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Abstract: This paper examines the formation of returns and volatilities on mature and 
emerging European stock markets. To the best of the author’s knowledge, the study 
embraces the largest sample of European stock markets ever studied. Globally 
dominant stock exchanges and the energy market are included in the analysis as 
markets generators of global shocks. The Engle-Granger and Johansen cointegration 
tests are applied. While one does not obtain any evidence of cointegration, significant 
return and volatility spillovers between market generators of global shocks and both 
mature and emerging European markets are observed. The Diebold and Yilmaz (2007) 
methodology is employed to estimate a spillover intensity. The paper distinguishes 
among different sources of turbulence dominating European stock markets: shocks 
originating at home (local), on global market (global), and transmitted from markets of 
the same level of development (regional). Analysis shows comparative independence of 
developing stock markets from dominant world financial centers, an appearance of a 
uniform volatility environment on European stock exchanges since June 2006, primary 
positions of modern emerging European stock exchanges over mature ones, and an 
isolation of the world energy market from all studied stock markets.  
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1. Introduction 
Over the past twenty years, important processes of deregulation, globalization, 

and crises occurred in global financial markets. Europe experienced a period of 
extraordinary economic and monetary integration that culminated in the adoption of the 
Euro in January 1999. Moreover, there was significant progress on European stock 
markets, namely the strengthening and deepening of existing exchanges and the 
recovering of markets in Eastern and Central Europe. Profound financial changes like 
the extension of the EU, the development of trade linkages within Europe, and 
increased flows of FDI to emerging markets cannot but affect relationships between 
European stock exchanges.2  

The main objective of this study is to provide new evidence on the character of 
short-run interdependencies and long-run relations among European stock exchanges 
in light of recent economic and political changes. A related aspect is to compare how 
emerging and mature stock markets function. The paper thus addresses the following: 
(1) Has a single integrated financial market been established in Europe? (2) How 
dependent are European stock markets on world financial centers? and (3) How are 
returns and volatility of local European stock exchanges affected by large external 
shocks. Answers to these questions will provide valuable guidelines to investors and 
regulatory stock market authorities. 

Long-run relations have been extensively investigated in the literature. However, 
a consensus has not been reached yet. For instance, MacDonald (2001) found 
cointegration between the group of emerging European stock markets and the British, 
German, and U.S. exchanges, while Gilmor and McManus (2002) showed a lack of 
long-run relationships between Central European stock exchanges and that of the U.S. 
Thus, the question of market convergence remains. 

The nature of short-run co-movements between stock markets is also puzzling 
despite the literature that surrounds the issue. Some studies take global factors into 
account (Scheicher, 2001) while others do not (Kasch-Haroutounian and Price, 2001). 
Another branch of the literature distinguishes between the intra- and inter-regional 
linkages in the study of emerging markets (Edwards, Susmel, 2001; Gebka, Serwa, 
2006). Different types of premises and methodologies employed may cause 
inconsistent and incompatible results. The present paper goes beyond the conventional 
approach that considers mature and emerging European stock markets separately and 
explicitly studies the influence of one group on another. The investigation also 
distinguishes among local, regional, and global factors and analyzes dominant sources 
of turbulence for both sorts of markets. In turn, we obtain comparable results that reveal 
the basic similarities and differences of mature and emerging stock exchanges. 

To the best of the author’s knowledge, this paper embraces the largest sample of 
European stock markets ever studied3. As described, it includes both mature stock 
                                                 
2 For instance, Bracker, Docking, and Koch (1999) estimated the influence of macroeconomic 
determinants on the evolution in stock market integration. Similarly, Morana and Beltratti (2000) assessed 
the impact of European economic convergence and the introduction of the Euro on European stock 
markets. Billio and Pelizzon (2003) extended the list of factors studied by Morana and Beltratti to include 
deregulation, globalization, and recent financial crises. 
3 For example, Gebka, Serwa (2006) explored the Czech Republic, Hungary, Poland, and Russia; Billio, 
Pelizzon (2003) studied Germany, France, Italy, Spain, and the UK; Voronkova (2004) investigated the 
Czech Republic, Hungary, Poland, Britain, France, and Germany. 
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exchanges (Great Britain, Germany, France, Italy, Spain, Belgium, Sweden, Norway, 
Finland, Holland, and Denmark) and developing stock exchanges (Russia, Poland, the 
Czech Republic, Hungary, Romania, and Bulgaria)4. The choice of economies is based 
on criteria of size and importance – the most dynamic markets with the largest 
capitalizations are included – though to some extent the sample is limited by data 
availability. Furthermore, the analysis explicitly takes into account global factors that 
influence stock markets. I organize the exchanges of the US, Japan, Great Britain, 
Hong Kong, German, and the world energy market into an additional group called 
generators of global shocks (GS markets). This group helps to eliminate spurious 
observations of lead/lag relations among European stock markets. An attempt to 
measure the role of the energy market in the formation of stock market prices is also 
novel to the paper5.  

The data used are daily nominal local-currency composite stock market indices 
for six recent years obtained from Datastream, Global Financial Data, and the Russian 
Trading System. The energy index is represented by the GSCI (Global Sachs Energy 
Index). The daily data is aggregated into weekly observations to eliminate end-of-week 
effects and time differences in trading sessions across markets.  

The paper employs well-known techniques, such as cointegration analysis (Engle 
and Granger, 1987; Johansen, 1988) and the new methodology of spillover estimation 
of Diebold and Yilmaz (2007) based on a standard VAR and the Cholesky 
decomposition of an error variance-covariance matrix. The main instruments are 
return/volatility spillovers. Spillovers are defined as short-run interdependencies, effects 
which fluctuations in one market exert on other markets. 

The study finds the following: 1) the absence of long-run relationships between 
composite indices of developed/developing European stock markets with generators of 
global shocks, 2) the energy market isolation in terms of high independency in the 
formation of return and volatility regimes and limited transmission of spillovers towards 
stock markets, 3) the dominant role of the U.S. stock exchange in the formation of world 
returns, 4) the dominant role of the U.S. and British stock exchanges in the formation of 
volatility regimes, 5) the strong influence of return and volatility global shocks on 
developed European markets, and 6) the strong influence of local return shocks and 
global and local volatility shocks on developing European markets. 

The absence of long-run relations between the investigated indices of stock 
markets suggests the possibility of a risk-reducing diversification strategy, which 
provides additional evidence in favor of Psillaki and Margaritis (2007), Ahlgren and 
Antell (2002), and Richards (1996). The energy market isolation also suggests that 
energy assets represent additional diversification opportunities. Finally, the study 
reveals the investment advantages of emerging markets over mature ones. Emerging 
markets are less dependent on global factors in return formation and, as a 
consequence, more attractive for diversification. Moreover, developing exchanges still 
maintain return regimes different from developed ones: emerging markets have more 
stable growth rates and higher returns (in accordance with IMF Financial Market 

                                                 
4 See Appendix A for corresponding composite stock market indices. 
5 Studies of linkages between stock markets and the energy market are uncommon in the literature. Malik 
and Hammoudeh (2005) is one of detailed exception. However, there are no works that examine 
interdependencies between European stock exchanges and the world energy market. 
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Updates). However, since June 2006 all explored European indices commenced to be 
associated with approximately the same risk level: the present study shows the 
convergence of volatility spillover indices for mature and emerging markets. Thus, 
European assets with similar risk level offer different returns, making emerging markets 
more attractive subject to country-specific economic and political stability. 
 To conclude, the results suggest that a single integrated European stock market 
has not yet been established, external return and volatility spillovers matter, and the 
intensity of global factors is greater for developed stock exchanges. 

The rest of the paper is organized as follows: section 2 outlines the methodology, 
section 3 describes the data and presents its statistical properties jointly with a profound 
cointegration analysis by means of the Engle-Granger and Johansen tests, section 4 
explains the model choice and contains obtained empirical results, section 5 interprets 
spillover indices and discusses some of the empirical implications of findings, 
conclusions follow.  

 
2. Methodology  

A statistical analysis of returns and volatility is employed to study stock market 
interdependencies. Returns are calculated in accordance with the classical method as 
the change in log price. In order to remove time differences in trading across markets 
and end-of-week effects daily observations are aggregated into weekly. Closing prices 
on each Wednesday represent weekly closing observations. If Wednesday observation 
is absent, a corresponding adjacent value is used with priority to Thursday one. 

Volatility is assessed following the Garman and Klass (1980) approach 
incorporating of stock market information available for investors – low, high, opening, 
and closing prices. Obviously, this estimator is much more efficient than the classical 
one since it demands the process of continuous price observation that automatically 
yields to a large amount of information collected and employed. Thus, weekly volatility is 
assumed constant over a week and is modeled according to the following rule: 

)](*)(*2)*2(*)[(*019.0

)(*383.0)(*511.0 22
2^

ttttttttt

ttttt

OLOHOLHOC

OCLH

----+--

---=s
, 

where H is the maximum of all high prices over a week, L is the minimum of all low 
prices over a week,O  is the opening on Monday, C is the closing on Friday, all prices 
are considered in logs.  
 The next step is to assess indices of return/volatility spillovers in accordance with 
the Diebold and Yilmaz (2007) methodology. Indices are estimated by means of 
traditional VAR models tptpttt xxxx ejjj ++++= --- *...** 2211  (where 

'
,,2,1 ),...,,( tsttt xxxx =  is a vector of returns/volatility, s is the number of stock markets, p is 

the order of the model) and the Cholesky decomposition of a forecast error variance. 
A spillover index is defined as a summary effect attributable to external shocks 

over total forecast error variation of the system in percent. Thus, the total spillover index 
for the n-step-ahead forecast may be represented as  
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where T
hhAA is a matrix of shocks of the studied system. 

3. Data and Cointegration Results 
The dataset is assembled from two databases – DataStream and Global 

Financial Data, and the Russian Trading System. The time period is six years from 
March 5, 2001 to March 25, 2007; there are 316 weekly observations. Stock markets 
are represented by local-currency composite indices (the index of Russian Federation is 
in $USD according to data availability) of the most liquid enterprises with the highest 
market capitalization. The energy market is described by the GSCI Energy Index7. This 
index is specially designed to provide investors with available and reliable guiding line of 
investment attractiveness of commodity resource markets.  

The analysis of the main indicators of stock exchanges (market capitalization, 
trading volume, and listing) reveals heteroskedasticity of European stock markets in 
terms of size and liquidity. Properties of price series suggest investigating the presence 
of cointegration separately among developing and developed stock markets. According 
to the augmented Dickey-Fuller test, all prices of composite indices are first order 
integrated time-series8.  

The following analysis of spillovers on European stock markets is done by 
splitting the whole sample of European markets into two groups of markets - developed 
and developing - and building separate models for different subsamplings. This division 
is carried out in order to compare spillovers between mature and emerging markets and 
to look for long-run price relationships. GS markets are included in both models. 

Two methodologies are employed in order to examine the absence/presence of 
long-run price relations among stock markets: the Engle and Granger test (1987) and 
the Johansen test (1988).  The first method is a preliminary procedure. It is done with 
the purpose to detect at least one cointegration. However, though samples of markets 
with highest correlations9 were considered, no cointergration was discovered. To use 

                                                 
6 Derivation is presented in Appendix B. 
7 The GSCI Energy Index consists on 6 components - Crude Oil, Brent Crude Oil, RBOB Gas, Heating 
Oil, GasOil, Natural Gas; the order corresponds to weight diminution. The GSCI is weighted relatively to 
world component production; the weight of each component is defined by average production for 5 recent 
years that makes the GSCI simultaneously an economic indicator. 
8 I do not report here statistics in order to conserve space. Nevertheless, statistics are available upon 
request.  
9 The correlation analysis revealed different groups of markets with similar price behavior, which were 
studied in details, among them are 
 1) Russian Federation, Czech Republic, Poland, Hungary, Romania, and Bulgaria; 
 2) Russian Federation, Czech Republic, Hungary, Romania, and Bulgaria;  
 3) Bulgaria and Romania;  
 4) Czech Republic and Hungary;  
 5) Czech Republic, Russian Federation, and Hungary;  
 6) Poland and Hungary;  
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the Johansen test the following 3-step procedure is applied: 1) the most similar markets 
are singled out, 2) the Johansen procedure is employed with respect to them, and 3) 
finally the whole VAR model with constraints is estimated. Thus, for the model of 
emerging European markets two subsamplings are picked out – GS markets and 
emerging markets, for the model of developed European markets another two 
subsamplings are considered – GS markets and mature markets. Nevertheless, even 
this detailed analysis of possible cointegration rejects the presence of long-run relations 
between European stock markets and GS markets. 

It is worth emphasizing that the question of cointegration search among 
composite indices stays puzzling and challenging in empirical finance. According to 
Richards (1996) and Ahlgren and Antell (2002), the hypothesis of the absence of 
cointegration usually is not rejected, and as for cases of rejection, they are attributed to 
bad properties of small samples. Psillaki and Margaritis (2007) note insufficient reasons 
to consider being cointegrated even highly correlated composite indices of different 
stock exchanges located nearby to each other. My results support their findings.  

4. Spillover indices. Rolling-window analysis  
Since there is no cointegration among studied markets, as it has been pointed 

out in the previous section, this paragraph examines short-run market 
interdependencies – effects which fluctuations in one market exert on other markets. 
Four short-run VAR models of return and volatility spillovers are estimated: two models 
of returns and two models of volatility for emerging and mature stock markets 
correspondingly taking into consideration GS markets. The order of variables included 
in VAR models is formed by the criterion of market capitalization - small markets follow 
large ones. Eastern and Central European returns and volatilities are modeled 
according to the order - USA, Japan, Great-Britain, Hong Kong, Germany, the energy 
market, Russian Federation, Poland, Czech Republic, Hungary, Romania, and Bulgaria, 
while Western European returns and volatilities are modeled according to the order - 
USA, Japan, Great Britain, Hong Kong, Germany, the energy market, France, Spain, 
Italy, Holland, Sweden, Belgium, Finland, Denmark, and Norway.    

A rolling-window approach is applied to describe spillover dynamics. A window 
length of one hundred weeks, or approximately two years, is selected and moved 
forward one week at a time. The order of each model is chosen on basis of the Schwarz 
information criterion, the multivariate autocorrelation Lagrange multiplier test is 
employed to control autocorrelations, and the analysis of crosscorrelograms is exploited 
to examine crosscorrelations. The check-up of the stability of explored system is 
implemented.  

Estimation of 217 windows for each model reveals the existence of different price 
regimes on stock markets over the studied time period.  Returns and volatility are 
                                                                                                                                                             
 7) USA, Japan, Great Britain, Hong Kong, Germany, and the energy market;  
 8) USA, Japan, Great Britain, Hong Kong, Germany;  
 9) All studied markets of Western Europe;  
 10) USA and Hong Kong;  
 11) Great Britain and Germany;  
 12) Belgium, Holland, France, and Denmark;  
 13) Germany, Great Britain, Belgium, Norway, Italy, France, Holland, Denmark, and Sweden     
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formed statistically heterogeneously - different numbers of lags are included in VARs 
estimated on rolling windows over the entire sample.  
 A visualization of estimated Spillover Indices for all four models is given below 
(Figures 1 and 2). 
Figure 1 (Indices of return spillovers)  
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Figure 2 (Indices of volatility spillovers)  
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Return and volatility spillovers are significant for all European markets. About 

71% (72,5%) of the 10-week-ahead forecast error variance of return (volatility) in 
Western Europe, and 47% (56,8%) of the 10-week-ahead forecast error variance of 
return (volatility) in Central and Eastern Europe taking into account GS markets are 
introduced by spillovers. Both return and volatility spillover indices are more volatile for 
Eastern and Central European stock markets than for Western European ones. A slight 
convergence between return spillover indices is observed, while almost identical paths 
of volatility spillover indices take place from the middle of 2006. It means that the similar 
risk environment of investments appears to be settling down in Europe while return 
regimes in developing and developed Europe still differ significantly.  

5. Economic insights 
 For both models of return spillovers the U.S. stock market and the energy market 
are the most independent ones – local shocks to a greater extent determine price 
behavior, the influence of other markets is negligible. In addition, the American market 
shows the highest total contribution into the forecast error variance of the rest markets, 
whereas the total contribution of the energy market approximately equals to the 
contribution of the average stock market.  
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Thus, the hypothesis of the leading role of the U.S. stock market is confirmed - all 
the rest markets are driven by it. However, the energy market appears to be sufficiently 
isolated in terms of return as well as it does not initiate considerable volatility spillovers. 
Therefore, its assets are worth being considered suitable to portfolio diversification.  

The main generators of volatility spillovers are the stock markets of USA and 
Great Britain. A sufficiently long time interval, when Great Britain made larger 
contribution in world volatility formation than USA, is observed. It indicates that Europe 
has been obtaining an independency in risk regime adoption being dependent on return 
shocks of the U.S. stock-market. This finding obviously is worth a further investigation. 

The analysis stresses the point that developed markets in Europe are more 
integrated with each other then developing markets: return of any developed market is 
defined to a greater extent by the influence of the largest stock markets, while return of 
any Central or Eastern European market is determined by local shocks (67% for 
Romania, 39% for Poland). Thus, under the stipulation that there is a stable political and 
economic situation in developing economies, emerging stock markets are attractive to 
those investors who seek ways of international investment portfolio diversification.  
 In addition, the Diebold-Yilmaz methodology distinguishes sources of turbulence 
that makes easier to observe and analyze market behavior.  The main influence which 
returns of European stock markets experienced was initiated by local shocks (primarily 
for emerging markets) and global fluctuations.  It is impossible to pick out dominating 
generators of regional shocks among developing and developed European markets: 
different stock markets were influential in terms of return formation of neighboring 
markets at each instant of time. But there was a tendency to observe frequently 
significant spillovers among the markets with similar market capitalizations. 
 A similar dynamics of spillover indices from the volatility models says that the 
European stock markets reacted alike in response to volatility shocks which were 
initiated by world dominating markets. However, emerging stock markets relatively 
mature stock markets responded with a lag and more a volatile character. As time 
passed, a numerical difference between two indices of volatility spillovers has been 
canceling out. Thus, now the uniform risk environment is settling down on European 
stock markets: 72% of the 10-week-ahead forecast error variance is attributable to 
spillovers and the rest 28% - to local shocks.  

Dynamics of forecast error variance portion due to local shocks reflects the 
presence of significant volatility spillovers during turbulent periods and, on the contrary, 
a high part of forecast error variance self determination during calm periods. There is an 
empirical evidence of the fact that spillover indices do reflect a variable behavior of 
investment decisions10. 

Conclusions 
 In this paper I analyze possible interdependencies between the stock markets of 
Eastern and Central European economies on the one hand (Russian Federation, 
Poland, Czech Republic, Hungary, Romania, and Bulgaria) and Western European 
economies on the other hand (Great Britain, Germany, France, Spain, Italy, Holland, 
Sweden, Belgium, Finland, Denmark, and Norway) taking into consideration the largest 
                                                 
10 Detailed description of empirical evidence is available upon request. Here I do not include it to 
conserve space. 
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financial centers and energy market. The estimation period covers 6 years from 
05.03.2001 to 25.03.2007; the investigation is done with the use of weekly observations 
obtained by aggregating the daily data. The novelty of the paper rests mainly on the 
inclusion of the energy market into analysis and on the use of the large set of the 
European stock markets studied. 
 Return and volatility spillovers are the main instruments of the analysis. Spillover 
indices are estimated according to the Diebold and Yilmaz methodology with the use of 
short-run VAR models of returns/volatility and an analysis of the Cholesky 
decomposition of the 10-week-ahead forecast error variance. This decomposition 
partitions return/volatility variance of forecast errors into local, regional, and global 
factors. 
 The study delivers the following results: 1) the absence of long-run relationships 
between composite indices of developed/developing European stock exchanges and 
markets generators of global shocks, 2) the energy market isolation in terms of high 
independency in the formation of return and volatility regimes and limited transmission 
of spillovers towards stock markets, 3) the commanding role of USA in the formation of 
world returns, 4) the dominant role of the U.S. and British stock exchanges in the 
formation of volatility regimes, 5) the strong influence of return and volatility global 
shocks on developed European markets, and 6) the significant influence of local return 
shocks and global and local volatility shocks on developing European markets. 

The absence of long-run market relationships suggests that there are still some 
advantages from international portfolio diversification for long-horizon investors: a single 
integrated European stock market has not yet been established. Moreover, the 
prevalence of return local shocks above global ones makes stock markets of Eastern 
and Central Europe more attractive. The last finding is supported by a return-risk 
relation: all studied European stock markets have similar risk regimes from the middle of 
2006, while developing markets still keep independent and more advantageous return 
formation.    

In addition, the energy market assets represent one more diversification source. 
However, since this market is characterized by a comparatively high volatility, the 
optimal moment of the energy assets’ use is the time of significant volatility on stock 
markets. 

The results presented in this paper advocate further research into the reasons of 
obtained “isolation” of the energy market, and the sources of advantageous position of 
emerging European stock markets in European finances. 
 The findings have important implications for investors and policy makers. 
External return and volatility shocks do matter. Therefore, determination of spillover 
sources and transmission mechanisms is an important stage of optimal investment 
decision making, elaboration of global hedging strategies, and development of 
regulating norms affecting financial institutions.  
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Appendix A 
Supplementary table 
 
Composite indices of national stock exchanges  

Market Index 

Russian Federation RTS 
Hungary BUX 
Poland WIG20 
Bulgaria SOFIX 
Czech Republic Prague SE PX 50 
Romania Bucharest SE 
Germany DAX 30 
Spain IBEX 35 
Belgium BEL 20 
Italy MIBTEL 
Netherlands AEX 
Denmark OMX Copenhagen 
Great Britain FTSE 100 
Finland OMX Helsinki 25 
Sweden OMX Stockholm 30 
France CAC 40 
Norway Oslo SE OBX 25 
Japan Nikkei 225 
USA NYSE 
Hong Kong Hang Seng 
  
Appendix B 
Consider a standard VAR model 

tptpttt xxxx ejjj ++++= --- *...** 2211  (1), where '
,,2,1 ),...,,( tsttt xxxx =  is a vector. 

The property of stability allows rewriting (1) in MA representation 
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A Cholesky decomposition of a symmetric positive-definite matrix gives another representation of MA 
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The error vector of the one-step-ahead forecast ttx |1+  has the following form 
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Hence, the variance of the one-step-ahead errors in forecasting tx ,1 is 2
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makes it possible to split the variance of forecast errors into parts related to local and external shocks. 

Thus,  2
11,0a , for example, is an intensity of a local shock of tx ,1 , while  2

1,0 sa is an intensity of an external 

shock from tsx , on tx ,1 . 

 In compliance with the Diebold and Yilmaz methodology, a spillover index is defined as a summary effect 
attributable to external shocks over total forecast error variation in percent. For example, the spillover 
index for the one-step-ahead forecast is  
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