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Abstract

The present paper studies dependencies between European stock markets when returns are
unusually large, using daily data on stock market indices for Germany, the United
Kingdom, France, the Netherlands and Italy from 1973 to 2001. Dependency is measured
by the conditional probability of an unusually large return in one market given an unusually
large return in another and is estimated using an approach from multivariate extreme value
theory. The paper finds the following. First, dependencies between markets in situations of
unusually large returns have become closer over time. Second, they are generally higher for
large negative returns than for large positive ones. Third, dependencies differ depending on
the country pair considered. For example, stock markets in the Netherlands and France are
more closely and those in the United Kingdom and Italy less closely linked to the German
market. Fourth, overall dependencies are quite symmetric, in the sense that the conditional
probability for an unusually large change given a large change in the other country is

similar irrespective of which of the two countries the probability is conditioned on.

Keywords: Multivariate extreme value analysis, International equity market linkages,

Integration of European equity markets.

JEL Classification System-Numbers: Gl5.



Zusammenfassung

Der vorliegende Beitrag untersucht die Abhingigkeiten zwischen Europiischen
Aktienmirkten in Situationen ungewohnlich grosser Kursschwankungen anhand von
taglichen Daten der Aktienmarktindices fiir Deutschland, Grofbritannien, Frankreich, die
Niederlande und Italien von 1973 bis 2001. Abhingigkeit wird dabei gemessen anhand der
bedingten Wahrscheinlichkeit einer ungewohnlich grossen Preisverdnderung auf einem
Aktienmarkt, wenn eine ungewohnlich grosse Preisverdnderung auf einem anderen Markt
gegeben ist. Diese Wahrscheinlichkeit wird geschitzt mit Hilfe eines Ansatzes aus der
multivariaten Extremwerttheorie. Die Ergebnisse konnen folgendermaB3en zusammengefal3t
werden: Erstens sind die geschitzten Abhédngigkeiten im Laufe der Zeit stirker geworden.
Zweitens sind sie ausgeprigter im Falle negativer als im Falle positiver Kursbewegungen.
Drittens sind sie unterschiedlich je nach betrachtetem Lénderpaar. So stehen die
Aktienmirkte in Frankreich und den Niederlanden in jeweils relativ starker gegenseitiger
Abhingigkeit in Bezug auf den deutschen Aktienmarkt, wihrend die Aktienmirkte in
Grossbritannien und Italien weniger eng mit dem deutschen Aktienmarkt verbunden sind.
Viertens sind die Abhingigkeiten zwischen zwei Mirkten generell symmetrisch in dem
Sinne, dass die geschitzte bedingte Wahrscheinlichkeit weitgehend unabhingig davon ist,

auf welchen der beiden Mirkte die Wahrscheinlichkeit konditioniert wird.
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Dependencies between European stock markets

when price changes are unusually large *)

I. Motivation

Unusually large changes in equity price indices merit specific attention. If they are
negative, they are particularly important as they have a potentially more severe impact on
balance sheets than changes of normal size. Moreover, if they are not confined to a single
market, but affect several markets in the same direction, the adverse effects may be
important even for internationally diversified portfolios. A prominent example of such an
event is the stock market crash in October 1987, where unusualy large equity price
changes occurred simultaneously in several emerging and mature markets. Or, more
recently, the Russian crisis in August 1998 not only generated a sequence of stock market
collapses in emerging markets, but also accelerated the fall in equity prices in several
mature markets at the same time. For the investor, this implies that in situations when it
would be most needed, international diversification may not be sufficient to prevent major
losses. For the regulator, who has to set regulatory minimum capital standards, this implies
that his settings may not be sufficient if he does not take into account the possibility of a
sudden simultaneous deterioration of conditionsin several markets.

The present paper studies the dependencies between European stock markets when stock
index returns are unusually large. Analysing dependencies between European markets is
interesting, because they are likely to be quite closely linked as a result of the process of
integration and the continuous removal of various barriers to cross-border investment in the
European Union. Most direct barriers, such as various forms of capital controls and
withholding taxes had already disappeared by the early 1990s. Several indirect barriers,
such as the obligation of pension funds and insurance companies to hold large parts of their
portfolio in domestic currency effectively disappeared for euro area countries with the
introduction of the single currency in January 1999. The costs of hedging intra-European
currency risk, while being important around the time of the EMS crisis, became less and
less important in the run-up to European Monetary Union and disappeared for all countries
that joined the euro area with the introduction of the single currency. To the extent that this

) | am grateful to Pedro de Lima, Florian Pelgrin, Catalin Stéricd and participants at seminars at the
Deutsche Bundesbank and the Annual Conference of the European Economic Association for helpful
discussions and comments. The usua disclaimer applies. The author works at the OECD and is on leave
of absence from the Deutsche Bundesbank.
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process has led to stronger dependencies in situations of unusually large returns, the
benefits of diversification may be unavailable exactly when most needed. Consequently,
the benefits of portfolio diversification across these markets may have been largely
reduced. To shed light on this issue, this paper analyses bivariate extreme value
dependencies among the five largest stock markets in the European Union, those in the
United Kingdom, Germany, France, Netherlands and Italy, using daily data of stock market
indices from January 1973 to July 2001.1 Specifically, the paper presents estimates of
bivariate dependencies between Germany on the one hand and the United Kingdom,
France, the Netherlands and Italy on the other, where dependency is measured by the
conditional probability of an unusually large return in one market given an unusually large
return in another.

Dependence is measured by a statistical measure from multivariate extreme value theory
(MEVT) which alows us to estimate the conditional probability we are interested in.2
Extreme value theory (EVT) provides tools to analyse unusually large returns, where
unusual means that there are none, or, asin our application, only afew observations of that
size (extreme events). MEVT is the extension of univariate EVT to the multivariate case
and is concerned with the tail behaviour of multidimensional marginal distributions. While
applications in the engineering literature, especially in the field of hydrology are
widespread, MEVT has only recently been used to analyse financial data. Applications to
stock market returns include Hartmann, Straetmans and de Vries(2001), Longin and
Solnik (2001), and Poon, Rockinger and Tawn (2001). Longin and Solnik estimate
conditional correlations between returns on different equity markets beyond given
thresholds, using monthly data for the United States, Japan, Germany, France and the
United Kingdom (hencefort G-5) from 1959 to 1996. They find that in the case of negative
returns, correlation of returns beyond those thresholds is higher than would be consistent
with assumption of multivariate normality. Poon et. al. confirm this. Using daily stock
index return data for the G-5 from 1968 to 2000, they find that correlation of extremes are
higher for negative rather than positive returns. They also find that correlations within

1 Thesearerelatively large and liquid markets, accounting together for more than afifth of total world stock
market capitalisation. Another advantage of this choice of markets is that the daily data reflect market
conditions at about the same time. Including data for markets from time zones that differ more
substantialy (e.g. United States or Japan) would raise the problem of non-synchronous data collection
which complicates the comparison of daily data for the different markets. While this problem could be
reduced by looking at weekly data (e.g. Hartmann et. al.), such an approach would not alow us to focus
on the very short-term, i.e. daily dependencies, and reduce the efficiency of our estimators which require
very large data samples.

2 A sandard approach to measuring dependencies between stock markets has been to caculate the
correlation coefficient for pairs of stock market index returns. This has the advantage that the calculations
are straightforward and that dependency can be expressed in a single number. However, it may not fully
capture the dependencies at issue, which may well go beyond linear relations.
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Europe are higher than correlations between Europe, the United States and Japan, though it
is not clear to what extent this may reflect the effects of the substantial non-synchronicity
in the collection of data for the three regions rather than differences in dependencies.
Hartmann ez. al. criticise that the previous studies do not provide the information that has
more direct meaning for analysing dependencies, such as the likelihood of ajoint crash or a
crash spill-over. Instead, Hartmann er. al. use a non-parametric approach to measuring
stock market dependencies, which, unlike the previous correlation-based approaches,
alows them to leave the probability law of the joint return process unspecified. They
estimate directly the number of crashes, given that at least one market crashes. Using
weekly data on returns for the G-5 stock markets from February 1987 to November 1999,
they find that on average stock markets realise a co-crash in one out of five crashes. The
present paper uses a Similar approach as Hartmann et. al., but focuses on conditional
probabilities of market booms and crashes.3

To measure dependency we follow Starica (2000) who suggests a spectral measure t0
describe how the extremes of the univariate components of a bivariate vector are related to
each other. Consider (squared) return pairs in the first quadrant. Loosely speaking, the
approach consists of “rescaling” the observations, which are far away from the origin, so
that they lie on the unit circle. Dependence is then measured by the distribution of the thus
rescaled observations on that circle. As the location of each observation on that circle is

defined by an angle between 0 degrees and 90 degrees, the distribution can be measured on
the line with values between zero and 77/2. Dependence is measured by the concentration

of observations that lie in the “middle”, i.e. close to the 45 degree line or to 77/4. These

dependency estimates allow us to calculate conditional probabilities and thus address
questions such as. - how likely is it to observe an unusually large return in a specific
market given that a large return is observed for another? — which markets are most closely
linked in such situations? We separately analyse the joint extreme events in either absolute,
positive or negative returns. And we divide the sample into two sub-samples. This alows
us to address questions such as: - are dependencies different depending on whether both
markets crash or boom? and — have dependencies become stronger over time?

We find the following. First, market links in situations of unusually large returns appear to
have become closer over time. Second, links are generally higher for large negative returns
than for large positive ones. Third, the links differ somewhat depending on which pair of
countries is considered. Stock markets in the Netherlands and France are more closely
linked to the German market than the markets in the United Kingdom and in Italy are.

3 It dso uses a different sample of countries and markets, daily rather than weekly data and a much longer
time period.
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Fourth, links are relatively symmetric in the sense that the conditional probability of an
extreme event in one country given an extreme event in the other is similar irrespective of
which of the two countries is the conditioning one. For example, the likelihood of a crash
in Germany given a crash in the Netherlands is similar to the likelihood of a crash in the
Netherlands given a crash in Germany. Section Il describes the technique used, section 111
presents the results and section IV concludes.

I1. Methodology

We suggest to measure dependency between two markets by the probability of an unusually
large return in one market given an unusualy large return in the other market,
Plri-x ‘r 2~y ), where 7? and r} are squared returns and x and y are given
thresholds. To estimate this probability, we use a non-parametric approach, i.e. the spectral
measure suggested by Starica (2000) which only assumes regular variation of the tails.
Regular variation means that one allows for geometric decay of the tails at the rate a ,4
rather than (faster) exponential decay as in the case of a normal distribution. Staricd has
shown that under the assumption of multivariate regular variation of the random vector of
returns, knowledge of the spectral measure allows one to calculate empirical conditional
probabilities of extreme events, such as those that we are interested in. The spectral
measure v is defined on the interval [0, m/ 2]. Its density at the angle 8 can be
interpreted as the probability that the arctan(r22 /rf) = @ given that (at least) one of the
returns was extreme. If most of the mass concentrates around 77/4 then the occurrences of
extreme movements in the two components are strongly linked, i.e. an extreme return in
one equity market is almost surely matched by an extreme movement in the other. If most
of the mass concentrates around 0 or 77/2, then the occurrences of extreme returns on the
two markets are independent of each other, ie. extreme returns in one market are not
matched by extreme movements in the other market (see for a graphical illustration
Figure 1).

4 Thedistribution of a one-dimensional variable 7; issaid to be regularly varying at 0 withindex a > 0

if the tail probabilities can be written as P(r, >x):x_a L(x) ,foral x >0, where L isafunction

converging to a positive constant as x goes to infinity. Intuitively, the index & means that the probability

of the random variable 7; larger than a given value x decreases as x “, for x large. See Embrechts

et. al. (1997). For the multivariate case see Starica (2000).
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Figure 1: Simplified illustration of the spectral measure
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Explanation: Consider a bivariate vector of squared returns r = (rf,rzz). Focusing on

squared returns has the advantage that they can be analysed in the first quadrant, defined by
[0,00)2. Our measure of extreme value dependence focuses on those pairs of (squared)
returns where at least one of them is considered extreme, i.e. exceeding x, or y, , thex-th
and y-th quantiles of the distribution of #2and r2, respectively. In this context, we consider
apair as extreme if the return in that market on which the probability is conditioned on is
extreme. The dependency measure used here scales down the observations far away from
the centre, so that they lie on the unit circle (denoted by B). Then it measures the
distribution of the thus scaled observations on B. The exact location of the scaled
observations on B is defined by the angle & from the origin, which can take on values
between O (intersection of B with x-axis or zero degrees) and 77/2 (intersection of B with y-
axis or 90 degrees), with the “middle” of the distribution being given by values around 7774
(or 45 degrees). Remember that arctan(r21 /rf) takes the slope r/r2 of a right-angled
triangle and returns the angle of a straight line with that slope. Thus, intuitively the density
of the spectral measure a HD[O, 1/ 2] can be interpreted as a measure of the likelihood that
arctan(r21 / rf): 6 given that at least one of the returns was extreme.



We estimate the measure v by the empirical tail measure v, , given as

@ v, =30, owith 7=

t

L kR auE
kO

and where n is a bivariate vector of squared returns, », = (rf,rzz), with time index t, and
[, isan indicator function taking the value of 1 if one of the elements of », was extreme,

K

k
and otherwise 0. d= 1 Zlog
k &

in
J ‘rk,n

is the standard Hill (1975) estimator,> with r, , being

the k-th largest order statistic of the sample of » pairs, or, loosely speaking the k-th largest
return pairs. The parameter k defines extreme events. Following widespread practice,” we
choose k by plotting the estimators as a function of the threshold and select k in the region
over which the estimates of the spectral measure tend to be constant. Within that region we
tend to choose a rather low value of k to ensure that the estimates capture only the tail
behaviour and are not biased by the mass in the centre of the distribution.

We estimate the conditional probability

P(r22 >y, r’ >xp)
P(rl2 >xp)

@  PlZsy,/rt>x,)=

where x, and y, are the (100 — p)% and (100 — ¢)% quantiles of the distribution of 72
and £, respectively, for given p and ¢ . Our estimates are based on the following:

3 P(r22>yp,r12>xp)‘~';Vn %s,t):s> J;’ > %

5 Starica shows that this is a consistent estimator of @ for a wide range of time series processes, including
those of the GARCH and constant conditional correlation type.

6 Note that unlike in the one-dimensional case, concepts such as order statistics do not have natura
definitions and, instead, several different concepts of ordering are possible. Here, we choose an ordering
according to the return in that country on which the probability is conditioned on.

7 Seee.g. Embrechtser. al. (1997) and De Haan and de Ronde (1998), cited after Hartmann.
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II1. Empirical application
The data and some descriptive statistics

The data consist of closing prices of daily stock market indices for Germany (DAX),
France (CAC 40), Italy ITSMBANC), United Kingdom (FTSE) and Netherlands (CBS)
from January 2, 1973 to July 10, 2001 (see for details appendix 1). Daily rates of return are
calculated as the natural logarithm of the ratio of two consecutive daily prices.8 Thus, the
full sample consists of 7440 observations. Dividing the latter into two sub-samples of equal
length (January 2, 1973 to April 7,1987 and April 8, 1987 to July 10, 2001) means that
each sub-sample has 3720 observations, which is still large compared with several other
studies.®

We use a bivariate framework, looking at the dependencies between the German market
and the other four markets separately. Hence, we have four different country pairs:
Germany-United Kingdom, Germany-Italy, Germany-France and Germany-Netherlands.
For each of the two sub-samples, we look at absolute, positive and negative return pairs,
where positive (negative) return pair denotes those return pairs where both returns are
positive (negative). Thus, we estimate (i) the conditional probability of an (any) unusually
large return, given an unusualy large return in the other market, (ii) the conditional
probability of a an unusually large positive return in one country given an unusually large
positive return in the other (joint boom) and (iii) the conditional probability of a an
unusually large negative return in one country given an unusually large negative return in
the other (joint crash).10

Scatterplots of positive and negative return pairs for the two sub-samples are shown in
Figure 2, each row showing four plots for one country pair. In some instances, specifically
negative German-French and German-Dutch return pairs in the recent sub-sample, the data
exhibit a V- rather than a U-shape, indicating pronounced tail dependence, that is the
tendency to have unusually large values of the two series simultaneously.

8 Summary statistics of the univariate index return series are reported in Appendix table 1. The (excess)
kurtosis measures and the Jarque-Bera statistics are generally highly significantly different from zero. This
confirms earlier findings that the returns are not normal, but have more mass in the tails than would be
predicted by anormal distribution. Thus, their joint distribution will not be normal either.

9 Danielsson and De Vries (1997) suggest that 1000 observations may be sufficient for the application of
EVT. However, some empirical applications have used fewer observations, e.g. Hartmann et al. (2001),
Longin and Solnik (2001) and Bae ef al. (2000) use samples with 623, 456 and 880 observations,
respectively.

10 We require both returns to be positive (negative) to avoid that squared negative (positive) returns are
mixed with squared positive (negative) returns when estimating the spectral measure. This implies a loss
of observations, i.e. we |oose those pairs where one return is positive and the other negative, but there are
only very few such observations when (German) returns are unusually large, which is our primary interest.
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Results

Four results are singled out for special attention.1l First, we find that European stock
market dependencies have become stronger over time, as evidenced by the very noticeable
differences in estimates between the two sub-samples. Dependencies during the first

sub-sample are generally weak, as reflected in the clear U-shape of density estimates for &
with peaks around 0 and 77/2 shown in the left column of figure 3 (where 6 is denoted by

Htheta“, with vaues from 0 to 77/2, or approximatively 1.57). Figure 4 shows the

associated estimated conditional probabilities for different quantiles. For example, the
value shown at —1.0 is the estimated conditional probability of a 99 per cent quantile event
in the other country given a 99 per cent event in Germany and the value shown at —2.0 is
the estimated conditional probability of a 98 per cent quantile event in the other country
given a 99 per cent quantile event in Germany, and so on. The left column of figure 4
shows that the estimated conditional probability of a 99 per cent quantile absolute return in
a country given a similar return in Germany never exceeds 20 per cent. In other words, an
unusually large absolute return in Germany is only accompanied by a return in the same
quantile in the other country in less than one out of five cases. In contrast, looking at the
more recent sub-sample, estimated densities change noticeably. Specifically, they have
more mass in the middle (Figure 3, right column) and conditional probabilities of extreme
events are much higher, ranging from 0.33 to 0.50 (Figure 4, right column).

Identifying increasing European stock market dependencies, our first result confirms those
obtained by other studies using different techniques (e.g. Hardouvelis et. al., 1999 and
Fratzscher, 2000). We concur with those authors that the increase in dependencies likely
reflects the continuous removal of various barriers to intra-European investment. However,
our estimates do not allow us to distinguish whether the dependencies reflect direct
bilateral links or the joint response of the two markets to developments in a third market.
While an interesting additional issue, this is beyond the scope of the present paper which
focuses on dependency in an arbitrage sense without attempting to explain the underlying
mechanisms for the dependency. Against this background the interpretation of our results
in the remainder of this section have to be regarded as tentative.

11 Edtimates are made usi ng S-Plus procedures, building on those kindly obtained from Catalin Stérica.
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Figure 3: Density estimates for unusually large returns
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Figure 4: Conditional probabilities of unusually large returns
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Note that our estimates suggest that linkages are far from perfectly tight.12 This would be
reflected in very pronounced peaks in the middle of the distribution with little mass on the
left-hand and right-hand sides. However, our estimates generally show that considerable
mass is spread over the full support, even for the more recent sub-sample as will be
discussed below. If anything, the shape of the distribution in the cases with relatively high
estimated linkages is more similar to a uniform distribution than to one, which has most
mass right in its middle. Two tentative explanations are suggested here. First, this may
partly reflect the remaining obstacles to full integration. For example, while the costs for
domestic investors for hedging inflation in the foreign (EMU) country has become smaller
as inflation rates converged during the 1990s, divergences remain. Second, and more
likely, this may reflect that even our most recent sub-sample may go too far back in history,
thus possibly mixing observations from periods of low with those of very high stock
market integration. For example, the results by Fratzscher (2001) suggest that European
equity markets have become significantly more integrated only since 1996. Unfortunately,
looking at shorter sub-samples of only a few years is problematic on the basis of the
present technique, as smaller samples could imply inconsistent estimates. Future research
could experiment with shorter sub-samples using intra-day data.

Second, we find that dependencies differ between the pairs of countries chosen. For
example, dependencies between Germany and Italy do not seem to be strong. The typical
density function has a more or less pronounced U-shape with very little mass in the middle
and most mass concentrated around 0 and 77/2, even for the more recent sample (Figure 3).
This means that an extreme return in one country is generally not accompanied by an
extreme return in the other country. This is reflected in a conditional probability estimate
for 99 per cent quantile absolute returns close to zero for the first and just above 30 per
cent for the most recent sample (Figure 4). By contrast, for example, dependencies between
Germany and France are much stronger. Especially during the recent period the distribution
is overall more equal and pesaks in the middle at around 77/4. The estimated conditional
probability of a 99 per cent quantile absolute return is equal to 0.50. In other words,
unusually large absolute returns are as often shared by both countries as they are confined
to just one of them. Dependencies for the other two country pairs lie in between the two
described above.

12 The Jatter result is similar to Hartmann et. al. (2001), though our estimates suggest nevertheless a much
higher degree of integration than these authors using data over a similar period (from 1987 to 1999 in
their case, as compared with 1987 to 2001 here). This difference may reflect the different data frequency.
While Hartmann er. al. use weekly data, we use daily data. Indeed, looking at average weekly average
data instead of daily data, we find much lower conditional probabilities, similar to those reported in
Hartmann et. al. (2001).
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We suggest that exchange rate uncertainties go a long way explaining the differences in
estimated cross-border stock market linkages. Specifically, such uncertainties were
particularly important during the EMS crisis for the United Kingdom and Italy, which left
the EMS in September 1992. Another explanation for the estimated cross-country
differences in dependencies may be trade links: High trade dependence and business cycle
integration is likely to lead to more homogenous cash flow expectations across borders, as
companies’ profits are more dependent on area-wide business cycles. Indeed, among the
countries considered here, Germany is the most important trading partner for the
Netherlands, and France the most important one for Germany. However, while this may
explain the differences in estimated linkages among the different country pairs, it cannot
explain the increase in stock market dependencies over time. Relative trade links among
the countries under consideration have hardly changed between the two sub-periods. If
anything, German-Dutch as compared to the other trade links have become dlightly less
important during the second as compared to the first sub-sample. We conclude that the
reduction in currency risk is the most important explanation for the much stronger increase
in dependencies between Germany and France or the Netherlands than between Germany
and the United Kingdom or Italy.

Third, distinguishing between positive and negative returns shows that dependencies are
stronger for negative than positive returns (Table 1). Also, the cross-country differencesin
estimated dependencies are more noticeable in the case of the former. For example, while
the density estimates for Germany-United Kingdom and Germany-Italy have a more or less
pronounced U-shape with peaks at the ends even for the more recent sub-sample, the
estimated densities for Germany-France and Germany-Netherlands for the more recent
period peak in the middle a 7774 (Figure5). This indicates pronounced tail dependence.
This is reflected in estimates of conditional probabilities of negative returns in the 99 per
cent quantiles, which are equal to 0.61. Thus, if there is an unusually large negative return
in Germany, in three out of five cases there is also an unusually large negative return in
both France and the Netherlands.
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Figure 5: Density estimates for unusually large negative returns
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Figure 6: Conditional probabilities of unusually large negative returns
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Table 1: Conditional probability of unusually large returns
(probability of return in 99 [98] per cent quantilein ...
given areturn in 99 per cent quantile in Germany)

Type of return  Sample period Return in 99 [98] quantile in...
in Germany
United Kingdom Italy France Netherlands
Absolute 1973-1987 0.07 0.04 0.02 0.12
[0.09] [0.08] [0.08] [0.15]
1987-2001 0.41 0.33 0.50 0.42
[0.56] [0.46] [0.62] [0.60]
Positive 1973-1987 0.13 0.10 0.06 0.13
[0.21] [0.12] [0.09] [0.23]
1987-2001 0.38 0.21 0.41 0.40
[0.46] [0.34] [0.50] [0.56]
Negative 1973-1987 0.08 0.13 0.06 0.16
[0.11] [0.16] [0.12] [0.24]
1987-2001 0.43 0.36 0.61 0.61
[0.59] [0.49] [0.79] [0.72]

Explanation: Each probability estimate is based on a specific choice of %, the number of upper-order
statistics. The choices of & are (column wise) as follows: 95, 95, 95, 95, 95, 95 for the United Kingdom; 100,
100, 100, 100, 100, 100 for Italy; 45, 45, 50, 45, 45, 35 for France and 35, 30, 50, 35, 45, 30 for Netherlands.
Asthe £’s differ for positive, negative and any returns for each country, the three estimated probabilities for
each country are not necessarily systematically related each one to another. Testing for robustness of the
conditional probability estimates with respect to the choice of &, we find the estimates mostly stable when & is
varied by plus and minus 10. In amost one out of two instances did the maximum variation in the estimated
probability (from either a reduction or increase in k) not exceed one per cent. In all but three instances was
this variation smaller than five per cent. The three exceptions are the case of al returns for
Germany-Netherlands and the cases of negative returns for Germany-Netherlands and Germany-France. In
the case of the latter, reducing & lowers the estimated probability and increasing k raises it, in each case by
about 0.09. In the other two cases the maximum variation could attain plus 0.09 (absolute returns) and minus
0.15 (negative returns). Controlling for the stock market crash in 1987 (by excluding data for October and
November 1987), the estimated parameters change dlightly, but the qualitative results remain unchanged.

The third result confirms those obtained by Koutmos and Booth (1995), Longin and
Solnik (2001) and Poon, Rockinger and Tawn (2001), while Bae, Karolyi and Stulz (2000)
find only mixed evidence in favour of the hypothesis that cross-country financial market
links are stronger in bear rather than bull markets. Several factors may explain our results.
To the extent that significantly large negative returns are associated with more a
wide-spread drying up of liquidity, investors will find it harder to fund themselves because
of liquidity shortages and the ensuing rebalancing of their portfolio is likely to trigger a
spill-over between markets. The trend towards portfolio retrenchment is reinforced when
individual fund managers have powerful incentives to produce returns that do not deviate
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too much on the downside from average. In addition, in situations when prices turn against
them, highly leveraged financial institutions are required to provide more collateral or close
out their positions (“marking to markets”). In the face of daily marking to markets this may
lead to rapid adjustments of positions and, if other positions are closed to free up collateral,
to spill-overs to other markets within the same day. Prudentia ratios and self-imposed
“stop-loss limits” have similar effects. All these factors suggest that markets may be closer
linked during bull rather than bear markets.

Fourth, the estimated conditional probabilities are symmetric in the sense that they are
broadly similar irrespective of which one of the two markets is chosen as the one on which
the probability is conditioned on. This is evidenced by the small differences between the
straight line (conditional probability of extreme return in other country given an extreme
return in German market) and the dotted line (conditional probability of extreme return in
German market given extreme return in the other market). If anything, there is a small
divergence between the two estimated probabilities to the left of the 98.5 per cent quantiles
in the case of negative returns. This would suggest that the German market exhibit more
inertia. However, the evidence is at best very limited and we cannot identify substantial
asymmetries. This differs from the results of studies including the US market, which is
generally found to significantly influence other markets (e.g. Hamao, Masulis, Ng, 1990).
Our results can be seen as consistent with the hypothesis that there is no single most
influential stock market in Europe.

IV. Conclusions

Our estimates show that MEVT is a useful tool to analyse cross-border market links in
situations of unusually large price changes. We find considerable dependencies between
some stock markets, especialy in the case of extreme negative returns. Moreover, using
two sub-samples each of fourteen years we find that dependencies have increased
noticeably in the more recent period as compared with the earlier one. Thislikely reflecting
the continuous removal of various barriers to intra-European investment. Thus, our results
point to the limits to which international portfolio diversification can reduce risks. In
particular, where dependencies of extreme returns are very tight (as for Germany-France
and Germany-Netherlands), the diversification of international portfolios may fail to
deliver exactly when its benefits are needed the most.
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Appendix 1: The data

The sample consists of daily stock market indices (closing quotes) for Germany, France,
Italy, the United Kingdom and Netherlands from January 2, 1973 to July 10, 2001. When
collecting the data, recourse had to be made to various sources. The DAX index for
Germany has been obtained from the Bank for International Settlements (BIS) Macro
Databank up to November 11, 1999. Recent updates were made using Bloomberg (ticker
symbol DAX). Data for United Kingdom’s FTSE All Shares index before April 1, 1986
has been obtained from FTSE and thereafter from Bloomberg (ticker symbol ASX). Data
on the Italian ITSMBANC has been extracted from Bloomberg (ticker symbol
ITSMBANC). For France two indices had to be appended. Before July 16, 1987 the CAC
Général index - obtained from Paris Bourse - was used and from that date the CAC40 -
obtained from Bloomberg (ticker symbol CAC). The former was linearly transformed so
that the last observation for the CAC Général index exactly matched the first observation
for the CAC40. The Dutch CBS All Shares Index since January 1980 has been obtained
from the Nederlandsche Bank in electronic form and from January 1973 to December 1979
in paper form. The series had to be rebased twice (up to November 1, 1974 and up to
January 2, 1980) to a common base of 100 for December 29, 1983. Recent updates were
made using Bloomberg (ticker symbol CBSA). As bank holidays differ between countries,
observations for all countries were not available at some dates. In those cases, the missing
observation was replaced by the data from the last trading day before the bank holiday (an
option called “carry over last price” in Bloomberg).
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Appendix 2: Summary statistics of daily stock returns

Mean
Minimum
Maximum
Std. dev.
Kurtosis
Skewness
Jarque Bera

Mean
Minimum
Maximum
Std. dev.
Kurtosis
Skewness
Jarque Bera

Mean
Minimum
Maximum
Std. dev.
Kurtosis
Skewness
Jarque Bera

DAX

0.03
-13.71
7.29
112
9.04
-0.64
25843 *

0.02

-5.46

4.69

0.88

2.03

-0.13
646*

0.04
-13.71
7.29
131
8.71
-0.77
12123 *

FTSE

January 2, 1973 to July 10, 2001

0.04
-11.91
8.94
101
9.73
-0.33

29499 *

January 2, 1973 to April 7, 1987

0.04
- 7.56
8.94
111
5.79
0.20

5229 *

April 8, 1987 to July 10,2001

0.03
-11.91
5.70
9.08
16.96
-1.30

45641 *

ITSM

0.04
-0.02
8.30
1.30
5.28
-0.48

8917 *

0.05
-0.02
8.30
1.36
6.35
-0.50

6408 *

0.02
-8.47
6.53
1.23
347
-045

1991 *

CAC

0.04
-15.11
8.23
1.10
0.34
-0.70
33751 *

0.04
-15.11
7.35
0.93
22.96
-1.29
82713 *

0.03
-0.14
8.23
1.25
517
-0.42
4245 *

Note : * denotes significance at the 1% level; i.e. rejection of the null hypothesis of normality.
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CBS

0.03
-13.05
113
1.02
14.54
-0.48
65807 *

0.02
-13.05
113
9.84
17.27
-0.21
46236 *

0.04
-11.99
9.84
1.05
12.36
-0.69
23975 *
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