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CONTAGION BETWEEN NATIONAL STOCK AND BOND
MARKETS DURING FINANCIAL MARKET TURMOIL —
A CASE OF EUROZONE COUNTRIES

With the Eurozone sovereign debt crisis the public debt management has come to the firont of
the international policy agenda. Transmission of shock from one segment of a national financial
market to other segments of financial market is of special importance in this respect. This paper
examines whether there was a structural shift in sovereign bond market-stock market linkage in the
financial crisis periods with respect to tranquil (non-crisis) period (i.e. contagion) of the Eurozone
countries (namely Austria, Germany, France, Ireland, Italy, Portugal and Spain) during the
greatest financial market unrests in the period from January 2000 to August 2011. A simple indi-
cator of contagion based on dynamical conditional correlation is proposed and calculated for each
country. We found that before April 2010 financial market turmoil did not coincide with the con-
tagion between stock and sovereign bond markets in the investigated countries. In the period from
April 2010 until the end of August 2011, characterized by the sovereign debt crisis in the Eurozone,
a contagion between the stock and sovereign bond markets was identified for Ireland, Italy,
Portugal and Spain, but not for Austria, Germany and France.
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CinbBo laituman

E®EKT JIAHIIIOTOBOI PEAKIIIT HA HALIIOHAJIbHUX
POHAOBUX PUHKAX II1/T YAC KPU3U
(HA IIPUKJIAZII KPATH €EBPO30HMN)

Y cmammi nokxasano, wio kpusa depycaenozo Gopey 6 €epo3oni cmaia MidCHaApooHOIO
npobaemoro, 6 OCHOBHOMY Hepe3 npodaemu nepeoayi woKy 6id 00H020 ce2meHmy HAUIOHAAbHO20
dinancosoeo punky na inwi. Bugueno cmpyxkmyphe 3pyuients Ha cniabHOMY ()oHO080MY PUHKY 6
nepioou Kpusu 6i0HocHO nepiodie cmabisbnocmi 6 kpainax €epozonu (Aécmpia, Himeuuuna,
Dpanuis, Ipaandia, Imaaia, Iopmyeaaia, Icnanisn) 3a nepioo i3 ciuns 2000 do cepnusa 2011 poky.
3anpononosano i po3paxoeano npocmuii iHOUKamMop AaHUI02060i peaxuii Ha 0CHOBI OuHAMIHOT
YMOGHOT Kopeaauii 041 Koxwcnoi 3 kpain. Buseaeno, wo 0o xeimmus 2010 p. 30ypenns na
dinarncosomy punky ne 30icaucs 3 peaxuiero mixc (hoHoosUM i GHYMPIIHBLOOCPHCAGHUM PUHKAMU
6 docaidxucysanux kpainax. Y nepiod 3 keimus 2010 p. do xinys cepnus 2011 p., wo
Xapaxmepusyemocsa Kpu3or depicasHozo 6opey ¢ €6po3oni, 1anul0206a peaxkuis Mixc punKamu
oyaa npocmedxcena oasn Ipaandii, Imaaii, Ilopmyeaaii i Icnanii, ase 6 Ascmpii, Himewuuni i
Dpanuii 6ona Oyaa eidcymus.

Karouosi caosa: nanyroeoea peakuyis, 30ypeHHs (IHAHCOBUX PUHKIG, Kpu3a 0epicasHoz2o Oopey,
DCC-GARCH.

CunbBo Jlaitaman
DODEKT ITEITHOM PEAKITVN HA HAIIMOHAJTBHBIX
®OHAOBbBIX PBIHKAX BO BPEMSA KPU3UCA
(HA ITPUMEPE CTPAH EBPO30OHbI)

B cmamve nokazano, uwmo kpusuc 2ocyoapcmeennozo odoaza 6 Eeposone cmaa
MenucOyHapooHoil npob.aemoli, 6 OCHOBHOM U3-3a nepeda4uu WOKA OM 00HO20 Ce2MeHma
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HAUUOHAAbHO20 (PUHAHC08020 pbIHKa Ha Opyeue. HM3yuen cmpykmypHoui coeue Ha obuem
honooeom poinke 6 nepuodvt Kpuzuca OMIHOCUMEAbHO NEPUOO08 CMAOUALHOCMU 6 CMPAHAX
Esposonvt (Ascmpus, Iepmanus, Ppanyus, Upaandus, Hmaausn, Ilopmyzaausn, Hcnanus) 3a
nepuoo c saneaps 2000 do aseycma 2011 ee. Ilpedaosncen u paccuuman npocmoi uHOUKamop
UenHoll peaxkuuu HA OCHOBe OUHAMUHMECKOU YCAO0BHOU KOppeasuyuu 04s Kaxcoou u3 cmpau.
O6napyxceno, wmo do anpeaa 2010 e. 6osmywjenus Ha uUHAHCO6OM pbIHKe He coenadaiu c
peaxuyueii mexcdy ghoH006bIM U 6HYMPUOCYOAPCMBEHHBIM PHIHKAMU 8 UCCAedyeMbIX cmpaHnax. B
nepuod c anpeas 2010 e. 0o konua aseycma 2011, xapaxmepusyrouguiica Kpusucom
2ocydapcmeennozo doaza 6 Eepo3zone, uennas peaxuyus mexncoy polHKamu 6b11a npocaexcena 041
HUpaanouu, Hmaauu, Ilopmyearuu u Hcnanuu, no 6 Aecmpuu, Iepmanuu u @Dpanuuu ona
omcymcmeosaaa.

Karouesvie caosa: uennas peakuyus, GosmyujeHue (QUHAHCOBBIX  PBLIHKOB,  KPU3UC
eocyoapcmeentozo donea, DCC-GARCH.

1. Introduction. Traditionally sovereign bonds were perceived as safe havens.
Thus, when there was an increase in risk aversion at stock markets, investors sub-
stituted riskier stocks with safer sovereign bonds which consequently led to higher
bond prices and reduced bond yields (Dajcman, 2012). The mounting concerns
over the fiscal sustainability of the Eurozone countries led to a surge in the sover-
eign bond yields. In response, large scale fiscal austerity measures have been
announced in practically all the Eurozone countries and the sovereign debt man-
agement has come to the front of the international policy agenda. In this paper, we
investigate whether the Eurozone sovereign bond crisis of 2010-2011 also signals a
structural shift in sovereign bond market — stock market linkage with respect to
tranquil (non-crisis) periods. More specifically, we investigate whether there was a
contagion between the stock and bond markets during the sovereign debt crisis of
2010-2011 and compare this financial crisis with the episodes of previous financial
crises in the last decade.

There are many definitions of contagion (e.g., Forbes and Rigobon, 2001;
Dornbusch et al., 2001; Corsetti et al., 2002; Pericoli and Sbracia, 2003). Forbes
and Rigobon (2001) provide one of the most commonly accepted definitions of
contagion, namely the “shift contagion”. Shift contagion regards contagion as a
shift or change in how shocks spread from one country (or asset class) to another
during normal periods (pre-crisis) and how during crisis periods. One way to meas-
ure contagion is through the conditional correlation between the returns of asset
classes. The method has been extensively used in studies (e.g., Boyer et al., 1999;
Bae et al., 2000; Corsetti et al., 2002; Forbes and Rigobon, 2002; Filetti et al.,
2008). They predominately investigate the contagion between international stock or
bond markets, yet only few studies (Baur and Lucey, 2006) investigate contagion
between national stock and bond markets. In the study of Baur and Lucey (2006)
the contagion is measured as an increase of the (positive) correlation between stock
and bond market returns (i.e., a decrease of correlation (or a negative correlation)
between stock market returns and bond yield changes) in a crisis period compared
to a benchmark (pre-crisis) period. Applying this definition of contagion, this paper
examines the contagion between national stock and sovereign bond markets of
some Eurozone countries (namely Austria, Germany, France, Ireland, Italy,
Portugal and Spain).
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It is know that stock market returns and sovereign bond yield changes may
exhibits substantial time variation (Gulko, 2002; Baur and Lucey, 2009; Baele et al.,
2009), documented recently (Dajcman, 2012) also for some Eurozone countries
(Germany, Ireland, Italy, Portugal and Spain). According to Campbell and Ammer
(1993) and Stivers and Sun (2002) stock market returns and changes of sovereign
bond yields move in the opposite direction due to a common discount rate effect or
common movements in future expected returns. However, also positive correlations
between stock market returns and the dynamics of sovereign bond yields are possible
and can be explained by variations in expected inflation (since increases in inflation
should negatively affect bonds, but not stocks (Campbell and Ammer, 1993) or by the
the “flight-to-quality” phenomena (Gulko, 2002).

In this paper we investigate whether there was a contagion between national
stock and sovereign bond markets of the Eurozone countries. We first analyze the
dynamical conditional correlation between stock market returns and the dynamics of
sovereign bond yields for 3 major (core) Eurozone countries (Austria, Germany and
France), and 4 countries that were among the hardest hit by the sovereign debt crisis
in the Eurozone (Ireland, Italy, Portugal and Spain). Next, a simple indicator of the
durability of the contagion between the stock and sovereign bond market is proposed,
based on the dynamic conditional correlation estimates. The contagion indicator is
proposed and calculated to investigate which market turmoil events coincided with
the contagion phenomena.

2. Methodology. The comovement between stock market returns and the dynam-
ics of sovereign bond yields for investigated countries is calculated by applying a
DCC-GARCH model of Engle and Sheppard (2001). The model assumes that
returns from k assets are conditionally multivariate normal with zero expected value
(r)) and covariance matrix H, The returns of the asset (in our case stock index returns

and the changes in sovereign bond yields of a particular country), given the informa-
tion set available at time #-1 (&_,),have the following distribution

1€+ ~N(O,H,), (1)

and
H, =D,R,D;, )

where D, is the kxk diagonal matrix of time varying standard deviations from uni-
variate GARCH models with +/h; on the i-th diagonal, and R, is the time varying

correlation matrix.
The log likelihood of this estimator is written as:

T v
L :—%Z(klog(ZnH2Iog(|Dt|)+Iog(|Rt|)+stR{1et, (3)
t=1

where € ~N(0,Ry) are the residuals standardized by their conditional standard devi-
ation. Elements of the matrix D, are given by a univariate GARCH model (Engle and

Sheppard, 2001):

2 The description of the DCC-GARCH models is summarized from Engle and Sheppard (2001). We use the same nota-
tion as the authors.
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P 5 Q;
hy =o; + Zaiprit—p + ZBiqhit—q )
p=1 q=1

for i=1,2,...,k (variables, in our case stock indices), with the usual GARCH restric-
P Q;
tions (for non-negativity and stationarity » o, + > Bjg <1).
p=1 g=1
Dynamic correlation structure is defined by the following equations:

M N _ M , N
Qt =(1- 2 Oy _ZBn)O"'Z Ocm(stfmg’(-m)"'Z,Bnc?t—n’ (3)
m=1 n=1 m=1 n=1

R; =Q;_1QtQt*_1’
where M is the length of the innovation term in the DCC estimator, and N is the
length of the lagged correlation matrices in the DCC estimator ( o, 20, B .20,

M N
Y o, + 2B, <1).
m=1 n=1

6 is the unconditional covariance of the standardized residuals resulting from
the first stage estimation and Q, is a diagonal matrix composed of the square root of

the diagonal elements of Q;:

\/a 0O 0 - 0
G| 0 am 00 ©
0 0 0 - Jau
The elements of the matrix R, are:
it (7

Pit = .
v 3aiqj
To estimate comovements between stock and bond markets, a DCC(1,1)-

GARCH(1,1) model of stock returns and bond yield changes is calculated based on
demeaned stock market returns (r;,) and bond yield changes (r):

2
hit = @; + 04—y +Bihi_q

Q; =(1-a—PB)Q +oule;_1€1-1) +BQ;1, (iF1,2). (8

After computing the dynamic conditional correlation for a particular Eurozone
country, the contagion indicator (CTI) is calculated for each of the investigated coun-
try. A contagion is defined as a concurrence of a negative stock return and a positive
sovereign bond yield change on the same trading day. As the return and yield changes
are calculated daily, the contagion indicator can also be estimated on a daily basis. A
contagion indicator for a particular day is calculated as a moving window average,
based on 20 trading days around the day 7 (i.e., window size is 20 days or about 1 cal-
endar month, taking 10 days before and 10 days after day 7, where by the values in a
particular time window can take on either the value of 1 (if a negative stock market
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return and a positive sovereign bond yield change was observed on the same day) or 0
(if a negative stock market return and a positive bond yield change for a sovereign
bond could not be observed any of the days in the time window). In this way, the CTI
indicator can take on values within the interval [0,1]. The closer the CTI value is to
1, the more pronounced the contagion between the stock and sovereign bond markets
was around time 7. In the case of CTI=0, for none of the 20 trading days a contagion
between the stock and sovereign bond markets could be observed. In the case of
CTI=1, a contagion was observed for all the 20 trading days.

3. Empirical results. Comovement between stock market returns and the dynam-
ics of sovereign bond yields were calculated for 6 Eurozone countries, listed in Table
1. The stock indices returns (7};) were calculated as the differences in the logarithms
of the daily closing prices of indices (r;=In(P)-In(P,;), where P is an index value).
The following indices were considered: ATX for Austria, CAC40 for France, DAX for
Germany, ISEQ for Ireland, FTSE MIB for Italy, PSI20 for Portugal and IBEX35 for
Spain. Yields (y) of the central government bonds (bullet issues) with 10 year maturi-
ty dates were considered. Changes (dynamics) of sovereign bond yields (r,,) were cal-
culated as In(y,)-In(y,_,) as suggested by Durre and Giot (2005) or by Kim and In
(2007)°. The period of observation is different for individual countries due to data
availability. Days where there was no concurrent trading at the national stock and
bond market were left out. The data source for the index prices was Yahoo! Finance
and for the central government bond yields — the Denmark's central bank. Table 1
presents some of the descriptive statistics of the data.

All series display significant leptokurtic behavior as evidenced by the large kur-
tosis with respect to the Gaussian distribution. The Jarque-Bera test rejected the
hypothesis of normally distributed time series. The Ljung-Box Q-statistics rejected
the null hypothesis of no serial correlation in the squared stock market returns and
squared changes of sovereign bond yields up to lag 10 at the 1% significance level for
all the countries. We also tested for the presence of the ARCH effect in demeaned
stock index return series and demeaned series of bond yield changes. The null
hypothesis of no ARCH effects was rejected at the 1% significance level for all the
countries and both series. Stationarity of time series was tested by the augmented
Dickey-Fuller (ADF) test, Phillips-Perron (PP) and Kwiatkowski-Phillips-Schmidt-
Shin (KPSS) tests. As the trend was not significant in any of the test models, only
results for the models with a constant are presented. The rejection of the null hypoth-
esis of ADF and PP tests and non-rejection of the null hypothesis of KPSS test led to
the conclusion of no unit-root in the time series. The alternative hypothesis, of sta-
tionary time series, could be accepted®.

Modeling stock market returns and bond yield changes for all the countries as a
DCC(1,1)-GARCH (1,1) proved appropriate as by the Ljung-Box test results the
hypothesis of no serial correlation in the standardized residuals could not be rejected

3 Alternatively, changes (dynamics) of sovereign bond yields can also be calculated as In(1+yy)-In(1+y;_1), as also sug-
gested by Durre and Giot (2005). The results of the dynamical conditional correlation analysis also for the later defini-
tion of bond yield changes however differ only marginally and lead to the same conclusions as with the chosen defini-
tion of sovereign bond yield changes.

4 The results are not presented here but can be obtained from the author.
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(at the 5 % significance level)’. The results of the DCC-GARCH analysis and the esti-
mates of the CTI indicator are presented in Figures 1 and 2.

Table 1. Descriptive statistics of stock returns and bond yield changes

Period of | Min | Max Mean Std. | Skewness|Kurtosis| Jarque-Bera
observation deviation statistics

AUSTRIA | 3 January
-Stock index | 2000 —24 | -0.1025 | 0.1202 |0.0002003| 0.01507 | -0.34 11.01 |7,726.34***

returns August - 10.06851 - 0.01061 | 0.2562 | 5.60 |[839.23***
-Bond yield 2011 ]0.05899 0.0002461

changes

FRANCE 3 January

-Stock index | 2000 —24 - 0.1059 - 0.01566 |  0.03 7.89 |2.942.10***
returns August |0.09472 |0.06003 |0.0002147| 0.0106 0.12 4.78 1399.03***
-Bond yield 2011 - -

changes 0.04921 0.0002295

GERMANY | 3 January

-Stock index | 2000 —24 - 0.108 - 0.01628 |  0.04 7.16 |2,122.30***
returns August | 0.07433 |0.07696 |0.0000586| 0.01237 |  0.01 7.01 |1,824.34%**
-Bond yield 2011 - -

changes 0.07596 0.0003083

IRELAND | 4 January

-Stock index | 2000 —24 | -0.1396 |0.09733 0.01507 | -0.58 10.48 |6,987.67***

returns August | -0.2163]0.08505 |0.0002369| 0.01248 | -1.33 38.29 [148,021,78***
-Bond yield 2011 0.0001593

changes

ITALY

-Stock index | November - 0.1087 - 0.01458 | -0.04 11.33 |5,711.31%**
returns 2003 —24 10.08599 [0.07492 |0.0002858| 0.01052 -1.03 22.35 |31,14598%**
-Bond yield August | -0.1406 -

changes 2011 0.0000559

PORTUGAL 11

-Stock index | February | -0.1038| 0.102 0.01262 | -0.04 13.72 7,933.89***

returns 2005 —24 | -0.3001 | 0.1455 [0.0001672| 0.0167 -2.92 76.15 |371,564.56***
-Bond yield August 0.0008502

changes 2011

SPAIN 3 January

-Stock index | 2000 —24 - 0.1348 - 0.01542 0.13 8.68 |3,929.97***
returns August  0.09586|0.06068 |0.0001121| 0.01112 | -1.21 23.10 |49,884.47***
-Bond yield 2011 | 0.1582 -

changes 0.0000417

* kek

Notes: The Jarque-Bera statistics: indicates that the null hypothesis (of normal distribution) is

rejected at the 1% significance level.

As expected, a volatile dynamic conditional correlation between stock returns
and sovereign bond yield dynamics is observable for all the countries (Figures 1 and
2), thus confirming the findings of Gulko (2002), Connolly et al. (2004), Baur and
Lucey (2009), Baele et al. (2009) and Dajcman (2012). The dynamic conditional cor-
relation for Germany, Austria, and France was mostly positive during the observed
period, while for the countries affected by the sovereign debt crisis the correlation
turned negative more often and for longer periods of time, especially after the start of
2010, when the sovereign debt crisis in the Eurozone emerged.

5 The results are not presented here but can be obtained from the author.
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Figure 1. The dynamic conditional correlation between stock returns
and the sovereign bond yield changes and contagion indicator
for Austria, France and Germany
AUSTRIA — Dynamic conditional correlation between stock returns and government bond yield changes
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The End of Figure 1

GERMANY - Dynamic conditional correlation between stock returns and government bond yield changes
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Notes: On the time axis, the following financial turmoil events are denoted: Sep11 = the 9/11
attack on the WTC, IBB = The internet bubble burst (May 21, 2002) when the Dow Jones
Industrial reached its peak), MEC = the Middle East financial markets crash (the start of May 2006
is denoted), GFC = the global financial crisis (September 16, 2008, the collapse of Lehman
Brothers), GDC = the Greek debt crisis (April 23, 2010, when the Greek government requested a
bailout from the EU/IMF), IDC = Ireland's debt crisis (September 1, 2010, when the Irish gov-
ernment started negotiations for a bailout with the ECB/IMF), PDC = Portugal's debt crisis (May
16, 2011, when Eurozone leaders approved a bailout of financial help for Portugal), ITDC = Italy's
debt crisis (the start of July 2011, when financial market expectations for Italian bailout request
were mounting and the bond yields reached the level, at which other countries with sovereign debt
crisis had requested help).

The indicator of contagion is volatile also, and taking values from 0 to 0.8. The
highest values (0.7 and 0.8) were achieved in Ireland, Italy, Portugal and Spain, indi-
cating that the periods of contagion between stock and sovereign bond markets were
most durable in these countries. In the period before the Eurozone sovereign debt cri-
sis of 2010-2011, increases in a contagion indicator normally did not coincide with
the financial market turmoil, indicating that although the stock markets returns fell,
the negative correction on sovereign bond yields did not follow (or the correction
took place in a shorter time period than at the stock markets). As argued by Dajcman
(2012), the sovereign bonds before the outbreak of Eurozone debt crisis were mostly
perceived as “safe havens” in the periods of financial market turmoil. Investors in the
investigated countries substituted riskier stocks with less risky sovereign bonds.

The period from April 2010 until the end of August 2011 (the last month covered
in our study) is characterized by sovereign debt crisis in the Eurozone. Greece,
Ireland, Portugal and Italy were among the hardest hit, with sovereign bond yields ris-
ing to national record heights. In Figures 1 and 2 one can see a diverse time path of
the contagion indicator for the core and the periphery Eurozone countries. Whereas
at the outbreak of the Greek, Irish, Portugese and Italian sovereign debt crises there
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was a contagion (as measured by an increase in the contagion indicator) in the
periphery Eurozone countries, there was no contagion between national stock and
sovereign bond markets in the core Eurozone countries (one can notice reduction of
contagion indicator in the core Eurozone countries at the events of sovereign debt
crises of the Eurozone periphery countries). In the periphery Eurozone countries the
stock and bond markets returns fell concurrently, in Austria, France and Germany
such a concurrent drop in stock and bond market returns was not observable.

Figure 2. The dynamic conditional correlation between stock returns

and the sovereign bond yield changes and contagion indicator
for Ireland, Italy, Portugal, and Spain
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The End of Figure 2

PORTUGAL - Dynamic conditional correlation between stock returns and government bond yield changes
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0. T T T T T T T T T T T T
08 | h
04 I | M Ih L
] 1
“Reath i i u
Ty’ TR ik wiie
Y | |
02— ’
04 I
08|
| Sep1y BB ! ! ! e ! | &g §Xic]  PoG |ITC
@800 @m0l  Olan@  0Lm03  OLEnGE  OREn05  GdnG  QJm07  0lEn® (Jm09 0LBrD  OBEMIZAAWGLL
SPAIN - Indicator of contagion between stock and sovereign bond markets
08
I "Sep1l] Tigg ‘ ‘ ‘ [V=e ‘ "R éogoc] g i
a7
06|
a8,y " " . 1
ol |
a3 : E—
N i |
[ H
[ \ \ \ L]
015000 @m0l  @-n02  OlEn®G  ObEn04  QWa05  OkEnGd  (MJa07  OL&nG QJai0o QJa10  OLBAMI124AgLL

Notes: See notes for Figure 1.

The results have important implications for the public debt and financial stabil-
ity management. Through contagion analysis the knowledge is learnt of whether a
shock in one segment of a national financial market is transmitted across markets via
channels that appear only during turbulent periods or whether these shocks are trans-
mitted via channels or inter-linkages that exist in all the states of the world (non-cri-
sis as well as crisis period). As argued by Gravele and Morley (2006), the effectiveness
of economic policy measures aimed at reducing market's vulnerability to contagion

AKTYAJIbHI NTPOBJIEMW EKOHOMIKU, Ne3 (141), 2013



HOBUHU CBITOBOI HAYKU 253

will depend on whether or not contagion occurred as a result of the transmission of
shocks through pre-existing long-term linkages or through crisis contingent channels.

4. Conclusion. In this paper, we investigated whether the Eurozone sovereign
bond crisis of 2010-2011 also signals a structural shift in correlation (i.e., a contagion)
between national sovereign bond market and stock market with respect to tranquil
(non-crisis) periods. We examined the between national stock and sovereign bond
markets in some of the core Eurozone countries (Austria, Germany and France) and
some of the periphery Eurozone countries that were among the hardest hit by the sov-
ereign debt crisis of 2010-2011 (Ireland, Italy, Portugal and Spain). A simple indica-
tor of contagion was proposed, based on dynamical conditional correlation. We found
that the greatest financial market turmoil before April 2010 did not coincide with the
contagion between stock and sovereign bond markets, indicating that although the
stock markets returns fell, the negative correction on sovereign bond yields did not
follow (or the correction took place in shorter time period than at the stock markets).
In the period from April 2010 until the end of August 2011, characterized by sover-
eign debt crises in Eurozone, a diverse time path of the contagion indicator for the
core and the periphery Eurozone countries is noticed. Whereas at the outbreak of the
Greek's, Ireland's, Portugal's and Italy's sovereign debt crisis there was a contagion (as
measured by an increase in the contagion indicator) in the periphery Eurozone coun-
tries, there was no contagion between national stock and sovereign bond markets in
the core Eurozone countries with a strong fiscal position.
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