A\ Economics Bulletin

Volume 32, Issue 1

A dynamic conditional correlation analysis of European stock markets from
the perspective of the Greek sovereign debt crisis

Go Tamakoshi

Kobe University

Yuki Toyoshima Shigeyuki Hamori

Kobe University Kobe University

Abstract

By using the asymmetric dynamic conditional correlation model developed by Cappiello et al. (2006), we examine how
the time-varying correlations between Greece and other six European countries (Germany, France, UK, Ireland, Ttaly,
and Spain) evolved from January 2007 to March 2011. The main contribution of the study is investigating whether the
financial turmoil that originated from one nation's government debt market can exert contagion effects on equity
markets in other countries of the region. We show that the dynamic correlations exhibited swings over time with
several peaks, particularly in September 2008 and May 2010 and, interestingly, that the correlations indicated
significant declines (rather than increases) during the sovereign debt crisis. The results imply that diversification

opportunities between Greece and the other six European nations may have been created since the debt crisis
mtensified.
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1. Introduction

Using the asymmetric Dynamic Conditional CorrelatigDCC) model developed by
Cappiello et al. (2006), this paper investigatesiovement of correlations of stock market
indices between Greece and other six European mesinifter the inception of the sovereign
debt crisis in Greece in late 2009, policy makersEuropean nations and international
investors have begun to have imminent fears ovemnpial risks of financial contagion across
the Eurozone. In fact, according to Eurostat, asyikld of the Greek 10-year government
bond rose sharply from around 4.5% in October 2@16ver 9.5% in April 2011, that of
Portugal also increased from around 4% to over 6#ind the period. Moreover, Spain’s
10-year government bond yield followed a sharp upweend after a three-month time lag,
thereby implying the possibility of spillover eftsdrom Greece’s sovereign market to that of
Portugal and Spain, both of which have in commothwsreece high percentages of
government debt over GDP and net foreign assets Gid°. Such co-movement was also
observed in the European stock markets, partigulariearly May 2010 (specifically from
May 4 to May 7), when the stock markets of Britdtinance, Spain, and Italy faced visible
declines, apparently coinciding with drops in thee€k stock index. Thus, this leads to an
interesting research question of whether Greecghaholds only 2.7% of Eurozone’s total
GDP but is seen as the main source of the recemupEan sovereign debt crisis, had really
exerted “contagion effects” on other major Europstotk markets during the period of its
burgeoning financial turmoil.

Despite differences in the definition of financiabntagion among economists, a
significant number of recent studies have regami@dble increases in the correlations of
asset prices across countries during the finariarahoil as evidence of contagion effects.
Based on this understanding, a strand of literaturas been cultivated with the DCC
framework first developed by Engle (2002) and itedified versions of models. Engle’s
(2002) DCC model comprises two steps—fitting eadhth® time series to univariate
GARCH models and then deriving the dynamic conddlocorrelation estimate. This is
primarily designed to ensure computational advadagver the conventional multivariate
GARCH models in terms of capturing the time-depandature of the correlation of stock
returns across markets. Its modification by Cajppiet al. (2006), named the asymmetric
DCC model, aimed to incorporate the possibilityootasionally observed events in which
the conditional correlation of stock returns is maignificantly influenced by negative
shocks than positive shocks.

The DCC and asymmetric DCC models have spurretbl#gration of studies on the
dynamics of the stock market conditional correlatiparticularly in the context of Asian
markets during the Asian financial (1997-1998) ahobal financial crises (2007—2009)
triggered by sub-prime loan issues in the US. Mawamples in this regard include the
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following studies. Yang (2005), applying the DCCdabto daily stock index data from 1990
to 2003, investigated the conditional correlatitnetween Japan and four Asian countries
(Hong Kong, Taiwan, South Korea, and Singapore) fandd increases in the correlations,
particularly when high volatilities were observadridg the Asian financial crisis. Kuper and
Lestano (2007) also used Engle’s (2002) DCC franmkewm analyze dynamic correlations of
not only daily stock returns but also daily exchaungtes and interest rates between Indonesia
and Thailand. Their findings reveal that the catiehs first declined at the inception of the
Asian financial crisis before abrupt jumps, theraiicating that contagion across countries
may take some time. Cheung et al. (2008), studyiegkly stock index data in the US, East
Asia, and Pacific region using the DCC model, fosighificant contagion effects within the
East Asia and Pacific region during the global ficial crisis period; however, they identify
no evidence of contagion between the US and eaghtrgoin the region. Yiu et al. (2010),
using the asymmetric DCC model for weekly stockemdlata, examined the dynamic
correlations between the US and eleven Asian mat@md suggested the existence of
contagion from the US market during the globalticial crisis period.

In contrast, a relatively small number of studiesch upon contexts of time-varying
correlations among European stock markets andttefatus on analyzing the impacts of the
introduction of the euro (rather than the financiasis) on the dynamics of correlations (e.g.,
Bartnum et al., 2007; Kenourgios et al., 2009; @aet al., 2009). To the best of our
knowledge, this study is the first to evaluate gmential impacts of the recent European
sovereign debt crisis on the dynamics of stock etackrrelations between Greece, where the
crisis originated, and the abovementioned six Eemopnations. From this viewpoint, we
believe that the main contributions of our analysis twofold. First, we empirically address
an interesting question regarding whether finantuamoil that originates from solvency
issues of a particular nation and spreads to it&l boarkets can trigger significant contagion
effects across borders in regional equity markeézond, our empirical study indicates the
extent to which European stock markets, which amsicered to have attained more solid
economic integration than Asian markets, may bl@miced by spillover effects due to the
sovereign debt crisis.

The remainder of the paper is organized in thealhg manner. Section 2 describes the
econometric methodology used in our study. SeQi@novides a detailed description of our
dataset. Section 4 summarizes our empirical redualtthe final analysis, Section 5 presents
some concluding remarks.

2. M ethodology

Similar to Yiu et al. (2010), we take the followinigree steps in our analytical framework.
First, we estimate the conditional variances ofheat the stock returns using univariate
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GARCH models. Our approach differs from that of ¥iual. (2010) in that instead of simply
using GARCH (1,1) models, we select the best of IMEGARCH(p,q) models. Let us
denote the stock returns by. Then, the conditional mean and variance of retumthe

AR(K)-EGARCH(p,q) framework are represented as

=@+ #r. +& and @)

i
O

log(d,) = w+>"" (a,

W j—) +3° Blogd.-,), 2)

wherek (=1, 2, ..., 10),p (=1, 2), andq (=1, 2) are selected by the Schwarz Bayesian
information criterion (SBIC).

Second, we derive the time-varying conditional elations with the asymmetric DCC
model developed by Cappiello et al. (2006). Let emate the standardized regression
obtained above as

£ =6/, . ®)
The negative standardized residuals for capturayghanetric impacts are defined by
n. =& if & <0 and 7, = 0otherwise. (4)

Then, with the conditional correlation matrix deswtby P, and the unconditional

correlation matrix between residuals denoted F_by the asymmetric DCC (1,1) model is
given by

P = thQt tm )
Q=@0-a- bl)I_D - 91N + %Za + 0,77 thiQ (6)

where Q is the conditional covariance matrix between ttemdardized residuals an@;

is a diagonal matrix with the squared i-th diagorment of Q, on its i-th diagonal
position.

Third, AR (1) models are applied to model the ctindal correlations derived from the
second step. Specifically, the dummy variable $ygymg the sovereign debt crisis period (i.e.,
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from November 5, 2009, to March 31, 2011) is ineldidn order to test whether the debt
crisis significantly altered the dynamics of thdireated conditional correlations between
Greece and the abovementioned six countries; that is

DCC =9, +9,DCC_;+¢Crisis +V,. (7)

3. TheData

Our dataset comprises daily returns of stock mairigites (1046 observations in total) for
the period from January 1, 2007 to March 31, 20drlskven European countries. These
indices are FTSE/ATHEX 20 (Greece), ISEQ-OVERALL IBR (Ireland), FTSE MIB
(Italy), IBEX 35 (Spain), DAX (Germany), CAC 40 @mce), and FTSE 100 (UK). All the
data are extracted from the Yahoo Finance webditaily stock returns are defined as the
difference of the logarithm of the index, multigliey 100 to express as percentages. In terms
of unavailable data points due to holidays in ezmintry, the stock prices were assumed to
be the same as the prices of the previous daylasitoi Savva et al. (2009). All the indices
are denominated in euro, except for the UK’s FT8H, Henominated in British pounds. The
reasons why we use daily data are twofold. Fikst,use of daily data will allow us to avoid
the potential issue of overlooking temporary spifloeffects that might arise by using lower
frequency data. Second, the daily dataset can gecvisufficient number of samples for our
study on the recent phenomena of the Europeaneigwedebt crisis.

Table 1 presents a summary of descriptive stadisticour data. “Pre-crisis period” and
“post-crisis period” are defined such that November2009, the date when the Greek
government disclosed its fiscal deficit at 12.7%GIDP (approximately twice of what had
been announced previously), represents the begrwiirihe sovereign debt crisis. This is
because investors’ perceptions regarding the riatsmivency might have been altered since
then. Over the entire sample period, all the coemtexcept Germany experienced a negative
return in mean; this is not surprising as our sarglso contains a period of the global
financial crisis beginning in autumn 2007. It mbstnoted that the mean of the daily stock
returns relatively increased in all other six coiast after the sovereign debt crisis, while in
Greece the mean declined from -0.08% during thecpses period to -0.2% in the post-crisis
period. Changes in the standard deviations alsdbiett a similar pattern. The level of
kurtosis for the stock returns decreased duringdti# crisis, except for Spain. Jacque-Bera
tests reject normality for all the seven countgescerned. It is also confirmed that on the
basis of Augmented Dickey-Fuller (ADF), tests we rtd identify unit root processes for

1 We also considered the possibility of includingtBgal, one of the “PIIGS” countries, in our anigysowever, the data on Portugal’s
PSI 20 index extracted from Yahoo Finance includerées of missing data points from August 18 tedbeber 23, 2009. Hence, we chose
not to use the PSI 20 data in order to ensure ctioiifig with stock indices data for other counsie
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level data at the 1% significance level.
4. Empirical Resultsand Discussion

AR-EGARCH specification

Our approach is the first to fit the best of uniatg ARK)-EGARCH(p,q) models to each
series of the stock returns for the seven Eurogeantries. This is a main difference of this
study from the approaches used in Yang (2005) aacetral. (2010), both of which simply
apply GARCH(1,1) models.

As indicated in Table 2, we chose AR(1)-EGARCH(1fd) all the seven countries
except Greece, for which AR(2)-EGARCH(1,1) is fouttdbe appropriate. The variance
equations of the models exhibit good fit to theadaith all parameters including the GARCH
and asymmetric terms found to be significant at IBe significance level. Moreover, the
p-values of the Ljung-Box statistic€) (20) and Q? (20), are much larger than 0.01 for all
seven nations, thereby suggesting acceptance afulhéypothesis of no autocorrelation up
to order 20 for standardized residuals and standegiduals squared. However, in contrast,
parameters in the mean equations are not signifieaen at the 10% significance level,
except for those in the case of Greece. As ouryaisalfocuses on the dynamics of
correlations of the stock returns, the well-fittealiance equations motivate us to conclude
that our AR-EGARCH models fit the dataset reasonalall.

Estimation of asymmetric DCC models
Our second step is to derive the estimates of fymmetric DCC models developed by
Cappiello et al. (2006). Table 3 presents the DG@mates. Both the estimates on the
parameter of standardized residuals) @nd the parameter of innovations in the dynarofcs
the conditional correlation matrixo() are statistically significant for all the natior@n the
other hand, the estimates on the parameter oftdinelardized negative residualg, | are not
significant even at the 10% significance level &irseven countries. That is, the conditional
correlation of stock index returns is not neceggarfluenced more significantly by negative
innovations than by positive innovations to returhis insignificance of the parametey;
is quite consistent with the empirical results atiYet al. (2010), where the dynamic
correlation between the US and eleven Asian natierexamined for sample periods from
February 1993 to March 2009 (including the gloladmcial crisis period). We also compare
the log-likelihood values between the asymmetricCD@odel and Engle’s (2002) DCC
model and confirm that the former model slightlytperforms the latter (although the
log-likelihood values are not reported in the table

Fig 1 describes the estimates on time-varying damdl correlations between Greece
and each of the other six countries. From the graple highlight the following four key
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findings. First, correlations of the Greek stoc#iges exhibited more substantial fluctuations
with Ireland than with the main countries in the@&one countries (Germany, France, Spain,
and Italy). Such fluctuations in the case of Irdlamay stem from the relatively low estimate
(0.479) on the parameter of the innovations indiieamics of the conditional correlation
matrix (b)), as indicated in Table 3. Second, prior to theeseign debt crisis that occurred in
late 2009, the Greek stock market’s correlatiorth Wie other six nations had moved up and
down, with the highest peak in the fourth quarte2@08. During the peak period, the risk of
a systemic meltdown in global financial markets eyad most fiercely in September 2008
when Lehman Brothers filed for bankruptcy. The ewice of the contagion effects
demonstrated in Fig 1 at this period is in linehwthie analysis of Liquane et al. (2010), which
identified sharp increases in dynamic conditior@r@ations between the US stock market
and the stock markets of several developed natodsemerging countries. Third, after the
inception of the sovereign debt crisis, notablekpeaf the correlations were found in the
second quarter of 2010, most clearly in terms efcbrrelation between Greece and Spain.
The peaks coincided with falls of prices in majar@&pean stock markets in early May when
street protests in Athens were reported and doalstaast on Greece’s ability to manage the
levels of its government debt. However, Fig 1 iatks that the contagion effects reflected in
increases in the dynamic correlations were trangiad smaller than those triggered by the
global financial crisis after 2007. Fourth, and miogportantly, after May 2010 the dynamic
correlations began exhibiting downward trends. drtipular, the correlations with Germany,
France, and the UK declined to lower levels thams¢hin the beginning of 2007, thereby
suggesting that diversification opportunities beitweGreece and these countries in fact
increased through the sovereign debt crisis.

AR model for the estimated dynamic conditional elatron

Our last step is to apply AR (1) models with a dwrwariable representing the European
sovereign crisis period to the evolution of theineated dynamic conditional correlations.
Table 4 reports the estimations of the regressioalais. The constant termg,) are all
positive and significant at the 5% significanceelevihe correlation between Greece and
Ireland is highest with the estimated constant tefn®.204 over the sample period. The
coefficients of AR terms d,) are also significant for all cases at the 1% ificance level
with values of less than unity, thereby indicatihg stationary property. A relatively high
R*ensures the adequacy of the AR (1) models.

The coefficients of crisis dummigs;) are all found to be negative and statistically
significant at the 10% significance level. This nmsyggest that contagion effects from the
Greek stock index to other countries’ indices aoé identified during the debt sovereign
crisis period. Negative coefficients also imply tthiae six countries (Ireland, Italy, Spain,
Germany, France, and the UK) may be reasonablgldaifor diversification when investors
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consider investment in the Greek stock index.

5. Conclusion

In this article, we extend the strands of our rege@n the dynamic conditional correlation
analysis of international stock markets by evahgtiow the correlations between Greece
and other six major European countries evolved frésanuary 2007 to March 2011. A
particular focus was placed on analyzing the ingpatthe Greek sovereign debt crisis on the
dynamics of stock market correlations. The corietest were found to undergo swings over
time with remarkable peaks in the fourth quarteR0®8, prior to the sovereign debt crisis,
and in the second quarter of 2010, during thesrisiwas also indicated that the correlations
generally exhibited downward trends after May 20h0fact, our analysis using the AR (1)
model with dummy variables applied to the crisigigee confirmed that the dynamic
correlations were significantly lower during thebtlecrisis period than earlier. From
investors’ perspectives, this implies that oppaties for stock market diversification
between Greece and the other six countries may eanerged since the occurrence of the
sovereign debt crisis.
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Table 1. Summary of statistics on the stock index returns

Whole sample: (Jan 3, 2007 - Mar 31, 2011)

Greece Ireland Italy Spain Germany France UK
Mean (percent) -0.12 -0.11 -0.06 -0.03 0.01 -0.03 -0.01
Median (percent) 0.00 -0.05 0.01 0.05 0.08 0.00 0.00
Maximum (percent) 10.28 9.73 14.47 13.48 13.46 13.30 nii
Minimum (percent) -10.01 -13.96 -8.75 -9.59 -8.40 -9.47 9.26
Std. Dev. (percent) 234 2.10 1.83 1.85 1.69 1.79 1.59
Skewness -0.01 -0.43 0.35 0.40 0.33 0.35 0.16
Kurtosis 5.32 7.30 11.04 10.58 11.93 10.48 10.37
Jarque-Bera 235.55 840.00 2842.47 2533.45 3491.60 2262.2 2371.22
Num. of obs. 1046 1046 1046 1046 1046 1046 1046
Pre-crisis period (Jan 3, 2007 - Nov. 4, 2009)
Greece Ireland Italy Spain Germany France UK
Mean (percent) -0.08 -0.17 -0.09 -0.03 -0.03 -0.06 -0.03
Median (percent) 0.00 -0.10 0.00 0.05 0.06 -0.03 0.00
Maximum (percent) 10.28 9.73 14.47 12.78 13.46 13.30 n1.1
Minimum (percent) -10.01 -13.96 -8.75 -9.59 -8.40 -9.47 9.26
Std. Dev. (percent) 221 2.35 1.96 1.90 1.90 1.95 1.80
Skewness -0.22 -0.41 0.33 0.18 0.38 0.35 0.19
Kurtosis 6.45 6.55 10.65 9.32 10.83 9.95 9.27
Jarque-Bera 352.59 386.89 1719.75 1167.94 1805.65 1821.4 1152.23
Num. of obs. 700 700 700 700 700 700 700
Post-crisis period (Nov. 5, 2009 - Mar. 31, 2011)
Greece Ireland Italy Spain Germany France UK
Mean (percent) -0.20 0.00 -0.01 -0.02 0.07 0.02 0.04
Median (percent) -0.19 0.00 0.07 0.02 0.10 0.05 0.03
Maximum (percent) 9.98 7.57 10.68 13.48 5.16 9.22 5.03
Minimum (percent) -7.64 -5.96 -5.40 -6.87 -3.39 -4.71 198.
Std. Dev. (percent) 2.58 1.49 1.53 1.74 1.14 1.40 1.06
Skewness 0.28 -0.11 0.50 0.98 -0.03 0.39 0.02
Kurtosis 3.91 5.64 10.21 13.92 431 8.47 4.59
Jarque-Bera 16.41 100.95 764.05 1775.62 24.89 439.88 236.6
Num. of obs. 346 346 346 346 346 346 346
Note: Statistics for the difference of the logarithumtbe daily stock indexes multipled by 100 are regut
Table 2. AR-EGARCH models - Whole sample: (Jan 3, 2007 - Mar 31, 2011)
Model by country
Greece Ireland Italy Spain Germany France UK
Coefficient AR(2)EGARCH(1,1)  AR(1)EGARCH(1,1) AR(1)EGARCH(1,1)  AR(1)EGARCH(1,1) AREGARCH(1,1) AR(1)EGARCH(1,1) AR(1)EGARCH(1,1)
estimate SE estimate SE estimate SE estimate SE estimate Sdfimate SE estimate SE
Mean Equation
@0 -0.03¢ 0.05:  -0.03¢ 0.044¢  -0.04( 0.037(  -0.01¢ 0.04¢ 0.03: 0.03t  -0.027 0.037 0.00: 0.03¢
1 0.05¢ * 0.03: 0.037 0.032¢ 0.01« 0.034¢ 0.00¢ 0.03:2 0.012 0.03¢  -0.01% 0.03t  -0.017 0.03¢
02 -0.05:2 0.03:
Variance Equation
® -0.098 =  0.024 -0.115= 0.025 -0.089** 0.024 -0.068* 0.023 -0.096** 0.025 -0.067* 0.023 -0.080* 0.024
[Vl 0.157 = 0.031 0.18¢ = 0.03t 0.131 = 0.031 0.111 = 0.03( 0.14: = 0.03: 0.11¢ = 0.031 0.11¢ = 0.03(
y1 -0.06¢ = 0.017 -0.07¢* 0.02¢ -0.11¢ * 0.01€ -0.15C ™ 0.01¢ -0.15¢€ = 0.02¢ -0.18¢ * 0.02¢ -0.15¢ **  0.02Z
B 0.98t = 0.00¢ 0.97¢ = 0.007 0.98z = 0.00% 0.977 = 0.00¢ 0.97¢ = 0.00¢ 0.96¢ = 0.007 0.977 = 0.00%
log likelihood  -2224.4 -2068.4 -1864.0 -1901.1 -1780.7 -1846.1 -1704.8
Q(20) 31.243 22.548 20.080 9.395 14.283 13.613 11.578
p-value 0.052 0.312 0.453 0.978 0.816 0.850 0.930
Q2(20) 28.531 28.614 27.403 19.856 13.895 26.851 21.255
Pp-value 0.097 0.096 0.124 0.467 0.836 0.140 0.382

Note: ***, ** and * indicate statistical significancat 1%, 5%, and 10% level, respectiveQ (20) is the Ljung-Box statistic for the null hypetis that there is no autocorrelation u
order 20 for standardized residuQ?2(20) is the Ljung-Box statistic for the null hypesis that there is no autocorrelation up to o2efor standardized residuals squa
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Table 3. Dynamic Conditional Correlation estimates of the stock index returns (Greece versus six countries) - Whole sample: (Jan 3, 2007 - Mar 31, 2011)

Asymmetric DCC estimates by country (versus Greece)

Ireland Italy Spain Germany France
Coefficient
estimate SE estimate SE estimate SE estimate SE estimate SEtimate SE
a 0.116 == 0.038 0.015* 0.006 0.015* 0.007 0.010* 0.005 0.002+ 0.006 0.033* 0.007
by 0.479 = 0.196 0.974+ 0.013 0.960* 0.022 0.988=  0.009 0.974+ 0.012 0.936* 0.018
g1 -0.054 0.050 0.002 0.005 0.009 0.009 -0.002 0.002 0.001 50.00 0.018 0.014
Note: **, ** and * indicate statistical significancat 1%, 5%, and 10% level, respectiv
Table 4. AR(1) models for the estimated DCC coefficients (Gr eece ver sus six countries) - Whole sample: (Jan 3, 2007 - Mar 31, 2011)
DCC estimates by country (versus Greece)
Ireland Italy Spain Germany France
Coefficient
estimate SE estimate SE estimate SE estimate SE estimate SEtimate SE
do 0.21( == 0.01: 0.01f *= 0.00¢ 0.021 == 0.00¢ 0.00¢ * 0.00% 0.01% *= 0.004 0.02F == 0.00¢
d1 0.58% *= 0.02t 0.97€ 0.007 0.96€ * 0.00¢ 0.98¢ =  0.00¢ 0.98( 0.00% 0.95¢ = 0.00¢
& -0.01¢ == 0.00¢ -0.00z * 0.001 -0.00z * 0.001 -0.00z == 0.001 -0.00% * 0.001 -0.00% = 0.00z
R2 0.361 0.967 0.944 0.990 0.973 0.938

Note: ** ** and * indicate statistical significancat 1%, 5%, and 10% level, respectiv
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Fig 1. Daily DCCs: (a) DCC between Greece and Ireland stock indexes; (b) DCC between Greece and Italy stock indexes; (c) DCC between Greece and
Spain stock indexes; (d) DCC between Greece and Germany stock indexes; (€) DCC between Greece and France stock indexes; (f) DCC between
Greece and UK stock indexes

Note Dotted lines in the figures indicate the begignai the debt crisis period defined as Novemb&089.
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