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Abstract
This study aims to investigate the financial contagion during and after Greek Crisis to observe the impact on global economy. Financial
contagion may affect the portfolio risk management, the formulation of monetary, fiscal policy, strategic asset allocation and pricing.
To analyse the contagion after Greek Crisis, the co-movements of six stock exchange markets have been studied for an 8-year term.
For this study between countries’ time series, bivariate wavelet technique called wavelet coherence is employed, and Matlab 2016a
wavelet tool is used for the analysis. Daily closing prices of stock market indices of six countries, Greece (ASE), UK (FTSE100), Germany
(DAX), Hungary (BUX), Poland (WIG) and Turkey (BIST100) are used in this analysis between 06 March 2009 and 28 February 2017.
This paper targets to show if there is a certain sign for a co-movement between markets during and after Greek Debt Crisis. Therefore,
it eventually sets out the benefits or harm of integration in the financial markets by using Wavelet Method. This study contributes
the literature by analyzing the effects of contagion among stock markets by using wavelet method. This analysis has been filling the
gap in the literature by employing a new technique to explain leverage effect with financial time series data. As wavelet tool displays
the leverage effect by comparing crisis and non-crisis periods, the study supports the idea that convergence is adversely affecting
the connected markets. According to the results of the study, the contagion is high especially during crisis within European financial
markets. whereas positive improvements have less impact on markets.
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1 Introduction
Many European Union member countries have high levels
of public debt, and this is unsustainable in the long term.
Having the largest public debt and one of the largest budget
deficits in the European Union member countries, Greece
is at the epicentre of the crisis (Belkin et al., 2011). On 16
October 2009, the Greek Prime Minister George Papandreou
in his first parliamentary speech disclosed the country’s
severe problems and immediately after on 5 November 2009
the Greek government revealed a revised budget deficit of
12.7 % of GDP for 2009, which was the double of the previous estimate. Since then, the sovereign spreads rose sharply
for most of the euro area countries, causing the biggest challenge for the European monetary union since its creation
(De Santis, 2012). At the beginning of 2010, Greece risked
defaulting on its public debt just because the global financial
crisis during 2008 and 2009 strained public finances, and

following disclosures about falsified statistical data pushed
up Greece’s borrowing costs.
As illustrated in the Fig. 1, GDP growth dramatically
decreases while the inflation slows down. In this graph,
annual percentage growth rate of GDP at market prices
are based on constant local currency. It shows the effects
of recession over the period. Particularly in 2011, GDP
growth has reached as for its lowest. In 2014, finally growth
rate return to a very low but at least a positive value.
In financial research field, the relationships between the
GDP growth, CPI and Bond Market as well as the stock
market was the main subject of scientific analysis. Some
researchers have found the direct relation between bond
and stock market with GDP growth as well as CPI index
(Stock and Watson, 1989; Chordia et al., 2005; Vassalou,
2003), whereas the others are more concentrated on pair
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Fig. 1 GDP Growth and Inflation in Greece after 2007 (Source: World
Development Indicators (World Bank, n.d.))

relationships between these variables (Banz, 1981; Hull
et al., 2004; Beck and Levine, 2004; Huang et al., 2008;
Humpe and McMillian, 2009). Moreover, the effect of one
countries crisis or bond market as well as the stock market volatilities on another countries macroeconomic variables were another gravitational center of financial scholars (Martin, 1998; Grieco, 1997; Katzenstein, 2005). More
specifically, the continent as well as the European trade
and political union EU has been suffered from the long
standing crisis ongoing in relatively small economies like
Greece. As those crises through the European continent
have not only economical but also political results through
the European continent, such effects should be analyzed
scrutinized carefully. Although some researcher gave tried
to enlighten the effect of that crisis on EU stock and bond
market, they generally used some linear models or some
intuitional analysis far from being computational which
don’t give us the exact or concrete facts (Kentikelenis et
al., 2011; Featherstone, 2011; Kouretas and Prodromos,
2010; Beirne and Fratzscher, 2013).

Considering the previous scientific works, it is well
seen and understood that GDP growth, CPI stock market
and bond markets are interacted very strongly. Besides, it
is also shown in previous analysis that there are more and
strong economic relationships between some countries,
a ground shaking change in one would affect the other
one or others directly. Because of that reason, in order to
understand Greek crisis effect on EU as well as on the
related economies many analysts showed great effort.
By summing all the related analysis and reasoning as
well as the deficiencies on those works together, it is realized
that such an analysis could be a center of valuable scientific
research. The connection between stock markets is increasing continuously. And also the openness of stock exchange
markets gets higher. Notably, in emerging countries, demand
from international markets aiming portfolio diversification
leads growth in the liquidity. However, this integration and
co-movement are also causing the failure of portfolio diversification. The crisis started in 2007 and spread to European
markets showed us diversification might be low during crises, because of the rise in the interconnection of markets
during this period (Baruník and Vácha, 2013).
In the Fig. 2, log scale of closing prices of ASE has
been compared with the other stock exchange market closing values. ASE shows a continuous decline after 2008,
whereas the other countries markets gained some increase
after the hit of Mortgage crisis. The resemblance of FTSE
and DAX is not very surprising because of the high correlation between these indexes.
The Athens Stock Exchange general index fell below
500 points in May 2012. The decline slowdown and
reached a steady pace after 2012 when Government Bonds
spread against US T-bills peaked implying that the risk
premium of the country was the highest as shown in Fig. 2.

Fig. 2 Log Scale of Stock Exchange Markets Historical Data Display (Source: Bloomberg, n.d.)
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Fig. 3 Greece government bond spread - 10 years’ historical data display (Source: Bloomberg, n.d.)

In the last decade, the Greece Government 10-Year
Bond Yield has reached an all-time high by 38.967 in
Mar 09, 2012 and also recorded a low of 3.21 in June of
2005. Credit default swaps (CDS) enables sellers to take
on, or buyers to decrease the default risk on a bond. As
the pricing of CDS equals purchasing price of a buyer
and demanding price from a seller, protection against the
default of an issuer’s debt. Therefore, the CDS spreads are
displaying the market rates creditworthiness. In the case
of increasing risk, the CDS spreads widen.
The primary contribution of this paper to the literature
is analyzing the effects of contagion among stock markets
by using a different method called as wavelet. This method
has been used in different fields as a research technique.
However, it has recently been introduced in the finance.
The following chapter of this research is explaining the
studies in which stock market co-movements are examined. In the third chapter, wavelet methodology is introduced. In the fourth section, data is examined and in the
fifth section the results of the study is provided. Last section provides us a comprehensive conclusion of the study
with the comparison of the previous research.
2 Literature review
Since financial integration became a phenomenon, the
research related to the analyze of the market movements
have increased enormously. The vast research focused on
this area helped the literature to provide a better explanation of the effects of the integration. The results of
some studies exhibit that there is a convergence between
markets and the coherence among markets can be higher

especially when the volatility more spread. However,
some studies do not support this idea.
Égert and Kočenda (2007) studied some Eastern
and Western Europe stock market co-movements with
high-frequency data. Their research includes Czech,
Hungarian, Polish, German, French, and UK stock markets and covers the years 2003, 2004 and 2005. Their findings explained that the correlations for daily stock index
values are much higher than for high-frequency data.
Connolly et al. (2007) studied the U.S., UK, and German
stock and bond markets to illustrate co-movements during
high and low volatility periods. Findings of the study illustrate that the coherence is greater when there is low volatility. On the other hand, stock-bond co-movements tend
to be positive (negative) following low (high) implied volatility days.
Gilmore et al. (2008) investigated the co-integration in
the Central and Eastern European stock markets. Their
findings showed that although the co-integration is strong,
the signs of convergence to Western Europe are diminishing especially after EU accession.
Candelon et al. (2008) studied investors interests
according to the portfolio diversification point of view.
They observe that the short-term investors are likely to
focus on the co-movement of stock returns at higher frequencies, therefore, on short-term fluctuations, however,
concentrate on the long-term investors are on the longterm fluctuations.
Morana and Beltratti (2008) investigated the stock markets movements of the U.S., the UK, Germany, and Japan.
Their findings also supported an increasing co-movements
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between 1973 and 2004. Hanousek and Kocenda (2009)
also studied Central and Eastern European stock markets.
The findings of the study support the idea that Eastern
European countries stock markets are strongly influenced
by developed economies.
Madaleno and Pinho (2012) employed Coherence Morlet
Wavelet to investigate international stock market indices
co-movements. They used data from 4 indices: FTSE100,
DJIA30, Nikkei225 and Bovespa. Their findings support
that coherence among indices are high but not at the same
level across scales. They also mention that local events
affect that market quickly, but there is a significant time
delay for the impact on other market indices. Moreover,
they also draw attention to the high correlation in markets
which are geographically and economically closer.
Czech stock market and the STOXX50 index has been
analysed by Gjika and Horváth (2013). The correlations
between markets observed to be higher during the recent
financial crisis. Shahzad et al. (2016) support the idea that
co-movement of the markets during the global financial
crises shows a sudden increase, especially in the short
term. Their results for the long run dependence illustrate
that European stock markets have higher interdependence
with Greece stock market.
In the literature, stock market co-movements are examined many times with various methods. The contagion
effect or interconnection between markets have been
increasing according to some studies, whereas some writers cannot reach the same results.
3 Methodology - wavelet coherence
3.1 Wavelet
This study has employed a bivariate framework called
wavelet coherence. Wavelet Coherence is a very advantageous technique when the co-movement between twotime series is studied. In this research, continuous wavelet
analysis tools are used, mainly wavelet coherence, to measure the degree of local correlation between time series in
the time-frequency domain and wavelet coherence phase
differences. To provide a better explanation for the wavelet coherence analysis, wavelet a real-valued square inte1
grable function, ψ  L2 ( R ) , is defined as;

ψ uj ( t ) =
1
j

1
j

ψ

t − u 				
.
j

(1)

in this equation implies a normalization factor pro2
viding a unit variance of the wavelet ψ = 1 . u and j
are the control parameters in the equations, where u is a

(

)

location parameter and j is a scale parameter. Defining
how the wavelet is stretched, scale has an inversed relation
to frequency. Therefore, lower scale causes a more compressed wavelet, that can be seen as higher frequencies of
a time series. The admissibility condition needs to be satisfied. The admissibility condition ensures reconstruction
of a time series from its wavelet transform.
∞

Cψ = ∫

ψ(f)
f

0

2

df < ∞.

				

(2)

The condition in the second equation implies that the
wavelet does not have a zero frequency component and so
the wavelet has zero mean.
3.1 The continuous wavelet transform
Wx (u, j) can be obtained with the projection of a specific
1
wavelet ψ(.) onto the examined time series x ( t ) ∈ L2 ( R ) ,
i.e.,
Wx ( u , j ) =

∞

∫ x (t )

−∞

 t − u  			
ψ
 dt.
s  j 

1

(3)

It is eminent that the continuous wavelet transform has
the ability to decompose and then subsequently perfectly
reconstruct a time series
x (t ) =

∞ ∞
 dj 		
1 
 ∫ Wx ( u , j )ψ u , j ( t ) du  2 .
∫
C ψ 0  −∞
 j

(4)

Moreover, this transform measures the size of the local
correlation between time series
x

2

=

1
Cψ

∫  ∫
∞

∞

0

−∞

dj
Wx ( u , j ) du  2 . 		 (5)
 j

3.2 The Wavelet Coherence
Definition of the cross wavelet power of two-time series
x(t) and y(t) is as follows:
Wxy ( u , j ) = Wx ( u , j ) ⋅ Wy ∗ ( u , j ) . 			

(6)

In Eq. (6), Wx (u, s) and Wy (u, s) represent continuous
wavelet transforms of time series x(t) and y(t). The star
(*) signifies a complex conjugate, parameter u allocates a time position, and parameter j symbolizes the scale
parameter. A low wavelet scale denotes the high-frequency part of the time series—a short investment horizon
(Torrence and Webster, 1999).
Whenever the time series exhibit a high common power,
the cross wavelet power reveals areas in the time-frequency
space. In the co-movement analysis, we search for areas
where the two-time series in the time-frequency space
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co-movement, but do not necessarily have high power. A
useful wavelet technique for finding these co-movements
is wavelet coherence.
Torrence and Webster (1999) defines the squared wavelet coherence coefficient as
R ( u, j ) =

S  j −1Wxy ( u , j ) )

2

2

2
2
S   j −1 (Wx ( u , j ) )   S  j −1 Wy ( u , j ) 

.

(7)

In Eq. (7), S represents a smoothing operator. The
coefficient R2 (u, j) lies in the interval [0, 1]. When there is
a low correlation the R2 becomes closer to zero, whereas
stronger correlation is shown with the values closer to one.
Therefore, R2 explains the local linear correlation between
two stationary time series at each scale and is analogous
to the squared correlation coefficient in linear regression.
Following formula is showing the phase differences according to Torrence and Webster (1999) definition:

{
{

}  . 		
} 

  S ( j −1Wxy ( u , j ) )
θ xy ( u , j ) = tan 
 ℜ S ( j −1W ( u , j ) )
xy

−1

(8)

 is an imaginary and R is a real part operator in this
formulation. Black arrows in the wavelet coherence figures with significant coherence display the Phase differences. Once the two analysed time series move together
on a particular scale, the arrows direct to the right showing
the positive correlation. On the other hand, if the correlation is negative between time series then the arrows leads
to the left. Then the arrows point to the left.
4 Data and statistical issues
This study investigates the financial contagion because
of it may harm the global economy about portfolio risk
management, the formulation of monetary and fiscal policy, and strategic asset allocation and pricing. This paper
aims to show if there is a certain sign for a co-movement

between markets during and after Greek Debt Crisis. To
analyse the contagion during and after Greek Debt Crisis,
the co-movements of six stock exchange markets has been
examined for an eight-year term. Daily closing prices
measured in domestic currencies of stock market indices,
ASE, BIST100, WIG, FTSE100, DAX and BUX are used
in this analysis between 06 March 2009 and 28 February
2017. Stock price data is provided by Bloomberg.
For the consistency of the data some exclusions have ben
implied. Differences caused by the different trading days
and holidays in countries resulted that some days have to be
excluded. However, 1981 days’ data were suitable for this
analysis. This paper used EUR values of the stock exchange
markets to avoid the imbalances occurred by depreciation
or appreciation of the currencies during the term in the nonEuro zone. Description of the data is conducted by the following tables employing statistics analysis.
Descriptive statistics of the data enable us to see the
high volatility during the studied term. Because of the differences in the index values of the markets, the comparison of the standard deviation and min-max values of the
data is not meaningful. Therefore, it is convenient to check
the coefficient of variation (CV), which is known as the
relative standard deviation (RSD). In Table 1 the highest
Standart Deviation / Mean ratio belongs to Greece by a
large margin. It is approximately 61.7 %, whereas the other
markets have this ratio around 20 % or even less. This
is a good illustration to show big fluctuations which have
occurred in the 8-year period.
Table 2 shows us the correlation of the stock exchange
market. As we can see DAX and FTSE100 indices are
highly correlated. WIG is also highly correlated with FTSE
and therefore with DAX. The correlation between Athens
Stock Exchange and other markets are negative except
Budapest Stock Exchange. This table gives us hints about
the relations among the markets. But it doesn’t enable us to
observe if there is an increase in the correlation.

Table 1 Descriptive statistics
Mean

Med

Std dev.

Ske

ASE

1,325.4

1,047.2

817.8

BUX

70.5

67.3

14.9

7,187.8

7,274.0

1,201.9

FTSE 100

Kurt

Min

Max

1.6

2.3

440.9

4,276.6

0.1

(0.3)

30.4

111.6

(0.3)

(0.1)

3,872.3

9,929.4

WSE WIG

10,843.1

11,123.9

1,900.0

(1.0)

1.0

4,336.6

14,300.2

XU100 BIST

25,236.2

25,600.2

5,528.2

(0.4)

0.3

9,899.6

39,279.0

7,819.5

7,291.2

2,088.4

0.2

(1.1)

3,666.4

12,231.3

DAX
Authors own
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Table 2 Correlation Matrix
ASE

BUX

FTSE100

WSEWİG

ASE

1

BUX

0.1618

FTSE 100

-0.4473

0.24

1

WSE WIG

-0.0352

0.484

0.8074

1

XU100BİST

1

XU100 BIST

-0.3196

0.1974

0.4615

0.5548

1

DAX

-0.5383

0.2829

0.9348

0.6811

0.2964

Author’s own

5 Results and discussion
Following figures are showing the wavelet coherence
between stock market indices of three countries. Arrows
indicate the phase difference, and it enables us to understand the details about delays of oscillation of the two
examined time series. In figures, arrows have different meanings. Primarily, it shows that there is a correlation between time series. But to understand the relation
more in detail, direction of the arrow should be observed.
For the positive correlation between series, Matlab uses
the arrows point to the right. On the other hand, arrows
directed to the left when there is a negative correlation and
time series are anti-phase. And finally, when the arrows
are pointing up means that the first time series leads the
second one, an arrow pointing down indicates that the second time series leads the first one.
The figures are arranged as to show the data regarding periods rather than frequency because it is more suitable for our research. 0.75 Magnitude Squared Coherence
is used for the analysis. Wavelet coherence values close
to one indicate high correlation (denoted by warm colour
in the figures), while values close to zero (white colour
in the figures) indicate low or no correlation. The areas
where the wavelet coherence is significant are bordered
with a dashed white contour. The squared wavelet coherence coefficient can be regarded as a local linear correlation measure between two- time series in the time-frequency space.
In this analysis, due to the limitations of the same working days in the markets, every year has approximately
250 observations. Therefore, “500 days” period in the
graph indicates two-years period. As observed from the
graphs, ASE and other stock exchange markets coherence
under the condition of 0.75 Magnitude Squared seemed
to be weak. This magnitude level is relatively very high
and ignores the weak correlations. For this reason, warm
colours in the graphs are very limited, especially after a
two-years period.

In 2009 and 2010, coherence is relatively high, and
there is a positive correlation between ASE and all markets because the arrows are towards the right. But there
is no dominant leading effect of any series. However,
although there is a coherence especially in the first year,
later coherence disappears.
There is a high coherence during 2012 (see the coherence around 1000th day in the Graph set). ASE has coherence BUX, DAX and WIG on this period again. But as the
observations suggest, the coherence is diminishing especially after the first hit of the Mortgage crisis in Europe
starting from 2009 till the end of 2010. Especially, the correlation of Eastern European stock markets and ASE has
showed a decrease after 2012, when the government bond
spreads reached the peak point. It is also surprising that
FTSE100 and BIST100 have very weak correlation with
the Athens Stock Exchange Market data.
6 Conclusion
For this study between six countries’ time series, bivariate
wavelet technique called wavelet coherence is employed.
The area under the white arc of the Wavelet Coherence
graphics shows the significant movements. While warmer
colours imply higher coherence, blue is showing no correlation. The arrows show the lag between indices.
This study supports the previous literature by using a
different mean of calculation. As wavelet coherence tool
results at Fig. 4 show that at the beginning of 2009 and during
2012, coherence is high between the markets, whereas when
the severity of crises slowed down coherence is diminished. This analysis contributes the literature by observing the
leverage effect, similar to the findings of Baruník and Vácha
(2013), Gjika and Horváth (2013) and many others. This
study supports the idea that during crises period, diversification is low in European markets, because of the increase in
the interconnection of markets during this period.
Also in the last year period, there is a visible high
coherence between FTSE and ASE. This high positive
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Fig. 4 Set of Wavelet Coherence

correlation appeared after mid-2016 when the UK voted for
Brexit, which also caused sanctions in the stock markets.
Istanbul Stock Exchange market showed no coherence at
almost any time. This is a sign of high interconnection of
the markets within the EU. As a non-member of the union
Turkish Stock Exchange did not show co-movements.

This research by employing the wavelet theory has
aimed to explain the leverage effect among stock exchange
markets during Greek debt crisis. The wavelet method has
been used in many fields to illustrate the coherence between two elements. However, using wavelet theory to explain the co-movements of time series with financial data is
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relatively new. Especially the explanation of the leverage
effect between low and high volatility period is introduced
in the literature with this analysis.
All in all, the results of this study exhibits that during
crisis an increased integration in the financial markets
actually rises the risk spread from other countries. And
also positive signs in an economy do not affect other economies as well as negative movements. Therefore, the
gains from integration have been observed to be less than

the downturns. This can be called as a leverage effect
which means the negative movement in volatility is stronger than the positive one. These results are valid only for
the observed period and observed variables in studied
stock exchange markets.
For further analysis, different time periods and events
may be selected to improve the results. As the technique is
very useful to analyze the time series, it can be very useful
to use wavelet to explain various literature gap in finance.
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