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Abstract: 

This paper examines the time-varying conditional correlations of daily European 

equity market returns during the Irish sovereign debt crisis. A dynamic conditional 

correlation (DCC) multivariate GARCH model is used to estimate to what extent 

the collapse of Irish equity markets and subsequent troika intervention in Ireland 

spilled over upon European equity markets during this crisis. During the Irish 

financial crisis from 2007 to 2010, strong contagion effects are uncovered between 

Irish equity markets and the investigated European equity markets. The contagion 

effects are found to ease dramatically in the period after troika intervention in Irish 

finances. This result supports the use of bailouts and external financial intervention 

as a mechanism to mitigate and absorb contagion associated with state-specific 

financial crises and if possible, should be considered as a primary response function 

in future cases of sovereign debt crisis. 
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1  Introduction 

Financial contagion phenomena have become more pronounced and aggressive in 

recent years, particularly after the onset of the United States subprime crisis in 

2007 that triggered an international financial crisis that rippled throughout banks 

and financial markets around the world. The subprime crisis became evident in 

2007 and exposed significant weaknesses in financial industry regulation, and 

indeed, the global financial system. Europe was over-exposed through excessive 

levels of debt being held in some countries. Institutionally in Ireland, banks’ level 

of foreign borrowing increased from €15 billion to €110 billion between 2004 and 

2008 (Ahearne, 2012). At a European level, problems arising from debt levels 

were exacerbated through the revelation in December 2009 that Greece had 

misstated its accounts, admitting that its level of debt had exceeded €300 billion 

{approximately 150% of GDP at the time} (Lavdas, Litsas and Skiadas, 2013). 

The high levels of debt were attributed to relaxed financial regulation, low taxation 

and high public expenditure. This was immediately followed by international 
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accusations of ‘severe irregularities’ in Greek finances, as Eurostat
1
 continued to 

revise debt figures upwards (Abboushi, 2011). This accelerated the European-wide 

crisis in already debt-burdened countries such as Portugal, Ireland, Italy and Spain, 

initiating a period of austerity across Europe.  

This research examines the European crisis through the implementation of a three-

stage Dynamic Conditional Correlation (DCC)-GARCH model to obtain 

information found in European equity markets related to contagion stemming from 

the Irish-specific sovereign debt crisis. There is particular emphasis placed on the 

implementation of the Irish bank guarantee and the intervention of the troika
2
. The 

period from January 2002 to October 2013, inclusive of both events is 

investigated. The DCC-GARCH model was developed by Engle (2002), and was 

found to significantly improve upon the Constant Conditional Correlation (CCC)-

GARCH model developed by Bollerslev (1990). This improvement stemmed from 

the relaxation of the constant correlation assumption by allowing time-varying 

correlation. The number of unknown parameters was also limited in the DCC-

GARCH model. The main advantage of using this type of approach is the 

detection of time-varying conditional correlations, which captures dynamic 

investor behaviour in response to news and innovations. Contagion effects due to 

herding behaviour and flights-to-quality
3
 during turmoil periods can also be 

uncovered through these mechanisms (Syllignakis & Kouretas, 2011). 

Forbes and Rigobon (2002) define contagion as a ‘significant increase in the 

cross-market correlation during a turmoil period’. Therefore, it is necessary to 

compare the correlation between equity markets during the pre-crises period to the 

period of time defined as ‘being in-crisis’. If two markets are moderately 

correlated during the period of stability, and a shock to one market leads to a 

significant increase in market co-movements, this can be defined as financial 

contagion. However, if two markets are moderately correlated during the two 

periods, this can sometimes be attributed to market interlinkages rather than 

contagion (Mighri & Mansouri, 2013). It is necessary to segregate these financial 

market phenomena. The application of the DCC-GARCH models have recently 

become a key focus of financial econometrics as the threat of widespread 

                                                           
1  Eurostat is the statistical office of the European Union situated in Luxembourg. It is tasked to 

provide the European Union with statistics at the European level that enable comparisons between 

countries and regions. 
2  The troika refers to the combined intervention of the European Union (EU), European Central 

Bank (ECB) and the International Monetary Fund (IMF). 
3 A flight to quality is defined as the actions of investors when moving their capital away from 

riskier investments to the safest possible investment vehicles. The flight is usually caused by 

uncertainty in the financial or international markets. However, at other times, this move may be 

an instance of investors cutting back on the more volatile investments for the conservative ones 

(diversifying) without much consideration of international markets. 
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contagion increased. The model can be used to shed light on underlying questions 

based on the time-varying effects of correlation within European equity markets, 

or the effects on equity market correlations during periods of crises, or indeed 

contagion effects stemming from a particular event.  

The remainder of the paper is organised as follows. Section 2 discusses the 

evolution of the Irish-specific financial crises, while explaining the segregation of 

the specific time periods used in the DCC-GARCH methodologies.  Section 3 

focuses on the data and the descriptive statistics. Section 4 introduces the simple 

and adjusted correlation analysis, with section 5 introducing the dynamic 

conditional correlation (DCC-GARCH) model. Section 6 concludes.  

2  The Irish financial crisis 

Between 2008 and 2013, Ireland experienced one of the most severe economic 

downturns in living memory. This period was highlighted by collapsing equity 

markets, the nationalisation of Anglo Irish Bank, economic retraction, high 

unemployment, political uncertainty, a collapsed property market and mass 

emigration. Any one of these issues could instigate and fuel crisis alone, the 

combination of these issues provided the ingredients for an economic ‘perfect 

storm’. These events also occurred within the climate of one of the worst 

international financial environments ever experienced. Ireland entered recession in 

September 2008, with equity markets falling dramatically and five-year Credit 

Default Swap (CDS) spreads increasing
4
. The government pushed forward the 

2009 budget in an attempt to increase taxation and cut public spending to bridge 

the gaps in Irish finances. 

On the 29
th
 of September 2008, the Irish government was forced to implement an 

unlimited bank guarantee of the six major Irish banks
5
. As public perceptions of 

the Irish banking system deteriorated and negative sentiment increased, this 

guarantee had to be taken as banks began to experience mass-withdrawals and the 

probability of a bank-run increased. The Irish banking and economic climate 

deteriorated more substantially over the following twenty-four months, until Irish 

government bond yields began to show the strain of the negative expectation based 

on Ireland’s financial credibility. This led to sovereign borrowing on international 

markets becoming too expensive and on the 21
st
 of November 2010, the Irish state 

formally requested financial support from the European Union’s European 

Financial Stability Facility (EFSF) and the International Monetary Fund (IMF). 

The request was accepted by European finance ministers and on the 28
th
 of 

                                                           
4  Increased Credit Default Swap (CDS) spreads indicate higher risk associated with the underlying 

insured product. This occurs as investors perceive a higher risk of insuring the underlying, or 

indeed a higher probability of default. 
5  The six major Irish banks included Allied Irish Bank, Anglo Irish Bank, Bank of Ireland, 

Permanent TSB, Irish Nationwide and National Irish Bank. 
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November 2010, a bailout of €85 billion was agreed upon
6
.
 

After the 

announcement of this bailout, there was an alleviation of some pressures on the 

Irish economy. 

This analysis focuses on these dates to create differing periods of investigation. 

The aim of the paper is to investigate how much equity market contagion spread in 

Europe due to Irish influenced financial crisis. The first period is based on the 

relative period of calm, between the 1
st
 of January 2002 and the beginning of the 

subprime crisis in the United States in June 2007. As the subprime crisis 

developed, significant frailties were uncovered in the Irish banking system that has 

since been identified as the beginning of the Irish economic crisis. The second 

period of investigation is based on the collapse of the Irish banking system and 

property market. This period is identified as that between the 1
st
 of June 2007 and 

the 28
th
 of November 2010, when the international bailout fund was given to the 

Irish government. The final period is that of the 29
th
 of November 2010 to the 31st 

of October 2013. This period encompasses the period of relative stability 

experienced after the implementation of the international bailout. By investigating 

the period after the bailout, it may shed light on its success as European equity 

markets experienced an extremely volatile period thereafter due to the Greek 

financial crises. Reduced contagion stemming from Irish influenced crises would 

be a direct endorsement of bailout facilities as a medium of financial crises 

moderation. 

3  Data and descriptive statistics 

In this paper, we use daily price indices database. The sample period for all data is 

from January 1
st
 2002 until October 31

st 
2013. The stock market indices used are 

the ATHEX 20 for Greece, the FTSE 100 for the United Kingdom, the ISEQ 20 

for Ireland, the OMX 30 for Sweden, the SSMI 20 in Switzerland, the BEL 20 for 

Belgium, the AEX 25 for the Netherlands and the IBEX 35 for Spain. The daily 

stock index returns are defined as the logarithmic differences of stock price indices 

and thus computed as rt= 100 ln(xt/xt−1) for t = 1,2,…..,T, where T, rt, xt and 

xt−1 are the total number of observations, the return at time t, the current stock 

price index and the lagged day’s stock price index respectively. 

Tables one and two report summary statistics for the included stock return series 

during the entire period of investigation from 2002 until 2013. It also includes 

statistics summarising the period before and after the start of the subprime crisis in 

                                                           
6  The €85 billion bailout fund consisted of €22.5 billion from the European Financial Stability 

Mechanism (EFSM), €22.5 billion from the International Monetary Fund (IMF), €22.5 billion 

from the European Financial Stability Facility (EFSF), €17.5 billion from the Irish sovereign 

National Pension Reserve Fund (NPRF) and bilateral loans from the United Kingdom, Sweden 

and Denmark.  
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the United States in June 2007, and before and after the arrival of international 

bailout assistance in Ireland. During the full sample of investigation, the Greek 

ATHEX 20 is found to be the most volatile exchange as measured by the standard 

deviation of 2.01%, while the SSMI in Switzerland is the least volatile with a 

standard deviation of 1.22%. Ireland experienced a standard deviation of 1.48%. 

The measure for skewness shows that stock returns are negatively skewed with the 

exception of Germany, Sweden, Switzerland and Belgium. This negative skewness 

indicates that large negative stock returns are more common than large positive 

returns. From the measure of excess kurtosis, the leptokurtic behaviour is apparent 

in all series with more pronounced fat tails in Greece (103.8). This implies that 

large shocks of either sign are more likely to be present and that the stock-return 

series may not be normally distributed. 

Tab. 1: Descriptive statistics 

Source: Data is sourced from Bloomberg with all calculations completed by the authors. 

Note: The above table represents the summary statistics of the daily equity market returns 

of the twelve investigated European states. The periods of investigation are based on the 

pre-crisis period, the Irish financial and subprime crises and the period thereafter troika 

intervention.  
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Tab. 2:  Unconditional correlation matrix for stock returns 

 Gre UK Ger Fra Ita Den Ire Swe Swi Bel Neth 

UK 0.467           

Ger 0.451 0.830          

Fra 0.492 0.864 0.935         

Ita 0.485 0.806 0.867 0.875        

Den 0.448 0.587 0.556 0.603 0.551       

Ire 0.467 0.646 0.632 0.653 0.585 0.535      

Swe 0.460 0.746 0.783 0.789 0.737 0.581 0.568     

Swi 0.482 0.781 0.810 0.826 0.752 0.567 0.616 0.723    

Bel 0.515 0.769 0.811 0.848 0.794 0.600 0.618 0.725 0.754   

Neth 0.477 0.835 0.907 0.917 0.850 0.587 0.643 0.771 0.804 0.826  

Spa 0.476 0.807 0.867 0.870 0.822 0.567 0.629 0.761 0.761 0.786 0.821 

Source: Data is sourced from Bloomberg with all calculations completed by the authors. 

Note: The above table represents the conditional correlations between equity returns 

(January 2002 to October 2013).  

Comparison of the Irish economic crises period from June 2007 until the bailout in 

November 2010 and the period thereafter offers some interesting results. European 

markets endured their harshest climates during the period of the Irish economic 

crises, a time where financial markets were gripped by the United States subprime 

crisis. Ireland possessed a standard deviation of 0.96% in the period before the 

crisis began. This standard deviation more than doubled to 2.23% as the Irish 

economic climate deteriorated, but reduced significantly to 1.12% after the 

implementation of the troika bailout. This presents evidence that the intervention 

of the troika in Ireland had a significant ‘calming’ effect across Irish equity 

markets. Greece was the worst affected European state during the periods under 

investigation. During the subprime and Irish economic crises, Greek returns 

exhibited a standard deviation of 3.06%, whereas this fell to 2.23% in the period 

after the Irish bailout. France, Italy, Sweden and the Netherlands all experienced 

standard deviations above 2% during the subprime crises, whereas only Greece 

experienced levels above 2% after 2010. Kurtosis is also found to have increased 

in Greece between the two periods, whereas in Ireland is fell from 7.65% to 

3.49%. The results indicate that European countries reacted more substantially to 

the Irish economic crises, evident from large increases in European-wide risk. This 

can be attributed to the widespread shock that spread through European financial 

markets as Irish financial markets strained under its own economic pressures. It 

appears that the troika’s influence when bailing out Ireland may have stemmed the 

associated negative sentiment. 

The international crises from 2007 to present has been identified by many 

observers as the worst since the great depression of the 1930s in the United States. 

The subprime crisis erupted in the second half of 2007 with the collapse of the 

subprime market in the United States. This directly impacted upon equity markets 
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in 2007 and continued until 2011, marked by a liquidity crisis and a credit crunch. 

The Irish and Greek sovereign debt crises escalated substantially in late 2008, but 

it only became abundantly clear through media coverage in December 2009 to 

what degree of damage had occurred, along with the depth of financial 

irregularities evident in Greek financial markets (Lavdas, Litsas and Skiadas, 

2013). These crises are deemed to have continued to the time of completing this 

research, as Ireland and Greece are still in the midst of IMF intervention; while in 

Greece there have been continuous threats of default. 

Table two represents the pair-wise unconditional correlation between the equity 

market returns. It must be emphasised that the considered equity markets are high 

correlated with each other, a fact present and found to have increased dramatically 

since the creation of the Euro as a currency in 1999. Simple correlation analysis 

was broadly used to measure the degree of financial contagion (Hardouvelis, 

Malliaropulos & Priestley, 2006). This indicates that the indices are characterised 

by volatility clustering, revealing the presence of heteroskedasticity. This market 

phenomenon has been widely recognised and successfully captured by the ARCH 

and GARCH
7
 family models to adequately describe stock market returns’ 

volatility dynamics. This is important because the DCC-GARCH models used in 

this research are based on the interdependence of stock markets in the form of 

second moments by modelling the time varying variance-covariance matrix for the 

sample. The extent of the Irish and Greek crisis are also clearly evident through 

sharp spikes in volatility in mid-2008. 

4  Simple and adjusted correlation analysis 

In order to measure the financial contagion phenomenon, we use the simple 

Pearson correlation approach as used by Calvo and Reinhart (1996). If the 

correlations significantly increase during a particular crisis period compared to a 

defined stability period (pre-crisis period), one can conclude that there exists a 

strengthening of links or indeed a transmission mechanism for shocks between the 

two markets (or a group of markets), thus detecting elements of financial 

contagion. If this increase is found to be statistically significant, the finding of 

market contagion is accepted, whereas if the results are not significant, this 

indicates only an interdependence phenomenon rather than financial contagion. 

Forbes and Rigbon (2002) and Mansourti (2013) argue that analysts need to be 

careful when interpreting increases in simple correlation as evidence of financial 

                                                           
7  Autoregressive Conditional Heteroskedasticity (ARCH) models are used to characterise and 

model observed time series. They are used whenever there is reason to believe that, at any point in 

a series, the terms will have a characteristic size, or variance. In particular ARCH models assume 

the variance of the current error term of innovation to be a function of the actual sizes of the 

previous time periods; error terms, where the variance is often related to the squares of previous 

innovations.   
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contagion. This can be attributed to the fact that the return correlation can increase 

when equity markets become volatile. The authors have proposed a correction of 

the correlation coefficients for the conditional heteroskedasticity. Forbes and 

Rigobon (2002) propose to adjust the correlation coefficients in the following 

way: 

𝜌∗ =  𝜌 / √1 + 𝛿(1 − 𝜌2) (1) 

where ρ = σij/σiσj is the unadjusted correlation coefficient between a crisis 

market I and non-crisis market j, ρ∗ is the adjusted correlation coefficient and 

δ = (σit
h /σit

l ) − 1 is the change in high period (crisis period) volatility against the 

low period (stability period) volatility. To compute the adjusted correlation 

coefficients, the crisis (turmoil) period is used as the high volatility period and the 

stable period as the low volatility period. By calculating the adjusted correlation 

coefficient for each crisis period and the stability period, it possible to investigate 

contagion effects. By calculating ρh
∗ , which represents the adjusted correlation 

coefficient during a crisis period and ρl
∗ denotes the adjusted correlation 

coefficient during the stable period, it is possible to investigate contagion effects. 

If ρh
∗ > ρl

∗, the hypothesis of no contagion is accepted, whereas if ρh
∗ < ρl

∗ 

indicates a rejection of the hypothesis of no contagion, thus there are contagion 

effects present. To test the significance of these changes in linkages between stock 

markets during crisis, Forbes and Rigobon (2002) compare the adjusted 

correlation coefficient in the crisis period (ρh
∗ ) with the adjusted one in the stable 

period (ρl
∗). A significant positive difference between both adjusted correlation 

adjusted correlation values indicates the existence of financial contagion effects. If 

contagion exists, co-movement during the crisis period would be more significant 

than that of the stable period. To test for pair-wise, cross-market significance, we 

use the Fisher’s Z transformation test as used by Mighri and Mansouri (2013). It is 

described as: 

𝑍∗ = (𝑧ℎ
∗ − 𝑧𝑙

∗)/ 𝑣𝑎𝑟(𝑧ℎ
∗ − 𝑧𝑙

∗) (2) 

where zh
∗ = (1/2) ln (1 + ρh

∗ )/(1 − ρh
∗ ) is the Fisher transformation of correlation 

coefficients in the crisis period and zl
∗ = (1/2) ln (1 + ρl

∗)/(1 − ρl
∗) is the Fisher 

transformation of correlation coefficients in the stable periods. Fisher’s Z 

transformation as used by Billio & Pelizzon (2003) and Lee et al. (2007) to 

convert standard coefficients to normally distributed Z variables. The critical 

values for the Fisher’s Z test at the 1%, 5% and 10% levels are 1.28, 1.65 and 1.96 

respectively. Therefore, any Z test statistic greater than those critical values 

indicate likely contagion while any test statistic less than or equal to those critical 

values indicates the alternative, namely no contagion.  
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The empirical results are summarised in table three. It reports the adjusted and 

unadjusted correlation coefficients between Ireland and the other international 

indices included in this research. The stability period is denoted as that between 

the 1
st
 of January 2002 and the 29

th
 of June 2007. The Irish economic crisis is 

deemed to have started in conjunction with the beginning of the United States 

subprime crisis and ended at the point of troika intervention, thus the period 

selected it that between the 1
st
 of July 2007 and the 28

th
 of November 2010. The 

final period is based on the post-troika intervention period from the 29
th
 of 

November 2010 until the 31
st
 of October 2013. The total period simply includes 

the three selected periods. The correlations between stock market returns are 

compared before and after the start of the Irish crisis and before and during the 

European sovereign debt crisis. Financial contagion effects are measured by the 

statistical significance of the adjusted correlation coefficients in the crisis period 

compared to those of the stability period. 

Tab. 3: Tests of significant increases in correlation coefficients 

 Stable 

period 

Irish economic crisis Post-troika intervention Z (Z*) test 

 𝜌𝑡 𝜌𝑡 𝜌𝑡
∗ % ↑ 𝜌𝑡 𝜌𝑡

∗ % ↑ Z 

(Subprime) 

Z* 

(European) 

UK 0.6339 0.7001 0.9437 34.8 0.7545 0.6644 -11.9 5.57139*** 11.11850*** 

Ger 0.5179 0.6426 0.9320 45.0 0.7555 0.7911 4.7 31.70240*** 5.74420*** 

Fra 0.6096 0.7189 0.9120 26.9 0.7855 0.7895 0.5 1.91013** 8.04822*** 
Ita 0.5685 0.6768 0.9145 34.6 0.6922 0.8512 22.9 14.2915*** 3.97755*** 

Den 0.5234 0.6628 0.9116 37.5 0.6492 0.6384 -1.7 14.6101*** 12.03430*** 

Gre 0.4425 0.3988 0.8470 112.4 0.3815 0.7872 106.3 23.2513*** 8.05080*** 

Swe 0.5687 0.6648 0.9758 46.7 0.7264 0.6686 -7.9 4.43076*** 14.01660*** 

Swi 0.5768 0.6844 0.9233 34.9 0.7118 0.6106 -12.9 15.4060*** 17.39710*** 

Bel 0.5785 0.7145 0.9514 33.2 0.7895 0.8394 6.3 7.77307*** 6.29160*** 
Neth 0.5934 0.6851 0.9123 33.2 0.7969 0.7924 -0.6 2.13476*** 8.39478*** 

Spa 0.5608 0.6850 0.9145 33.5 0.6595 0.8728 32.3 13.5858*** 3.31484*** 

Source: Data is sourced from Bloomberg with all calculations completed by the authors. 

Note: ***, ** and * denote statistical significance at the 1%, 5% and 10% levels 

respectively. The percentage increase is based on the increase between the correlation 

coefficient between the crisis period investigated and the stable period between January 

2002 and June 2007. The subprime crisis again represents the period between June 2007 

and November 2010, while the estimated period of post-troika intervention in Ireland is 

between November 2010 and October 2013. 

As evident in table three, the effects of the Irish economic crisis in Europe are very 

strong. The reported results show that financial contagion effects based on 

adjusted correlation coefficients are statistically significant (computed without 

adjusting for heteroskedasticity). After this adjustment, the countries included all 

present a rejection of the null hypothesis of no contagion during the Irish 

economic crises. Greek equity markets present the strongest relationship with Irish 

equity markets, which is expected due to the core economic difficulties found in 

both countries. The most interesting results are based on the period after troika 
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intervention. The United Kingdom, Denmark, Sweden, Switzerland and the 

Netherlands offer results accepting the null hypothesis of no contagion after the 

Irish financial bailout. This presents interesting evidence supporting the use of 

bailouts as a medium of crises moderation, as it appears that it alleviated pressures 

stemming from Irish financial difficulties on these countries. The main 

problematic states in Europe though, still share significant contagion 

characteristics in the period after troika intervention in Ireland, indicating that 

market fears were still present based on the interconnectiveness of Ireland with 

Germany, France, Italy, Greece, Belgium and Spain. The contagion statistics are 

strongest for the interconnectiveness of Ireland and Greece, Spain and Italy. These 

results present evidence that the adjustment for heteroskedasticity has a significant 

impact on the correlation coefficients between equity markets and on the financial 

contagion tests. The high values and statistical significance of the Z tests confirm 

the strength of Irish contagion effects across European equity markets. 

5  Dynamic correlation analysis and results 

The simple and adjusted correlation analysis underlines the significance of equity 

market volatility in a selected period of investigation. Nevertheless, stock market 

behaviour is expected to vary continuously in response to shocks and crises. 

Moreover, correlation may vary over time and increase during periods of high 

volatility and turmoil. In this analysis, we employ a multivariate GARCH model 

with Dynamic Conditional Correlation (DCC) that allows for time-varying 

conditional correlation as proposed by Engle (2002). In a first step, we specify the 

mean equation as follows: 

𝑟𝑡 = 𝜇0 + 𝜇1𝑟𝑡−1 + 𝜇2𝑟𝑡−1
𝐼𝑟𝑒 + 𝜇3𝑟𝑡−2

𝐼𝑟𝑒 + 𝜀𝑡 (3) 

where rt = (r1t, r2t, … , rnt)′ and εt = (ε1t, ε2t, … , εnt)′. Also εt = Ht
1/2

zt and 

εt/Ft−1~N(0, Ht). zt:(n x 1) is denoted as a vector of i.i.d. errors such that 

E(zt) = 0 and E(zt,zt
′) = 1. Finally, Ht ≡ {hij}t ∀ i, j = 1,2, … , n is an (n x n) 

matrix of conditional variances and covariances of rt conditional to previous 

returns.  In the mean equation, we include an AR(1) term and the one-day lagged 

Irish equity index returns as a measure of the impact of the Irish equity markets on 

European equity markets during the investigated crises. In a second step, we 

specify a multivariate conditional variance as: Ht ≡ DtRtDt where Rt = {ρij}t is 

an (n x n) conditional symmetric correlation matrix of  εt at time t and Dt =

diag{√hit} is an (n x n) diagonal matrix of conditional standard deviations of εt at 

time t. The elements in the diagonal matrix Dt are the standard deviations from 

univariate GARCH models: 
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ℎ𝑖𝑡 = 𝜔𝑖 + ∑ 𝛼𝑖𝜀𝑡−1
2

𝑞

𝑖=1
+ ∑ 𝛽𝑗ℎ𝑡−𝑗

𝑝

𝑗=1
 (4) 

where ωi > 0; αi ≥ 0; βj ≥ 0 and ∑ αi +
q
i=1 ∑ βj

p
j=1 < 1. The elements of 

Ht ≡ DtRtDt are [Ht]ij = √hithjtρij,t. As proposed by Engle (2002), the DCC-

GARCH model is designed to allow for a two-stage estimation of the conditional 

variance matrix ht. In the first stage, univariate GARCH (1,1) volatility models are 

fitted for each of the stock return residuals and estimates of √hit are obtained. In 

the second stage, stock return residuals are transformed by their estimated standard 

deviations from the first stage as zit = εit /√hit. Then, the standardised residual 

zit is used to estimate the correlation parameters. The dynamics of the correlation 

in the standard DCC-GARCH model could be expressed as follows: 

𝑄𝑡 = (1 − 𝑎 − 𝑏)𝑄̅ + 𝑎𝑧𝑡−1𝑧𝑡−1
′ + 𝑏𝑄𝑡−1  (5) 

where a ≥ 0, b ≥ 0 and a + b < 1. Qt = [qij,t] is the time-varying covariance 

matrix of zt and Q̅ = E(zt,zt
′) is a (n x n) unconditional covariance matrix of zt. In 

addition, Q0, the starting value of Qt should be positive to guarantee that Ht would 

also be positive. In a bivariate setting, the conditional covariance could be 

expressed as follows: 

𝑞𝑖𝑗,𝑡 = (1 − 𝑎𝑖𝑗 − 𝑏𝑖𝑗)𝑞̅𝑖𝑗 + 𝑎𝑖𝑗𝑧𝑖,𝑡−1𝑧𝑗,𝑡−1 + 𝑏𝑖𝑗𝑞𝑖𝑗,𝑡−1  (6) 

When specifying the form of the conditional correlation matrix Rt, two 

requirements have to be considered. The first is that the covariance matrix Ht has 

to be positive and the second is that all the elements in the conditional correlation 

matrix Rt have to be equal or less than unity. To ensure both of these requirements 

in the DCC-GARCH model, the correlation matrix Rt could be decomposed as: 

𝑅𝑡 = 𝑄𝑡
∗−1/2

𝑄𝑡𝑄𝑡
∗−1/2

 (7) 

where 𝑄𝑡
∗ = 𝑑𝑖𝑎𝑔(𝑄𝑡) = [

√𝑞1 1,𝑡 ⋯ 0

⋮ ⋱ ⋮
0 … √𝑞𝑚 𝑛,𝑡

] and 𝑅𝑡 = [

1 ⋯ 𝜌1 𝑛,𝑡

⋮ ⋱ ⋮
𝜌1 𝑛,𝑡 ⋯ 1

] is 

a correlation matrix with ones on the diagonal and off-diagonal elements are less 

than one in absolute value as long as 𝑄𝑡 is positive. The correlation coefficient can 

therefore be expressed as: 𝜌𝑖 𝑗,𝑡 = 𝑞𝑖𝑗,𝑡  /√𝑞𝑖𝑖,𝑡√𝑞𝑗𝑗,𝑡  ∀ 𝑖, 𝑗 = 1, 2, … , 𝑛; 𝑖 ≠ 𝑗. As 

noted by Engle (2002), the DCC model could be estimated by using a two-step 

approach to maximise the log-likelihood function. If we let θ denote the 

parameters in 𝐷𝑡 and ϑ, the parameters in 𝑅𝑡, then the log-likelihood is: 
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𝑙𝑡(θ, ϑ) = [−
1

2
∑ 𝑛𝑙𝑜𝑔(2𝜋) + 𝑙𝑜𝑔|𝐷𝑡|2 + 𝜀𝑡

′𝐷𝑡
−2𝜀𝑡

𝑇

𝑡=1
]

+ [−
1

2
∑ 𝑙𝑜𝑔|𝑅𝑡| +

𝑇

𝑡=1
𝑧𝑡

′𝑅𝑡
−1𝑧𝑡 − 𝑧𝑡

′𝑧𝑡] 
(8) 

The first part of the log likelihood function is volatility, which is the sum of the 

individual GARCH likelihoods. The log-likelihood function can be maximised in 

the first stage over the parameters Dt. Given the estimated parameters in the first 

stage, the correlation component of the likelihood function in the second stage is 

maximised to estimate the correlation coefficients. 

Tab. 4:  Estimation results from the bivariate AR(1)-DCC-GARCH(1,1) 

model 
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Source: Data is sourced from Bloomberg with all calculations completed by the authors. 
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Note: The above table reports the estimates of the return and conditional variance 

equations as well as the DCC parameters. T-statistics are located below the estimated 

coefficients. In the variance equation, αi represents the ARCH term, βi the GARCH term 

and ωi0 representing the constant of the variance equation. In the multivariate DCC-

GARCH results, ρi,Ireland represents the correlation between the investigated country and 

Ireland. 

Table 4 reports the estimates of the return and conditional variance equations as 

well as the DCC parameters. The constant terms in the mean equation (μ0) is 

significantly different from zero for all the stock returns apart from Italy, France, 

Greece and Spain. With the exception of Germany and Denmark, the μ1 term is 

significantly negative for the remaining stock markets. According to Antoniou et 

al. (2005), the negativity of the AR(1) term in the mean equation is due to the 

existence of positive feedback trading in developed markets, while the positivity 

of this parameter in emerging markets is due to price friction or partial adjustment. 

The results indicate that all the markets under investigation would be deemed to be 

developed in this view. The μ2 coefficient is statistically positive and significant 

for all markets when modelled against Ireland. The effects of Irish equity returns 

on the returns of those markets is on average highly significant and large in 

magnitude, ranging from 0.23 in Switzerland to 0.36 in Denmark. All are positive, 

which represents the direct influence of Irish equity markets on the investigated 

countries during this period. The coefficients for the lagged variance (βi) are 

positive and statistically significant at the 1% level for all stock markets. The 

parameters αi in the variance equations are statistically different from zero for all 

stock returns. This justifies the suitability of the DCC GARCH
8 
(1,1) specification 

as the best fitting model to capture time- varying volatility. Moreover, the α1 + β1 

is very close to unity in all the markets investigated, indicating a high short-term 

persistence of the conditional variance. Therefore, the volatility in the GARCH 

models displays a high persistence. 

Table 4 also reports the estimates of the bivariate DCC(1,1) model. The 

parameters α and β of the DCC(1,1) models respectively capture the effects of 

standardised lagged shocks (ϵt−1 , ϵt−1
′ ) and the lagged dynamic conditional 

correlation effect (Qt−1) on current dynamic conditional correlation. The statistical 

significance of these coefficients in each pair of equity markets investigated 

indicates the existence of time-varying dynamic correlations. When α1 = 0 and β1 

= 0, we obtain Bollerslev’s (1990) Constant Conditional Correlation (CCC) model. 

The estimated coefficients α1 and β1 are all positive and satisfy the inequality 

constraint of α1 + β1 < 1 in each of the pairs of stock markets investigated. As 

shown in table 4, the parameter a is statistically significant in all the pairs 

                                                           
8 Alternative specifications (DCC (2.1), DCC (1.2), DCC (2.2), etc.) have been tested, but 

parameters were not significant and the log likelihood did not improve. 
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investigated. The parameter β1 is also highly significant. The significance of both 

the DCC parameters reveals a considerable time-varying co-movement and thus a 

high persistence of the conditional correlation. The sum of these parameters are 

very close to unity, thus implying that the volatility displays a high level of 

persistence. Also, since α1 + β1 < 1, the dynamic correlations revolve around a 

constant level and the dynamic process appears to be mean reverting. The 

unconditional correlation pairs of the standardised innovations are also listed from 

the estimated for the twelve GARCH models with the Irish equity market. The 

value of the correlations vary between a high of 0.69 for France and a low of 0.38 

for Greece. 

Boyer et al. (2006) show that contagion can either be investor induced through 

portfolio rebalancing or fundamental based. The latter can be associated to the 

interdependence phenomenon (Forbes and Rigobon, 2002) while the former case 

is described in behavioural finance literature as herding. Hirshleifer and Teoh 

(2003) argue that this herding behaviour can occur since investors are following 

other investors and characterise it as convergence of behaviour. Herding behaviour 

is defined as a group of investors trading in the same direction over a period of 

time. Using the dynamic conditional correlation measure, Jeon and Moffett (2010) 

and Syllignakis and Kouretas (2011) find herding behaviour in financial markets 

during crises periods. Also, it is crucial to check whether the selected equity index 

time series display evidence of multivariate ARCH effects and test the ability of 

multivariate GARCH specifications to capture the volatility linkages between 

equity markets. Kroner and Ng (1998) have confirmed the fact that only a few 

diagnostic tests are available for multivariate GARCH-class models compared to 

the diverse range of diagnostic tests devoted to its univariate counterparts.  

Finally, we examine the DCC-GARCH model’s change in behaviour between the 

period of stability and period of crises. In a first stage analysis, we estimate the 

impact of external shocks on the dynamic conditional correlation features. The 

influence of the subprime crisis in Europe has some particularly interesting effects. 

Through the use two dummy variables denoting the Irish economic crises and the 

period after the troika bailout, the different sub-classes allow us to investigate the 

dynamic features of the correlation coefficient changes associated with the Irish 

crisis, in terms of the pairwise correlations between the eleven equity markets 

investigated and that of Ireland. Following Chiang et al. (2007), we regress the 

time-varying correlation model as follows: 

𝜌𝑖𝑗,𝑡 = 𝜔𝑖𝑗 + ∑ 𝜑𝑝𝜌𝑖𝑗,𝑡−𝑝 + ∑ 𝛼𝑘𝐷𝑀𝑘,𝑡 + 𝑒𝑖𝑗,𝑡 
2

𝑘=1
 

𝑝

𝑝=1
 (9) 

where ρij,t is the pair-wise conditional correlation coefficient between the stock 

return i of the Irish equity market and the stock returns j of the eleven European 

exchanges included. DM1t is a dummy variable denoting the Irish financial crisis 
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denoting the period between July 2007 and November 2010. DM2t is a dummy 

variable denoting the period after troika intervention from November 29th 2010, 

until October 2013. The Irish crisis is the first phase of the investigation with 635 

observations and the second dummy term possesses 1,006 observations. The value 

of the dummy variables are set equal to unity for the crises periods and one 

otherwise. We use the Akaike Information Criterion (AIC) and Schwarz Bayesian 

Information Criterion (SBIC) to determine the lag length of the above equation. 

From the descriptive statistics of the time-varying correlation series, we find 

significant heteroskedasticity in all cases. Therefore, the conditional variance 

equation is assumed to follow a GARCH(1,1) specification including two dummy 

variables, DMk,t(k = 1,2): 

ℎ𝑖,𝑡 = 𝐴0 + 𝐴1𝜀𝑡−1
2 + 𝐵1ℎ𝑖,𝑡−1 + ∑ 𝑑𝑘𝐷𝑀𝑘,𝑡

2
𝑘=1    (10) 

where A0 > 0, A1 ≥ 0 , B1 ≥ 0 and A1 + B1 < 1. The estimation results for the 

time-varying correlations are reported in table 5. In the mean equation, the 

coefficient d1 is statistically significant in all the countries investigated. This 

indicates that the subprime crisis is significantly different from that of the pre-

crisis period included. This finding indicates the existence of contagion 

phenomenon between Irish equity markets and the included markets in this 

investigation during the Irish financial crisis. The largest coefficient is based on 

the correlation between Spain and Ireland (0.25) while the lowest is between 

Sweden and Ireland (0.03). In the second phase of the investigation focusing on 

the period after the troika bailout in Ireland, the estimate of the second dummy 

variable provides significant results for all the pair-wise investigations. The largest 

coefficient is based on the correlation between equity markets in Ireland and Spain 

(0.12) while the lowest is again based on the correlation between Irish and 

Swedish equity markets (0.01). The estimates of the shock-squared errors (A1) and 

lagged variance (B1) are highly significant for all pair-wise relationships 

investigated, indicating the presence of clustering phenomenon. These findings 

indicate more volatility changes in the conditional correlation coefficients during 

the Irish economic crisis than the period after the troika financial bailout in 

Ireland. The substantial reduction in contagion after the bailout offers significant 

support towards its use as a mechanism in crises moderation. In fact, the large 

statistics shows the true extent of how serious the Irish problem was across 

European equity markets, and the significant reduction in contagion coefficients 

prove that the bailout eased European-wide equity volatility rather than Irish 

equity volatility alone. 
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Tab. 5:  GARCH model testing changes in dynamics conditional correlations 

of stock market returns during the International financial crisis 

Source: Data is sourced from Bloomberg with all calculations completed by the authors. 

Note: T-statistics are located below the estimated coefficients of the GARCH model based 

on the conditional correlations of European stock market returns. In the variance equation, 

α1 represents the ARCH term and β1 represents the GARCH term. d1 is a dummy variable 

denoting the Irish financial crisis’s impact upon the selected countries (July 2007 to 

November 2010). d2 is a dummy variable denoting the period after troika intervention in 

Ireland (November 29th 2010 to October 2013) and its associated impact on the 

investigated countries.  

Overall, these results suggest that when the Irish-specific crisis began in 2007, 

combined with rumours of a Greek sovereign debt default, market correlations are 

found to have varied intensely and this variability appears to be persistent over 

time. The results indicate herding behaviour within European markets during the 

crises, but this phenomenon appears to have been significantly higher during the 

Irish financial crisis. Germany and the problematic states of Greece, Spain, France 

and Italy show dramatic contagion increases during the Irish sovereign debt crises. 

These results represent European-wide fear and show that contagion spread 

through the main problematic states and indeed Germany, a sovereign state viewed 

by investors as a barometer of European-wide financial health given it leading 

status and financial strength. 

The empirical analysis of the patterns of time-varying correlation coefficients 

during the Irish financial crisis of 2007-2010, provides evidence supporting the 

presence of significant contagion effects due to herding behaviour in European 
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equity markets. Indeed, the high correlation coefficients, during crisis periods, 

imply that the benefit from international diversification, by holding a portfolio 

consisting of diverse stocks from the contagious equity markets in Europe, 

decline. Furthermore, the statistical inference of the high volatility of conditional 

correlation coefficients during the investigated crises periods may have misled 

investment manager’s portfolio decisions. Moreover, the findings in this paper are 

important for policy makers in Europe since the instability created by equity 

market contagion significantly hinders development and growth. The results found 

in this paper reiterate the importance that European policymakers focus on 

methods of closing channels of contagion during crisis periods to decrease the 

instability of European markets as a whole. 

6  Conclusions 

This paper is a contribution to the existing empirical literature on financial market 

contagion. It focuses on the increase in the strength of the transmission of the Irish 

sovereign debt crisis between 2007 and 2010, to eleven of the European equity 

markets. To measure potential contagion phenomena, we first use the adjusted 

correlation approach of Forbes and Rigobon (2002). The main empirical findings 

of this analysis presents evidence of financial contagion mechanisms in all pairs of 

stock markets investigated. Then, we have extended this analysis by taking into 

account the dynamic feature of the conditional correlation coefficients between the 

European equity markets investigated. We used the multivariate DCC-GARCH 

modelling structure to investigate the existence of increased correlation patterns 

during denoted financial crisis periods. The results indicate the existence of 

financial contagion effects due to herding behaviour in European equity markets 

between 2007 and 2013. We find statistically significant effects of the Irish 

financial crisis on the dynamic conditional correlations with the main European 

equity markets during the crises. These effects are found to be stronger during the 

initial Irish economic crisis. The alleviation of these effects in the period after 

troika intervention in the Irish financial system offer evidence supporting bailouts 

as a mechanism of stemming equity market contagion. 

The use of bailouts as a mechanism to ease contagion during crises is supported 

and is found to have been largely successful during the Irish financial crisis. Given 

this result, it may be necessary to implement bailout mechanisms as a primary 

response in future economic crises. This result also raises moral hazard issues, 

primarily to what extent these issues can be mitigated if a sovereign state knows 

that it will be bailed out in the event of economic turmoil. Perhaps, the 

implementation of high interest rates on each unit of funding provided through the 

bailout mechanism (but less than sovereign borrowing rates) would reduce any 

moral hazard issues. Performance incentives could also aid recovery speed, but 
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this would have to be carefully controlled. During the implementation of a bailout 

facility, all parties involved must not lose sight that the immediate alleviation of 

financial market chaos is the primary goal, which stems directly from the 

restoration of investor confidence. The next goal should be to generate economic 

growth to enable repayment of the financial facility. If this cannot be generated, 

the recipient of the financial assistance will most likely enter a debt-spiral leading 

to further medium to long term financial crisis. If the alternative to not 

implementing a financial bailout is financial and economic collapse, the bailout 

mechanism should be viewed as the better option between two unwanted and 

potentially catastrophic financial outcomes.  
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