase in co-movements between equity returns at the
market and the industry levels. They found that conditional correlations between Germany, the
United Kingdom and the United States doubled in the period between 1980 and 2000 and that
no specific sectors played a dominant role in this process of integration. Conditional
correlations with Japan remained at the low level of the 1980s.

Adjaoute and Danthine (2000, 2001) used country returns and returns of the same sector in
different countries and calculated sub-period correlations as well as dispersions of weekly
sector and country returns. They found upward trending correlations (and decreasing
dispersion) for the pre-euro or convergence period. However, after the introduction of the euro,
correlations between sectors and countries are significantly lower (higher dispersions) than
before. One possible conclusion is that dispersions fluctuate cyclically and are unrelated to the

degree of integration.
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Baele (2002) investigated the magnitude and the time-varying nature of volatility spillovers
from aggregate European and US equity market indices to 13 local European equity markets.
Baele proceeded in two steps. First, he estimated several bivariate models to isolate pure
European and pure US innovations. Second, these innovations were used as additional
explanatory variables for several local county returns. The novelty of the paper was to alow
for Markovian regime switches in the shock spillover intensity. Baele found strong evidence of
regime switches in spillover intensity. On average, the dominant market for EMU member
countries is the aggregate European market, while for most non-EMU countries that role is still
played by the US market.

The present paper estimates the level of co-movement in equity returns at a disaggregated
level. Our identification method separates the country-specific impact from the sector-specific
impact in a — to the authors best knowledge — unprecedented manner. We identify sector-
specific spillover effects between different currency areas, while accounting for country-
specific shocks. We ask how a given sector is affected by domestic and foreign market
innovations and innovations to its foreign counterparts and infer the degree of integration from
the size of these spillover effects. Section 3 describes the estimation technique in greater detail.

3 Framework of analysis

Ultimately, we are interested in the degree of integration at the industry level and how it has
changed over time. As already mentioned, we distinguish two types of integration at the
industry level.? These are: first, cross-sector linkages within a given country or currency area,
measured as the exposure of a given sector to innovations to the domestic aggregate market,
and, second, linkages among equivalent sectors across countries, ie intra-sectoral linkages. The
degree of integration is defined in terms of spillover effects. An industry return is more
integrated with respect to the domestic cross-sector dimension the stronger the return depends
on domestic market shocks. It is more integrated at the cross-country industry level the
stronger the return depends on foreign sector-specific shocks.®

In order to quantify the spillover effect, we need to identify country-specific and sector-specific
effects in industry returns. We proceed in two steps. First, we estimate a trivariate GARCH
model of European, US and Japanese market returnsin order to identify the respective country-
specific shocks. Second, another trivariate GARCH model of European, US and Japanese
equity returns of a given sector is estimated to identify the sector-specific shocks and the

2 |n addition to cross-country integration at the country level.
% For an identical interpretation of the coefficient on spillover effects as a measure of the degree of integration of
equity markets see Fratzscher (2001), p 11.
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spillover mechanism. The model alows for spillover effects between sector returns and
volatilities over and above the prior identified country-specific shocks. In order to focus only
on shocks that are external to each sector, the country returns used as input in step one exclude
the sector under consideration in step two. Thus, the respective country returns remuy, fust, Faat
for each individual sector i were calculated as

o) o)
rooun'[ry,t - a Wk,t rk,t a Wk,t (1)
ki kti

with k including al domestic sectors, except for sector i, and w; as the weight of sector k at
time t in the total domestic market. The rationale for the two-step procedure is to limit the
number of coefficients during the estimation process.

Equity returns are assumed to consist of a predictable, m, and an unpredictable part, € .
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In step one, the predictable part is modelled as a constant and the lagged return. The
unpredictable part is assumed to consist of the innovations to returns while alowing for
spillover effects between the euro area, the Unites States and Japan. Note that, because of the
difference in trading hours, European innovations are only allowed to affect Japanese returns
with alag of one day and US shocks are only allowed to affect European and Japanese returns
on the following day. L denotes the lag operator.
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The vector of innovations, e,, is assumed to be normal distributed conditional on the past
information set, W,_,, that is e|W,, ~ N(O,H,). H denotes the time-varying variance

covariance matrix. The assumption of conditionally normal distributed innovations does not
per se contradict the empirical evidence of excess kurtosis in the unconditional returns.
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Conditional normal distributed innovations are able to produce excess kurtosis in the
unconditional returns when volatility exhibits some persistence.

The time-varying variances for euro area, US and Japanese returns are assumed to depend only
on own lagged values and own lagged sguared innovations. However, we allow for volatility
spillovers between the euro area, the United States and Japan applying the same lag structure as
in the return equation. Covariances are not modelled to limit the number of coefficients to be
estimated.

gs éMU tﬂ éNEMU U ga-neéMu ,t-18 gbns éMU t 18

aSs jS,t ua- gwus H'*' éazzejs,t-l ate bs SS,t-l u

gs JZA,t H éWJA H gasserA,t-l H gbsss JZAt 1 H )
é 0 dUS,EMU X dJA,EMU l;éeéMu tu

+g dEMU Us 0 dJA,US [éeLst,t H
ngMU ax dUS,JA X 0 EEGJZA,t H

After having obtained estimates for the innovations to euro area, US and Japanese returns, we
proceed with step two by estimating the trivariate GARCH model for the returns of the ith
sector in each of the three currency areas allowing for spillover effects in returns and
volatilities between sectors as well as for country-specific shocks. Recall that sector i was
excluded from aggregate market returns when country-specific shocks were identified.

As in step one, returns are assumed to consist of a predictable part and an unpredictable part.
The predictable part is modelled as a constant, the own lagged return and the three country-
specific shocks identified in step one. The unpredictable part, e, is assumed to consist of three
sector-specific return innovations while alowing for intra-sectoral spillover effects between the
euro area, the US and Japan. European and US return innovations are only allowed to affect
Japanese returns with a lag of one day because of the difference in trading hours. The same
logic applies to US returns with respect to European returns. The time-varying variances for
industry returns were modelled asthose for country returnsin step one.

7

& emu U g:i,EMU u g-i,EMu liemu 1Y g hi,EMU hi,US,EMU X hi,JA,EMU Uy U ?,EMU U
e u_ u u u u
é i Us.t a- éCi,US [j+ é a;usliust-1 [j+ é hi,EMU Us hi,US hi,JA,US [éeus,t lj+ éei,USt U
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(6), where

12 ECB « Working Paper No 286 » November 2003



€8 ewu U € 1 0 f, i,JAEMU uGEI EMU tu € 0 f i US,EMU OUGEI emu t-1Y

e u_ ue U e a

ée|USt ﬂ_gi,EMU,US 1 fl,JA,US ué € usit U é 0 0 Ouee|UStl U

8 € At H g 0 0 1 HS € At H 8 i,.EMU,JA f i,US,JA OHS € at1 H 7)
€ 1 f i US,EMU 1 f i,JAEMU UGEI emu t U

_e a

- é f i,.EMU US 1 f i,JAUS ()@ € ust U

8 i, EMU ,JA X f i,US,JA XL 1 Hg ei,JA,t EI
Our main focus is twofold. First, it is on the spillover coefficients of aggregate European, US

and Japanese innovations to the return of sector i, that is h; . Here, the relative importance of

European, US and Japanese equity markets for individua sectors can be identified.

Furthermore, h; ¢, , h; s ad h; ,, measure the degree of co-movement with the domestic

market return. A coefficient close to one on the corresponding aggregated home market implies
minor sector-specific effects and therefore little diversification gains relative to the aggregate
market.

Second, we look at intra-sectoral spillover effects, denoted with f . f ,, describes the

spillover effect from sector i in country X to sector i in country Y. This allows us to make
statements about the degree of international financial integration at the industry level.

The parameters of the system are estimated by maximising a multivariate log likelihood
function. Since the conditional distribution of the innovations are assumed to be Gaussian, the
conditional distribution of the returns is also Gaussian and the likelihood function for one

observation is given by

1
F (Y M Yot Vi 2o Yo = expg z ).

The likelihood function of the entire sample is the product of the likelihood functions of all
individual observations. Equivalently, the log likelihood function L(q) of the entire sample is

the sum of the log likelihood functions of al individual observations:

logRe” )
b AT
(9).

In the multivariate case the part of the log likelihood function that is to be maximised becomes
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.
L@Q)=- %é (Iog|Ht| +e' Ht'let). Initial values are obtained using the Simplex algorithm, after
t=1

which the numerical maximisation procedure of Berndt, Hall, Hall, and Hausmann (1974) is

employed to estimate the coefficients.
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4 Data

We use stock market indices and data on market values for the euro area, the United States and
Japan from Datastream International at daily frequency. At the industry level, we follow the
broad distinction of ten economic sectors according to the Financial Times Actuaries, which
Datastream uses. basic industries, cyclica consumer goods, cyclical services, financials,
general industrials, information technology, non-cyclical consumer goods, non-cyclical
services, resources, and utilities (see table 1 for a more detailed description). Datastream
indices target 80% coverage of market capitalisation of the relevant investable universe.

Our sample starts on 1 January 1986 and ends on 31 October 2002 for a total of 4391
observations. Returns are computed as the first difference of the logarithm of the index. All
indices are total return indices and are expressed in US dollar. Tables 2 to 4 show some
descriptive statistics. Almost all returns have a positive mean (except the Japanese financial
sector) and most of them (but not all) are negatively skewed. All returns show the well-known
properties of excess kurtosis (leptokurtic) and autocorrelations in squared returns. The
hypothesis of normal distributed returns (Jarque-Bera) is always rejected at the 1% level of
significance.

Table 5 shows the intra-sectoral correlation coefficients at different leads and lags in order to
take account of the difference in trading hours. Table 6 displays the average correlation
coefficient of aggregate market returns with foreign market indices. Table 7 shows the average
correlation coefficient of the return of each industry (and the aggregate) with each of the
remaining industries in the same currency area. It is obvious that, over the entire sample period,
average intra-sectora correlations were clearly lower than average correlations among the
different sectors within one currency area, although the former has been increasing recently
and the latter has been decreasing over the past decade. For example, the correlation among
industriesis relatively high in the euro area and Japan (0.69) and somewhat lower in the United
States (0.61). Average intra-sectoral correlations, however, move between 0.07 and 0.28. Even
the IT sector, which is generaly the most highly correlated sector across countries, remains
more strongly correlated with other sectors of its own currency area (min: 0.54 in the United
States, max: 0.64 in Japan) than with foreign IT sectors (min: 0.1 between United States and
Japan; max: 0.34 between EMU and US-lagged). This simple correlation analysis suggests that
intra-sectoral spillover effects are still dominated by country-specific spillover effects
(referring to the euro area as a country). However, over time, country-specific effects seem to
have moderated, while sector-specific effects have gained in importance.
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5 Results

We report the results of rolling estimations of one year windows moved month by month,
which trandate into 191 estimates for each coefficient. Given that we look at country-specifc
and intra-sectoral spillover effects for a total of 30 sectors, we cannot show the results in all
details. Therefore, we structure the presentation of our results as follows. After presenting
some general results, we discuss the results for each currency area separately beginning with
country-specific spillover effects followed by sector-specific spillover effects. The annex
provides point estimates, standard errors and significance values for the entire sample period
and four sub-periods (see table 8) and detailed figures for the euro area. Figures for the United
States and Japan show only the average impact on sectors (mean across sectors) and its

variance.

5.1 General results for the euro area, the United States and Japan

Throughout the sample period all industry returns have been strongly dominated by their
respective domestic market return (measured as the vaue-weighted return of all other
industries in that economy). However, the impact of the domestic market on most of the sectors
has trended downwards over the sample period. During 1999/2000, the impact of the aggregate
market on most sectors fell sharply but recovered thereafter. Thus, during the boom in
technology stock prices, the diversity of industry returns increased considerably.*

Further, domestic market innovations no longer affect sectors in one currency areain asimilar
way. In other words, sectors in each of the three currency areas have become considerably
more heterogeneous over the sample period. The observation of increased heterogeneity of
industry returns is a worldwide phenomenon. European and Japanese sectors showed that
feature only after 1998, whereas, in the United States, this trend started in the early 1990s. On
the other hand, a given sector (eg basic industries) — regardiess of whether it is located in the
euro area, the Unites States or Japan — has been, in general, similarly affected by domestic
aggregate shocks.

Country-specific spillover effects between the euro area and the United States have generally
outweighed sector-specific spillover effects (see figures 1 and 2 for averages).” This means that
a European sector responded more strongly to US market innovations than to innovationsin its
US counterpart. Only during 1999/2000, for a number of sectors (basic industries, cyclical

* Further estimations revealed that this effect does not disappear - though it weakens somewhat - oncethe I T
sector is excluded from the measure of aggregate returns.

® Very small spillover effects (coefficients below 0.05) are often insignificant. As arough indicator, coefficients
above 0.1 arein general highly significant.
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consumer goods, financias, 1T, non-cyclical consumer goods, utilities in the euro area and
United States) sector-specific innovations dominated market innovations. The results regarding
Japan are more mixed, partly due to the relatively small size of both country and sector-specific
spillover effects.

The size of sector-specific spillover effects has varied widely. Some industries, such as cyclical
services, general industrials and utilities, were found to be little affected by their respective
sector-specific shocks. Other industries, such as information technology, resources and non-
cyclical consumer goods, were found to be more intensively linked with their foreign
counterparts.

The Japanese equity market seemed to be less affected by price innovations, both sector and
aggregate, in foreign equity markets and had aso little impact on foreign equity markets. The
European equity market has increased its impact on foreign equity markets since the late 1990s
and has become simultaneously more exposed to US shocks. Consequently, equity markets in
the US have become more affected by European price innovations, while having itself a
sizeable impact on foreign markets. Thus, equity markets in the euro area and the United States
have become more integrated with each other during the late 1990s. This increase in
integration was especially pronounced for sectors athough at a lower absolute level compared
to the aggregate market. Overall, the results of the correlation analysis are confirmed.

5.2 Euro area industries

5.2.1 Impact of country-specific shocks

Figures 3 to 8 display the time-varying coefficient of the spillover effect from European,
lagged US and Japanese market return innovations to European industry returns. Figures 9 and
10, respectively, show the mean and the variance of the above-mentioned spillover coefficients
across European sectors.

Over the entire sample period, the dominant driving force for European sectors was the
aggregate European market. During the peak of the so-called stock market bubble in
1999/2000, the impact of the European market decreased somewhat but has recovered recently
to levels comparable to those prevailing in the 1990s. The impact of the US market was
considerably smaller but highly significant; the coefficient fluctuates around 0.3, a level less
than half of the impact of European market shocks. However, the coefficient aso decreased
during 1999/2000 but rebounded strongly in 2001/02. The impact of the Japanese market
decreased during the early 1990s from a level comparable with the US market to amost
negligible levels.
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Furthermore, the variance of the average country effect across European sectors increased
tremendously in the case of European market innovations and still considerably in case of US
market innovations (see figure 10). This points to a substantial increase in the diversity of
shock responses of sectors within the euro area. Sectors with large exposure to aggregate
shocks are IT and non-cyclical consumer services (including telecommunication services).
Sectors with little exposure to aggregate shocks are non-cyclical consumer goods, resources,
and utilities.®

5.2.2 Impact of sector-specific shocks

The impact of intra-sectoral spillover effects was clearly smaller than the impact of market
shocks. However, starting from alow level, the average spillover effect from a US sector to a
European sector tripled between 1997 and 2002 (see figure 19).” In other words, on average,
European industry returns have become more exposed to international sector-specific shocks.
Larger spillover effects have been present in the resources sector (probably due to the
homogeneity of commodities) and, since 1995, in the IT sector. While the Japanese country
component lowered their impact on global stock markets over time, Japanese sectors increased
their impact, although it remained very moderate and often insignificant. The degree of
heterogeneity (variance of average impact, see figure 20) remained broadly unchanged over the

sampl e period.

5.3 US industries

5.3.1 Impact of country-specific shocks

As for European industries, the domestic stock market played the dominant role for US
industries. The average impact, however, was somewhat smaller than in Europe. Again, during
1999/2000, aggregate market innovations played, on average, a smaller role, but rebounded
thereafter to 1997 levels. The European market enlarged its impact during the second half of
the 1990s. The impact of the Japanese market remained negligible (see figure 11). The
diversity of US industries with respect to US market innovations increased, while all US
industries were, by and large, similarly affected by European market innovations. (see figure
12).

® The size of the spillover effect isindependent of the weight of the sector in the country index, because a new
value-weighted measure of country returns was cal culated that excludes the respective sector.
" Simultaneously, many coefficients were shifted from insignificant to highly significant levels.
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5.3.2 Impact of sector-specific shocks

Since 1997, European sectors have steadily increased their impact on US industries to
unprecedented levels (see figure 21). Although this has been a widespread phenomenon, the
pace of the increase has varied across sectors. Resources, non-cyclical consumer goods, IT,
basic industries and financials have become earlier more integrated with their European
counterparts than cyclical services and general industrials. Japanese industries did not affect
their US counterparts significantly.

5.4 Japanese industries

5.4.1 Impact of country-specific shocks

Japanese sectors also remained dominated by domestic market innovations (which also
dropped during 1999/2000 and recovered thereafter, see figure 13). European market
innovations increased their impact dlightly during the late 1990s, while, despite some
fluctuations, the impact of US market innovations remained unchanged over the sample period.
Japanese sectors aso started to exhibit more heterogeneous responses to market innovations in
1998.

5.4.2 Impact of sector-specific shocks

Japanese industries were also less affected by foreign industry shocks than foreign market
shocks. Furthermore, the impact of foreign sectors was often insignificant. Since 1999, the
impact of European industries on their Japanese counterparts increased considerably (figure
23). Japanese industries were only little influenced by US industry innovations. Only the IT
sector has become more exposed to US IT shocks.

6 Conclusion

Our empirical model of daily return spillover effects enables us to make statements about the
degree of equity market integration at the industry level by investigating the exposure of
different sectors in different currency areas to country and sector-specific shocks. Cross-sector
linkages within a given country or currency area, measured as the exposure of a given sector to
innovations to the domestic aggregate market, and linkages among equivalent sectors across
countries, ie intra-sectoral linkages, are investigated. An industry return is more integrated
domestically (cross-sector dimension) the stronger the return depends on domestic market
shocks. It is more integrated at the cross-country industry level the stronger the return depends
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on foreign sector-specific shocks. We identify country and sector-specific shocks in a
multivariate GARCH framework.

We find that, during the late 1990s, the importance of European equity markets in the world
has increased considerably. More precisely, price innovations to European equities, both
aggregate returns and sector returns, have doubled or tripled their impact on other stock
markets. At the same time, there is evidence that sectors have become more heterogeneous in
each of the three currency areas, ie the response to aggregate shocks has increasingly varied
across sectors.

Country-specific spillover effects between the euro area and the United States have generally
outweighed sector-specific spillover effects. For example, a European sector responded more
strongly to US market innovations than to innovations in its US counterpart. Only, during
1999/2000, for a number of sectors in the euro area and United States (basic industries, cyclical
consumer goods, financials, IT, non-cyclical consumer goods, utilities) sector-specific
innovations dominated market innovations.

The Japanese equity market seemed to be less affected by price innovations, both sector and
aggregate, in foreign equity markets and had also little impact on foreign equity markets.
Equity markets in the US have become more affected by European price innovations. The
aggregate US market has maintained its influence on foreign markets, while US sectors have
increased their impact, especially on European industries. Thus, the process towards higher
integration has been primarily a phenomenon of equity markets in the euro area and the United
States.
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Table 1: FTSE Actuaries

BASIC INDUSTRIES

Chemicals

Construction & Building Materials
Forestry & Paper
Steel & Other Metals

CYCLICAL CONSUMER GOODS

Automobiles & Parts
Household Goods & Textiles

CYCLICAL SERVICES

General Retailers

Leisure Entertainment & Hotels
Media & Photography

Support Services

Transport

FINANCIALS

Banks

Insurance

Life Assurance

Investment Companies
Real Estate

Speciality & Other Finance

GENERAL INDUSTRIALS

Aerospace & Defence
Electronic & Electrical Equipment
Engineering & Machinery

INFORMATION TECHNOLOGY

Information Tech Hardware
Software & Computer Services

NON-CYCLICAL CONSUMER
GOODS

Beverages
Food Producers & Processors
Health

Personal Care & Household Products

Pharmaceuticals & Biotechnology
Tobacco

NON-CYCLICAL SERVICES

Food & Drug Retailers
Telecommunication Services

RESOURCES Mining
Oil & Gas
UTILITIES Electricity
Gas Distribution
Water
22
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Table 2: Descriptive statistics of euro area equity returns

Tables 2-5: Jarque-Bera and Ljung-Box statistics are all significant at the 1% level, except where indicated (* = significant at 5% level, ** =
significant at 10% level, and *** = not significant)

Euro Area Mean Standard Skewness Kurtosis Jarque- Ljung-Box Ljung-Box
03.01.1986 - Error Bera L) ot Séi)af’; g
31.10.2002 returns
Aggregate 0.00035 0.01028 -0.48 8.74 6175.4 43.12 626.83
Basic Industries 0.00033 0.01035 -0.47 9.37 7565.9 36.67 419.80
Cyc. Consumer Goods  0.00024 0.01217 -0.39 9.06 6831.3 63.07 473.32
Cyc. Services 0.00032 0.01041 -0.53 8.83 6409.2 62.76 827.25
Financials 0.00027 0.01086 -0.43 9.43 7675.0 78.71 776.19
General Industrials 0.00028 0.01163 -0.49 8.97 6696.6 33.80 442.87
Information Technology  0.00062 0.01848 -0.30 7.52 3790.7 44.90 913.79
Non-cyc. Cons. Goods  0.00051 0.00996 -0.51 9.47 7832.0 19.71 918.99
Non-cyc. Services 0.00046 0.01381 -0.14 7.82 4259.0 53.84 739.87
Resources 0.00058 0.01178 -0.32 7.34 3506.6 19.76 1144.50
Utilities 0.00045 0.00937 -0.18 8.40 5356.4 18.06 219.25

Table 3: Descriptive statistics of US equity returns

us Mean Standard Skewness Kurtosis Jarque- Bera Ljung-Box  Ljung-Box
03.01.1986 - Error ) ot Séﬁ)a:’; 5
31.10.2002 returns
Aggregate 0.00044 0.01085 -1.83 38.06 227072.5 23.90 329.26
Basic Industries 0.00037 0.01255 -1.37 30.84 143033.5 57.82 364.69
Cyc. Cons. Goods 0.00033 0.01274 -1.53 29.89 133808.6 12.21* 214.10
Cyc. Services 0.00041 0.01250 -1.69 34.51 183528.6 64.93 358.41
Financials 0.00052 0.01193 -0.81 19.97 53082.7 59.76 507.26
General Industrials 0.00045 0.01233 -1.47 29.03 125385.6 28.93 400.58
Information Technology  0.00039 0.01865 -0.44 13.96 22100.1 11.86* 390.59
Non-cyc. Cons. Goods 0.00058 0.01132 -1.36 27.02 106788.5 59.71 422.45
Non-cyc. Services 0.00033 0.01222 -1.04 22.57 70769.1 19.17 618.02
Resources 0.00041 0.01312 -1.04 25.29 91588.1 51.05 390.14
Utilities 0.00030 0.00928 -1.10 23.52 77859.7 44.21 722.40

Table 4: Descriptive statistics of Japanese equity returns

Japan Mean Standard  Skewness Kurtosis Jarque- Ljung-Box Ljung-Box
03.01.1986 - Error Bera ) ot Séi)af’g g
31.10.2002 returns
Aggregate 0.00012 0.01457 -0.09 11.29 12556.6 22.43 193.40
Basic Industries 0.00008 0.01576 0.00 11.50 13199.1 34.01 246.72
Cyc. Cons. Goods 0.00027 0.01539 -0.11 11.52 13275.4 28.64 327.10
Cyc. Services 0.00016 0.01394 -0.15 12.16 15339.0 27.15 207.35
Financials -0.00001 0.01756 0.24 9.61 8017.6 96.45 247.07
General Industrials 0.00014 0.01527 -0.14 11.85 14323.7 15.94 297.60
Information Technology =~ 0.00013 0.01921 0.13 6.70 2509.3 42.73 448.03
Non-cyc. Cons. Goods 0.00021 0.01337 -0.38 16.20 31963.9 7.22%+* 225.21
Non-cyc. Services 0.00008 0.02158 0.99 15.10 27485.6 12.55* 221.67
Resources 0.00005 0.01884 0.07 8.36 5249.9 15.20 325.81
Utilities 0.00018 0.01674 0.35 11.09 12055.5 30.05 543.26
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Table 5: Correlation coefficients of industry i or aggregate index returns with their foreign

counterparts for the euro area, the US, and Japan at different lag structures

Euro Area — US (lagged) Euro Area — US Euro Area (lagged) — Japan
Sample period / 01/86 01/86 01/90 01/94 01/98 | 01/86 01/86 01/90 01/94 01/98 | 01/86 01/86 01/90 01/94 01/98

Index 10/02 12/89 12/93 12/97 10/02 | 10/02 12/89 12/93 12/97 10/02 | 10/02 12/89 12/93 12/97 10/02

Aggregate 034 038 025 043 034 |033 025 029 021 042 (017 011 012 010 0.26
Basic Industries 030 033 020 037 033 |030 028 031 017 035 (014 013 014 006 0.17
Cyc. Cons. Goods |0.27 030 0.22 028 028 |028 016 022 015 041 |0.13 0.04 010 0.08 0.23
Cyc. Services 030 035 022 029 032 |029 029 028 014 033 (014 014 013 005 0.19
Financials 030 029 024 035 031 |031 022 027 022 039 (013 011 0.09 0.07 0.18
General Industrials {0.29 0.34 019 036 029 |032 025 029 018 040 |0.17 0.07 012 0.09 0.28
Inf. Technology 034 015 020 047 038 |033 020 018 015 042 (022 000 011 013 0.35
Non-cyc. Cons.G. (031 034 022 033 033 |029 033 026 015 031 [(0.15 0.18 0.11 0.10 0.18
Non-cyc. Services |0.23 032 015 021 023 (024 007 024 013 034 |014 002 0.05 0.09 0.26
Resources 036 040 029 039 034 |034 034 020 026 040 (013 015 010 0.12 015
Utilities 0.12 022 014 012 0.07 |011 006 021 013 011 [0.04 002 0.08 0.09 0.02

Average over all 028 030 021 032 029 |028 022 024 017 035 (014 009 010 0.09 0.20

industries

Euro Area — Japan US - Japan US (lagged) — Japan
Sample period / 01/86 01/86 01/90 01/94 01/98 | 01/86 01/86 01/90 01/94 01/98 | 01/86 01/86 01/90 01/94 01/98

Index 10/02 12/89 12/93 12/97 10/02 | 10/02 12/89 12/93 12/97 10/02 | 10/02 12/89 12/93 12/97 10/02

Aggregate 030 042 038 025 022 |007 004 019 -001 006 [(028 037 022 026 0.29
Basic Industries 029 035 036 024 022 |011 011 017 001 012 (020 035 016 016 0.17
Cyc. Cons. Goods [0.29 0.34 038 0.22 023 |0.09 004 018 0.03 010 |024 036 017 015 0.24
Cyc. Services 028 037 036 022 021 |007 002 019 -002 009 (024 037 022 019 019
Financials 024 031 032 023 017 |008 0.07 019 004 005 (021 028 019 021 0.18
General Industrials {0.32 041 037 024 026 |010 010 020 -0.04 0.13 |0.30 038 022 024 032
Inf. Technology 025 017 032 021 028 |0.10 0.0 012 -001 0.13 [(032 027 017 027 041
Non-cyc. Cons.G. (026 032 034 021 016 |003 001 013 -005 001 (022 036 019 021 0.14
Non-cyc. Services |0.16 0.14 0.26 0.16 0.14 |[0.01 -0.04 0.16 -0.04 001 |0.16 013 0.11 014 0.22
Resources 0.18 029 028 018 0.08 |0.03 -0.03 009 0.00 004 (014 025 0.08 015 0.10
Utilities 019 022 029 016 0.08 |004 004 017 -005 001 (011 023 0.17 0.07 0.03

Average over all 025 029 033 021 018 |007 004 016 -001 007 (021 030 0.17 0.18 0.20

industries

Table 6: Average correlation coefficients of index i with foreign market indicesj (i * j).

Euro Area us Japan Average over all currency
areas
Full sample 0.31 0.20 0.19 0.23
01/86-12/89 0.33 0.14 0.23 0.23
01/90-12/93 0.34 0.24 0.29 0.29
01/94-12/97 0.23 0.10 0.12 0.15
01/98-10/02 0.32 0.24 0.14 0.23
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Table 7: Average correlation coefficients of industry i or aggregate index returns with each of

the remaining domestic industry returns (i * j) in the euro area, the US, and Japan

Euro Area us Japan

Sample period / 01/86 01/86 01/90 01/94 01/98 | 01/86 01/86 01/90 01/94 01/98 | 01/86 01/86 01/90 01/94 01/98
Index 10/02 12/89 12/93 12/97 10/02 | 10/02 12/89 12/93 12/97 10/02 | 10/02 12/89 12/93 12/97 10/02
Aggregate 084 084 092 08 081 078 093 080 078 070 083 0.75 091 090 0.80
Basic Industries 0.74 076 087 074 068| 063 086 066 060 050 077 067 0.88 085 0.71
Cyc. Cons. Goods 071 071 084 071 068 064 085 062 056 055| 072 059 0.86 0.82 0.67
Cyc. Services 075 076 088 074 0.70| 070 089 0.71 067 060 079 068 0.88 0.87 0.75
Financials 0.76 0.74 088 076 0.73| 067 086 068 065 058 070 057 0.80 0.78 0.68
General Industrials 0.76 0.75 087 076 0.72| 070 089 0.70 068 061 077 065 0.88 086 0.72
Inf. Technology 059 057 080 056 056| 054 081 059 048 046| 064 049 0.79 0.78 0.59
Non-cyc. Cons. G. 071 073 087 075 062 063 088 063 062 047 073 063 0.86 085 0.67
Non-cyc. Services 068 067 083 072 063| 061 085 064 056 049 056 031 0.69 0.73 0.59
Resources 055 057 071 063 047| 047 077 035 047 033 061 045 0.79 0.76 0.52
Utilities 062 059 080 061 057| 050 081 057 052 034 059 051 079 0.72 047
Average over all 069 068 083 070 064 061 085 061 058 049 069 055 0.82 080 0.64
industries

Table 8: Estimation results

Key: C = country-specific spillover effects, S = sector -specific spillover effects; BA = basic industries, CC = cyclical consumer goods, CS =
cyclical services, GE = general industrials, I T = information technology, NCC = non-cyclical consumer goods, NCS = non-cyclical services,
RE = resources, TO = financials, and UT = utilities; *** (**, *) denotes significance at the 1% (5%,10%) level

Sample period 01/1986 - 10/2002 01/1986 - 12/1990 01/1991 - 12/1994 01/1995 - 12/1998 01/1999 - 10/2002
Point  Std. Point  Std. Point  Std. Point  Std. Point  Std.
Coefficient Es- Error Sign. | Es- Error Sign. | Es- Error Sign. | Es- Error Sign. | Es-  Error Sign.
timate timate timate timate timate
Impact of EMU country-specific shocks on EMU industries, h jemu
EMU C BA 0.955 0.006 *** |1049 0.012 *=* |1.032 0.011 ** |0.850 0.018 ** |0.648 0.016  ***
EMU C CC 1.025 0.008 ** |1.046 0.015 ** |1072 0.016 ** |1.069 0.025 ** |0.842 0.017 ***
EMU C CS 0.902 0.006 *** 10949 0.011 ** |0.950 0.012 ** |0.798 0.013 ** |0.855 0.013  ***
EMU C GE 1.060 0.005 ** |1.132 0.012 ** |1104 0.008 ** |0.974 0.014 ** |1001 0.016 ***
EMUCIT 1.079 0.012 *=* |0.982 0.027 ** |1043 0.021 ** |1.109 0.035 *** |1534 0.044 ***
EMU C NCC 0.860 0.007 ** 10.881 0.016 ** |0.924 0.011 ** |0.861 0.014 ** |0.562 0.017 ***
EMU C NCS 1.039 0.008 ** |0.976 0.015 ** |1038 0.014 ** |1.041 0.022 ** |1253 0.033 ***
EMU C RE 0.697 0.010 ** 0570 0.021 ** |0.742 0.014 ** |0.834 0.032 ** |0.595 0.026  ***
EMUCTO 0.956 0.005 ** 10929 0.011 ** |0.964 0.012 ** |0.965 0.013 ** |0.842 0.014 ***
EMU C UT 0.746 0.007 ** |0.696 0.017 ** |0.878 0.013 ** |0.739 0.024 ** |0.519 0.019 ***
... US country-specific shocks on US industries, h jus
US CBA 0.928 0.007 ** 11011 0.009 ** |0.998 0.024 ** |0.758 0.023 ** |0.672 0.028  ***
usccc 0.946 0.008 ** 11028 0.012 ** |1.155 0.033 ** |0.798 0.026 ** |0.731 0.024  ***
UsSCCs 1.040 0.007 *=* |1.122 0.010 ** |1.148 0.020 ** |0.902 0.015 ** |0.928 0.020  ***
USCGE 1.002 0.007 ** |1.032 0.010 ** |0.896 0.020 ** |0.972 0.014 ** |0.979 0.019 ***
uscit 1.155 0.015 *** |1.085 0.013 ** |1304 0.046 ** |1.270 0.045 ** |1.315 0.054  ***
US CNCC 0.942 0.008 ** 1070 0.009 ** |0.899 0.021 ** |0.878 0.017 ** |0.407 0.016  ***
US CNCS 0.884 0.009 ** 11018 0.011 ** |0.784 0.022 ** |0.763 0.023 ** |0.806 0.026  ***
US CRE 0.636 0.012 ** |0.870 0.018 ** |0.507 0.033 ** |0.618 0.031 ** |0.389 0.034  ***
UsSCTO 0.869 0.007 ** 10.837 0.009 ** |0.921 0.021 ** |0.931 0.017 ** |0.806 0.023  ***
UsCcuT 0.519 0.006 *** |0.569 0.006 ** |0.488 0.016 ** |0.449 0.019 ** |0.309 0.027 ***
... Japanese country-specific shocks on Japanese industries, h jja
JACBA 0.988 0.005 ** 1002 0.012 ** |1.005 0.007 ** |1083 0.011 ** |0.893 0.015 ***
JACCC 0.899 0.005 ** 10907 0.012 ** |0.890 0.008 *** |0.927 0.012 ** |0.858 0.021  ***
JACCS 0.902 0.004 *** 10966 0.009 ** |0.909 0.007 ** |0.891 0.008 ** |0.804 0.012 ***
JACGE 0.950 0.004 *** 10949 0.013 ** |0.972 0.008 ** |0.927 0.008 ** |0.948 0.015 ***
JACIT 0.967 0.009 ** 10932 0.021 ** |0.983 0.013 ** |0.893 0.014 ** |1.192 0.030 ***
JACNCC 0.819 0.005 ** |0.846 0.012 ** |0.856 0.007 ** |0.813 0.009 ** |0.599 0.013 ***
JACNCS 0.985 0.011 ** |0.792 0.029 ** |1.000 0.019 ** |0.913 0.019 ** |1.238 0.035  ***
JACRE 0.953 0.010 ** |0.867 0.022 ** |0.989 0.014 ** |1.034 0.020 ** |0.681 0.035  ***
JACTO 0.989 0.008 ** |0.865 0.015 ** |1.060 0.014 ** |1146 0.015 ** |0.979 0.022 ***
JA CUT 0.794 0.008 *** |1.138 0.028 ** |0.939 0.014 *** |0.673 0.014 *** |0.440 0.021  ***
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Sample period

01/1986 - 10/2002

01/1986 - 12/1990

01/1991 - 12/1994

01/1995 - 12/1998

01/1999 - 10/2002

Point  Std. Point  Std. Point  Std. Point  Std. Point  Std.
Coefficient Es- Error Sign. | Es- Error Sign. | Es- Error Sign. | Es- Error Sign. | Es-  Error Sign.

timate timate timate timate timate
... EMU country-specific shocks on US industries, h jemuus
EMUUS C BA 0.233 0.010 ** |0.156 0.014 ** |0.149 0.020 ** |0.273 0.028 ** |0.501 0.034  ***
EMUUS C CC 0.228 0.012 ** |0.150 0.018 ** |0.167 0.029 ** |0.313 0.029 ** |0.425 0.027 *=*
EMUUS C CS 0.246 0.008 ** |0.177 0.010 ** |0.129 0.018 ** |0.369 0.020 ** |0.512 0.024  *=**
EMUUS C GE 0.268 0.008 *** |0.198 0.012 ** |0.112 0.019 ** |0.362 0.018 ** |0.590 0.024  *=**
EMUUS CIT 0.269 0.017 ** |0.209 0.023 ** |0.131 0.031 ** |0.302 0.049 ** |0.711 0.052  *=**
EMUUS CNCC |0.213 0.009 ** |0.153 0.013 ** |0.172 0.019 ** |0.269 0.025 ** |0.125 0.021 ***
EMUUSCNCS |0.224 0.010 ** |0.157 0.015 ** |0.115 0.018 ** |0.286 0.031 ** |0.560 0.031 ***
EMUUS C RE 0.150 0.014 ** |0.063 0.023 ** |0.095 0.025 ** |0.256 0.037 ** |0.293 0.037 ***
EMUUS C TO 0.254 0.008 ** |0.157 0.013 ** |0.208 0.018 ** |0.393 0.021 ** |0.420 0.024  *=*
EMUUS C UT 0.124 0.008 ** |0.077 0.011 ** |0.078 0.015 ** |0.120 0.019 ** |0.187 0.033  ***
... US country-specific shocks on EMU industries, h jusemu
USEMU C BA 0.333 0.005 ** |0.352 0.010 ** |0.337 0.015 ** |0.319 0.017 ** |0.201 0.014 ==
USEMU C CC 0.349 0.008 ** |0.351 0.013 ** |0.361 0.024 ** |0.404 0.017 ** |0.285 0.019 =
USEMU C CS 0.302 0.006 ** |0.302 0.008 ** |0.304 0.017 ** |0.231 0.014 =** |0.342 0.012 =
USEMU C GE 0.351 0.005 ** |0.350 0.010 ** |0.344 0.015 ** |0.382 0.014 ** |0.322 0.013 =
USEMU CIT 0.389 0.011 ** |0.244 0.018 ** |0.372 0.032 ** |0.687 0.043 ** |0.749 0.050 ***
USEMU CNCC |0.267 0.007 ** |0.332 0.013 ** |0.292 0.016 ** |0.297 0.011 ** |0.047 0.016 ***
USEMUCNCS |0.326 0.009 ** |0.376 0.014 *= |0.283 0.021 ** |0.278 0.020 ** |0.387 0.026  ***
USEMU C RE 0.306 0.009 ** |0.340 0.019 ** |0.317 0.022 ** |0.311 0.025 ** |0.196 0.026  ***
USEMU C TO 0.312 0.006 ** |0.306 0.010 ** |0.262 0.017 ** |0.343 0.015 ** |0.256 0.017 =***
USEMU C UT 0.166 0.008 ** |0.222 0.012 ** |0.194 0.021 ** |0.174 0.029 ** |0.056 0.017 =***
... EMU country-specific shocks on Japanese industries, h jewua
EMUJA C BA 0.158 0.008 *** |0.097 0.021 ** |0.079 0.014 ** |0.149 0.019 ** |0.303 0.019 =
EMUJA C CC 0.154 0.011 ** |0.030 0.025 0.069 0.017 ** |0.176 0.024 ** |0.327 0.028 ***
EMUJA CCS 0.142 0.008 ** |0.076 0.019 ** |0.039 0.012 ** |0.142 0.016 ** |0.277 0.015 =
EMUJA C GE 0.186 0.009 ** |0.049 0.024 * |0.091 0.017 ** |0.188 0.016 ** |0.417 0.018 =***
EMUJACIT 0.179 0.014 ** |0.047 0.043 0.081 0.024 ** |0.238 0.029 ** |0.510 0.034 ***
EMUJACNCC |0.034 0.008 ** |0.006 0.024 0.051 0.014 ** |0.159 0.016 ** |0.082 0.019 ***
EMUJACNCS |[0.196 0.022 ** |0.009 0.066 0.064 0.036 * 0.237 0.037 ** |0.554 0.043 ***
EMUJA C RE 0.162 0.017 ** |0.128 0.040 ** |0.041 0.026 0.189 0.038 ** |0.109 0.043  **
EMUJA C TO 0.173 0.013 ** |0.028 0.025 0.130 0.027 ** |0.220 0.027 ** |0.290 0.030  ***
EMUJA CUT 0.081 0.015 ** |0.002 0.042 0.124 0.029 ** |0.070 0.031 ** |-0.004 0.028
... Japanese country-specific shocks on EMU industries, h i jaemu
JAEMU C BA 0.147 0.004 ** |0.213 0.007 ** |0.154 0.007 ** |0.098 0.011 ** |0.064 0.013  ***
JAEMU C CC 0.157 0.005 ** |0.214 0.010 ** |0.182 0.013 ** |(0.133 0.012 *=* |0.115 0.017 =
JAEMU C CS 0.144 0.005 ** |0.214 0.008 ** |0.144 0.008 ** |0.143 0.009 ** |0.083 0.009  ***
JAEMU C GE 0.159 0.004 ** |0.197 0.010 ** |0.143 0.006 ** |0.169 0.007 ** |0.093 0.014 =
JAEMU CIT 0.150 0.009 ** |0.192 0.016 ** |0.149 0.015 ** |0.154 0.021 ** |0.195 0.045 =
JAEMUCNCC |0.125 0.005 ** |0.209 0.009 ** |0.126 0.008 ** |0.112 0.008 ** |0.004 0.015
JAEMUCNCS |0.145 0.006 ** |0.219 0.010 ** |0.163 0.011 *=* |0.125 0.012 ** |0.124 0.026 ***
JAEMU C RE 0.115 0.008 ¥ 10163 0.014 ** |0.117 0.011 *** 1 0.120 0.016 **x 1 0.045 0.028
JAEMU C TO 0.163 0.004 ** |0.232 0.008 ** |0.177 0.009 ** |0.118 0.008 ** |0.051 0.014  =*=*
JAEMU C UT 0.120 0.005 ** |0.219 0.012 ** |0.116 0.010 ** |0.091 0.013 ** |0.022 0.016
... US country-specific shocks on Japanese industries, h jusa
USJA CBA 0.299 0.007 *x o 10.294 0.017 *** 1 0.315 0.016 *x 1 0.237 0.021 *x 1 0.244 0.017 ok
USJACCC 0.346 0.010 ** |0.299 0.017 ** |0.366 0.021 ** |0.329 0.026 ** |0.357 0.025  ***
USJACCS 0.285 0.007 ** |0.298 0.015 ** |0.338 0.015 ** |0.238 0.016 ** |0.240 0.015 =
USJA C GE 0.367 0.007 ** |0.322 0.015 ** |0.343 0.020 ** |0.290 0.016 ** |0.424 0.018 =***
USJACIT 0.369 0.015 ** |0.354 0.035 ** |0.342 0.030 ** |0.409 0.028 ** |0.470 0.039  ***
USJA CNCC 0.234 0.008 ** |0.267 0.018 ** |0.329 0.018 ** |0.218 0.017 ** |0.089 0.016  ***
USJACNCS 0.318 0.020 ** |0.147 0.055 ** |0.204 0.045 ** |0.332 0.039 ** |0.524 0.040 =***
USJACRE 0.230 0.016 ** |0.160 0.032 ** |0.393 0.035 ** |0.171 0.028 ** |0.088 0.044  **
USJACTO 0.299 0.012 ** |0.237 0.025 ** |0.418 0.035 ** |0.349 0.027 ** |0.202 0.026  ***
USJACUT 0.139 0.014 ** |0.204 0.037 ** |0.302 0.033 ** |0.120 0.032 ** |-0.024 0.027
... Japanese country-specific shocks on US industries, h ijaus
JAUS C BA 0.037 0.006 *** |0.006 0.009 0.048 0.012 ** |-0.040 0.018 ** |0.092 0.025  ***
JAUSCCC 0.051 0.008 *** |0.006 0.011 0.062 0.017 ** |0.083 0.016 ** |0.097 0.020 ***
JAUS CCS 0.044 0.005 *** |0.009 0.008 0.045 0.010 ** |0.017 0.010 * 0.113 0.017  **=*
JAUS C GE 0.001 0.004 -0.001 0.007 0.032 0.011 ** |0.019 0.009 ** |0.103 0.020 ***
JAUSCIT 0.028 0.010 *** 1-0.011 0.015 0.012 0.018 0.070 0.024 *=* |0.172 0.047 ok
JAUS C NCC 0.019 0.005 *** |-0.001 0.008 0.024 0.011 * |-0.004 0.015 -0.015 0.018
JAUS C NCS 0.021 0.006 *** |0.009 0.009 0.048 0.012 ** |0.005 0.018 0.057 0.024  **
JAUS C RE 0.020 0.008 ** |-0.013 0.015 0.037 0.016 * |0.032 0.019 * 0.021 0.033
JAUSC TO 0.038 0.005 ** |0.027 0.007 ** |0.077 0.011 ** |-0.013 0.012 0.031 0.021
JAUS C UT 0.021 0.005 *** |-0.003 0.007 0.040 0.009 *** |-0.012 0.011 0.036 0.023
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Sample period

01/1986 - 10/2002

01/1986 - 12/1990

01/1991 - 12/1994

01/1995 - 12/1998

01/1999 - 10/2002

Point  Std. Point  Std. Point  Std. Point  Std. Point  Std.
Coefficient Es- Error Sign. | Es- Error Sign. | Es- Error Sign. | Es- Error Sign. | Es-  Error Sign.

timate timate timate timate timate
... EMU sector-specific shocks on US industries, f iemuus
EMUUS S BA 0.106 0.020 ** |-0.002 0.032 0.034 0.059 0.058 0.059 0.416 0.063  ***
EMUUS S CC 0.109 0.019 ** |0.044 0.026 * 0.002 0.051 0.099 0.045 ** |0.322 0.043  **=*
EMUUS S CS 0.098 0.017 ** |0.040 0.026 -0.021 0.044 0.019 0.045 0.078 0.045 *
EMUUS S GE 0.049 0.015 ** |0.078 0.022 ** |0.028 0.043 -0.020 0.036 0.063 0.047
EMUUS S IT 0.089 0.015 ** |-0.014 0.025 -0.067 0.037 * 0.068 0.038 * 0.361 0.032  ***
EMUUS SNCC |0.120 0.018 *= |0.013 0.026 -0.043 0.051 -0.065 0.052 0.450 0.035  ***
EMUUS SNCS | 0.007 0.015 -0.053 0.022  ** |-0.044 0.033 0.030 0.043 0.125 0.031  ***
EMUUS S RE 0.354 0.020 ** |0.226 0.034 ** |0.206 0.053 ** |0.260 0.041 ** |0.550 0.040 =***
EMUUS STO 0.019 0.018 -0.057 0.025 ** |-0.099 0.046 ** |0.109 0.047 ** |0.304 0.046 **=*
EMUUS S UT 0.001 0.012 -0.035 0.017 ** |0.016 0.027 0.011 0.031 -0.016 0.051
... US sector-specific shocks on EMU industries, f iysemu
USEMU S BA 0.100 0.009 ** |0.034 0.021 0.055 0.018 ** |0.063 0.025 ** |0.152 0.018 ***
USEMU S CC 0.046 0.011 ** |0.006 0.024 0.005 0.022 0.045 0.022  ** |0.143 0.026  ***
USEMU S CS 0.056 0.012 ** |0.018 0.027 0.063 0.026 * |0.023 0.028 0.006 0.017
USEMU S GE -0.025 0.013 * 1-0.031 0.038 -0.038 0.019 ** |0.002 0.025 0.000 0.030
USEMU S IT 0.159 0.013 ** |0.010 0.033 0.016 0.024 0.298 0.023 ** |0.305 0.032  ***
USEMU SNCC |(0.085 0.011 *= |0.045 0.029 0.015 0.022 0.066 0.019 ** |0.237 0.023  ***
USEMU SNCS | 0.017 0.013 0.003 0.032 0.004 0.027 -0.019 0.024 0.114 0.029  ***
USEMU S RE 0.280 0.011 ** |0.348 0.026 ** |0.227 0.019 ** |0.268 0.025 ** |0.319 0.030 ***
USEMU STO 0.077 0.010 ** |0.065 0.024 ** |0.078 0.025 ** |0.079 0.020 ** |0.097 0.020 ***
USEMU S UT 0.013 0.014 -0.057 0.048 -0.016 0.031 -0.041 0.050 0.005 0.019
... EMU sector-specific shocks on Japanese industries, f iemusa
EMUJA S BA 0.061 0.004 ** |0.011 0.043 -0.029 0.033 -0.048 0.036 0.123 0.035  ***
EMUJA S CC 0.058 0.018 ** |-0.017 0.044 0.114 0.028 ** |0.026 0.034 0.095 0.043  **
EMUJA S CS -0.015 0.001 ** |-0.061 0.038 0.007 0.029 0.021 0.030 -0.042 0.023 *
EMUJA S GE 0.013 0.016 0.118 0.035 ** |-0.016 0.022 -0.006 0.020 0.081 0.023  ***
EMUJA S IT 0.099 0.012 ** |-0.069 0.041 * 0.063 0.023 ** |0.048 0.024 ** |0.177 0.015 **=*
EMUJASNCC |[0.069 0.014 *= |[-0.002 0.040 0.017 0.038 -0.001 0.035 0.185 0.028  ***
EMUJASNCS |[0.095 0.028 *= |0.080 0.063 -0.062 0.055 0.003 0.061 0.138 0.045  ***
EMUJA S RE 0.095 0.012 ** |-0.042 0.048 0.010 0.045 0.101 0.041 * |0.212 0.046  **=
EMUJA S TO 0.011 0.028 0.013 0.054 -0.030 0.072 -0.050 0.052 0.116 0.056  **
EMUJA S UT 0.105 0.025 ** |-0.007 0.063 0.031 0.051 0.039 0.047 0.084 0.046 *
... Japanese sector-specific shocks on EMU industries, f i jaemu
JAEMU S BA 0.021 0.010 * |-0.010 0.014 -0.012 0.026 0.023 0.027 0.022 0.025
JAEMU S CC 0.044 0.011 ** |0.007 0.017 0.088 0.032 ** |0.074 0.026 ** |0.071 0.029 **
JAEMU S CS 0.034 0.013 ** |0.022 0.019 0.040 0.033 0.028 0.032 -0.004 0.030
JAEMU S GE 0.023 0.011 * |-0.010 0.016 0.037 0.020 * 1-0.011 0.026 0.075 0.028  ***
JAEMU S IT 0.001 0.013 -0.022 0.016 -0.008 0.032 0.029 0.039 0.216 0.047  **=
JAEMU SNCC |0.022 0.012 * 1-0.008 0.019 0.000 0.024 0.021 0.028 0.094 0.027  ***
JAEMU S NCS |-0.001 0.006 0.001 0.008 0.009 0.013 -0.027 0.015 * 0.001 0.025
JAEMU S RE 0.044 0.008 *** |0.037 0.013 ** |0.032 0.019 * 0.046 0.022 * |-0.002 0.023
JAEMU S TO -0.002 0.006 0.017 0.012 -0.024 0.017 -0.014 0.012 0.034 0.016  **
JAEMU S UT 0.021 0.007 ** |-0.018 0.010 * 0.001 0.019 0.054 0.024 * |0.015 0.023
... US sector-specific shocks on Japanese industries, f iysJa
USJA S BA 0.041 0.010 ** |0.027 0.042 0.005 0.019 0.023 0.027 0.030 0.017 *
USJASCC 0.032 0.011 ** |0.043 0.038 0.032 0.018 * 0.000 0.027 0.056 0.030 *
USJASCS 0.022 0.013 * 1-0.041 0.038 0.002 0.026 -0.056 0.029 * 0.013 0.022
USJASGE 0.011 0.014 -0.006 0.053 0.029 0.031 -0.009 0.035 -0.020 0.025
USJASIT 0.133 0.011 ** |0.128 0.050 ** |0.021 0.021 0.100 0.020 ** |0.218 0.022  ***
USJASNCC 0.065 0.012 ** |0.050 0.049 -0.024 0.024 0.017 0.022 0.093 0.024  **=
USJA SNCS 0.031 0.026 0.027 0.123 0.125 0.055 * |-0.079 0.049 0.045 0.047
USJASRE 0.068 0.017 ** |0.168 0.048 ** |0.027 0.033 0.031 0.029 0.111 0.042  ***
USJASTO 0.072 0.019 ** |0.009 0.058 0.015 0.049 0.110 0.039 ** |0.055 0.033 *
USJASUT 0.087 0.020 ** |0.316 0.105 ** |-0.007 0.047 0.035 0.054 0.050 0.025  **
... Japanese sector-specific shocks on US industries, f ijaus
JAUS SBA 0.022 0.013 * 1-0.009 0.016 -0.015 0.048 0.069 0.046 0.059 0.044
JAUS S CC 0.011 0.014 0.012 0.018 -0.009 0.050 0.018 0.034 0.011 0.037
JAUS S CS 0.023 0.015 -0.031 0.018 * 0.006 0.041 0.012 0.040 0.025 0.050
JAUS S GE 0.021 0.011 * 0.019 0.013 -0.003 0.031 0.008 0.035 0.048 0.047
JAUS SIT 0.008 0.011 0.004 0.015 0.018 0.039 0.021 0.047 0.187 0.045  ***
JAUS SNCC 0.005 0.013 0.027 0.015 * 1-0.058 0.032 * 1-0.020 0.046 0.026 0.031
JAUS SNCS 0.001 0.006 0.000 0.008 -0.007 0.016 -0.042 0.025 * 0.051 0.024  **
JAUS S RE 0.006 0.011 0.001 0.015 -0.041 0.031 0.001 0.030 -0.019 0.031
JAUS STO -0.008 0.008 -0.022 0.012 * 0.008 0.023 0.019 0.020 0.009 0.027
JAUS S UT 0.000 0.006 -0.004 0.007 0.008 0.019 0.017 0.023 0.008 0.033
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Figure 1: Average of country-specific and sector-specific spillover effects from euro area
innovations to US industries

Key: C = country-specific spillover effect, S = sector-specific spillover effect
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Figure 2: Average of country-specific and sector-specific spillover effects from US
innovations to euro area industries
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Figure 3: Country-specific return spillover effects from aggregate EMU return innovations to different
EMU industries

Key: EMUC = country-specific spillover effect from EMU aggregate returns to EMU industries; BA = basic
industries, CC = cyclical consumer goods, CS = cyclica services, GE = general industrials, IT = information

technology, NCC = non-cyclical consumer goods, NCS = non-cyclical services, RE = resources, TO = financials,
and UT = utilities
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Figure 4: Country-specific return spillover effects from aggregate EMU return innovations to different

EMU industries
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Figure 5: Country-specific return spillover effects from aggregate US return innovations to different
EMU industries

Key: USEMUC = country-specific spillover effect from US aggregate returns to EMU industries

— USEMUCBA
—USEMUCCC
USEMUCCS
A USEMUCTO
01 [0 \ﬂ'f W —  USEMUCGE
O T T
-0.1
(] [e] o AN <t (] [ee] o
[ee] o0} (o)} [e2] [e2] (o] [e2] o
S S S
(0] (0] (0] (0] (0] (0] (0] [0
o o [a) [a) 0o o [a) 0o

Figure 6: Country-specific return spillover effects from aggregate US return innovations to different
EMU industries
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Figure 7: Country-specific return spillover effects from aggregate Japanese return innovations to
different EMU industries

Key: JAEMUC = country-specific spillover effect from Japanese aggregate returns to EMU industries
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Figure 8: Country-specific

return spillover effects from aggregate Japanese return innovations to
different EMU industries
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Figure 9: Average of country-specific return spillover effects from aggregate EMU, US, and
Japanese return innovations to EMU industries
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Figure 10: Variane of country-specific return spillover effects from aggregate EMU, US, and
Japanese return innovations to EMU industries
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Figure 11: Average of country-specific return spillover effects from aggregate EMU, US, and
Japanese return innovations to US industries
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Figure 12: Variance of country-specific return spillover effects from aggregate EMU, US, ad
Japanese return innovations to US industries
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Figure 13: Average of country-specific return spillover effects from aggregate EMU, US, and
Japanese return innovations to Japanese industries
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Figure 14: Variance of country-specific return spillover effects from aggregate EMU, US, and
Japanese return innovations to Japanese industries
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Figure 15: Sector-specific return spillover effects from innovations to US industries to returns
of their EMU counterparts

Key: USEMUS = sector-specific spillover effect from US industry to EMU industry; sectors as above
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Figure 16: Sector-specific return spillover effects from innovations to US industries to returns
of their EMU counterparts
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Figure 17: Sector-specific return spillover effects from innovations to Japanese industries to
returns of their EMU counterparts

Key: JAEMUS = sector-specific spillover effect from Japanese industry to EMU industry; sectors as
above
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Figure 18: Sector-specific return spillover effects from innovations to Japanese industries to
returns of their EMU counterparts

0.6
0.5
0.4 %
—JAEMUSIT
0.3
| W | l\ ——JAEMUSNCC
0.2 |
01 N M JAEMUSNCS
A '(\ T { JAEMUSRE
07 W A NP A R B
A N | — JAEMUSUT
0.1 \ Il | Vf‘
0.2 y
0.3
(e} o0} o N <t © © o
S ® 3 & » & & S
o o o 1) o) S h o
L 9O o O o) O O )
O O o oo o o o

ECB « Working Paper No 286 *« November 2003



Figure 19: Average of sector-specific return spillover effects from innovations to US and
Japanese industries to returns of their EMU counterparts
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Figure 20: Variance of sector-specific return spillover effects from innovations to US and
Japanese industries to returns of their EMU counterparts
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Figure 21: Average of sector-specific return spillover effects from innovations to EMU and
Japanese industries to returns of their US counterparts
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Figure 22: Variance of sector-specific return spillover effects from innovations to EMU and
Japanese industries to returns of their US counterparts
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Figure 23: Average of sector-specific return spillover effects from innovations to EMU and
US industries to returns of their Japanese counterparts
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Figure 24: Variance of sector-specific return spillover effects from innovations to EMU and
Japanese industries to returns of their US counterparts
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