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Anna Golab (Australia), Ferry Jie (Australia), Robert Powell (Australia),
Anna Zamojska (Poland)

COINTEGRATION BETWEEN
THE EUROPEAN UNION
AND THE SELECTED GLOBAL
MARKETS FOLLOWING
SOVEREIGN DEBT CRISIS

Abstract

The purpose of this paper is to provide an analytical analysis of cointegration between
Europe and the other significant trading partners, namely US, China, Japan and
Australia, for the period from January 1, 2010 to December 30, 2016. This captures the
impact of the sovereign European debt crisis and the Greek crisis. A range of paramet-
ric techniques were adopted including Johansen cointegration analysis, Vector Error
Correction Model and Granger causality.

The results of the crisis Granger causality test during the European sovereign crisis im-
plies the highest influence to be that of the US and Japanese stock market over the other
four markets. Overall, found that the Asia-Pacific region plus the US stay closely re-
lated to each other, while European countries influence all the studied markets except
each other. For the post-crisis sub-period, the Granger causality is slightly different. It
is observable that the UK and Germany are influencing all the markets. This is prob-
ably due to the recent Brexit referendum outcome and potential consequences not only
for the EU, but also for the rest of the world too. Overall, the Granger outcome shows
the dependence between Europe and other global markets, but there is no European
interdependence during the sovereign debt crisis period. It may be concluded that
there is a separation of Asian markets from the European markets and even though
cointegration exists, the relationship is rather weak.

Keywords Johansen cointegration, Vector Error Correction Model,

Granger causality, sovereign European debt, economic
crisis

JEL Classification  cis, C19, F36, F60, GOl

INTRODUCTION

The extent of financial market cointegration is one of the most impor-
tant issues for a large number of economic agents. The size and evolu-
tion of the cointegration between market returns in emerging equity
markets are important for appropriate portfolio selection. In this pa-
per, we examine the implications for investors and policymakers in
light of the recent European crises. We know that the European sover-
eign debt crisis, which has its continuity in the Greek crisis, influenced
international trade and the global economy through affecting factor
supply, consumer and investment demand, and production. In this
paper, the authors investigate the European crises size and impact on
the global platform. How should investors diversify their portfolio in
the era of economic decline? What kind of policies should be applied
to prevent another potential global financial crisis? How big is the im-
pact of the European crisis on the global economy, finance and trade?
All of the above questions and concerns are investigated via cointegra-
tion analysis.
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The structure of this paper is as follows: the first section provides a literature review of the topic; then
the research methodology is presented; then the data, summary statistics and empirical results from
the technical analysis are discussed; finally, the overall results and research findings are summarized.

1. LITERATURE REVIEW
Following the Global Financial Crisis (GFC), the
European Union was beset by a sovereign debt cri-
sis. This exposed the problems associated with the
use of the Euro as a common currency and was
accompanied by many other problems such as
an extended recession, disputes between member
countries, turmoil in European and international
markets, and credit downgrades at country, bank
and corporate levels (Foerster, 2013; European
Commission Report, 2011; George, 2012).

Overwhelmed by the European sovereign debt crisis,
the entire economic region was put to the test. The
weak economic growth in the EU dragged down
world economic growth, and the risk of a global re-
cession is growing. The expansion and evolution of
the European sovereign debt crisis resulted in a sig-
nificant and far-reaching impact on the European
economy and reshaped the global economic pat-
tern. Therefore, this study focuses on the impacts of
the European sovereign debt crisis on global equity
markets. The analysis will provide a reference for de-
cisions on timely and effective policy responses. The
European Union and, in fact, the entire Eurozone
is a massive market for businesses from the United
States, China, Japan, Australia and the other major
world economic powers. Based on the recent trade
statistics report (European Commission, 2016), the
US and China are the leading trading partners for
the EU, Japan is listed as the 7" and Australia as
the 20™ trading partner, whereas Australia is the 7
trading partner for the UK only.

Financial crises can have severe impacts on the
world economy. The Asian financial crisis affected
consumption, spending, savings, investment and
foreign trade (Kim, 2001, Inklaar & Yang, 2012).
The Global Financial Crisis (GFC) reduced poten-
tial growth by more than 60% in Europe the US
and some Asian countries (Benati, 2012), and led
to a decrease in demand with the countries most
affected being those who had a high reliance on
international trade (Gupta et al., 2007; Berkman
et al., 2012). In a study on China and the global
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economy, Cheng (2012) found emerging markets
to have been severely affected by the GFC, particu-
larly in regards to foreign trade. Using a financial
stability scenario model, Hatheway et al. (2012)
showed how the Eurozone would suffer large de-
clines in GDP arising out of the GFC, and how
global recession could be brought about if Greece
left the Eurozone. Similarly, modelling undertak-
en by Li et al. (2013) showed prolonged negative
impacts of the European sovereign debt crisis on
the global economy in relation to productivity, de-
mand and investment.

Since 2009, the European Union has struggled
with a sovereign debt and financial crisis that
many consider the biggest current threat to the
global economy (Nelson et al., 2012). The im-
pact of the GFC continued to undermine na-
tions with large fiscal imbalances, and we note
that the GFC event occurred during a time when
a number of European countries faced high gov-
ernment debt and coincided with the collapse
of financial institutions, commencing in 2008
with Iceland’s banking system. European Union
members (notably Portugal, Italy, Greece, Spain
and Ireland), which were unable to repay or refi-
nance government debt, emerged as a source of
investor concern and stock market volatility by
the end of 2009. Implementation of policy mea-
sures to stimulate liquidity after the Lehman
Brothers collapse remained hindered by inves-
tor uncertainty with announcements of sover-
eign risk in Europe.

Some of the well-known causes of the European
sovereign crisis include the impact of the GFC
and the ensuing real estate market crisis, which
heralded the Great Recession of 2008-2012. As
a measure to counteract the problem arising in
Europe, the European Union member states cre-
ated the European Financial Stability Facility
(EFSF) - a mechanism that provides financial
support to member countries in need. Created
in June 2010 as a temporary mechanism, the
EFSF gave its support to Ireland, Portugal and
Greece. The EFSF started its permanent opera-
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tions on October 8, 2012, in the first instance
providing support to Spain, Cyprus and Greece
(European Stability Mechanism, 2016).

EU and especially Greece markets reacted
sharply in April 2010 to Greece’s inability to
borrow from markets and the country’s subse-
quent request for a bailout from the European
Union and International Monetary Fund.
Market volatility during May was further exac-
erbated worldwide by rioting in Greece after the
announcement of austerity measures, and a data
error (dubbed the ‘Flash Crash’) that caused the
Dow to plunge nearly 1000 points before recov-
ering with a 384-point loss on the day. During
late April, the FTSE 100 lost over 220 points
over two days in the fall-out of the Greece bail-
out announcements. On April 29, Germany’s
DAX closed down 1.22%, and France’s CAD lost
1.5% (Fletcher, 2010). By the end of 2010, how-
ever, markets generally recovered ground, with
the NASDAQ and Dow both up significantly
from the beginning of the year as investors re-
acted positively to policy announcements and
bail-out implementation (Censky, 2010).

The commencement of the EU and Eurozone
debt crisis was associated with revelations by
the Greek government late in 2009 that budget
data had been misreported (Nelson et al., 2012).
Higher than previously reported deficit levels
led to the further erosion of investor confidence
and resulted in bond spreads rising to unsus-
tainable levels. Fears that the fiscal positions
and debt levels of other Eurozone countries
were unstainable spread quickly. Even though
EFSF funds supported Greece, the nation found
itself unable to resolve issues of low productiv-
ity, eroding competitiveness and coincided with
rampant tax evasion. As a consequence, the gov-
ernment had to resort to a massive debt binge in
an attempt to stabilize the situation.

In the lead-up to August 2011, Greece suffered
a series of violent demonstrations and riots as a
reaction to the Greek government’s vote to ac-
cept the EU’s austerity measures. Fears of conta-
gion of Greece’s sovereign debt problems to oth-
er European Union members, Italy and Spain,
coupled with concerns over France’s AAA rat-
ing during 2011, led to a further significant

market fall during August of that year. France’s
CAC lost over 800 points over a 10 day period,
falling by 20% in two weeks. The German DAX
lost over 2000 points over a three-month period
commencing in June and lost 5.8% on August 18.
The FTSE index fell to its lowest levels on August
9 since July 2010, falling 4.5% on August 18. The
United States NASDAQ and Dow both suffered
significant losses on August 8 of 174.72 points
(6.9%) and 634.76 (5.6%), respectively (Roeder,
2011; The Irish Times, 2011; McDonald, 2011).
This represented an estimated US$2.5 trillion
loss of global equity value. Markets commenced
recovery after government intervention in
Europe that banned short selling on banks and
other financial institutions late 2011. Between
2012-2014 stock market volatility ran below
trend and stocks soared. Analysts in the United
States generally attributed this to quantitative
easing by the Federal Reserve (for example, see
Shellock, 2015). The Greek crisis is considered
as one of the reasons behind the sovereign crisis
and for the purpose of this study, these crises
are therefore treated as one period.

2. METHODOLOGY

Our goal is to find cointegration and causality
effect between major worldwide stock markets,
such and US, Japan, China and Australia and
2 representatives of European countries, name-
ly UK and Germany, in the light of European
debt crisis. We adopted a range of parametric
techniques to explore the relationship between
the European markets of UK and Germany and
the other global markets, with US, China, Japan
and Australia as a representation. This includes
Johansen cointegration analysis, Vector Error
Correction Model and Granger causality, con-
sistent with methodology approach used by
Golab et al. (2014).

The first step in the analysis is to test non-sta-
tionary of the datasetand itsintegration. The test
of the unit roots is a necessary condition for the
time series analysis. There are a number of dif-
ferent tests in existence. The most common tests
are Augmented Dickey-Fuller (ADF), Phillips-
Perron (PP), Elliot, Rothenberg, and Stock
(ERS), Ng and Perron (NP), and Kwiatkowski,
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Phillips, Schmidt, and Shin (KPSS) tests. For
the purpose of this analysis, we use the modi-
fied Augmented Dickey-Fuller test with the
Perron (1989, 1993) critical value, which allows
for levels and trends that differ across a single
break date and the break date is known. This
study involves cointegration analysis to assess
the long-run relationship between financial and
economic variables of the six countries of inter-
est. We are interested in finding cointegration
between two or more time series. This would
suggest the existence of a long-run and equilib-
rium relationship between them. Cointegration
has appeared as a powerful technique for inves-
tigating trends in multivariate time series and
provides a comprehensive and broad method-
ology for modelling both long-term and short-
term dynamics in a system. For the purpose of
this study, we applied the Johansen (1991) coin-
tegration testing framework to determine those
relationships among all variables of the studied
six stock markets.

2.1. Johansen
cointegration test

Let X, represent a vector that includes n non-sta-
tionary variables (n=6 in this study). If the as-
sumption of the presence of cointegration exists,
the data generating process of X, can be appro-
priately developed in an Error Correction Model
(ECM) with k£ —1 lags.This can be expressed using
a general VAR model with £ lags:
k-1
AX, =ITX,+Y T AX,_ +pu+e,

i=1

©)

where A represents the difference operator
(AX,=X,- X,_,), X, isa (n-1) vector of pric-
es, I7 is a (n-n) coeflicient matrix whose rank
determines the number of cointegrating relation-
ships, I, is a (n-n) matrix of short-run dynam-
ics coefficients and e, ~ iid (0, 2) isa (n-1) vec-
tor of innovations. If the coeflicient matrix 77
has reduced rank r <n, then there exist (n-r)
matrices ¢ and f each with rank » such that
IT=c-f and f-X, is stationary. X, is station-
ary in a case when »=0 which is equivalent to
I7 =0. However, if the rank 7 =n, the coefficient

matrix /7 is of full rank and the variables X, are
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non-stationary. If 7 is a number of cointegrating
relationships, the elements of & are known as the
adjustment parameters in the vector error correc-
tion model (VECM) and each column of S is a
cointegrating vector.

2.2. Vector error
correction model

If there is enough statistical evidence supporting
the existence of the cointegration relationship, a
Vector Error Correction Model (VECM) can be es-
timated. The VECM model is generated from VAR
and created to be used with no stationary series.
As cointegration relations are built into the speci-
fication, the VECM model is simply restricted to
the cointegration relations built into the specifica-
tion. This is due to the convergence of data series
cointegration relationships, which allows for the
short-run adjustment dynamics. In the above, the

cointegration term is known as the error correc-
tion term (ECT). This is because of the deviation
from long-run equilibrium, which is corrected
progressively through a series of fractional short-
run adjustments. In the presence of cointegration,
the coeflicient matrix /7 can be expressed as a
system of two matrices and definedas /7 =« - f3'.

Thus, the equation (1) can be rewritten in the fol-
lowing form:

k-1
AX, =a-f" X+ TAX,  +u+e,

i=l1

@

where o isa (k-n) matrix, which represents the
speed of adjustment of the cointegrated variables
towards their equilibrium value, which also is
known as ECT. A low value of o implies a fast
adjustment to the long-run equilibrium.

2.3. Granger causality

Granger causality is a well-known statistical con-
cept, which is based on predictions. In simple
words, the method is used in forecasting analy-
sis, and finding whether one time-series can be
useful in predicting another (Granger, 1985). In
this model, F (X, |IH) represents the condi-
tional probability distribution of X, given the
bivariate information set /, , consisting of a L,
- length and a L, - length lagged vector. The bi-
variate information of both lagged vectors is re-
spectively given by X [L_*'LX (X X .

(=L Y i-Ly, 0 -1
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and Y:L (Y,,Ly , YI*LM’ v Y ) By definition {Y,}

does not strictly Granger cause { X, } if:

FX ) =(X (1 =75 ) t=120 ®)

If the above equation does not hold, then knowl-
edge of past ¥ values helps to predict current and
future X values, and Y is said to strictly Granger
cause X. Bivariate regression for all possible pairs
of (X, Y) series in the group given by AX, and
AY, are described in Golab, Allen, and Powell (2014).

3. EMPIRICAL
RESULTS

3.1. Data description

In this paper’s empirical study, six variables are in-
volved. These variables represent major stock mar-
kets indices of selected countries, in US currency,
covering the period from January 1, 2010 until
December 30, 2016. A set of daily closing prices
is obtained from Data stream and assigned to the
day assumed as the end of the European crises
(December 30, 2012) (Wearden, 2016; BBC News,
2016). The chosen list of countries and its indices
are given in Table 1. Selection was made based
on global region representation and the trading
significance of global market for the EU, based
on the recent trade statistics report (European
Commission, 2016). US and China are the leading
trading partners for the EU, where Japan is listed
as the 7 and Australia as the 20 trading partner.

Table 1. List of countries and market indices in
the study sample

Country Market index

United States (US)  : New York Stock Exchange (SP500)

Germany (DE)

Aust;;alia (AQ) iAustralian SecLJVrVitriVersr VEV>V<;:VhVange (ASX200)
Japarnr (JP) ;Japan Stock Exchange V(QIVKKEI 225)
Chinéi (HKV)” Hong Kong St;);l; Exchange (Hang Seng)

In the data analysis of the series, we employ infor-
mal and formal tests of stationarity. The one in-
formal test is classified as the preliminary visual
examination of the series. This allows the identi-
fication of any structural breaks and gives an idea
of the trends evident in the data set. Figure 1 plots
show the indices’ levels and in their returns over
time. All graphs have been divided by a vertical
line into two parts showing crisis and post-crisis
phases which shows visible symptoms of non-
stationarity as a series does not have a constant
mean when graphed and that all variables become
stationary with the rate of returns as fluctuations
around mean zero are observable.

All graphs (Figure 1) show some common
trends, which occur during European crisis of
2010-2012. Outside the European crisis, the fol-
lowing can be distinguished from the common
trend: the Black Monday in China during 2015
and the Brexit referendum outcome in 2016. We
can also distinguish between the two groups of
countries (by trend): the first group includes all
the European countries and USA, the second
one includes the Asia - Pacific group of coun-
tries and Australia. It is clearly noticeable that
the equity markets are far more volatile during
the crisis period, but still show both European
countries as being the most volatile throughout
2010-2012.

In the case of Australia, USA and China, we can
see that this effect was reflected in the period
of greatest intensity in 2011. In this period, not
only the EU, but also the entire Eurozone was
under great instability, open to the very high
risk of the monetary and financial system col-
lapsing due to the problems in Greece. In ad-
dition, Australia shows rather a long recovery
after the Black Monday in China which reflects
the very close economic and finance relations
with this country.

Conversely, Japan is not following any common
trend and is not reflecting any of the other equi-
ty markets changes for the studied period. This
is due to the economic situation of the coun-
try, whereby Japan remains one of the cheapest
stock market sacross the world, with pushing
the Bank of Japan to keep interest rated close to
zero (Swanson et al., 2014).

39



Investment Management and Financial Innovations, Volume 15, Issue 1, 2018

6 us - 2500 4000 HKG 8
3500 &
4 T il
e J‘\V‘W | 2000 " ,le
e 3000 JM‘W a W .l AW
2 Y " y A w"\/“‘ . S
'l 2500 It Wik M it Wiy 2
0 T T Wﬁf - 1500 AR i
W 2000 -0
-2 -\/ww\/ﬁl\‘ | 1000
1500 2
4
1000 -
Return | s5pp Level
5 -
—— Level 500 Return 6
8 - -0 0 T T T T T T -8
2010 2011 2012 2013 2014 2015 2016 2010 2011 2012 2013 2014 2015 2016
14000 UK 10 6000 AU 8
12000 000 [ ) 6
N ° /'\M( ML e \"\,ﬂn‘\ s
1000 Aty Ayl A L ™ /1o
ly L W 4000 f
. e W Ukt i Wkl | ‘\j | i e 2
8000 - i | i W
i 3000 -0
6000
5 2
2000
4000 ”
— Level —Level
2000 eve © 1000
Return Return 5
] : : . . . . -15 o . ! : . . : 8
2010 2011 2012 2013 2014 2015 2015 2010 2011 2012 2013 2014 2015 2016
180 JPN 8 16000 DE 10
160 N n'(Mw & 14000 g
/ i nf“'
140 A'ﬂ. fmﬁd i h 3 - H!-""M 1 N-"\n , mﬂ .
A / 2 WM gL
120 Wil AL ISR Wb L L 10000 iy »“\‘\oﬂﬂ ‘
ot S | Lo LY | o 2
100 i Y
-2 800D ) It o 0 -0
50 il
# 6000 2
&0
5 -4
4000
40 — Level -8 ——Level -6
0 Return 10 2000 Return i
] : : . . . . -12 o . . . . . . -10
2010 2011 2012 2013 2014 2015 2015 | 2010 2011 2012 2013 2014 2015 2016

3.2. Non-stationarity
of the time series

Figure 1. Index level and return series

Table 2 presents the results of the testing for the
presence of unit roots in time series,while at the

Table 2. Unit root tests with a breakpoint (ADF) on

same time allowing for the presence of a structural
break at the end of 2012 (the assumed date of the
end of the European debt crisis). The test results
indicate that the time series of indices are non-sta-
tionary in their levels and are first-order integrated.

index levels and first differences

: Levels First difference
Country ;

i Intercept Prob Trend Prob Intercept Prob Trend
AU ..7278  >010 376 . >005  -4003 <001 . -4003
DE 337 ....2010 ..7286 1 2010 2001 A4 p <001
MK .7300 5010 286 >0.10 <001 4149
L =3.20 2001 4. >0.10 <0.01. 51
S 272 2010 , 2010 <0.01. 74418
UK -2.78 > 0.10 -3.29 > 0.10 -41.31

< 0.01
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3.3. Cointegration analysis

Various aspects of equity market relationships have
been explored in the literature, including volatil-
ity spill over effects, market correlation structures
or market efficiency, and financial crisis contagion.
Also, the aspect of cointegration between markets
has been broadly analyzed (for a discussion of this
type of approach, see Allen and MacDonald (1995)).
A great number of studies have investigated possible
linkages between the world’s developed markets
and in particular US and European stock markets.
Authors have mainly used cointegration techniques
to examine linkages and long-term relationships be-
tween various markets. Among them are Scheicher
(2001), Gilmore and McManus (2002, 2003), Gilmore,
Lucey and McManus (2005), Voronkova (2004),
Egert and Kocenda (2007), Syriopoulos (2007) and
Fadhlaoui, Bellalah, Dherry, and Zouaouii (2009).
This paper adopts a time-series framework, which
incorporates the Johansen procedure, VECM and
Granger causality tests.

In the Johansen procedure we need to identify the
lag order (p) for the VAR model. Therefore Akaike
information and Schwarz Bayesian model selection
criteria (AIC and SBC respectively) have been com-
puted, to select the appropriate order of VAR (p). The
selection is made by using a maximum lag length.
Therefore, VAR (3) has been chosen. Table 3 pres-
ents the results of the Johansen procedure to identify
number of the cointegration vectors. All values of
the maximum eigenvalue and the trace statistics are
consistent and reject the hypothesis that there is not
a cointegration vector and do not reject that there is
at least one. As a result, we can expect one cointe-
grating relationship.

The empirical findings, presented in Table 3, support
the presence of at least one cointegrating vector (in

Table 3. Johansen cointegration rank test results

both cases). The presence of cointegrating vectors
confirms the existence of a long-run relationship be-
tween the studied markets.

There is no single conclusion from the above
tests. Generally, the trace test statistics suggest
a higher number of cointegrating vectors than
the eigenvalue test. Johansen and Juselius (1990)
advised an examination of the estimated cointe-
grating vectors and based the choice on the inter-
pretability of the cointegrating relations. Luintel
and Khan (1999) showed that the trace statistics
are more robust than the maximum eigenvalue
test. Lutkepohl, Saikkonen, and Trenkler (2001)
also supported the common practice of using ei-
ther both tests or applying the trace test exclu-
sively. On the other hand, Seddighi and Shearing
(1997) advocate the maximal eigenvalue test as a
test of greater power than the trace one. In spite
of this dispute, this analysis is based on the max-
imum eigenvalue test statistics, as it is only from
those statistics that we can get significant values
in the VECM.

The coefficients in the cointegrating equation
give the estimated long-run relationship among
the variables; the coefficient on that term in the
VECM model shows how deviations from that
long-run relationship affect the changes in the
variable in the next period. The coefficients of
VECM have been calculated (see Tables 4 and
5) and in general, values are negative, but are
close to zero and statistically significant, sug-
gesting that it would take a long time for the
equation to return to its equilibrium once it is
shocked. This result is observable regardless of
the theoretically calculated case scenario. There
is significance in the normalized vector, and the
VECM is conclusive and not equal to zero apart
from the USA in case 3.

. Eigenvalue CVat 5% " CV at 5%
Hypothesis . _ Trace test statistics s e

test statistics significance level significance level

Null ‘Alternative: Case3 | Case5 Case 3 Case 5 Case 3 Case 5 Case 3 Case 5
o 1 43.84* G 46.86" 40.08 43.42 - 99.99* e 111.49* 95.75 107.35
1 2 2357 ~24.86 33.88 37.16 5614 ¢ 64.63 69.82 79.34
231183 17.05 27.58 30.82 3257 . 3977 47.86 | 55.25
3 4 10.31 11.07 21.13 24.25 20.74 22.72 29.80 35.01

Notes: Case 3: unrestricted intercept and no trend in the VAR. Case 5: unrestricted intercept and unrestricted trend in the VAR.
* indicates rejection of null hypothesis (indicates a number of cointegrating vectors) at 5% significance level.
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Table 4. Normalized cointegrating vectors

AU DE HK JP : UK us
Case 3. Unrestricted intercept and no trend in the VAR
1.00 -0.85 : -0.75 : 77.65 : 0.64 0.71
(-0.19) : (-0.47) (-15.06) : (-0.21) (-0.74)
Case 5. Unrestricted intercept and unrestricted trend in the VAR
1.00 ~0.77 ; ~1.06 ; 58.16 ; 0.42 3.81
(-0.18) : (-0.46) (-14.12) : (-0.20) (-1.49)
VECM
Case 3. Unrestricted intercept and unrestricted trend in the VAR
~0.008* -0.008* . Z0.0020  -00002% 001" ~0.0002
(0.002) (0.004) ~(0.0008) :  (0.0000) ~(0.003) (0.0003)
[-5.543] [-1.970] : [-2.510] [-3.495] [-3.534] [-0.641]
Case 5. Unrestricted intercept and unrestricted trend in the VAR
-0.008* 0009% . ....700015* . -0.0001% . -0012% . -0.0006*
(0.001) __(0.004) :  (0.0007) ~(0.0000) ~ (0.003) (0.0003)
[-6.053] [-2.573]  [-1.992] [-3.130] [4.386]  [-2.137]

Note: Normalized cointegrating vector shows the coefficient value with its asymptotic standard error in parentheses; VECM
shows the coeflicient value with its standard error in parentheses and ¢-ratio in square brackets; * indicates significance at

5% level.

In general, we found the existence of one coin-
tegration vector. This indicates that a long-run
relationship exists between all six studied stock
market indices. The evidence of cointegration
has several important implications. First of all,
based on diagnostic tests, the superior corre-
lation has been ruled out. This means that re-
lationships in which variables have no direct
causal connection are eliminated, subsequently
opening the alley to the existence of a unique
channel for either univariate or bivariate
Granger causality effects. Secondly, even where
economic theory posits a long-run equilibrium
function for a variable, disequilibrium could
exist in the short run, as the cointegration vec-
tor does not capture the dynamic responses of
the system. While the cointegration vector cap-
tures the long-run relationship between vari-
ables, it does not capture the dynamic response.
These are encompassed by the VECM (as a part
of error correction model analysis), which is
meant to measure short-run movements in the
dependent variable in response to fluctuations
in the independent variables and measures the
speed of adjustment of the dependent variable
to its long-run value. Thirdly, the investors
have a difficult task in setting up their port-
folios as several stock markets present similar
behavior with regards to internal and external
shocks. This limits diversification opportuni-
ties as stock markets move closer together in the
long run and share common trends. This is also
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an answer to the market globalization process
of increasing economic integration between
countries.

3.4. Granger causality

The Granger causality test was applied to the first
difference of the six markets in two sub-periods.
To evaluate the nature of the causality between
the considered variables, we divided our sample
into two sub-samples. The first one covers the pe-
riod from January 2010 till June 2012 (the assumed
end of the European sovereign debt crises as per
Wearden 2016 and BBC News 2016). The second
sub-sample covers the period of the beginning the
recovery process from July 2012 till December 2016.
The reason for splitting the sample into two sub-
periods is dueto aninability to define dummy vari-
ables in the program while emphasizing the crisis
timing and its market inter and cross relations.

Tables 5 and 6 show the results of the crisis Granger
causality test based on the six-dimensional vector
auto regression with 3 lags. During the European
sovereign crisis, Granger causality implies the high-
est influence to be that of the US and Japan stock
market over the other four markets. There are
univariate Granger causality patterns as follows:
Australia influences China, Japan and the US, China
influences Japan and US, Japan shows influence in
both Australia and the US, whereas the US influ-
ences China and Japan. Both European countries
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Table 5. Granger causality test for returns, crisis sub-period

Y, Granger causes X, AU DE HK JP UK Us
AU - 139 17.70% 21.08* 197 =+ 163.15*
DE 61.46* - 92.84* 102.62* 2.84 451.71%*
HK 179 ..019 556109 346
P 3447 . 0.86 . 041 . T 041 6.75"
UsS 3.01 1.60 0.53* 6.24* 1.04 —
Notes: The table reports F'-statistics (Wald statistics test); * indicates significance at the 5% level.
Table 6. Granger causality test for returns, post-crisis sub-period

i Granger causes X, AU DE HK JP UK Us
AU R S . 12947 573 092 ..i..A36
DE AT T 36,58 .7200% 381 ..20448
HK 1.42 006 i T 2697 047 L A4
JP 206 i 227 G 1.87 - s 271 4407
UK L B = AR S 45790 BB T 209:46"
us 066 114 043 1418* 074 -

Notes: The table reports F-statistics (Wald statistics test); * indicates significance at the 5% level.

influence on every single market except each other.
Overall we found that the Asia-Pacific region and the
US stay closely related to each other, while European
countries influence all the studied markets except
each other.

For the post-crisis sub-period (see Table 6), the
Granger causality is slightly different. What is vis-
ible is that the UK and Germany influence all the
markets. This probably reflects the recent Brexit ref-
erendum outcome and its potential consequences
not only for the EU but for the rest of the world too.
There is a close relationship between Japan and US
only, which relationship seems to be rather isolated
from the other Asian countries. Conversely, China
influences Japan and the US. Australia seems to be
only influenced by the European countries. This is
rather expected in the era of Brexit as Australia is the
7 trading partner for the UK, and this will open the
future discussion about the potential instabilities on
the economic and financial relationship platform.

The financial and economic features of the strong
trade and direct investment that the studied
countries have with each other have likely im-
pacted the Granger causality that exists be-
tween them. The Granger causality among the
six stock markets suggests that investors can de-
fine short-term profit strategies. When Granger
causality exists, variations in one stock market
cause prior variations in the other. Consequently,
forecasting the change in the stock market that
is being led is likely to be defined by assessing
the change of the leading stock market. On the
other hand, where Granger causality is not found,
and interdependencies are absent, investors can
benefit from the portfolio diversification in the
short run. However, there is a shortcoming aris-
ing from the absence of Granger causality effect,
because where the effect of causations of change
moving from one market to the other is not sig-
nificant, then short-term profit strategies cannot
be formulated.

CONCLUSION

Since the global financial crisis in 2008, Europe has faced a sovereign debt crisis which has had posed
substantial risks to the global economy. In particular, in 2011, Greece’s struggle to refinance their debt
impacted sharply on Greek, European and international markets
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In this paper, we analyzed the cointegration between Europe and the other significant trading partners,
namely US, China, Japan and Australia for the period from January 1, 2010 to December 30, 2016. We
found a cointegrating vector indicating a long-run relationship between markets. This research showed
that European countries were the most volatile, which was ratherexpected, but we also observed quite
strong spill over effects in the case of Asia-Pacific region countries (apart from Japan).

The results of the Granger causality test during the European sovereign crisis implies the highest in-
fluence to be that of the US and Japanese stock market over the other four markets. Overall, we found
that Asia-Pacific region plus the US have stayed closely related to each other, while European countries
influenced all the studied markets except each other. For the post-crisis sub-period, the Granger causal-
ity is slightly different, with influencing all the markets. This is probably due to the Brexit referendum
outcome and its potential consequences not only for the EU, but also for the rest of the world. Overall
the Granger outcome shows dependence between Europe and other global markets, but there is no
European interdependence during the sovereign debt crisis period. We may conclude that there is a
separation of Asian markets from the European one, as even though cointegration exists, the relation-
ship is rather weak.

The increase in uncertainty about economic growth in the European countries is the major driver be-
hind the immediate reaction in the European and global financial markets. This research opens the door
to further discussion regarding economic risks, including the potential for currency and stock market
cointegration and volatility leading to financing and investment uncertainty, and risks specific to the
business sector, which should be fully assessed to understand their potential negative impacts.
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