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Abstract

The aim of this research is to verify vulnerabibifythe Czech and Slovak economies to transmis§ion
financial crises based upon the behaviour of ttemivereign bond spreads. The bond spreads are
constructed through subtracting the yield of thesterisky bond in the region (in our case: the Ganm
one) from the yield of sovereign bond of the sam@unity. We investigate the impact of the Greek and
Hungarian crises to the dynamics of the bond smeaidthe countries. We analyse the period from
January 2009 to the end of 2012. We construct ftmmensional copula-GARCH model. The dynamics
of the crises are approximated through bond spreddSreek and Hungarian bonds, approximately.
We attribute the differences in the dynamics téedihces in the economies, inter alia to the fdct o
retaining the own currency (the Czech Republicddwpting euro (the Slovak Republic).
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1. Introduction

The aim of our research was to verify vulnerabitiffthe Czech and Slovak economies to the
transmission of financial crises based upon theielr of their sovereign bond spreads. Up to 1993
both republics used to constitute one economy.rL@&te2009 Slovakia, already as an independent
economy, adopted euro as its currency. At the dang the financial crisis started spreading friw t
USA to Europe, as a result of which some of the bmnstates of the Eurozone experienced severe
economic and fiscal crises. Economic problems abgeared in Hungary which is an important country
in the region of Central Europe. These crises anfted the way the investors rate risk in the reimgin
economies in Europe as a whole or in the sub-region

Our goal is to verify the direction and strengthtrainsmission of these two crises to the two
above-mentioned economies. Slovakia, contrary @oGhech Republic, adopted euro as its currency,
and thus become a member of the Eurozone. At the Sene, Greece, another member of the Eurozone,
experienced acute economic problems. Thereforefimtiresearch question is: was the influence of
Greek crisis more severe to Slovakia than to trec@Republic? At the same time Hungary, one of the
Central-European economies, but not a Eurozone meralso experienced its own crisis. Therefore,
our second research question is: did the Hunganais spread to the Czech Republic, while leaving
Slovakia unaffected? Our reasoning is as follovisvékia, through adopting the new currency, could
have become more immune to Central-European pradeich thus may be associated by investors more
with the Western Europe than with Central Europe.
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In our study we concentrate on bond spreads. Sprefathe bonds to the yield of the safest
economy in the region are treated as indicatoteetountry’s risk relative to the safest countrytie
region. D’Agostino and Ehrmann (2014) showed thahe case of spread of any country relative to a
“safe heaven” government bond (e.g. German), cggnfiundamentals constitute a considerably more
influential determinant of spread dynamics thardamentals of the benchmark economy. Researchers
confirm that importance of fundamentals in boneagrpricing increased especially during the financi
crisis (e.g. Bernoth and Erdogan, 2012 or Borggl.e2011). Moreover, many studies proved that bond
yields are much less vulnerable to sunspots aratilityl spillovers from abroad that any of the galil
priced instruments (see e.g. Kocsis, 20Bédowska-Soéjka and Kliber, 2013).

We analysed the influence of the Greek and Hungariges on Czech and Slovak economies
through studying common dynamics of their volag&it To estimate the volatilities, we used the DCC-
copula model. Such an approach also allowed usbtairo the dynamics of the rank correlation
coefficient, the Kendalt, as well as tail dependence coefficieégt (The latter measure is especially
important for our analysis. It provides us withamhation on the possibility of the transmission of
extreme events from risky countries.

Contrary to our expectations, it appeared that &i@y despite having introduced euro, was
more immune to the Greek crisis transmission thendzech Republic. What is interesting, however,
is that the two economies seemed to be similarposed to the Hungarian crisis. Key points in the
Hungarian policy, resulting in the growth of therdarian spread, were reflected in the correlatiah a
probability of extreme events transmission. Morepvegether with the evolution of the crisis, the
interdependencies between the Czech Republic aval&a grew.

The structure of the article is as follows. Fikgg present the data used in the study i.e. bond
spreads of the Czech Republic, Greece, Hungarghkowkia over the period 2009-2012, together with
descriptive statistics. Next, we present the maggd in the study: the DCC-copula. Finally, we
describe and interpret the results of our model.

2. Literature Review

Bond spreads of European countries, including @erfuropean economies, have been
analysed for instance by Claeys and Vasicek (20149. authors found that the CEE countries were
linked by bilateral relationships (unlike the UKebmark and Sweden, which seemed to be quite
isolated from other EU countries). They also conéid that a downgrade of the neighbouring markets
affects the economy more than their own downgrddskel et al. (2009) investigated the CEE-countries
together with Turkey in their study of the impaétexpected fiscal deficit on bond spreads over the
period 1997-2007. Dumicic and Ridzak (2010) analysgreads of emerging European markets over
the years 2000-2010 to find out that before thsixrspreads were determined mainly by market
sentiment and macroeconomic fundamentals, whiletheg with crisis outbreak external imbalances
gained importance as well. Some CEE markets wedaded in the study of Balazs and Ivaschenko
(2013), who also confirmed that in the periods @fese market stress (e.g. intensive phase of the
Eurozone debt crisis) global factors tend to dolvanges in spreads, and that the countries widhger
fundamentals are more immune to changes in gladoabifs. The issue of reaction of the Central
European economies to the Hungarian and Greeksonias already described by Kliber (2013). The
author, however, concentrated on Poland, the CRagiublic and Hungary and investigated sCDS
premiums, which are more vulnerable to internatiemants and sunspots than bond yields. The authors
proved, inter alia, that the co-movement betweek G&vereign markets increased as a result of the
increase of market volatility in crisis period. Ttesults confirm the finding presented in Koméarketva
al. (2013), obtained for the Czech Republic.

1 According to this study, in the case of Hungaryithesyncratic factor can explain up to 80% of #agiance of bond yields,
while in the case of sovereign CDS this figure ik @8%.
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3. The Data

Our data consisted of four time series of spred@zech, Greek, Hungarian and Slovak bonds
to the German ones; see Figure 1. Czech, HungandrSlovak spreads have been presented on left
axis, while the Greek ones on the right axis. Attfiwe can observe that the values of Czech angl|
spreads were small i.e . in the range of 0 to Atppwhile the Hungarian spread took up to 10 gamt
the moments of speculative attack on forint (200%) in the moment of the Hungarian crisis in 2012.
Greek spread values are much higher than by th@adiam ones. In March 2012 we observe a sharp
decrease in the spread; this was the moment aé#tricturing of the Greek sovereign bonds.

Figure 1: Spreads of Czech, Slovak, Hungarian aeei3Bonds to German one: 2009-2012

SK_spread = CZK_SPREAD HU_SPREAD  ——— GREEK_SPREAD
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Note: Czech, Slovak and Hungarian spreads: let, &ieek spread: right axis.
Source: own calculations

In Table 1 we present the descriptive statistichefchanges of the spreads. We modelled the
changes, since the levels of the spreads are atiorgtry. We decided not to logarithm the datatfer
sake of interpretation. We observe that the madsttN® (in terms of the standard deviation) wasdégse
Hungarian spread was— unsurprisingly — less velétiin the Greek one — but more than the Czech and

Slovak ones. The least volatile was the spreadeo€zech bonds. In all the cases the ARCH effest wa
observed.

Table 1: Descriptive Statistics of the Bond Spre@danges

Variable Obs. no Mean Std. DgWlinimum | Maximum | skewness  kurtosis
dSK 1042 0.001 0.093 -0.685 0.670 0.116 14.846
dCz 1042 -0.001 0.065 -0.28(0 0.328 0.319 5.633
dGR 1042 0.008 0.837 -19.641 4,214 -13. 061 302.802
dHU 1042 0.000 0.165 -0.974 0.942 0.00p 8.716

Note: dSK - changes of Slovak bonds spread, dGianges of the Czech bonds spread, dGR - changks of
Greek bonds spread and dHU- changes of the Humglawiads spread.
Source: own calculations

The dynamics of the Greek and Hungarian spreatkctefi domestic turbulences. Already in
2010 stability and credibility of Greece startedhigequestioned. In April 2010, the Greek government
requested for activation of the first EU/IMF bailqaackage, as a result of which rating of the Greek
sovereign debt was lowered. The package has be@eratad in May and the Greek rating was
subsequently lowered by international rating agescrhis event was reflected in the first spreak pe
(Figure 1). The domestic situation was getting wamsd worse. Attempts to implement the budget cuts
and austerity measures met with strikes and sdigapproval. Again, in June 2011 the Greek sovareig
bonds were downgraded to CCC. In June 2011, thepgan Financial Stability Facility was created to
provide another aid package for Greece. In Julyi20fe private investors and government institigion
accepted a cut of the nominal value of Greek boBdbsequently, in February 2012 the second bailout
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package was finalized, and private investors haattept the cut in the face value of Greek bonds of
53.3%. This restructuring eventually made ISDAdggcredit event with respect to the Greek sCDS
(see also: Nelson et al., 2011; Traynor, 2011;&lil2013; Kliber, 2014).

The Hungarian crisis was less severe. Althoughuire 2010 vice-chairman of the ruling Fidesz
party warned that Hungary was close to follow thedk scenario (after: FTMDady the country
managed to overcome the crisis. However, confidenttee market was so low, that this statemenlfitse
led to a sharp growth of the Hungarian sovereigisC&ee Kliber 2013). Consequently, rating agencies
performed a series of downgrades of Hungarian soyeibonds. By March 2009 forint depreciated by
26% against euro and by November 2011 by 56% ag@miss franc (see Valentinyi, 2012 and EEAG,
2012). As a consequence, the country faced a hnadptepn with foreign-currency loans. In September
2011 the government passed a legislation that terdlly changed the terms and conditions of all
foreign currency loans contracts, the cost of witiatl to be born entirely by banks. In mid-December
2011, the government and banks agreed to shae adsirther arrangements. Following this decision,
rating agencies lowered the ranking of Hungariant dece again on November,'2&nd December,
229, This situation has led to an increase in the lduag spread, as observed in Figure 1. However,
the steepest increase was observed throughouetre2912. The reason for this growth could be also
connected with the fact that in January 2012 newgduan constitution came into force, the change of
which had been criticised by the EU.

4. The Model

When time series distribution is not normal, usiearson’s correlation coefficient to identify
the dependencies between random variables maydeadleading conclusions (Lindskog, 2000). This
is because Pearson’s correlation coefficient i/ \a&nsitive to outliers. Zero correlation implies
independence only if the variables are normallyrithisted. The heavier the tails, the larger thercof
the estimator. Empirical distributions of the mdeeéldata vary across samples. Empirical kurtosis of
the Greek bond spread growth series is equal tdB302t the empirical kurtosis of the Czech bond
spread only 5.6Values of estimated degrees of freedom parametarsivariate GARCH allow us to
suspect that conditional error distribution areoalaried, while in M-GARCH models all univariate
conditional error distributions has to be the same.

Therefore, in order to verify the strength of ligks among the analysed countries we used the
DCC-copula model. In this model, there are no i@&ins on marginal distributions and it allows for
determining measures of dependences other thaelation coefficient. We present the dynamic
estimation of the rank correlation coefficient, thendallt, as well as tail dependence coefficient (
The latter measure is especially important for analysis. It provides us with information on the
possibility of the transmission of extreme eventsrf the risk countries. Schmidt (2002) explaineat th
asymptotic dependencies should not be identifidd liear correlation coefficient. It is well known
that in some cases correlation between the comsidmries is strong, but there exists no dependence
tails. Note that bivariate normal distribution isymptotically tail independent if its correlation
coefficientp is less than 1.

Our research is based on the DCC-copula modelud.eenote the multivariate time series by

X = Xiiy-e-Xgq¢ - The model was applied in two steps using maxirfiketihood method. In the first

step, we fit each univariate serigs, and theu, =U,,.... U, is the multivariate time series, with each
U;, having been determined as the value of cumulatistibution function fore, ,
univariate GARCH-type models witiStudent or GED innovation distribution.

to one of the

2 FTMDaily (2010).EU Urges Hungary to Slash Huge Budget Defwitline]. Available at:
<https://ftmdaily.wordpress.com/2010/06/04/eu-urlgeagary-to-slash-huge-budget-deficit/>. [cit. ZZD15].
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where Eiyt stands for standardized residual series &nds the cumulative distribution function of

innovation distribution from the model fitted %, . Conditional meary; , was modelled as an ARMA-
type model of the form:

ao+Za>q +Zb Yiei.

=1

We considered standard GARCH models (Bollersle\§6)]9GJR-GARCH (Glosten at al.,

1994), EGARCH (Nelson, 1991), the Spline-GARCH (Eengnd Rangel, 2008) and the IGARCH
(Engle, Bollerslev, 1986) withStudent or GED innovation distribution with degrees of freedom. In
specific models, the conditional variance equatlumze the following form:

GARCH(p,q) — 07 =w+ Zay[ ~ +z,[3’ - J,Where Y, is the residual series,

GJR-GARCHp,q) — 07 a)+2ay“ VS,V +z,8 - J,WhereS is a dummy variable

that takes the value of 1 whgn is negative and O when it is positive,

EGARCH(,q) - log(y) = w+ iai D—Z - E{%H v{;l j + Zﬁ log(a?,),

t=i o-t—i t-1 =1

p q
Spline-GARCHp,q) with k knots —o7 = rk(aﬁ Zai Y2, + Z,Bj o, j
i=1 =1

k-1
wherer, =ex Z (t-t) ) is the exponential of a quadratic Spline witknotst,,... t ;.
i=0

IGARCH(1,1) —0? =ay?, + f0?,, wherea + =1

t 17
In the second step, 1@ series we fit the conditionatopula, where the rank correlation matrix

R is driven by the DCC model of Engle (2002).

T 2

X X
u+d PR

) ey T X, X,
b etl) = [ | 1+

Mg

dx--dx,, (2)

where I(x Ix‘ “e™dx is the gamma functionR = diag(Q ) ™"*Qdiag(Q,)™"?, where the positive-

definite matrixQ, is described by the following formula:

Q=0-3.a,- > A0+ 0l it Y AQL ©
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where =t;l(q). The log-likelihood function is given by the follavg formula:

d+vu v+1
r( J r( J d +U T il —1(0)-..
v 2 t=1 U
[ j [2) (4)

YmIRE) ii(ﬁj

whered is the DCC parameter vector. More details abontitimnal copulas can be found in Doman,
Doman (2013), Patton (2002) and Patton (2006).
We use Kendalt as a measure of dependence. This is a measure s4 talled “concordance”.

Let (X.¥,), (X%,Y,), (X,,Y,) be a set of observation pairs generated form randwiablesX andY.
Observation pairdX, ;) and (xj,yj) are concordant if their ranks are consistent ifi.e; >X; and
Y, >y, or x <X andy, <Y,). Similarly, observation pairéx, y,) and (Xj ) yj) are disconcordant
if their ranges are not consistent (i.eXf<X; andy, >Y; or X >X; andy, <y;). If X =X; or
Y, =Y, then observation pairs are neither concordantismoncordant. Kendatl coefficient is the

difference between the probability of concordan€eploservation pairs()ﬂ,yi) and (Xj,yj) and

probability of their disconcordance. Thus

7(X,Y) =P [(x =x)(yi =y;) >0] =P+ [(x —x;)(y; —y;) <0l. ()

For the sake of our research, it is very importaretheck how the occurrence of extreme values
of one series influences the probability of occuces of extreme values of the other series. The

coefficients of tail dependenct and A’ provide asymptotic measures of the dependenceilethand
right tail respectively. They are given by followiformulas:

A= lim P(X, < B (@)] X, < (@), ©)

¥ =lim P(X, > B @)] X, > F7(@), ")

if the limits exist. For elliptical copulag” = A".
5. Results

In Table 2 we present the results of the estimadionnivariate GARCH-type models. In the
case of Slovakia and the Czech Republic we assuha@dhe distribution of errors follows Student
distribution, while in the case of Hungary and Geeit the GED distribution. We chose the best nodel
based on their abilities to explain all linear amoh-linear dependencies in the data, stability of
parameters and information criteria. Lack of lindapendencies in residuals and squared standardized
residuals in all models was confirmed by Ljung-Bb978) test. In the case of Slovakia, Spline-GARCH
with three knot-points and deterministic trend @ovo be the best model. In the case of the Czech
Republic the best model was simple GARCH(1,1)hindase of Hungary it was again the GARCH(1,1)
model that performed best, while in the case ofeGedt was the IGARCH(1,1) with two explanatory
variables in mean equation: dummies indicating jsimpthe data. Based upon the results of the Ljung-
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Box test, we claim that in each case all the lireat non-linear dependencies in the data have been
explained (for the sake of consistency the resukisnot reported in the article, but are availaigen
request).

After estimating the univariate models, we collécstandardized residuals, and fit to e

series theé Student copula with conditional matrix explaingddCC(1,1) model. The estimation results
are presented in the Table 3.

Table 2: Results of the Estimation of Univariate RB2H Models — Slovakia, the Czech Republic,
Hungary and Greece.

SLOVAKIA: ARMA(1,1)-Spline-GARCH ¢ Student)

Estimate Std.Error t-value p-value
) 5.066 0.851 5.954 0.000
a 0.228 0.117 1.943 0.052
b1 -0.435 0.101 -4.307 0.000
® 0.052 0.032
do -13.282 3.802 -3.493 0.001
1 16.915 5.115 3.307 0.001
32 -27.124 8.296 -3.270 0.001
o1 0.163 0.055 2.953 0.003
B1 0.723 0.113 6.396 0.000

The CZECH REPUBLIC: GARCH(1,1} Student)

Estimate Std.Error t-value p-value

v 6.472 1.232 5.252 0.000
1.285 0.737
o1 0.074 0.027 2.766 0.006
B1 0.895 0.039 23.070 0.000
HUNGARY: AR(1)-IGARCH(1,1) (GED)

Estimate Std.Error t-value p-value
v 0.981 0.0626

-0.00228 0.00114 -1.992 0.047
a 0.0611 0.000645 94.72 0.000
® 0.000682 0.000452
o1 0.162 0.069 2.317 0.021
B1 0.838

GREECE: AR(1)-IGARCH(1,1) (GED)

Estimate Std.Error t-value p-value
v 0.807 0.0455
2 -0.00158 0.000596 -2.647 0.008
grl (M) -19.545 0.000653 2993 0.0000
ar2 (M) -2.223 0.000444 -5006 0.0000
a 0.1055 0.00025 422.7 0.0000
® 0.000649 0.000452
o1 0.191 0.0637 3.004 0.003
B1 0.809

Source: authors” calculations
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Table 3: Estimation Results of 4-dimensional Comuith Conditional MatrixR: Explained by

DCC(1,1) Model — Slovakia, the Czech Republic, Hamggand Greece.

Estimate Std. Error t-value p-value
v 16.183 3,385
o1 0.0196 0.004 5.234 0,0000
B1 0.975 0.005 203.224 0,0000

Source: authors” calculations

Figure 2: Kendall's Tau: the Czech Republic andeGee(black line) vs the Czech Republic and
Hungary (grey line)
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Source: author’s calculations

In Figures 2 and 3 we plot the estimated Kendatis (Figure 2) and tail dependence
coefficients (Figure 3) describing the interrelatbips between the Czech Republic and Hungary as
well as between the Czech Republic and Greece.d¥iedl, we observe that both correlation as \asl|
probability of tail dependencies are higher in tase of the Czech-Hungary pair. We observe an
interesting pattern as the highest peaks are dslt@g2010, July 2011 and the remaining lower twe ar
from November 2011 and October 2012. It is hardtoobotice that the first peak corresponds to
activation of the first aid package for Greece,levthe second to the moment of cutting nominal &alu
of Greek bonds. The third jump can be associatdl thie implementation of new regulations in
Hungary, concerning foreign-currency debt, as aglWwith the fifth austerity package implementation
in Greece. The fourth jump can be again attributethe worsening situation in Greece during the
negotiations of the seventh austerity packagetthsibeen eventually implemented in November 2012.
This confirms the results obtained by Kliber (20149t the Greek crisis contributed to the growth of
the strength of relationships between the CzecluBR&pand Hungary.

Figure 3: Tail Dependence Coefficient: the Czechu®déic and Greece (black line) vs the Czech
Republic and Hungary (grey line)
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Source: authors” calculations
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In the case of Slovakia, the situation is differégge Figure 4 and 5). In the first phase of the
crisis Slovakia seemed to be quite immune to spille and crisis transmission. Even in May 2010 we
did not observe any growth in interrelationshipsaeen Slovakia and Greece (nor between Slovakia
and Hungary). However, starting from November 2Q@i@en Hungary implemented unpopular pension
policy®), the interrelations between Hungary and Slovakiamted to grow. Kendall's tau reached its
maximum in August 2011 (0.47). The peak in AugR6i,1, should not be, however, attributed to either
Greek or Hungarian problems but to the downgradda@fAmerican credit rating from AAA to AA+
by S&P. As a consequence, the global markets expegd sharp falls of stocks. The interrelations
remained high until the end of the studied period.

Figure 4: Kendall's Tau: Slovakia and Greece (blank) vs Slovakia and Hungary (grey line)
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Source: authors” calculations

The same conclusions can be derived from the fldiib dependence coefficients. The
probability of the transmission of extreme evengswow in the whole period, but we observe that in
the case of Hungary it grew fast in the half pa2@L1. The four peaks observed are dated August,20
November 2011, June 2012 and October 2012).

Figure 5: Tail Dependence Coefficient: Slovakia &rdece (black line) vs Slovakia and Hungary
(grey line)
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Source: authors” calculations

3 Until 2010 the mandatory pension system in Hungey a two-pillar one: the first was the sociaksiyg pillar,
while the second — obligatory private one. Sincevéober 2010 the system has become “nationalizeitiie—
entrance to the private system is not mandatorynaost of the savings were removed from the pripdltar to
the state one. The legislation, however, imposed fienalties upon those Hungarians who did nosfeartheir
pension assets back into the state system — seia@igak and Lados (2014).
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If we compare the situation of the Czech Repultid &lovakia, we observe that in the first
crisis period both republics were immune to theistiransmission both from Hungary and from Greece.
However, already in March the probabilities of trensmission of the crises grew for Czech Republic.
If we analyse peaks of “Hungarian” tail dependeacefficient i.e. the probabilities of the extreme
events transmission, we observe that they do netyal overlap. The common peaks are:
October/November 2011 and October 2012. In the abige Czech Republic we observe the first peak
in May 2010, while in the case of the Slovakia &#swn August 2011. The first can be attributechto t
Greek problems, while the second one to the dovadegod USA.

Figure 6: Kendall's Tau: Slovakia and the Czechubdp
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Source: authors” calculations

In Figure 6 we present estimates of the Kendaldlsfor the relationships between Slovakia and
the Czech Republic. The picture confirms our presiexpectations as the relationships between the
two countries grew. The moment of change was 2011.

Conclusions

In the article we present an analysis of the chargjeinterdependencies between the two
Central-European economies: the Czech and Slovpli#ies with two European economies especially
hit by the debt crisis: Greece and Hungary. Sinogakia adopted euro in 2009, we suspected that the
Greek crisis could have had more influence on $ayavhile the Hungarian crisis was expected to
have more influence on the Czech Republic. In otdecheck this hypotheses we estimated the
multivariate copula-GARCH models for the bond sgdeeaf the four economies. The reference spread
was the German one. The results falsified our Hygs#s.

First of all, Slovakia seemed to be more immuneits transmission throughout the first phase
of the crisis. The bond spreads reacted spect&culeither to the Greek nor to Hungarian problems.
However, the situation changed in 2011 when wergbsa growth of dependence between the Slovak
and Hungarian spreads, while the probability ofé¢kizeme events transmission from Hungary started
to grow but rather as a response to the Greek gl

In the case of the Czech Republic, until 2010 #ygeddence between Czech and Greek spreads
seemed to be similar to the dependence betweerh@retHungarian spreads and oscillated around
0.2. Starting from 2010, the dependence with Hungesw.

The results obtained in our research confirm trenpmenon described in Kliber (2014): CEE
countries are more linked as a group, and the diekdbecame even stronger as a reaction to the Greek
events. In other words, reaction of the countaehié pan-European problems was the same, which was
reflected in the growth of linkages between thetaové&kia did not seem to be more prone to the pan-
European problems, despite having adopted eurmti&aty, the linkages between Slovakia and the
Czech Republic grew in consequence of the crisis.
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