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Abstract— This paper analyzes the evolution of linkages and 

causality between six Central and Eastern European (Bulgaria, Czech 
Republic, Hungary, Poland, Romania, Russia) and the USA stock 
exchanges. The effects of the recent global financial crisis and 
possible changes in inter-market relationships as a result of the crisis 
are topics of special interest in this research. For this purpose, the 
panel data sample (daily observations for the 2006-2009 time period) 
is divided into two sub-periods corresponding to the pre-crisis and 
crisis period. In order to separate the two sub-periods, a secondary 
investigation is conducted which shows that the beginning of July 
2007 is the moment when the global financial crisis began to show its 
full manifestations on international stock exchanges. The study 
concludes that stock markets in the CEE region have became 
increasingly integrated during crisis, while before the crisis the 
markets appear to be segmented, as both contemporaneous 
correlations and causality relationships are mostly insignificant.  
Also, before the crisis CEE markets were significantly influenced by 
innovations in the USA market, thus explaining why they were 
affected heavily by the crisis, which has managed to spread 
immediately in the region. As far as the risk-adjusted performance is 
concerned, the Czech market realized the best risk-adjusted 
performance due to its average rate of return and low risk, s followed 
by the Romanian, Russian and Polish stock markets, while the lowest 
risk-adjusted performance, as represented by the coefficient of 
variation was found in the case of the US stock market. 
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I. 0INTRODUCTION 
HE concept of financial market integration is central to 
the international finance literature and it is well accepted 

that integration of financial markets is fundamentally linked to 
economic growth through risk sharing benefits, improvements 
in allocation efficiency and reductions in macroeconomic 
volatility (see [20]).  
Nevertheless, the true process of financial market integration 
is dynamic and difficult to measure, and a wide range of 
empirical methodologies have been used to analyze the issue.  

 
1 Cristiana Tudor is with the International Business and Economics 

Department from the Bucharest Academy of Economic Studies, Romana 
Square No 6, Bucharest, Romania (phone: +40-723254342, e-mail: 
cristianat@ gmail.com).  

 

First, the most basic technique has been the use of 
unconditional cross-country correlations on equity prices and 
returns. 
Later on, atheoretical vector autoregressions (VARs) were 
used by [7], [14] among others.  
Further, higher frequency data led to the use of ARCH 
variants, with [12] examining linkages and spillovers using  
 
daily returns and [21] using hourly data to analyze major stock 
markets in London, New York and Tokyo. 
However, it is now known that ARCH is less useful for the 
non-normal distributions exhibited by emerging market 
returns. Instead, semi-parametric ARCH (SPARCH) has been 
used by [2] to capture the fat tails and skewness in emerging 
market returns. 
On another front, both univariate and multivariate 
cointegration/error correction models have been used to model 
stock returns and prices for major and emerging markets. 
Finally, to address variations in stock market integration over 
time, researchers have performed regressions on different sub-
periods to gain insight into long-term changes in stock market 
integration dynamics (see for example [16] or [3]). In 
addition, rolling and recursive windows and time varying 
coefficients generated by instrumental variables have also 
been employed (see for example [9]). 
Starting from this prior research, in this article we investigate 
and analyze contemporaneous correlations and causal 
relationships among six Central and Eastern European stock 
markets and also the USA, given its proven determinant role 
at a worldwide level. We pay special attention to the effects of 
the 2007-2009 global financial crisis. As VAR models, co-
integration tests, and Granger causality tests are very sensitive 
to the number of lags included (e.g. [6], [5], [18]) we 
implement lag-length tests and choose the optimal number of 
lags based on Sims' likelihood-ratio test.  
 
 

II. 1LITERATURE REVIEW 
Many empirical studies in the financial literature report 
substantial evidence of interdependency among world 
financial markets both in the short and the long run. 
[7] found a substantial amount of multi-lateral interaction 
among the nine largest stock markets in the world (Australia, 
Canada, France, Germany, Hong Kong, Japan, Switzerland, 
the United Kingdom and the United States). In particular, they 
documented that shocks in the US market have the most 
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important impact on the other national markets included in the 
study. [12] investigate the price and volatility spillovers in 
three major stock markets (New York, Tokyo, and London) 
and documented evidence for spillover effects from New York 
to Tokyo and London and from London to Tokyo, but not 
from Tokyo to either to New York or London. [4] show that 
the Scandinavian stock markets exhibit interdependencies 
both in term of price and volatility transmission. [17] study 
both Asian markets and developed countries of the OECD and 
find evidence of interdependency among the two categories of 
markets. They also attest that the markets of the USA and 
Britain have a dominant role both in the short and the long-
run. [15] analyzed correlations between South Asian stock 
markets (India, Sri Lanka, Pakistan, and Bangladesh) and 
reported weak interdependency between these markets and 
global stock markets. Further, [22] studies the Romanian stock 
market over the period 2002 – 2008 and the results suggest 
that although firm-specific financial indicators are important 
risk factors and help explain time-variation in Romanian 
common stocks returns, global risks are also conditionally 
priced. [19] examine the capital market integration in Korea 
and Japan using a threshold cointegration model by analyzing 
the real interest rate connection between the two business 
environments. Very recently, [1] use the time-shift 
asymmetric correlation analysis method for stock exchanges 
with different but non-overlapping trading hours to analyze 
the degree of global integration between stock markets of 
different countries and their influence on each other. They 
compute next-day correlation (NDC) and same-day 
correlation (SDC) coefficients and analyze interrelations 
between major U.S. and Asia-Pacific stock market indices. 
Results show that most NDCs are statistically significant 
while most SDCs are insignificant, that NDCs grow over time 
and the U.S. stock market plays a pace making role for the 
Asia-Pacific region. [13] examine the integration and causality 
of interdependencies among seven major East Asian stock 
exchanges before, during, and after the 1997–1998 Asian 
financial crisis and reveal that the relationships among East 
Asian stock markets are time varying and change as a result of 
the crisis while the USA plays a determinant role in all 
periods. Similarly, [23] finds that the correlation between the 
US market and the CEE markets has increased significantly 
during the recent financial crisis, while before the criss the US 
market Granger causes the Bulgarian, Czech, Hungarian, 
Polish, and Romanian stock markets. [24] studies the 
relationship between stock markets in Shanghai, Hong Kong 
and US and finds that the impact of the US market on the 
Hong Kong market is rapidly weakening, while the impact of 
the Shanghai market on the Hong Kong market is increasing. 
[8] studies the linkages between the Greek, Portuguese and 
French stock exchanges and shows that both Portugal and 
France are acting as one month leading indicators for the 
Greek stock market. 
In conclusion, the majority of empirical findings attest that 
over the last decades international stock markets have become 
increasingly interdependent. In addition, the role of the USA 
market worldwide is dominant and the evolution of US stock 
indices has an important impact on the majority of financial 
markets. 

 

III. 2DATA AND METHODOLOGY 
 

A. 5 Data 
 
The data for this study are retrieved from Morgan Stanley 
Capital Indices - Barra and consist of daily stock market index 
closing prices from six CEE stock markets, i.e. stock 
exchanges from the Czech Republic, Hungary, Bulgaria, 
Poland, Russia and Romania. We also collect data on the USA 
stock market, given its proven determinant role at a global 
scale.  The sample period extends from January 2, 2006 to 
March 31, 2009 and therefore includes 847 observations for 
each series. We subsequently take the natural logarithm of the 
daily closing values and daily returns are computed as the first 
differences of the log-transformed series in the following 
manner: 
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Further, as different sample periods could result in 
contradictory findings, particularly when a crisis arises we 
split the sample into two sub-samples to capture possible time-
variant stock market integration in the CEE area before and 
during the 2007–2009 global financial crisis. The choosing of 
the moment that delineated the starting point of the crisis on 
international stock markets must be conducted with care.  
Hence, although many authors use the Lehman Brothers’ 
collapse in September 2008 as the event which reflects the 
beginning of the crisis on international financial markets, a 
more thorough investigation shows that the manifestations of 
the crisis started long before that moment. Figure 1 attests that 
the decreasing trend of the stock indexes began in July 2007 
for Hungary, Romania and USA, a few months later for 
Russia, Poland and Bulgaria. Only in the case of the Czech 
stock market the crisis showed its full manifestations only in 
the summer of 2008. 
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Figure 1: Evolution of CEE and US stock market indexes: 
January 2006 – March 2009 
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SOURCE: author’s representation, MSCI data 
 
We decide to choose the beginning of July 2007 as the 
moment when the global financial crisis began to show its full 
manifestations on international stock exchanges.  Therefore, 
our first sub-sample covers the period from January 2, 2006 to 
June 30, 2007, or a total of 390 daily observations for each 
series and represents the pre-crisis period. The crisis period 
then starts at July 1, 2007 and ends after the first quarter of 
2009 (March 31, 2009), a time window containing 457 daily 
observations for each series which should correspond to a 
genuine crisis period.  
 
 

B. 6 Descriptive statistics 
 
Table 1 confirms that there was indeed a structural break in 
our time series after the second trimester of 2007. The 
distributions of stock returns in the pre-crisis period (Panel A) 
are generally slightly leptokurtic ( with the exception of 
Hungary and USA stock indexes) and present negative 
skewness, while during the crisis (Panel B)  all distributions 
became strongly leptokurtic and positively skewed. As 
expected, mean returns decreased significantly during crisis, 
while volatility accentuated. The markets that were most 
affected by the crisis in terms of difference in mean returns 
between the two sub-samples are the Hungarian, Polish and 
Romanian stock markets, while the least affected were the 

Czech and the Russian markets. Market volatility, as 
represented by the standard deviation of returns, increased the 
most on the Bulgarian and Romanian stock exchanges.  
 

TABLE 1 

DESCRIPTIVE STATISTICS OF DAILY STOCK RETURN SERIES 
(Precrisis vs. crisis period) 

 
PANEL A: Pre-Crisis (January 2, 2006 – June 29, 
2007) 
 
  CZ  HU BG  PL RU RO  US 
        
Mean 0.0007

2 
0.0008
3 

0.0009
5 

0.0008
7 

0.0006
6 

0.0014
8 

0.0001
3 

Std 
Error 

0.0006
8 

0.0008
7 

0.0005
0 

0.0008
6 

0.0010
2 

0.0008
7 

0.0003
9 

Median 0.0011
3 

0.0017
0 

0.0001
3 

0.0011
5 

0.0012
4 

0.0006
1 

0.0001
8 

Mode 0.0000
0 

0.0000
0 

0.0000
0 

0.0000
0 

0.0000
0 

0.0000
0 

0.0000
0 

Std 
Deviati
on 

0.0134
5 

0.0171
0 

0.0099
5 

0.0169
2 

0.0202
2 

0.0172
5 

0.0077
6 

Varianc
e 

0.0001
8 

0.0002
9 

0.0001
0 

0.0002
9 

0.0004
1 

0.0003
0 

0.0000
6 

Kurtosi
s 

6.0223
0 

0.4063
7 

6.0248
9 

0.6094
1 

5.5307
7 

5.5249
3 

1.9727
6 

Skewne
ss 

-
0.0823
6 

-
0.1253
5 

-
0.5997
0 

-
0.2129
0 

-
0.7266
1 

-
0.0592
5 

-
0.4634
2 

Range 0.1492
9 

0.1042
5 

0.0976
0 

0.1153
7 

0.2039
4 

0.1782
2 

0.0620
0 

Minimu
m 

-
0.0620
5 

-
0.0488
0 

-
0.0596
5 

-
0.0613
3 

-
0.1127
6 

-
0.0863
4 

-
0.0405
0 

Maximu
m 

0.0872
4 

0.0554
5 

0.0379
5 

0.0540
5 

0.0911
8 

0.0918
8 

0.0215
0 

Sum 0.2795
7 

0.3240
2 

0.3706
7 

0.3373
8 

0.2563
2 

0.5762
6 

0.0511
7 

Count 390.00
000 

390.00
000 

390.00
000 

390.00
000 

390.00
000 

390.00
000 

390.00
000 

PANEL B: Crisis (July 2, 2007 – March 31, 2009) 
 
 C

Z  
HU BG  PL RU RO  US 

        

Mean 0.
0

0.00
01 

0.00
02 

0.00
01 

0.00
04 

0.00
02 

0.00
01 

Std 
Error 

0.
0

0.00
34 

0.00
45 

0.00
29 

0.00
31 

0.00
43 

0.00
17 

Media
n 

0.
0

-
0.00

-
0.00

-
0.00

-
0.00

-
0.00

0.00
00 

Mode 0.
0

0.00
00 

0.00
00 

0.00
00 

0.00
00 

0.00
00 

0.00
00 

Std 
Deviat

0.
0

0.07
26 

0.09
66 

0.06
20 

0.06
72 

0.09
17 

0.03
71 

Varia
nce 

0.
0

0.00
53 

0.00
93 

0.00
38 

0.00
45 

0.00
84 

0.00
14 
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Kurto
sis 

1
7

298.
042

392.
175

307.
653

218.
798

363.
503

170.
207

Skewn
ess 

1
0.

15.5
068 

19.0
344 

15.8
751 

12.2
564 

17.8
922 

10.2
047 

Range 0.
8

1.59
31 

2.14
50 

1.31
19 

1.42
69 

2.18
42 

0.71
09 

Minim
um 

-
0.

-
0.19

-
0.16

-
0.11

-
0.23

-
0.33

-
0.09

Maxi
mum 

0.
7

1.39
33 

1.98
45 

1.19
96 

1.19
36 

1.84
82 

0.61
95 

Sum 0.
2

0.03
05 

0.08
49 

0.05
03 

0.17
58 

0.08
60 

0.02
35 

Count 4
5

457.
000

457.
000

457.
000

457.
000

457.
000

457.
000

 
 
Finally, Table 2 reports descriptive statistics for the seven 
stock market indexes for the whole period of the analysis.  
 
 

TABLE 2 

DESCRIPTIVE STATISTICS OF DAILY STOCK RETURN 
SERIES (whole period) 

 
 BG CZ HU PL RO RU USA 

 Mean 

 0.0
00 

558 
 0.000
593 

 0.000
430 

 0.000
475 

 0.000
778 

 0.0005
25 

 9.37E
-05 

 Median 

 0.0
0 

000
0 

 0.000 
587 

-4.29 
E-06 

 6.69 
E-05 

-0.000 
281 

 0.000 
357 

 0.000
000 

 Maximum 
 1.9
84  0.710  1.39  1.199  1.848  1.193 

 0.619
499 

 Minimum 

-
0.16

0 
523 

-
0.156
901 

-
0.199
816 

-
0.112
322 

-
0.335
989 

-
0.23335

4 

-
0.0913

99 

 Std. Dev. 

 0.0
71 

224 
 0.032
521 

 0.054
549 

 0.046
948 

 0.068
314 

 0.0512
00 

 0.027
740 

 Skewness 

 25.
477 
00 

 12.1 
4113 

 19.62 
237 

 19.62 
305 

 23.20 
561 

 14.8 
5509 

 13.10
576 

 Kurtosis 

 711
.70 
97 

 270.8
796 

 503.2
059 

 503.3
912 

 632.9
723 

 350.72
82 

 295.4
134 

        

 Jarque- 
Bera 

 178
3 

858
8 

 2556 
335. 

 8895 
029. 

 8901 
584. 

 1409 
8674 

 4303 
514. 

 30454
73. 

 Prob 
 0.0
0  0.00  0.00  0.00  0.00  0.00 

 0.000
000 

        

 Sum 

 0.4
729
02 

 0.502
648 

 0.364
415 

 0.402
537 

 0.660
098 

 0.44 
5396 

 0.079
422 

 Sum Sq. 
Dev. 

 4.2
9 

672
2 

 0.89 
5825 

 2.52 
0282 

 1.86 
6882 

 3.95 
2824 

 2.22 
0321 

 0.651
788 

        
 Observati
ons  848  848  848  848  848  848  848 

 
 
When the whole period is considered, we notice that the 
highest average daily return is encountered on the Romanian 
stock exchange, while the lowest mean return is found on the 
US stock market. The other CEE stock markets offer similar 
levels of return, while the volatility is substantially different. 
While the daily volatility of return on the Czech market is the 
second lowest from the seven markets considered in the 
analysis (only the US offers a lower level of risk or volatility), 
the Romanian and the Bulgarian stock markets seem to be the 
riskier, with a daily standard deviation of returns equal to 
0.068 and 0.071 respectively.  
All return distributions are positively skewed and highly 
leptokurtic, with stock return series from Bulgaria and 
Romania deviating the most from normality.  
 
Further, Figure 2 shows that the phenomenon of volatility 
clustering seems to be present especially on the Polish and US 
stock exchanges, suggesting that these time series could be 
well modeled with Garch family models.  
 

Figure 1: Return series (January 2, 2006 - March 31, 2009) 
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Finally, we compute an overall market risk-adjusted 
performance measure (the coefficient of variation), presented 
in Table 3.  
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The coefficient of variation (CV) is a fund's standard 
deviation divided by its return. It gives a risk-to-return ratio, 
i.e., units of risk per unit of return that can be used to compare 
mutual fund performance on a level basis. 
 
The Coefficient of Variation (CV) is therefore computed as: 
 

CV = 
s

sR
σ

 

 
It is similar to the well-known Sharpe ratio, which also 
measures the risk adjusted return, is also called the reward-to-
variability ratio and is computed with the following formula: 
 

 SR =   p

fp rR
σ

−

.   
 
In our case, we decided to use the coefficient of variation to 
measure the risk-adjusted performance of the seven stock 
markets during the period of the analysis.  
 
 
 

TABLE 3 

RISK-ADJUSTED STOCK MARKET PERFORMANCE 

 
 CZ  HU BG  PL RU RO  US 
CV 0.018 0.007 0.0078 0.010 0.010 0.0113 0.0033 
 
 
 
The Czech market realized the best risk-adjusted performance 
(CV of 0.018), due to its average rate of return and low risk. It 
is followed by the Romanian, Russian and Polish stock 
markets (both with a CV of 0.01), which had high mean 
returns (Romania) and average levels for return and risk 
(Poland and Russia). The combination of return and risk 
resulted in a CV for the US stock market equal to 0.0033, the 
lowest in our data sample. Finally, Hungary and Bulgaria had 
a similar risk-adjusted performance, with coefficients of 
variation equal to 0.007.  
 
 

C. 7Contemporaneous correlations 
 
 
A simple investigation of the correlation matrix between index 
return series can provide important information for the 
subsequent Granger causality tests. The correlation 
coefficients of daily stock market returns for the two sub-
sample periods are reported in Table 4. The correlation 
coefficients for the pre-crisis period are relatively low (Panel 
A), in particular in the case of Romania, Bulgaria and USA, 
which does not seem to be correlated neither with other 

markets in the sample, nor amongst each other. Some linkages 
appear to exist only among stock markets in Czech Republic, 
Hungary, Poland and Russia in the pre-crisis period. The 
situation changes dramatically during crisis times, when all 
correlation coefficient increase significantly and stock markets 
become strongly interconnected (see Panel B). Even the three 
markets which moved independently before the crisis (i.e. 
Romania, Bulgaria and USA) are now correlated with the 
others. For example, the correlation between stock exchanges 
from Bulgaria and Romania increased from 0.11 before crisis 
to a strong level of 0.94 during crisis. The correlation between 
the US market and the six CEE markets also increased 
significantly in the second sub-sample, while the four markets 
that showed important linkages before the crisis (i.e. Czech 
Republic, Hungary, Poland and Russia) seem to move almost 
identically during crisis time. 
 
 
 
 
 

TABLE 4 
CORRELATION MATRIX FOR THE SEVEN STOCK MARKET 

INDEXES 
PANEL A: Pre-Crisis 
 

  

CZECH 
 
REPUBLIC 

HUNGAR
Y  

BULGARI
A  

POLAN
D  

RUSSI
A  

ROMANI
A  

US
A  

CZECH 
 
REPUBLIC 1       

HUNGARY 0.58 1.00      

BULGARIA -0.04 -0.07 1.00     

POLAND  0.58 0.71 -0.06 1.00    

RUSSIA  0.61 0.54 -0.02 0.51 1.00   

ROMANIA 0.12 0.15 0.11 0.17 0.15 1.00  

USA  0.20 0.09 -0.12 0.14 0.20 0.04 1 
PANEL B: Crisis 
 

  

CZECH 
 
REPUBLIC 

HUNGAR
Y  

BULGARI
A  

POLAN
D  

RUSSI
A  

ROMANI
A  

US
A  

CZECH 
 
REPUBLIC 1       

HUNGARY 0.87 1.00      

BULGARIA 0.82 0.90 1.00     

POLAND  0.89 0.94 0.91 1.00    

RUSSIA  0.87 0.87 0.85 0.90 1.00   

ROMANIA 0.84 0.91 0.94 0.92 0.86 1.00  

USA  0.69 0.79 0.75 0.77 0.75 0.77 1 
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8Hence, the above results provide insight that the correlations 
between the seven stock markets increased sharply during the 
crisis, information which should also be attested by Granger 
causality tests. 
Further, we implement unit root tests to examine whether the 
log-transformed stock market indices are stationary (not 
reported). Using a 0.05 significance level, the Augmented 
Dickey–Fuller (ADF) tests as well as the Phillips–Perron tests 
suggest that all series are integrated at level, i.e. I(0). Finally, 
and most importantly, the ADF-test results for the two sub-
periods (i.e. pre-crisis and crisis) also indicate that all indices 
in both sub-periods are stationary in the level, therefore we 
have no restrictions in conducting Granger causality tests on 
our dataset. 
 

D. 9Granger causality tests 
 
Testing causality, in the Granger sense, involves using F-

tests to test whether lagged information on a variable Y 
provides any statistically significant information about a 
variable X in the presence of lagged X. If not, then "Y does 
not Granger-cause X." In other words, a variable Y is said not  
to Granger-cause a variable X if the distribution of X, 
conditional on past values of X alone, equals the distribution 
of X, conditional on past realizations of both X and Y. If this 
equality does not hold, Y is said to Granger-cause X.  If Y can 
predict future X, over and above what lags of X itself can, 
then Y Granger causes X. 
 
We test for Granger causality by estimating the following 
VAR models for each pair-wise combination of stock returns 
series ([9], [10]): 
 
 
 

          (2) 
tit

p

i
iit

p

i
it XYX ,1

1
,1

1
,11 εβαμ +++= −

=
−

=
∑∑

 
 

If the null hypothesis: is rejected Y is said 
to Granger cause X. 

0:
1

,10 =∑
=

p

i
iH α

 
 
 

tit

p

i
iit

p

i
it YXY ,2

1
,2

1
,22 εβαμ +++= −

=
−

=
∑∑

          (3)                                                          RESULTS OF GRANGER CAUSALITY TESTS 
 
 
 

If the null hypothesis: is rejected X is said 
to Granger cause Y.  

0:
1

,20 =∑
=

p

i
iH α

 
If the null hypothjesis is rejeted from both cases, it is said that 
there is a feedback relationship between X and Y. 
 
As Granger causality test results are very sensitive to the 
number of lags chosen, we first run the models with 20 days 
as maximum lag length and we further implement a lag-length 
test. 
 
 

IV. 3EMPIRICAL RESULTS 
 
For the pre-crisis period, the Granger causality test results 
suggest that the exchanges from USA and Russia are two 
interactive markets, as the US stock market Granger causes 
the Russian market while the Russian stock index also leads 
the US stock market index, and this bilateral causality is 
significant at 1% and 5%, respectively, being stronger from 
the American stock market to the Russian one. Other 
interactive pairs of stock exchanges in the pre-crisis period are 
Romania-Hungary and Russia Hungary.  When considering 
the overall role of the US market in the analyses, we observe 
that it leads the Bulgarian, Czech, Hungarian, Polish, and 
Romanian stock markets while only the Russian market has 
some marginally leading effect (as stated earlier) on the US 
market in the pre-crisis period, suggestion a leading role for 
the Russian market in the CEE region before the crisis.  
For the crisis period, results reveal that causal relationships 
have increased during the 2007–2009 global financial crisis. 
Bilateral causality is now present between stock market in 
Hungary-Bulgaria, USA-Bulgaria, USA- Czech Republic, 
USA-Romania and USA-Russia, while strong unilateral 
causality is found from Romania to Bulgaria, from the Czech 
Republic to Hungary, from Romania to the Czech Republic, 
from Poland to Hungary, from Romania to Hungary, from 
Russia to Hungary, from Romania to Poland. In other words, 
results suggest that the linkages among CEE stock markets are 
generally larger during the crisis than before. Considering 
only the interactions between the CEE region and the USA, 
we find that during the crisis this linkages have become 
generally bi-directional, and the evolution of Central and 
Eastern European stock markets is more often reflected in the 
subsequent evolution of the US stock exchange. Table 5 
reveals the Granger causality test results between each pair of 
markets in our dataset for the two sub-periods.  
 
 

TABLE 5 

H0: X does not Granger cause Y Pre-Crisis Crisis 

CZECH Republic → BULGARIA  0.25458  3.20367*** 

BULGARIA → CZECH Republic  0.00055  0.32537 
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HUNGARY → BULGARIA  1.31778  4.67027** 

BULGARIA → HUNGARY  0.37999  5.88830** 

POLAND → BULGARIA  0.42672  0.20182 

BULGARIA → POLAND  0.41187  6.67296** 

ROMANIA → BULGARIA  0.10938  45.4535* 

BULGARIA → ROMANIA  1.20872  0.76627 

RUSSIA → BULGARIA  0.05372  0.03185 

BULGARIA → RUSSIA  20.6093*  1.70694 

USA → BULGARIA  20.4032*  6.52363** 

BULGARIA → USA  0.22428  62.0235* 

HUNGARY → CZECH Republic  0.54750  1.73693 

CZECH Republic → HUNGARY  0.15498  21.7962* 

POLAND → CZECH Republic  0.30035  0.33348 

CZECH Republic → POLAND  0.37284  4.47299** 

ROMANIA → CZECH Republic  0.69153  47.4041* 

CZECH Republic → ROMANIA  6.66731**  1.30228 

RUSSIA → CZECH Republic  1.83256  0.25430 

CZECH Republic → RUSSIA   11.9293*  1.81421 

USA → CZECH Republic  30.3674*  15.4548* 

CZECH Republic → USA  1.71908  103.526* 

POLAND → HUNGARY  0.31966  11.9502* 

HUNGARY → POLAND  0.04731  0.08832 

ROMANIA → HUNGARY  2.81149***  68.4111* 

HUNGARY → ROMANIA  2.78696***  0.31084 

RUSSIA → HUNGARY  9.70624**  9.55204* 

HUNGARY → RUSSIA  2.92076***  2.08579 

USA → HUNGARY  2.78000***  0.22444 

HUNGARY → USA  1.25798  5.13534** 

ROMANIA → POLAND  0.83449  14.5677* 

POLAND → ROMANIA  3.56401***  0.81652 

RUSSIA → POLAND  0.82116  0.15364 

POLAND → RUSSIA  11.9656*  2.15235 

USA → POLAND  13.2372*  0.82947 

POLAND → USA  0.46815  63.1564* 

RUSSIA → ROMANIA  1.51315  0.99028 

ROMANIA → RUSSIA  25.0197*  33.1299* 

USA → ROMANIA  16.1896*  11.2758* 

ROMANIA → USA  0.55412  3.0E+18* 

USA → RUSSIA  10.4599*  4.80548** 

RUSSIA → USA  4.76270**  25.0383* 

* Significant at 1% 
**significant at 5% 
***significant at 10% 
 
 
To sum up, Granger causality tests, as well as the correlation 
analysis point out that the stock markets in the CEE region 
have became increasingly integrated in recent years, reflecting 
this geographical area’s increased importance in the European 
and in the world economy. Also, before the crisis CEE 
markets were significantly influenced by innovations in the 
USA market, thus explaining why they were affected heavily 
by the crisis, which has managed to spread immediately in the 
region. 
 

V. 4CONCLUSIONS  
 

This paper investigates interdependencies among six selected 
stock exchanges in the CEE region, while also considering 
their linkages with the USA market. As major economic 
events can influence the relationships among stock markets, 
we pay special attention to the effects of the 2007-2009 global 
financial crisis. Thus, we split the sample into two sub-
samples to capture possible time-variant stock market 
integration in the CEE area before and during the crisis, while 
paying special consideration to finding the moment that 
delineated the starting point of the manifestations of the crisis 
on international stock markets.  Descriptive statistics showed 
that the markets that were most affected by the crisis in terms 
of difference in mean returns between the two sub-samples are 
the Hungarian, Polish and Romanian stock markets, while the 
least affected were the Czech and the Russian markets. Also, 
market volatility, as represented by the standard deviation of 
returns, increased the most on the Bulgarian and Romanian 
stock exchanges. The Czech market realized the best risk-
adjusted performance due to its average rate of return and low 
risk. It is followed by the Romanian, Russian and Polish stock 
markets which had high mean returns (Romania) and average 
levels for return and risk (Poland and Russia). The 
combination of return and risk resulted in a coefficient of 
variation for the US stock market equal to 0.0033, the lowest 
in our data sample, while Hungary and Bulgaria had a similar 
risk-adjusted performance. 
Further, in line with previous findings in the literature, a 
simple correlation analysis revealed that all stock markets 
move together during crisis, while in the pre-crisis period the 
markets were fragmented, some linkages appearing only 
among stock indexes from the Czech Republic, Hungary, 
Poland and Russia. Results of the Granger causality tests also 
confirm that the interdependencies among CEE stock markets 
are generally larger during the crisis than before and also that 
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the relationships between CEE markets and the US market 
have become generally bi-directional. We also find that in the 
pre-crisis period the US stock market leads the Bulgarian, 
Czech, Hungarian, Polish, and Romanian stock markets while 
only the Russian market has some marginally leading effect 
on the US market, suggestion a leading role for the Russian 
market in the CEE region before the crisis. 
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