
 

 

  
Abstract — The aim of this paper is to highlight the existence of 

cointegration and international linkage between Bucharest stock 
exchange and certain European developed stock markets, namely the 
French, German and Greek stock markets. In recent past, 
international stock markets have become increasingly connected 
among each other. In addition, these issues were exacerbated by the 
dramatic impact of the global financial crisis, which started with the 
US subprime mortgage crisis in mid-2007. Further analysis suggests 
that financial contagion effects triggers a profound significance in 
terms of international portfolio diversification and risk management. 
The primary focus is to consider the financial econometrics 
framework based on Unit Root Test, Augmented Dickey-Fuller 
stationary test, BDS test and Granger causality test. This empirical 
research covers the period from January 2003 until December 2012 
of daily returns of selected  stock markets major indices. The selected 
time series are divided into two sub-periods in order to examine both 
pre-crisis and post-crisis effects. 
 

Keywords—cointegration, dinamic international linkage, global 
financial crisis, Granger causality 

I. INTRODUCTION 
ointegration and international linkage between 

emerging and developed stock markets highlight the 
influence of causal transmission patterns focused on financial 
shocks propagation. In recent past, there has been a significant 
structural reform of international stock markets based on 
cross-border transactions, exchange control, investment policy 
non-restrictions, derivatives, international portfolio 
diversification, liberalization of financial operations.  

In this respect, a variety of financial econometric tools have 
been developed in order to investigate whether economic 
variables follow a rather similar trend. The basic 
characteristics of cointegration methods highlight significant 
issues in applied empirical analysis. In other words, if a pair of 
stock asset prices is cointegrated then one stock price can be 
predicted due to the evolution of the other stock price. 
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Implicitly, the main significance of financial  cointegration 
results is focused on the possibility of obtaining additional 
benefits based on international portfolio diversification. The 
main motivation for this study derives from the nearly 
unpredictable and extremely fascinating behavior of emerging 
capital markets in contraposition with the much more efficient 
and stable behavior of mature capital markets. The empirical 
analysis conducted in this paper is focused on Bucharest Stock 
Exchange (Romania), Athens Stock Exchange (Greece), 
Frankfurt Stock Exchange (Germany) and Paris Stock 
Exchange (Bourse) - NYSE Euronext (France). Technically, 
an young and quite fragile stock market such as Bucharest 
Stock Exchange is characterized by rapid growth and 
extremely varied opportunities which could easily attract the 
attention of international investors. Nevertheless, according to 
FTSE Country Classification issued on March 2012, Romania 
is included in the frontier emerging market category, while 
Greece is on the watch list for possible demotion from 
developed to advanced emerging market. In other words, 
Athens Stock Exchange has experienced quite intense the 
negative impact of recent economic, social and financial 
events. On the other hand, frontier markets can be perceived as 
a subset of emerging markets. Summarily, frontier markets are 
generally less liquid and have lower market capitalization than 
emerging or developed capital markets.  Moreover, according 
to  FTSE Country Classification as at March 2012, France and 
Germany are included in the first category, i.e developed 
markets. Paris Stock Exchange is the first European integrated 
stock exchange. The Frankfurt Stock Exchange is the world's 
10th largest stock exchange by market capitalization. It 
accounts for over 90 percent of the turnover in the German 
market and a very large share of the European market. 

The CAC 40 is France's benchmark stock market index, 
similar to the Dow Jones Industrial Average in the United 
States. The index comprises of the 40 most significant values 
among the 100 highest market caps on the NYSE Euronext. 
The DAX (Deutscher Aktien IndeX,) is a blue chip stock 
market index consisting of the 30 major German companies 
trading on the Frankfurt Stock Exchange. The ATHEX 
Composite Index is the most commonly followed index in 
Greece and is a market capitalization-based index that tracks 
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the share price movement of 60 leading Greek companies. 
BET-C is the composite index of Bucharest stock exchange 
(BSE). It is a market capitalization weighted index and reflects 
the price movement of all the companies listed on the BSE 
regulated market, i.e Ist and IInd Category, excepting the SIFs. 

II. LITERATURE REVIEW 
Emerging capital markets constitute a very attractive and 

seemingly unexplored research field. Their  investment 
potential involves that research focus towards identifying 
various opportunities in trade and oriented foreign capital.  
This particular section of the paper presents a brief everview 
of economic literature in this quite exclusive area of interest. 
Grubel (1968) highlighted the benefits arising from 
international diversification of portfolios, based on empirical 
evidence of certain developed stock markets including the 
USA, Canada, U.K., Germany, France, Australia, Italy, 
Belgium, Netherlands, Japan, and South Africa. Eun and Shim 
(1989) investigated international transmission of stock market 
movements among several mature markets, such as : Australia, 
Japan, Hong Kong, U.K, Switzerland, France, Germany, 
Canada and U.S.A.. The authors have identified a series of 
multilateral interconnections. The primary results of their 
research have suggested that the correlations of U.S.A with 
Asian-Pacific and European stock markets, with the exception 
of U.K, are rather inconclusive and low, particularly because 
of the different trading hours of these stock markets. The same 
issues of research, namely dinamic linkages and international 
cointegration between stock markets, but based on rather 
distinct applied methodologies, have been follow by several 
other researchers, such as : Finnerty and Scheeweis (1979), 
Schollhammer and Sand (1985), Granger (1986), Kohlhagen 
(1983), Khoury et. al. (1987), Chan, Gup and Pan (1997), 
Scheicher (2001), Kelly et al. (2008), Raj and Dhal (2009). 
Likewise, Arshanapalli and Doukas (1993) discussed a very 
interesting topic, i.e. the dramatic influence of the October 
1987 financial crisis among the stock markets of France, U.K., 
Germany and U.S.A. Moreover a variety of empirical studies 
have examined the international interdependence of stock 
markets, providing minor correlations between the returns of 
developed and emerging stock markets in the favor of 
portfolios diversification, of which stands :  Dwyer and Hafer 
(1988), Hauser et. al. (1994) and Errunza (1994). An almost 
pervasive conclusion was that existing diversification of 
international stock market portofolios can not be considered to 
be effective if those markets are cointegrated and there are 
asset price co-movements. Abimanyu, Y., et. all (2008) 
investigated the international linkages of the Indonesian capital 
market using cointegration tests to examine the long-run 
equilibrium relationship between the stock markets of 
Indonesia with China, France, Germany, Hong Kong, Japan, 
Korea, Malaysia, Netherlands, Philippine, Singapore, 
Thailand, Taiwan, the United Kingdom and the United States. 
The method used in the paper is visual inspection, followed by 
Johansen cointegration. Empirical results highlighted that there 

exist cointegration between these stock market indices except 
between Indonesia and Philippine. Singh (2010) investigated 
Chinese and Indian stock market linkages with several 
developed stock markets, namely U.S., U.K., Japan and Hong 
Kong. The author concluded that both Chinese and Indian 
market are correlated with all the selected developed markets 
based on the analysis of Granger causality. Singh suggested 
that the benefits of any short-term diversification, or 
speculative activities, are limited between Chinese and Indian 
stock market (emerging). In this respect, according to 
Pretorious (2002) international investors need to understand 
the forces behind the interdependence of emerging stock 
markets in order to realize the potential risks and rewards of 
global diversification. 

III. METHODOLOGICAL APPROACH 
 
In order to test for cointegration and international linkage 

between Greek and Romanian stock markets, an financial 
econometric procedure is implemented. The empirical analysis 
is based on daily stock returns of selected  stock markets major 
indices for the period January 2003 until December 2012. The 
time series is divided into two sub-periods in order to 
investigate both pre-crisis and post-crisis effects. The 
empirical analysis includes Unit Root Test, Augmented 
Dickey-Fuller stationary test, BDS test and Granger causality 
test. Technically, financial time series, such as daily stock 
market returnsthey are distinguished through a range of 
stylized facts, such as high-frequency, volatility  clustering, 
non-stationarity of price levels, leverage effect, 
heteroskedastic log returns, fat-tailed distribution. The 
continuously-compounded daily returns are calculated using 
the log-difference of the closing prices of stock markets 
selected indices, ie BET-C Index (Romania) and Athex 
Composite Index (Greece), as follows :  
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Empirical analysis includes testing the existence of unit 
roots or in other wordsthe integration order regarding each of 
the selected indices following the analysis of Augmented 
Dickey-Fuller (ADF) test. This particular diagnostic test is 
used in order to determine the non-stationarity or the 
integration order of a financial time series. The random walk 
model is the basic example of what is known in the literature 
as a unit root process. Technically, ADF diagnostic test 
investigates the potential presence of unit roots divided into 
the following categories : unit root with a constant and a trend, 
unit root with a constant, but without a time trend, and finally 
unit root without constant and temporal trend, based on the 
following regression model :  
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where p represents the number of lags for which it was 
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investigated whether fulfilling the condition that residuals are 
white noise, c is a constant, t is the indicator for time trend and 
Δ is the symbol for differencing. In addition, it is important to 
emphasize the essence of a stochastic trend that can not be 
predicted due to the time dependence of residual’s variance. 
Strictly related to the ADF test, if the coefficients to be 
estimated β and δ have the null value then the analyzed 
financial time series is characterized by a stochastic trend. The 
null hypothesis, ie the time series has a unit root is rejected if 
t-statistics is lower than the critical value. The empirical 
analysis should distinguish between stationary and 
nonstationary stochastic processes or financial time series has 
a major importance in terms of trend ie if it is deterministic 
(completely predictable and not variable) or stochastic (not 
predictable). 

The BDS test (Brock, Dechert and Scheinkman, 1987) was 
computed in order to determine whether the residuals are 
independent and identically distributed, especially in the case 
of a nonlinear system. In this respect BDS test is a 
econometric tool for detecting serial dependence in financial 
time series.  Furthermore, the BDS diagnostic test is based on 
the null hypothesis of independent and identically distributed 
(i.i.d) time series. The Granger causality test is mainly 
considering the possible relationships between two or more 
time series. Basically, it is a statistical hypothesis test that 
highlights the possible influence of a time series data in 
forecasting another series. Primary, causality highlights a 
relationship between cause and effect. According to Granger 
(1969), if some other time series Yt contains informations 
regarding the past periods which are useful in the prediction Xt 
and in addition this informations are included in no other 
series used in the predictor, then this implies that Yt caused 
Xt. Granger suggested that if  Xt and Yt are two different 
stationary time series variables with zero means, then the 
canonical causal model  has the following form :  
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where ε t and η t play the role of two uncorrelated white-

noise series, namely [ ] [ ]stst EE ηηεε == 0  for ts ≠  and 

on the other hand [ ] 0=stE εε  for st,∀ . Practically, the 
idea of causality requires that in the case when Yt is causing Xt 

some bj is different from zero and vice versa, ie in the case 
when Xt is causing Yt some cj is different from zero. A 
different situation implies that causality is valid simultaneously 
in both directions or simply a so-called “feedback relationship 
between Xt and Yt”. 

IV. EMPIRICAL ANALYSIS  
 

The empirical analysis is based on daily returns of selected  

stock markets major indices for the period January 2003 until 
December 2012. The time series is divided into two sub-
periods in order to investigate both pre-crisis and post-crisis 
effects. In the analyzed periods, the behavior of the selected 
stock indices clearly revealed the impact of the global financial 
crisis, as it can be seen in the following figures : 
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Fig. 1 : The trend of BET-C Index, Athex Composite Index, 
CAC40 index and DAX index 

Source: Own computations based on selected financial data series 
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Fig. 2 : The log-returns of BET-C Index, Athex Composite 
Index, CAC40 index and DAX index 

Source: Own computations based on selected financial data series 
 
The fundamental characteristics of selected indices are 

represented by the following issues : Jarque-Bera test’s 
statistic which allows to eliminate the normality of distribution 
hypothesis, parameter of asymmetry of distribution or 
Skewness and Kurtosis parameter which measures the 
peakedness or flatness of the distribution (leptokurtic 
distribution). 
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Fig. 3 : Basic statistical characteristics of selected indices 

 
Source: Own computations based on selected financial data series 
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Fig. 4 : The log-returns distribution 

 
Source: Own computations based on selected financial data series 

 
Augmented Dickey-Fuller test was applied for both periods 

in order to determine the stationarity of the analyzed time 
series. The null hypothesis is that the analyzed time series 
contains a unit root and it is implicitly non-stationary. 
Empirical analysis based on the log-returns of the selected 
indices reflects the fact that ttest_ADF<tcritic (1%, 5%, 10%) so 
the null hypothesis H0 is rejected and the analyzed time series 
is stationary. Simultaneous, it is obtain the following result : 
Prob (0%) < test levels (1%, 5%, 10%) so the null hypothesis 
H0 is rejected and the analyzed time series is stationary. 

 
Table 1: Augmented Dickey-Fuller Test 

- Period I- 
January 2003 – December 2007 

 

 

 

 
 

 
 

Source: Own computations based on selected financial data series 
 

- Period II- 
January 2008 – December 2012 
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Source: Own computations based on selected financial data series 

 
The BDS test was used in order to determine whether the 

residuals are independent and identically distributed. The BDS 
statistics converges in distribution to N(0,1) thus the null 
hypothesis of independent and identically distributed is 

rejected based on a result such as 96,1, >εmV  in terms of a 

5% significance level. BDS test is a two-tailed test and is 
based on the following hypothesis : 

H0: sample observations are independently and identically 
distributed (I.I.D.) 

H1: sample observations are not I.I.D., aspect involving that 
the time series is non-linearly dependent if first differences of 
the natural logarithm have been calculated 

The null hypothesis was rejected in all four sample cases for 
both sample periods. The following outputs highlight the value 
of the standardised BDS statistics and the corresponding two-
sided probabilities. 

 
Table 2: BDS Test 

- Period I - 
January 2003 – December 2007 

 

 

 

 

 
Source: Own computations based on selected financial data series 

 
- Period II- 

January 2008 – December 2012 
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Source: Own computations based on selected financial data series 

 
Regarding Granger causality test, based on the Probability 

values reported in the tables below, empirical analysis reveals 
some very interesting results in the context of the global 
financial crisis. Considering that the null hypothesis is rejected 
if the F-value exceeds the critical F value at the selected level 
of significance (5%) or if the P-value is lower than the α level 
of significance, financial crisis impact is even more significant. 

 
Table 3 : Granger Causality tests 

- Period I- 
January 2003 – December 2007 

 

 

 

 
 

Source: Own computations based on selected financial data series 
 

- Period II- 
January 2008 – December 2012 
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Source: Own computations based on selected financial data series 

 

-.08

-.06

-.04

-.02

.00

.02

.04

.06

AT
HE

X 
IND

EX
 LO

G 
RE

TU
RN

-.12

-.08

-.04

.00

.04

.08

BE
T_

C 
LO

G 
RE

TU
RN

S

-.06

-.04

-.02

.00

.02

.04

.06

.08

CA
C4

0 I
ND

EX
 LO

G 
RE

TU
RN

S

-.08

-.06

-.04

-.02

.00

.02

.04

.06

.08

-.08 -.04 .00 .04 .08
ATHEX INDEX LOG RETURN

DA
X 

IND
EX

 LO
G 

RE
TU

RN
S

-.12 -.08 -.04 .00 .04 .08
BET_C LOG RETURNS

-.08 -.04 .00 .04 .08
CAC40 INDEX LOG RETURNS

-.08 -.04 .00 .04 .08
DAX INDEX LOG RETURNS  

-.15

-.10

-.05

.00

.05

.10

.15

AT
HE

X 
IN

DE
X 

LO
G 

RE
TU

RN

-.15

-.10

-.05

.00

.05

.10

.15

BE
T_

C 
LO

G 
RE

TU
RN

S

-.12

-.08

-.04

.00

.04

.08

.12

CA
C4

0 
IN

DE
X 

LO
G 

RE
TU

RN
S

-.08

-.04

.00

.04

.08

.12

-.15 -.10 -.05 .00 .05 .10 .15
ATHEX INDEX LOG RETURN

DA
X 

IN
DE

X 
LO

G 
RE

TU
RN

S

-.15 -.10 -.05 .00 .05 .10 .15
BET_C LOG RETURNS

-.10 -.05 .00 .05 .10 .15
CAC40 INDEX LOG RETURNS

-.08 -.04 .00 .04 .08 .12
DAX INDEX LOG RETURNS

 
Fig. 4 : Matrix of all pairs of selected stock market indices 

 a) Jan 2003 – Dec 2007 and b)  Jan 2008 – Dec 2012 
 

Source: Own computations based on selected financial data series 
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Fig.5 : Theoretical Quantile – Quantiles (Extreme values) 

a) Jan 2003 – Dec 2007 and b)  Jan 2008 – Dec 2012 
 

Source: Own computations based on selected financial data series 
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Fig.6 : Common graphs of selected stock indices 

a) Jan 2003 – Dec 2007 and b)  Jan 2008 – Dec 2012 
 

Source: Own computations based on selected financial data series 
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V. CONCLUSION 
The main motivation to accomplish this research study 

derives from the necessity to determine whether there is a low 
correlation among returns of different national stock markets. 
This  situation leads to the possibility of obtaining significant 
benefits based on international diversification of portfolios. 
Contrariwise, a strong correlation implies the revaluation of 
investment strategies considering the fact that financial assets 
issued by markets with higher growth rates are expected to 
earn higher rates of returns. The liberalization of financial 
markets highlights a wide range of opportunities based on 
reduction of capital transaction cost and foreign capital 
inflows. Practically, in order to diversify the investment risk, 
investors should focus very seriously on on certain factors 
such as cointegration and dinamic linkages among 
international stock markets. The results of Granger causality 
tests among  Bucharest Stock Exchange and Athens Stock 
Exchange highlight the profound implications of the global 
financial crisis. Regarding the first period of analysis, namely 
January 2003 – December 2007, it appears that there is no 
particular causality between Greek and Romanian, German 
and Romanian, respectively French and Romanian stock 
markets. On the other hand, the second period of analysis 
provides somewhat different results. Therefore, based on 
unidirectional return causalities it appears that Granger 
causality runs one way, from Greece to Romania, but not the 
other way. The impulse responses under financial crisis are 
quite relevant. In the period January 2008 – December 2012 
there is no particular causality between German and 
Romanian, respectively French and Romanian stock markets. 
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