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Abstract

This paper estimates a tri-variate VAR-GARCH(1,1)-in-mean model to examine link-

ages between the stock markets of three Central and Eastern European countries (CEECs),

specifically the Czech Republic, Hungary, and Poland, and both the UK and Russia. The

adopted framework allows to analyse interdependence by estimating volatility spillovers,

and also contagion by testing for possible shifts in the transmission of volatility following

the introduction of the euro and EU accession. Further evidence on possible changes

in the transmission mechanism (namely, on whether there is contagion) can be obtained

by examining the conditional correlations implied by the estimated model over differ-

ent time periods. The empirical findings suggest that there is significant co-movement

(interdependence) of these CEEC markets with both the Russian and the UK ones. Fur-

thermore, whilst the introduction of the euro has had mixed effects, EU accession has

resulted in an increase in volatility spillovers between the three CEECs considered and

the UK (contagion).
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1 Introduction

The degree of integration of international financial markets is a topic often investigated in

the literature given its importance for portfolio management strategies, strong links implying

limited diversification benefits for international investors. Financial stability can also be

affected, and therefore policy-makers are also very interested in financial integration. A

number of measures have been used, such as cross-correlations (see, e.g., Koedijk et al., 2002

and Longin and Solnik, 1995), volatility spillovers (see, e.g., Engle and Susmel, 1993, and Ng,

2000) etc., as well as a variety of econometric approaches, including GARCH modelling (see,

e.g., Hamao et al., 1990 and Bekaert et al., 2005), and cointegration analysis (see, e.g., Kasa,

1992 and Richards, 1995). More recently, Forbes and Rigobon (2002) have distinguished

between interdependence, i.e. existing cross-market linkages, and contagion, which in their

definition only occurs if such linkages become stronger in crisis periods (see also Caporale et

al., 2005).

Most empirical studies have focused in the past on developed markets (see, e.g., Francis

and Leachman, 1998). However, as a result of the process of EU enlargement, more research

efforts have been spent in recent years to analyse the progress made in the Central and

Eastern European countries (CEECs) towards financial integration with the developed EU

member states, for a variety of reasons. In particular, efficient financial integration is crucial

both for the accession process itself and the long-term performance of the EU as a whole.

Further, the financial crises affecting other emerging markets in Asia and Latin America in

the 1990s had led to higher foreign investment in the CEECs, and therefore the question has

arisen whether closer financial integration with the developed EU countries would reduce the

benefits of portfolio diversification.

Following the removal of restrictions on capital flows and the opening up to foreign in-

vestors, the creation of appropriate corporate governance structures and the establishment of

ownership rights, both market capitalisation and daily trading volumes increased rapidly in

the CEECs during the transition (see Egert and Kocenda, 2007). They also acquired weak

market efficiency (see Bohl et al., 2006). Moreover, trade links with the EU also became

considerably stronger, leading to further economic integration by the time of the formal ac-

cession of the CEECs to the EU in May 2004 (see IMF, 2005). However, the size of equity

markets in these countries is still relatively small compared with developed ones, and they

tend to exhibit higher volatility, possibly because of their sensitivity even to relatively small

portfolio adjustments, as argued by Egert and Kocenda (2007).

The existing evidence on their financial integration is mixed. Linne (1998) found linkages
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between the CEEC markets themselves, but not with the developed countries. No relation-

ship with the US or Germany was found by Gilmore and McManus (2002, 2003) either, and

no convergence of the CEEC markets towards the developed ones was detected by Serwa

and Bohl (2003). By contrast, MacDonald (2001) reported long-run co-movement with some

developed markets (US, UK and Germany), and Syriopoulos (2007) also concluded that the

CEEC markets are more strongly linked with the mature economies than amongst them-

selves. Jochum et al. (1999) reported that the Russian 1997-1998 crisis affected the degree

of integration between financial markets in Poland, Hungary and the Czech Republic, these

markets ceasing to be linked to both the Russian and US ones after the crisis. Verchenko

(2000) also did not detect co-movement with the Russian market.

Among studies focusing on short-run linkages, Scheicher (2001) presented evidence that

regional (rather than global) factors are the main driving force of volatility in the three main

CEECs. Gelos and Sahay (2000) and Chelley-Steeley (2005) found increasing correlations

with the developed markets. Long-run co-movement is analysed in other papers. Serwa and

Bohl (2005) focused on contagion, and reported that the transition economies of Central

and Eastern Europe are particularly prone to it. Using high-frequency intraday data and

cointegration, VAR and Granger causality techniques, Egert and Kocenda (2007) found no

significant co-movement between the markets of Hungary, Poland and the Czech Republic

or interdependence with Western European stock markets. However, there appear to be

short-term spillovers both in returns and in their volatility. This suggests that portfolio

diversification might still be effective in this case. Cappiello et al. (2006) examined the

constancy of correlations by means of a regression quantile approach, and reported that the

degree of integration of the new EU member states with the euro zone has increased in the

run-up to EU accession. Using a smooth transition correlation model to estimate conditional

correlations for weekly data, Savva and Aslanidis (2009) also found that the Czech, Slovenian

and Polish markets have become more correlated to the Euro-zone from 1997 to 2008, and

that this reflects EU-related rather than global developments.

Other studies point out that linkages between equity markets might be time-varying.

For instance, Voronkova (2004) was able to detect links with the developed EU economies

when allowing for structural change. Gilmore et al. (2008) used dynamic cointegration and

principal components to analyse both short- and long-run co-movement between Hungary,

Poland and the Czech Republic and the developed EU countries. They showed that, whilst a

static approach would indicate only a low degree of long-run co-movement, dynamic analyses

reveal intermittent periods of cointegration. Overall, no evidence can be found that EU

accession has resulted in significant convergence between equity markets that would reduce
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the benefits of portfolio diversification. Extending their work, Harrison and Moore (2009)

investigated co-movement between the CEEC markets on one side and the UK and German

ones on the other allowing for non-linear cointegration as well as time variation. They found

no evidence of cointegration for the full sample, but did conclude that co-movement between

the Czech Republic, Hungary, Poland, Romania and Western Europe is increasing over time.

As for the driving forces of market integration, Hanousek et al. (2009) and Hanousek and

Kocenda (2009) showed that macroeconomic announcements originating frommature markets

affect strongly real-time interactions of new EU markets. Finally, Mihaljek (2009) analysed

the spread of the current financial crisis to the CEECs using BIS data, and argued that

foreign bank ownership meant only limited reversals in cross-border financial flows.

Of the studies on the CEECs reviewed above, very few use a GARCH modelling approach

(these include Egert and Kocenda, 2007, and Hanousek and Kocenda, 2009, as well as Savva

and Aslanidis, 2009, the latter estimating a smooth transition conditional correlation (STCC-

GARCH) model), and/or make a clear distinction between contagion and interdependence

(see Serwa and Bohl, 2005, and Egert and Kocenda, 2007). The present paper estimates

instead a tri-variate VAR-GARCH(1,1)-in-mean model to examine linkages between the eq-

uity markets of three Central and Eastern European countries (CEECs), namely the Czech

Republic, Hungary, and Poland, and both the UK and Russia. These three particular CEECs

are chosen as the ones having the highest market capitalisation in the region. Similarly, the

UK is a natural benchmark for the CEECs among European developed markets owing to

its high market capitalisation and resulting information flow. Russia, on the other hand,

represents an emerging benchmark sharing many common features with the CEECs (such as

the creation of a stock market after mass privatisation as an outlet to trade stocks of newly

privatised firms, weak regulation for a considerable period of time, etc.). The adopted frame-

work allows to analyse interdependence by estimating volatility spillovers, and also contagion

by testing for possible shifts in the transmission of volatility following the introduction of the

euro and EU accession. Further evidence on possible changes in the transmission mechanism

(namely, on whether there is contagion) can be obtained by examining the conditional corre-

lations implied by the estimated model over different time periods. The layout of the paper

is the following. Section 2 outlines the econometric modelling approach. Section 3 describes

the data and presents the empirical findings. Section 4 summarises the main findings and

offers some concluding remarks.
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2 The model

We model the joint process governing stock market returns indices in three CEECs, Russia

and the UK using a tri-variate VAR-GARCH(1,1)-in-mean framework1. The model has the

following specification:

xt = α+ βxt−1 + γht−1 + δf t−1 + ut (1)

where xt = (CEEC Countryt, Russiat, UKt) and ht−1 = (h1t−1, h2t−1, h3t−1) is the

GARCH-in-mean vector. We control for monetary policy shocks by including in the mean

equation the domestic 90-day Treasury Bill interest rate. Furthermore, exogenous shocks mea-

sured by US stock market returns, ft−1 = (TBill Interestt−1, us rett−1), are also included as

a proxy for market globalisation, enabling us to distinguish between worldwide and region-

specific developments driving financial integration. The residual vector ut = (e1,t, e2,t, e3,t)

is tri-variate and normally distributed ut | It−1 ∼ (0,Ht) with its corresponding conditional

variance covariance matrix given by:

Ht =


h11t h12t h13t

h12t h22t h23t

h13t h23t h33t

 (2)

The parameter vector of the mean return equation (1) is defined by the constant α =

(α1, α2, α3) and the autoregressive term, β = (β11, β12, β13 | β21, β22, β23 | β31, β32, β33) . Fur-
thermore, γ = (γ11, γ12, γ13 | 0, 0, 0 | 0, 0, 0) and δ = (δ12, δ13 | 0, 0 | 0, 0) are respectively the
GARCH-in-mean and the exogenous parameters that appear in the first equation only. The

parameter matrices for the variance Equation (2) are defined as C0, which is restricted to

be upper triangular, and two unrestricted matrices A11 and G11. In order to account for the

possible effects of the introduction of the euro (January 1999) and of the EU accession (May

2004), we include two dummy variables (denoted by ∗ and ∗∗ respectively). Therefore, the

second moment will take the following form2:

Ht = C
0
0C0 +A011


e21,t−1 e2,t−1e1,t−1 e3,t−1e1,t−1
e1,t−1e2,t−1 e22,t−1 e3,t−1e2,t−1
e1,t−1e3,t−1 e2,t−1e3,t−1 e23,t−1

A11 +G011Ht−1G11 (3)

1The model is based on the GARCH(1,1)-BEKK representation proposed by Engle and Kroner (1995).
2Parameters (a21) and (a31) in Equation (3) measure the causality effect (interdependence), whereas

(a21 + a∗21) and (a31 + a∗31) the possible effect of the introduction of the euro (contagion). Furthermore,

(a21 + a∗∗21) and (a31 + a∗∗31) measure the effect of the EU accession (contagion).
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where

A11 =


a11 a12 a13

a21 + a∗21 + a∗∗21 a22 a23

a31 + a∗31 + a∗∗31 a32 a33

 ;G11 =


g11 g12 g13

g21 + g∗21 + g∗∗21 g22 g23

g31 + g∗31 + g∗∗31 g32 g33


Equation (3) models the dynamic process of Ht as a linear function of its own past values

Ht−1 and past values of the squared innovations
¡
e21,t−1, e22,t−1, e23,t−1

¢
. The BEKK model

guarantees by construction that the covariance matrix in the system is positive definite.

Furthermore, conditional correlations between equity markets of the three CEECs considered

(Czech Republic, Hungary and Poland) and Russia and the UK will be given respectively by:

ρ12,t=h12,t/
p
h11,t

p
h22,t and ρ13,t=h13,t/

p
h11,t

p
h33,t (4)

Given a sample of T observations, a vector of unknown parameters θ and a 3× 1 vector
of variables xt, the conditional density function for model (1) is:

f (xt|It−1; θ) = (2π)−1 |Ht|−1/2 exp
Ã
−u

0
t

¡
H−1
t

¢
ut

2

!
(5)

The log-likelihood function is:

L =
TX
t=1

log f (xt|It−1; θ) (6)

where θ is the vector of unknown parameters. Standard errors are calculated using the

quasi-maximum likelihood methods of Bollerslev and Wooldridge (1992), which is robust to

the distribution of the underlying residuals.

3 Empirical results

We use weekly data (from Datastream) for three CEEC countries (Czech Republic, Hungary

and Poland) as well as the UK and Russia. Furthermore, we control for monetary policy

and stock market globalisation using domestic interest rates (90-day Treasury Bill interest

rate) and a proxy for the global stock market index (US stock market index) over the period

12/1/1996 - 12/3/2008, for a total of 614 observations3. The three CEECs under investigation

3Although the stock market indices of the CEECs include a wide variety of sectors, the energy, banking,

mining, pharmaceutical and telecom industries dominate them. In particular, the main components by coun-

try are as follows: for the Czech Republic, energy (20%), banking (25%) and telecom (18%); for Hungary,

pharmaceutical (35%), chemical (15%) and banking (11%); for Poland, energy (16%), banking (22%) and
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have the biggest financial markets by market capitalisation in the region. We define weekly

returns as logarithmic differences of stock indices. Weekly data are chosen to overcome the

problem of asynchronous trading (with the US) which is present in the case of daily data and

would bias some of the results. In order to test the adequacy of the models, Ljung— Box port-

manteau tests were performed on the standardised and squared residuals. Overall, the results

indicate that the VAR-GARCH(1,1)-in-mean specification captures satisfactorily the persis-

tence in returns and squared returns of all the series considered. Cross-market dependence in

the conditional mean and variance vary in magnitude and sign across countries. Note that the

sign in cross-market volatilities are not relevant. The estimated VAR-GARCH(1,1)-in-mean

model with associated robust standard errors and likelihood function values are presented in

Tables 1-3.

Please Insert Tables 1-3 and Figure 1 about here

We select the optimal lag length of the mean equation using the Schwarz information

criterion. The parameter estimates for the conditional means suggest statistically significant

spillovers-in-mean at the standard 5% significance level. In particular, spillovers originating

from Russia are bigger than those from the UK (β13 h β12) for all countries considered.
Concerning the conditional variance equations, the estimated “own-market” coefficients

are statistically significant and the estimates of g11 suggest a high degree of persistence. The

VAR-GARCH(1,1)-in-mean framework also allows us to analyse by means of Wald tests on

the relevant parameters the validity of several other hypotheses, specifically (i) the pres-

ence of spillovers from Russian (a21 = g21 = 0) and UK (a31 = g31 = 0) stock return volatili-

ties to the CEEC ones (interdependence); (ii) the effect of Russian (a∗21 = g∗21 = 0) and UK

(a∗31 = g∗31 = 0) stock return volatilities on the CEEC ones after the introduction of the euro

(contagion), and (iii) the effect of Russian (a∗∗21 = g∗∗21 = 0) and UK (a∗∗31 = g∗∗31 = 0) stock re-

turn volatilities on the CEEC ones after the EU accession (contagion). Therefore, volatility

spillovers from Russia and the UK to the CEEC markets are reflected in the parameters a21

and g21, and a31 and g31, respectively; a∗21 and g∗21, and a∗31 and g∗31 capture shifts in these

parameters after the introduction of the euro, whereas a∗∗21 and g∗∗21, and a∗∗31 and g∗∗31 capture

shifts after the EU accession date, both of which can be seen as contagion.

telecom (11%); for Russia, energy (40%), banking (25%) and telecom (9%); finally, for UK, energy (21%),

banking (18%), mining (11%) and telecom (8%). In particular, for Czech Republic, energy (20%), banking

(25%) and telecom (18%); for Hungary, pharmaceutical (35%), chemical (15%) and banking (11%); for Poland,

energy (16%), banking (22%) and telecom (11%); Russia, energy (40%), banking (25%) and telecom (9%);

and finally for UK, energy (21%), banking (18%), mining (11%) and telecom (8%).

7



The results reported in Tables 1-3 suggest the following. First, when considering the

effect of Russian stock market return volatilities on the CEEC ones we observe significant

spillover effects (i.e., interdependence). The coefficient (in absolute value) is largest in the

case of Hungary, being equal to −0.0465. The spillover effects increase after the introduction
of the euro (a21 + a∗21), in particular for Poland, the corresponding coefficient increasing to

0.101. The effects of EU accession (a21 + a∗∗21) are less clear, the coefficients increasing (in

absolute value) in the cases of the Czech Republic and Hungary and decreasing in the case of

Poland to −0.1521, −0.0869 and −0.0125 respectively (recall that increases in the absolute
size of the estimated parameters represent evidence of contagion).

Concerning the effect of UK stock market return volatility on the CEEC ones, we also

find evidence of significant spillovers (interdependence). In particular, in the case of Hungary

these are much stronger compared to those from Russia, the relevant coefficient now being

equal to 0.7414. The effects of the introduction of the euro on spillovers (a31 + a∗31) are

mixed (since the UK is a EU member but is not part of the euro zone, it is not clear what

the prior should be), with an increase in the coefficient in the case of the Czech Republic

(0.7695) and a decrease for Hungary and Poland (0.0953 and −0.3263 respectively). On the
contrary, the effects of EU accession (a31 + a∗∗31) are positive in all cases, with the estimated

coefficients being equal to 0.8537, 0.9360 and 0.7324 for the Czech Republic, Hungary and

Poland respectively. Again, these estimates indicate that contagion occurs.

Overall, we find that spillovers running from the UK are bigger than those originating

from Russia (a21 h a31) for all countries considered. At the same time, there is no evidence
of volatility spillovers from the CEEC towards the Russian and UK stock markets4. Also,

the exogenous variables considered are statistically significant for all three CEECs, indicating

a negative δ12 (TBill interest rate) and positive δ13 (US stock returns) effect, as we would

expect.

Finally, there is also evidence of integration (interdependence), as shown by the condi-

tional correlations of these markets (Figure 1) derived from the BEKK-GARCH model. In

particular, the correlations are positive over the whole sample. The marked increase in all

pairwise correlations (but for Hungary) after 2004 both with Russia and the UK once again

suggests a change in the transmission mechanism and can be interpreted as contagion5. In-

terestingly, the degree of integration is bigger with the UK than with Russia (ρ12,thρ13,t) for
all three countries.

4These results, not significant at the standard 5% significance level, are not reported.
5Another explanation of increasing linkages could be the dual listing of (mostly) energy, telecom and

banking companies (see Hanousek and Kocenda, 2009).
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4 Conclusions

This paper has analysed financial linkages between three CEEC countries (Czech Repub-

lic, Hungary and Poland) and both the UK and Russia using a VAR-GARCH(1,1)-in-mean

framework. The estimated model has allowed us to distinguish between interdependence and

contagion in the form of possible effects of the introduction of the euro and EU accession

on existing volatility spillovers. By controlling for market globalisation, we are also able to

attribute changes in the degree of integration to region-specific rather than worldwide factors.

The analysis provides a number of interesting insights. In particular, it suggests that there is

significant co-movement (interdependence) between stock markets in the three CEEC coun-

tries considered and both the UK and Russian ones. More in detail, spillovers from Russia

and the UK influence the dynamics of the conditional variance of returns in the three CEEC

stock markets examined, but there are no volatility spillovers in the opposite direction. These

results differ to some extent from those of Egert and Kocenda (2007), who (using intraday

data) find evidence of volatility spillovers from the CEEC markets to the EU ones, but are in

line with their finding of no spillovers in mean in the same direction. Interestingly, there is

evidence of shifts in the spillover parameters after the introduction of the euro and EU acces-

sion. These findings are consistent with earlier research indicating that volatility spillovers

are significant mainly from dominant to smaller markets, with the magnitude of such effects

increasing as a result of an increase in the volatility of dominant markets (Janakiramanan

and Lamba, 1998; Hamao et al., 1990).

Furthermore, CEEC stock markets have become even more correlated with the UK after

the EU accession (consistently with Harrison and Moore, 2009, but not Gilmore et al., 2008),

suggesting contagion and a higher degree of integration associated with EU membership.

The effects of the introduction of the euro have instead been mixed. The UK being a EU

member but not having joined the common currency, it is not clear what should be expected.

Cappiello et al. (2006) found increasing co-movement of the three CEECs considered here

with the euro zone itself in the process towards EU accession, whilst Savva and Aslanidis

(2009) estimated that the conditional correlation increased between 1997 and 2008 for the

Czech Republic and Poland but remained unchanged for Hungary6.

It is noteworthy that our finding of sizeable and statistically significant dynamic corre-

lations at a weekly frequency is in contrast to the evidence reported by Egert and Kocenda

(2009) for the EU markets on the basis of intra-day data: at such a frequency a high degree

of synchronisation is found between "old" EU markets, whilst the "new" ones appear to be

6 Increasing correlations with developed markets were also reported by Gelos and Sahay (2000) and Chelley-

Steely (2005).
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totally disconnected.

Our results have important implications for portfolio management strategies. First, hedge

funds and institutional investors should be cautious in considering CEEC stock returns for

diversification purposes when forming a portfolio including Russian and UK stock returns as

well. Second, it appears that the EU accession has further reduced the benefits of portfolio

diversification, since it has resulted in a much higher degree of integration, in particular

with the UK. Including all the CEEC stock markets in the analysis would provide further

evidence on the possible benefits of portfolio diversification. The factors behind stock market

integration could also be investigated (for instance, the role of macroeconomic announcements

has been analysed by Hanousek and Kocenda, 2009). These constitute interesting topics for

future research, but are beyond the scope of the present study.

10



References

[1] Bekaert, G., Harvey, C.R., Ng, A. (2005), “Market integration and contagion”, Journal

of Business 78, 1, 39-69.

[2] Bohl, M.T. Gootschalk, K. and R. Pal (2006), “Institutional investors and stock market

efficiency: The case of the January anomaly”, MPRA Paper no. 677.

[3] Bollerslev, T.P. and J.M. Wooldridge (1992), "Quasi-maximum likelihood estimation

and inference in dynamic models with time-varying covariances", Econometric Review,

11, 143-172.

[4] Caporale, G.M, Cipollini, A., Spagnolo, N. (2005), “Testing for contagion: a conditional

correlation analysis”, Journal of Empirical Finance, 12, 3, 476-489.

[5] Cappiello, L., Gerard, B., Kadareja, A. and S. Manganelli (2006), "Financial integration

of new EU member states", Working Paper no. 683, European Central Bank, Frankfurt.

[6] Chelley-Steely, P.L. (2005), “Modeling equity market integration using smooth transition

analysis: a study of Eastern European stock markets”, Journal of International Money

and Finance, 24, 818-831.

[7] De Pietri, M., Sardena, T. and L. Zicchino (2009), “Co-movements between bond

markets in euro area and Eastern European countries: an identification through het-

ereskedasticity”, paper presented at the CICM Conference on “20 Years of Transi-

tion in Central and Eastern Europe: Money, Banking and Financial Markets”, London

Metropolitan Business School, London, 17-18 September 2009.

[8] Engle, R.F., and K.F. Kroner (1995), Multivariate simultaneous generalized ARCH,

Econometric Theory, 11, 122-150.

[9] Engle, R.F. and R. Susmel (1993), “Common volatility in international equity markets”,

Journal of Business and Economic Statistics, 11, 2, 167-176.

[10] Egert, B. and E. Kocenda (2007), “Interdependence between Eastern and Western Eu-

ropean stock markets: evidence from intraday data”, Economic Systems, 31, 184-203.
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TABLE 1: Estimated VAR-GARCH(1,1)-M model

Czech Republic

Coeff. S.E. Coeff. S.E.

Conditional Mean Equation

α1 0.0142 (0.0066) β11 0.0055 (0.0261)

α2 0.0067 (0.0024) β12 0.0323 (0.0145)

α3 0.0019 (0.0007) β13 0.0096 (0.0051)

β22 0.0346 (0.0184)

γ11 0.3622 (0.0256) β33 0.1341 (0.0426)

γ12 0.0419 (0.0249) δ12 -0.0003 (0.0001)

γ13 0.1082 (0.0876) δ13 0.1141 (0.0490)

Conditional Variance Equation

c11 0.0159 (0.0067)

c12 0.0053 (0.0027)

c22 0.0007 (0.0023)

g11 0.6488 (0.2625) a11 0.1632 (0.8163)

g21 -0.1127 (0.0281) a21 0.0139 (0.0069)

g∗21 0.0525 (0.0218) a∗21 0.2126 (0.0547)

g∗∗21 -0.1763 (0.0829) a∗∗21 -0.1660 (0.0584)

g12 a12

g13 a13

g22 -0.9778 (0.0141) a22 0.1871 (0.0601)

g31 0.3325 (0.1691) a31 0.4328 (0.2154)

g∗31 -0.2320 (0.0773) a∗31 0.3367 (0.2843)

g∗∗31 0.0392 (0.0183) a∗∗31 0.4209 (0.1483)

g33 0.9420 (0.0517) a33 0.3728 (0.1742)

LogLik 5421.71

LBA,(10) 10.7577 LBRussia,(10) 9.9326 LBUK,(10) 6.3864

LB2A,(10) 9.9749 LB2Russia,(10) 10.4019 LB2UK,(10) 5.8260
Note: Standard errors (S.E.) are calculated using the quasi-maximum likelihood method of Bollerslev and

Wooldridge (1992), which is robust to the distribution of the underlying residuals. Parameters not statistically
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significant at the 5% level are not reported. LBA(10) and LB
2
B(10) are respectively the Ljung-Box test (1978)

of significance of autocorrelations of five lags in the standardized and standardized squared residuals for

country A (Czech Republic, Hungary, Poland), UK and Russia. The parameters β12, a21 and g21 measure

the causality effect running from Russia to country A whereas parameters β13, a31 and g31 measure the

causality effect running from the UK to country A. The covariance stationarity condition is satisfied by all the

estimated models, all the eigenvalues of A11⊗A11+G11⊗G11 being less than one in modulus. Note that in
the conditional variance equation the sign of the parameters is not relevant.
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TABLE 2: Estimated VAR-GARCH(1,1)-M model

Hungary

Coeff. S.E. Coeff. S.E.

Conditional Mean Equation

α1 0.0116 (0.0054) β11 0.0493 (0.0218)

α2 0.0057 (0.0026) β12 0.0333 (0.0169)

α3 0.0020 (0.0007) β13 0.0137 (0.0050)

β22 0.0093 (0.0043)

γ11 0.8848 (0.4229) β33 0.1138 (0.0366)

γ12 δ12 -0.0013 (0.0003)

γ13 δ13 0.1355 (0.0648)

Conditional Variance Equation

c11 0.0059 (0.0013)

c12 0.0051 (0.0023)

c22 0.0004 (0.0002)

g11 0.9579 (0.0201) a11 0.0432 (0.0227)

g21 -0.2296 (0.0806) a21 -0.0465 (0.0206)

g∗21 -0.0200 (0.0096) a∗21 0.1380 (0.0426)

g∗∗21 -0.2458 (0.0933) a∗∗21 -0.0404 (0.0199)

g12 a12

g13 a13

g22 -0.9792 (0.0107) a22 0.1827 (0.0473)

g31 -0.1712 (0.0831) a31 0.7414 (0.1834)

g∗31 0.1626 (0.0765) a∗31 -0.6461 (0.1902)

g∗∗31 -0.0452 (0.0558) a∗∗31 0.1946 (0.0929)

g33 0.9294 (0.0362) a33 0.4111 (0.1136)

LogLik 5357.15

LBA,(10) 2.5396 LBRussia,(10) 7.3505 LBUK,(10) 7.1575

LB2A,(10) 10.1848 LB2Russia,(10) 8.8561 LB2UK,(10) 6.6241
Note: See notes Table 1.
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TABLE 3: Estimated VAR-GARCH(1,1)-M model

Poland

Coeff. S.E. Coeff. S.E.

Conditional Mean Equation

α1 0.0090 (0.0049) β11 0.0537 (0.0215)

α2 0.0054 (0.0024) β12 0.0261 (0.0149)

α3 0.0013 (0.0006) β13 0.0051 (0.0018)

β22 0.0238 (0.0102)

γ11 0.2886 (0.0917) β33 0.1173 (0.0443)

γ12 δ12 -0.0004 (0.0002)

γ13 δ13 0.1595 (0.0702)

Conditional Variance Equation

c11 0.0033 (0.0016)

c12 0.0042 (0.0021)

c22 0.0002 (0.0001)

g11 0.9824 (0.0152) a11 -0.0312 (0.0161)

g21 0.0123 (0.0056) a21 0.0139 (0.0058)

g∗21 -0.0228 (0.0116) a∗21 0.1149 (0.0565)

g∗∗21 0.0105 (0.0048) a∗∗21 -0.0264 (0.0151)

g12 a12

g13 a13

g22 0.9731 (0.0088) a22 0.2178 (0.0367)

g31 0.0224 (0.0095) a31 -0.4328 (0.2154)

g∗31 -0.0091 (0.0044) a∗31 0.1065 (0.0502)

g∗∗31 -0.0641 (0.0315) a∗∗31 -0.2996 (0.1483)

g33 0.9585 (0.0116) a33 0.3065 (0.0448)

LogLik 5433.50

LBA,(10) 4.5955 LBRussia,(10) 7.1558 LBUK,(10) 6.9865

LB2A,(10) 10.0790 LB2Russia,(10) 8.4944 LB2UK,(10) 7.4002
Note: See notes Table 1.
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Figure 1: Conditional Correlations
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