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Abstract

The current paper investigatesw has been evolving the integration tbe Greek stock marketo the major world
stock exchangefor a period spanning frorhe early 2000sill the middle of 2013The idea of wavelet coherepds
adopted in the analysia brder toidentify linkages and cemovement patterns that are otherwise not that obvlbis.
furtherinvestigate if the deteted relationships aref short orof long-run characterAlso particular attention is paid to
the cemovementpatterns duringhe period ofthe 20072009 financial crisisas well asduring the period ofthe
Eurozone debt crisi$n addition,conclusions on presence of contagion sadsmissiorof crisesare drawn.

Keywords: continuousvavelet transformwavelet cohereng stock market coomovementfinancial contagion

1. Introduction

The issue of stock markéttegration and in particular the
issue of stock marke&b-movement has been gfeatinterest
since theintroduction ofthe portfolio theory Before the
beginning & the etrade era it was a wideprad

However the markets from Southeast Europe are still
unexdored and the curremiaper contributes to the topic.
TheresearcHocusis seton the Greek stock markas it is

of specificinterest for thebusinespemle, policymakers and
academics The current paper aims to provide a better

understanding that investments in different countriesbnderstanding ofthe processedehind the Greek stock

securitiesare of crucial importancefor the successful risk
diversification. Even thougburing the lasst two decadethe
impact of risk diversification acrossindusties has
significantly increased,diversification across countriels

market integrationunder the influence of théast decade
financial turbulenceslIt aims to find how the existing
linkageshavechanged and #se finding coud be used as a
starting point for decisiemaking, analysisand further

still important[1]. On the other hand the issue of market co research

movement andn particularthe issue o€ontagion becamef

In particular, he currentarticle investigates the co

special interestafter the burst of the mortgage bubble movement ofthe Greekstock marketwith the marketsof
followed by the Great Recession and the Eurozone del@ermany, Japarthe UK, andthe USA. For the purpose of

crisis.

There arenumber of researchesegarding the co
movement of the developed stoclarkets[2]. Even though
in the earlierresearche there issome disagreement on
whether the markets are becoming miotegrated, in recent
paperd 3] it is shown thatfter the middle of 1990the coe
movement between the marketsGermany,the USA, and
the UK has significantly increased and ortlye marketof
Japanhas been integrated to lesser extéitgéo some recent
research work§4] deal with the issuéd stock marketdrom
the SouthAmerican, AsiaPacific andthe CEE regionsre
becoming more integrated with the world finances.
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the analysis is utilized the continuous wavelet transform.
This choice idetermired by several fadrs First of all, the
wavelet transform is particularly useful tool imet analysis
of financial dataAs explained by Rams€¥] the financial
informationis the outputof decisions and actions taken by
numerous economic agentperating simultaneously over
different investment horizon&n the other hanan inherent
characteristic of the wavelet transform is its ability to
represent any complicated data stwe into simpler
components characterized byspecific frequency.In fact
the wavelet transformis especidy well-suited b the
analysis of stock market aoovements as the
decomposition  over different  frequencies  allows
informatioral breakupacross Bort and longrun horizons.
Another advantage dhe utilized methodlogy is thatthe
issue with the biasedness of estimatemes of turmoilis
avoidedandit might be seethatthe most recent researches
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dealing with cemovementanalysis[6] apply the wavelet
approach

where! is a smoothing operator in both time and scale and

Rest of the paper is structured as follows. In Section 28! R. <!. The closethe value of! ,, to 1, the stronger
outlined the theoretical framework behind the utilizedis the degree of synchronization between the time serlés

waveletmethodology. In Section 3 is presented the data angind! (1), i.e. they are exhibiting strorgco-movement
the major results, followed by a discussion. Section 4, Empirical Findings

corcludes.

2. Wavelet Coherency

The conclusion on the degree ofmmvementbetweentwo

The raw datas downloaded fromhttp://finance.yahoo.com/
and it consists of the closing prices of tlstock indices
presented in Tall for the period from 4Janr2002 to 1Jul
2013.For the purpose of the analysis is applied a monthly
sampling rate as in this way is avoided the issue with

time seriesmight bedone on the basis of how strong their different working hours and official holidays of the

wavelet coherenc is. For its calculation is utilizedthe
continuous wauet transform.A detaileddiscussion on the
wavelet transfornrmight be foundor examplein [7]. Rest of
this section follows the presentation[8).

A function ¥(!!! I'IR), L?(R) denotes the set of

investigated stock exchangedhe closing prices are
conveted into monthly returnsand the paiwise wavelet
coherencydefined byEq. (5)is calculated Its numerical
realization isdonethrougha freely available Matlab toolbox
associated with the theoretical framework presented in the

square integrable functionis, said to be a mother wavelet if paper of AguiatConraria and Soare8]. The toolbox is
it satisfies the so called Oadmissibility conditionO which is gyailable at
decay condition and ensures that the function is welhttp://sites.google.com/site/aguiarconraria/joanaseares

localized both in time and frequency. For functions withyavelets

sufficient decay the admissibility conditios equivalent to
requiring that

L@ [ pMde=1, (1)

where ! !l denotes the Fourier transform aqflt!. A

family 1, of wavelet daughters can be obtained by scalingi:_l_SE 100

and translating the mother wavelet

t—-T

Yo =¥ () e L 2)

where! is a scaling factor controlling the width of the

Table 1. List of investigated stock indices.

Index Country
ﬁtgg:( Composite Share Pric Greece
DAX Germany
UK
Nikkei 225 Japan
S&P 500 USA

The major results are presentsicolor mas due to the

wavelet and! is a translation parameter controlling its t5¢t that calculation of wavelet coherendpvolves thres-

location. Given a time series(!)!!2IR! its continuous
wavelet transform with respect to the wavelts defined as
follows:

L) =0 O = () de @3)

where the asterisk denotes complex conjugate.
simplicity of notation the wavelet transforitf,,,(!,!) will
be denoted by , in the text that followsThe crosswavelet
transform of two time series,(!) and! !'t!, is given by Eq.

(4):

We =1, (4)

For the purpose of measuring-smvement itis suitable to
utilize complexvalued waveletand the most common
choice is the Morlet wavedlevhich isutilized in the current
paperas well.

The wavelet coherency of the time serigs! and! !!!
is denoted by ,,, and is defined by Eq. (5):

R, | — Bt (5)

T a0

dimensional representationEach pixel of the map
corresponds to particular valueof R,,, and the color code is
provided next tothe maps.On Fig.1, panels (a) to (d)is
presented the wavelet coherenof the return series of
Athex Composite Share Pricadexwith the major indices
of the USA the UK, Germanyand Japanrespectively For
each of the panelthe xaxis corresponds to the tinseale

F@nd the yaxis B to the frequencyscale For better

understanding of the results, the frequencies are converted
into time units where the finest scale correspondsrie
month and the coarser scdlo five years.Additionally, the
statistically significant coherencies are determined on the
basis of Monte Carlo experiments artlen they are
contoured on the map. The cone of influencpl@ted with

tick black line and it epresents the region in which the
transform suffers from edge effects.

From Fig. 1(a) it might be seen that there is presence of
significant cemovement between the return series of Athex
Composite Share Price Indeand S&P 500 in the low
frequency band (corresponding to-2 years) from the
begging of the investigated period until 2010. This means
that during this period there is presence of stock market
integration related to the loAgn investment horizan An
interesting finding is that duringehperiod of the 20062009
financial crisis there is a strongly pronounced and at the
same time stable increase in the -¢toovement over all
frequencies. This is a clear indication of contag[Of,
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which means that the financial crisis in the USA wasglobal fears there are neasons to believéhat the Geek
transnitted to Greek stock market. debt crisisaffected systematically the Ussock market.
However, the longun relationship disappeasson after Analyzing Fig.1(b) one migt say that there is significant
the beginning of the Greek sovereign debt crigibjch  co-movement between the Greek and the UK stock market
possibly means that the events in Greece do not affect tleeross the low as well asrosssome of the high frequencies
US stock market on a lorgin basis. Stilluntil theend of  from the beginning of the investigated period until the
2011 there are some instances of skemih comovements beginning of the Greek debt crisis. This means thaing
(1-4 months frequency band) which are of brief duration andhis period the Greek stock market has beefi integrated
might be interpreted as transient falls in the US stock markeb the UKstock marketAfter that there is some decrease in
caused by announcements in the financial press for chanceo-movement across all of the frequermands.
of negatve influence of the Greek crisis on the Wfck
market. The latter two findings evidence that in spite of the
The latter findingmight possibly mearthat the UK stock (@) Wavele Coherency (Ahex.SE9) (5) Wavelt Coherency (Athex.FTSE)
market became less synchronized withe Greek market. "J; ¥ i

the UK stock market.

From Fig.1(c)it is might beseenan overallpresence of »
co-movement between the German and thBeek stock *
market throughout the whole investigation period acrd;

B
2004 2006 2008 2010 2012 2004 2006 2008 2010 2012

most of the frequency band%his indicates that there is 05

(c) Wavelet Coherency (Athex,DAX) (d) Wavelet Coherency (Athex,Nikkei)
1

presence ofinterdependence beeen the Greek and the
German stock market which does not change considerablyg¥g
times of turmoil It should be noted that Forbes and Rigobi¥k
[10], adopt in their research a definition of contagiqm -
according to whichit is definedas asignificant increase in,j
crossmarket linkages after a shock to one country or, :
group of countries. On the other hand they outlineiftthle 202 204 2006 2005 200
present canovements do not increase significantly, then the

high levels of cemovements are interdependencet, ot a  Fig. 1. Wavelet coherency of the return series of Athex Composite
contagion.The latter &cts providegrounding to believe that Share Price Index and S&P 500 (a), Athex C_omposite Share Price Index
the Greek stock markes highly integratedo the Eurozone 2’&?;250?Fl)ggitgbgh’gﬁgeérggn%%iﬁ%eNpili'kcg ;’;‘]'Sez‘di”d DAX (@),
benchmark.

Fig. 1(d) provides evidenceon presence of weak
relationship between the Greek and the Japanese )
markets bedre the beginning of the 20@009 financial .|
crisis. It is interesting to comment on the -nmvement 4
corresponding to the low frequency bawthich appeared s
after the beginning of the 2062009 financial crisis and *
continues until the end of the investigateperiod.A possible e S
interpretation of such lonagun horizon synchronizations 05
that after the 2002009 crisisthe government debt issug, G aecres (o= (O wevee e Oaen
arose forboth the economies of Greece and Japaven
though it is paid less attention to JapanOs sovereign de:
might be seenfrom the figurethat the Greek and the
Japanese stock markets are sharing the sameuongath.

On Fig.2 are presentesbome of the pairwise wavelet s
coherencies betweethe returns of themajor world stock
indices in order toenable comparisoand explain further Fig. 2. Wavelet coherency of the return series of FTSE 100 and S&P

some of the findings in this papeFrom Fig.2(a) and 500 DAX and S&P 500 (b). Nikkei and S&P 500 DAX and
Fig.2(b) it might be seen that the US mortgage crisisFTSéai'oo ). an (b). Nikkei an ©. an

imposed a negative impact gdme UK and the Germanastk

markets througla well-establishednarketinterdependence.

Comparing these results with Fig.1(a) it is more easily 4. Conclusion

distinguished that Fig.1(a) indicates presence fihancial

contagion. The current paper utilizes the continuous wavelet transform
If Fig.1(c) is compared to Fig.2(d) it might be seen thain order to investigate the Greek stock market integration

eventhough the Greek stock market is wiellegrated to the during the last decade. The identifiedroovement patterns

German market, the levelf integration is not as strong as evidence that the linkages between the Greek and the major

the UK- German stock markeelationship world stock market havewent through certain changes
Finally, Fig.2(9 indicates that there is presence ofduringthe recentimes of turmoil. First of all, tiere isclear

contagion from the US stock market to the Japanese markétdication of contagionfrom the US to the Greek stock

But afterthe middle 02010 thee is no presence of loaign market after theburst of the mortgage bubblélowever,

co-movement between the two markets. The latter fact isoon after the beginning of the Greek debt crisis there is

supportive to the hypothesis that the ntiiéed longrun  significant decrease in the W&eek stock market eo

relationship on Fig. 1(d) might be due to the sovereigint movement. Considering the relationship between the UK

issue. and the Greek stock market, it could be noted that the two

2012 2002 2004 2006 2008 2010 2012

(a) Wavelet Coherency (FTSE.S&P) (b) Wavelet Coherency (DAX,S&P)

2002 2004 2006 2008 200 2012

2002 2004 2006 2008 2010 2012
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markets are synchroréd to a significant extent only until for the fruitful discussions and helpful comments which

the beginning of the Greek debt cristn the other handhe

Greek stock market is well integrated to the German stock
market throughout the whole investigation period and it

seems that this integration did not chadgsignificantly in
times of turmoil. Finally, itcould be concluded that the

Japanese and the Greek stock market are sharing the same
longrun path after the beginning of the Greek sovereign

debt crisis This finding might be interpreted as indication
for the arising debt issue in Japafhe current paper
conclusionsould be usedby investors angbolicymakersfor

decisionmakingas well asby scientists fofurther research

work.
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