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Abstract 

Essays on Measuring Systemic Risk 

by 

Christoforos Konstantatos 

The present dissertation explores various approaches of measuring the systemic risk, 

identifying the systemic important banking institutions and exploring extreme equity price 

movements of euro area banking institutions. It consists three chapters focusing on U.S. 

and euro area banking institutions. Chapter 2 investigates the contribution and the exposure 

of banking institutions to systemic risk and compares the systemic measures named (i) 

Delta Conditional Value at Risk, (ii) Marginal Expected Shortfall and (iii) Systemic RISK. 

The results indicate that the euro area banking institutions impose the highest risk in 

financial system (contribution to systemic risk). In addition, they are the most vulnerable 

banking institution in case of a crisis. Moreover, the banking institutions with the highest 

expected losses in case of an extreme event are mainly US banking institutions. Chapter 3 

examines the cross-Atlantic risk exposures by using Conditional Value at Risk measure to 

capture the evolution of tail risk dependence. Specifically, Chapter 3 investigates the 

systemic risk between the US and European Monetary Union banking institutions. The 

results highlight that the two largest German banking institutions are among the most 

vulnerable euro area banking institutions to risk exposures derived from US banking 

institutions which in turn are highly exposed to the three largest French banking 

institutions. Chapter 4 investigates the tail dependence structure of the twenty-four largest 

banking institutions in the euro area before and after the Lehman Brothers collapse. The 

results indicate that in the post-crisis sub-period the level of correlation of negative return 

exceedances increases substantially amongst banking institutions in the euro area core. 

However, among the countries which receive rescue packages, the largest banking 

institutions in Greece and Ireland decline the extreme correlation with almost all the rest 

of the largest banking institutions in the euro area. 
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Περίληψη 

Δοκίμια στον Συστημικό Κίνδυνο 

του 

Χριστοφόρου Κωνσταντάτου 

Η παρούσα διατριβή ερευνά διάφορα μέτρα συστημικού κινδύνου, αναγνωρίζοντας – 

προσδιορίζοντάς τα συστημικά τραπεζικά ιδρύματα της Ευρωπαϊκής Νομισματικής 

Ένωσής (Ευρωζώνης). Επίσης εξετάζει τις ακραίες κινήσεις της τιμής των μετοχών των 

τραπεζικών ιδρυμάτων της Ευρωζώνης. Η παρούσα αποτελείται από τρία κεφάλαια 

εστιάζοντας στα τραπεζικά ιδρύματα των Ηνωμένων Πολιτειών και της Ευρωζώνης. Το 

Κεφάλαιο 2 συγκρίνει τα συστημικά μέτρα τα επονομαζόμενα (i) Delta Conditional Value 

at Risk, (ii) Marginal Expected Shortfall και (iii) Systemic RISK. Τα αποτελέσματα 

καταδεικνύουν ότι τα τραπεζικά ιδρύματα της ζώνης του ευρώ συνεισφέρουν τον 

υψηλότερο κίνδυνο στο χρηματοπιστωτικό σύστημα (συμβολή στον συστημικό κίνδυνο). 

Επιπροσθέτως είναι και τα πιο ευάλωτα τραπεζικά ιδρύματα σε περίπτωση ύφεσης. Τα 

τραπεζικά ιδρύματα με τις υψηλότερες αναμενόμενες απώλειες σε περίπτωση ακραίων 

γεγονότων είναι κυρίως τα τραπεζικά ιδρύματα των ΗΠΑ. Το Κεφάλαιο 3 διερευνά τον 

συστημικό κίνδυνο που διαχέεται μεταξύ των τραπεζικών ιδρυμάτων των Ηνωμένων 

Πολιτειών και της Ευρωζώνης κάνοντας χρήση του μέτρου Conditional Value at Risk. Τα 

αποτελέσματα καταδεικνύουν ότι δύο από τα μεγαλύτερα γερμανικά τραπεζικά ιδρύματα 

συγκαταλέγονται στα πιο ευάλωτα τραπεζικά ιδρύματα της ζώνης του ευρώ στον 

συστημικό κινδύνου που προέρχονται από τα αντίστοιχα αμερικανικά τραπεζικά ιδρύματα, 

επίσης παρατηρείτε υψηλός βαθμός έκθεσης των αμερικανικών τραπεζικών ιδρυμάτων 

στα τρία μεγαλύτερα γαλλικά τραπεζικά ιδρύματα. Το Κεφάλαιο 4 ερευνά τη δομή 

εξάρτησης των ουρών των είκοσι τεσσάρων μεγαλύτερων τραπεζών στη ζώνη του ευρώ 

πριν και μετά την κατάρρευση της Lehman Brothers. Τα αποτελέσματα καταδεικνύουν ότι 

στη μετά κρίση περίοδο το επίπεδο της ακραίας συσχέτισης αυξάνεται σημαντικά στα 

τραπεζικά ιδρύματα του πυρήνα του ευρώ. Επίσης, μεταξύ των χωρών που λαμβάνουν 

δέσμη μέτρων διάσωσης τα μεγαλύτερα τραπεζικά ιδρύματα σε Ελλάδα και Ιρλανδία 

παρατηρείτε ότι μείωσαν την ακραία συσχέτιση με τα αντίστοιχα τραπεζικά ιδρύματα της 

ζώνης του ευρώ. 
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Chapter 1 

Introduction 

The recent financial crisis, originated in US subprime mortgage market, triggered 

by Lehman Brothers filing for bankruptcy, reveals the fragility of the financial system. 

Policymakers instigate the discussions of institutional stability. Consequently, the policy 

agenda has been shifted toward the regulatory framework on banking institutions. The third 

instalment of the Basel Accords (Basel III) has been developed by the Basel Committee on 

Banking Supervision (BCBS), in response to the deficiencies in banking regulation. 

Chapter 2 investigates the contribution and the exposure of banking institutions to 

systemic risk. I employ three systemic risk measures, Delta Conditional Value at Risk 

(𝛥𝐶𝑜𝑉𝑎𝑅) defined by Adrian and Brunnermeier (2016), Marginal Expected Shortfall 

(𝑀𝐸𝑆) defined by Acharya et al. (2017) and Systemic RISK (𝑆𝑅𝐼𝑆𝐾) defined by Acharya, 

et al. (2012) and Brownlees and Engle (2017)1. The investigation period spans from 

January 02, 2001 to June 11, 2014, the Conditional Value at Risk (𝐶𝑜𝑉𝑎𝑅) corresponds to 

the Value at Risk (𝑉𝑎𝑅) of the financial system conditional on a particular banking 

institution being in financial distress. The 𝛥𝐶𝑜𝑉𝑎𝑅 corresponds to the difference between 

𝑉𝑎𝑅 of the financial system given that a banking institution is in distress and 𝑉𝑎𝑅 of the 

financial system given median state. The 𝑀𝐸𝑆 corresponds to expected equity loss of a 

particular banking institution when the market is in its left tail (below of threshold level) 

over a given time horizon; I pick 2 percent on one day. The SRISK corresponds to expected 

capital loss of a particular banking institution conditional on a severe market decline. The 

present chapter answers the following question: “How much do the US and euro area 

 
1 MES firstly introduced by Acharya et al. (2010), also SRISK firstly introduced by Acharya, et al. (2012) 

and Brownlees and Engle (2012) 
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banking institutions contribute and how exposed are they to systemic risk?”. The 

contribution of the present analysis is to identify the systemically important financial 

institutions (SIFIs).2 Chapter 2 consists of the computing of systemic risk measures and the 

ranking of US and euro area banking institutions according to these measures. 

Additionally, the ranking cross-sectional correlation of the aforementioned systemic risk 

measures are investigated. The present analysis concluding to that the euro area banking 

institutions (mainly French and German) impose the highest risk in the financial system 

(contribution to systemic risk). Moreover, the euro area banking institutions (mainly 

Greek) are the most vulnerable banking institution in case of a crisis. Last, the banking 

institutions with the highest expected losses in case of an extreme event are mainly the US 

banking institutions. 

Chapter 3 examines the interconnectedness between US and euro area banking 

institutions and vice versa. I employ the conditional model of the 𝐶𝑜𝑉𝑎𝑅 risk measure 

which focuses on the tail distribution to capture the direct and indirect spillover effect 

between the eleven US banking institutions and twenty-four euro area banking institutions; 

overall, we investigate 528 pairs of banking institutions. Following Adrian and 

Brunnermeier (2016), I also use macroeconomic and financial risk factors (state variables) 

to capture the variation in tail risk, which is indirectly related to the risk exposure. The 

investigation period spans from January 02, 2001 to June 11, 2014. The present chapter 

answers the following question: “How much is the cross-Atlantic risk exposure of the 

largest banking institutions?” A leading motivating example is the spillover between 

banking institutions due to interconnectedness -Too Interconnected To Fail (TITF), which 

is vital to policy coordination (regulators and policy makers) to alleviate the economic 

uncertainties. The contribution of the present analysis is to measure the systemic risk 

exposures of a particular banking institution to another cross-border peer. Chapter 3 

quantifies the risk exposure of US banking institutions to a particular euro area banking 

institution being in distress and vice versa (the risk exposure of euro area banking 

institutions to a particular US banking institution being in distress). Consequently, I employ 

 
2“SIFIs are financial institutions whose distress or disorderly failure, because of their size, complexity and 

systemic interconnectedness, would cause significant disruption to the wider financial system and economic 

activity.” Financial Stability Board (FSB); November 04, 2011. 
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risk indicators 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 and 𝑣𝑅𝐼𝑆𝐾 based on 𝐶𝑜𝑉𝑎𝑅 to rank the banking institutions 

according to their contribution to cross-border risk and the vulnerability to cross-border 

risk, respectively. The present analysis concludes that the German Deutsche Bank AG and 

the Erste Group Bank AG banking institutions are among the most vulnerable euro area 

banking institutions. We also observe a high level of risk exposure of US banking 

institutions to the French Société Générale SA and the BNP Paribas SA banking 

institutions. 

Chapter 4 is a joint work with Konstantinos Gkillas, François Longin and 

Athanasios Tsagkanos, it investigates the tail dependence structure of the twenty-four 

largest banking institutions in the euro area before and after the financial crisis of 2008. 

The investigation period spans from January 02, 2001 to October 31, 2016, the pre-crisis 

sub-period is considered from January 02, 2001 to September 14, 2008 (the day before the 

Lehman Brothers collapse). The post-crisis sub-period is considered from September 15, 

2008 to October 31, 2016. We employ multivariate extreme analysis (Extreme Value 

Theory) in order to quantify the downside and upside dependencies on the largest banking 

institutions of nine countries in the euro area; overall, we investigate 264 pairs of banking 

institutions at optimal threshold level. We quantify the probability of downside and upside 

dependencies into three different transmission areas of risk in the euro area during an 

extremely volatile period – the financial crisis of 2008, to this end, we apply logistic 

regression on the results of multivariate extreme value analysis (correlation of return 

exceedances). The present analysis concludes to the existence of high extreme correlation 

among the banking institutions of the euro area core. We observe that the extreme 

correlation increases in bear markets, but not in bull markets. More importantly, our results 

highlight that in periods of extreme volatility we observe a high probability of shocks 

transmitting between the banking institutions of the euro area periphery and banking 

institutions of the euro area core and among the banking institutions of the euro area core. 
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Chapter 2 

Measuring the Systemic Risk 

2.1 Introduction 

Understanding the systemic risk is crucial to policy makers when appropriate policy 

responses are pivotal to alleviate the economic uncertainties, especially since the impact of 

financial shocks have adverse consequences on the economy. (Kroszner et al., 2007). 

Consequently, to identify the SIFIs is crucial among the regulators. Many banking 

institutions due to their size ‘Too Big to Fail (TBTF)’, leverage or interconnectedness ‘Too 

Interconnected To Fail (TITF)’ with the rest of the financial industry are of the highest 

concern to policy coordination (see Balla, 2014) to frame possible contagion. 

In recent financial crisis, the global financial meltdown of 2007 – 2009 spurred 

turmoil around the world. Thus, the bursting of the United States (US) real estate bubble 

and the Lehman Brothers collapse led to sovereign default risk in the euro area. Bank 

bailout programs have changed the composition of both banks’ and sovereigns’ balance 

sheets (Alter and Schuler, 2012).3 During the financial crisis in 2007 – 2008, the European 

banking system was significantly in distress. That is partly explained by the differentiation 

of the European banking system to that in the U.S.; articles 123, 124 and 125 of the Treaty 

on the Functioning of the European Union which place the responsibility for the banking 

systems of the Member States on the national governments.4 The European Central Bank 

 
3 Lane (2012) has examined the relationship between the euro and the European sovereign debt crisis and 

analyzed how a banking crisis changed into sovereign debt crisis in Europe. 
4 For Treaty on the Functioning of the European Union see Official Journal of the European Union (2012), 

Volume 55, ISSN 1977-091X. “Article 123 (ex Article 101 TEC) 1. Overdraft facilities or any other type of 

credit facility with the European Central Bank or with the central banks of the Member States (hereinafter 

referred to as ‘national central banks’) in favour of Union institutions, bodies, offices or agencies, central 

governments, regional, local or other public authorities, other bodies governed by public law, or public 

undertakings of Member States shall be prohibited, as shall the purchase directly from them by the European 

Central Bank or national central banks of debt instruments. 2. Paragraph 1 shall not apply to publicly owned 
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(ECB)and national central banks are prevented from acting as a lender of last resort to 

ameliorate the banking crisis, as the US Federal Reserve (Fed) is used to doing (Carlson et 

al., 2011). Which indicates that, any response of European governments to act as lender of 

last resort to prevent contagion effects in banking crises has a counterintuitive outcome 

with the traditional view of finance.5 The link between sovereign risk and a banking system 

acts as an amplification mechanism and turns minor events into major ones. Indeed, the 

bank bailout programs affected the linkage between the default risk of governments and 

their local banks. Contagion between sovereign risk and banking risk have recently been 

highlighted owing to the sovereign debt crisis in Europe (see Brown and Dinc, 2011; Ejsing 

and Lemke, 2011; Demirgüç-Kunt and Huizinga, 2013; Alter and Schüler, 2012; De 

Bruyckere et al., 2013; Alter and Beyer, 2014; Betz et. al, 2015). Recently, Allegret et al. 

(2017) has found a negative impact of the European sovereign debt crisis on banking 

institutions’ equity returns. This has mainly been noticed in European banking institutions, 

whereas US banking institutions appear to be unharmed by its direct impact and may even 

have benefited from it. Besides, they found some evidence of shift contagion across 

Europe. 

The literature on systemic risk is categorized into two strands; 6 the first strand of 

the literature focuses on defining the systemic risk, studied by Bartram et al. (2007), Nier 

et al. (2007), Huang et al. (2009) and Acharya (2009), among others. Bartram et al. (2007) 

considered the systemic failure in a banking system as a breakdown on the interbank 

payment system either from gridlock or loss of confidence in banking institutions. Nier et 

 
credit institutions which, in the context of the supply of reserves by central banks, shall be given the same 

treatment by national central banks and the European Central Bank as private credit institutions. Article 124 

(ex Article 102 TEC) Any measure, not based on prudential considerations, establishing privileged access by 

Union institutions, bodies, offices or agencies, central governments, regional, local or other public 

authorities, other bodies governed by public law, or public undertakings of Member States to financial 

institutions, shall be prohibited. Article 125 (ex Article 103 TEC) 1. The Union shall not be liable for or 

assume the commitments of central governments, regional, local or other public authorities, other bodies 

governed by public law, or public undertakings of any Member State, without prejudice to mutual financial 

guarantees for the joint execution of a specific project. A Member State shall not be liable for or assume the 

commitments of central governments, regional, local or other public authorities, other bodies governed by 

public law, or public undertakings of another Member State, without prejudice to mutual financial guarantees 

for the joint execution of a specific project. 2. The Council, on a proposal from the Commission and after 

consulting the European Parliament, may, as required, specify definitions for the application of the 

prohibitions referred to in Articles 123 and 124 and in this Article.” 
5 Galariotis et al. (2016a) found strong evidence that during the EU crisis period, macroeconomic information 

announcements induced bond market investor herding. 
6 See Benoit et al. (2017) for an overview of extensive literature on systemic risk. 
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al. (2007), defined the systemic risk as the externalities of banking institutions’ failure or 

banking institutions’ weakness to the financial system or economy. Huang et al. (2009) 

defined the systemic risk as “multiple simultaneous defaults of large financial 

institutions”. Acharya (2009) defined the systemic risk as “the joint failure risk arising 

from the correlation of returns on the asset side of bank balance sheets”. 

The second strand of literature aims to measure the systemic risk using financial 

market variables not focusing on a specific transmission channel or on a particular source 

of systemic risk. Three distinguished examples of market-data based measures are the 

𝛥𝐶𝑜𝑉𝑎𝑅, 𝑀𝐸𝑆 and 𝑆𝑅𝐼𝑆𝐾. The first approach 𝛥𝐶𝑜𝑉𝑎𝑅, introduced by Adrian and 

Brunnermeier (2016) is based on the 𝐶𝑜𝑉𝑎𝑅 concept. They propose the 𝐶𝑜𝑉𝑎𝑅 to measure 

the 𝑉𝑎𝑅 of a particular institution conditional on another being in distress. Consequently, 

the 𝛥𝐶𝑜𝑉𝑎𝑅 is defined as the difference between 𝐶𝑜𝑉𝑎𝑅 of the financial system 

conditional on an institution being in distress and that in a median state (normal situation); 

this indicates the contribution of a particular institution to systemic risk. As the 𝐶𝑜𝑉𝑎𝑅 

captures market losses when a particular institution is in distress, the second approach 𝑀𝐸𝑆 

of Acharaya (2010) focuses on the opposite direction of risk. 𝑀𝐸𝑆 captures the losses of a 

particular institution when the market declines beyond a given threshold over a given time 

span. The third approach extends the 𝑀𝐸𝑆 measure by Acharya, et al. (2012) and 

Brownlees and Engle (2015) in order to take into account both the liabilities and the size 

of the financial institution named SRISK.7 The new measure captures the expected capital 

shortfall of a particular institution conditional on a financial system crisis. The 𝑀𝐸𝑆, 

𝐶𝑜𝑉𝑎𝑅 and 𝑆𝑅𝐼𝑆𝐾 risk measures are extensively applied in many studies among others, 

Girardi and Ergün (2013), Castro and Ferrari (2014), Bierth et al. (2015). 

In this chapter, we investigate systemic risk in US and euro area banking 

institutions. We construct a panel containing thirty-five banking institutions to measure the 

contribution and the exposure of banking institutions to systemic risk. The thirty-five 

banking institutions of the panel are grouped in two categories: the U.S banking institutions 

and the European Monetary Union (EMU) banking institutions. I apply three prominent 

systemic risk measures 𝛥𝐶𝑜𝑉𝑎𝑅, 𝑀𝐸𝑆 and 𝑆𝑅𝐼𝑆𝐾 to investigate the systemic risk derived 

 
7 The 𝑆𝑅𝐼𝑆𝐾 measure was initially applied on the US financial institutions, later it expanded to European 

financial institutions. 
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from the banking institution affecting the financial system and vice versa for the period 

which extends from January 02, 2001 to June 11, 2014. I focus on systemic risk analysis 

to investigate the relationship among the 𝛥𝐶𝑜𝑉𝑎𝑅, 𝑀𝐸𝑆 and 𝑆𝑅𝐼𝑆𝐾 systemic measures 

and to investigate how the Lehman Brothers collapse affected either the contribution to 

systemic risk or the exposures of banking institutions to systemic risk. My findings reveal 

that among the banking institutions with the highest 𝛥𝐶𝑜𝑉𝑎𝑅 systemic risk measure are 

the BNP Paribas SA, the Société Générale SA and the Deutsche Bank AG indicates that 

they impose the highest risk in the financial system when they are in distress (contribution 

to systemic risk). Moreover, among the banking institutions with the highest 𝑀𝐸𝑆 systemic 

risk measure are the Alpha Bank AE and the National Bank of Greece indicate that they 

are the most vulnerable banking institutions in euro area financial shocks. Last the banking 

institutions with the highest 𝑆𝑅𝐼𝑆𝐾 systemic risk measure are the Morgan Stanley, the 

Citigroup Inc, Bank of America Corp, JPMorgan Chace &Co and Wells Fargo &Co 

indicates the they have the highest expected losses in case of a crisis. 

The remainder of the chapter is organized as follows: Section 2 presents the related 

literature. Section 3 presents the data used in the present chapter. Section 4 presents the 

definitions of systemic risk measures and the methodology. Section 5 discusses the 

empirical results. Section 6 concludes. 

2.2 Literature review 

This chapter is closely related to the existing literature on systemic risk in the 

banking sector. Policy and regulatory interventions are based on measuring the systemic 

risk in the banking industry and identifying the systemic banking institutions. 

Many studies attempt to quantify or measure the systemic risk (see Jaramillo et al., 

2010; Hart and Zingales, 2009; Huang et al. 2009; Billio et al., 2012; Balla et al., 2012; 

López-Espinosa et al., 2012; Bisias et al., 2012; Hautsch et al., 2015).8 Jaramillo et al. 

(2010) by modeling the systemic risk they have estimated the distribution of losses of the 

banking sector and separated them into two components, the initial shock losses and losses 

 
8 Calomiris and Mason (1997, 2000) suggested alternative approaches to systemic risk modelling, 

withdrawals or survival duration of banks during banking panics in the great Depression on market-based 

information. For relation between bank contagion risk and Central Bank’s data see Upper and Worms (2004), 

Mistrulli, (20011), Lelyveld van and Liedorp, (2006) and Degryse and Nguyen (2007), among others. 
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incurred by contagion. Hart and Zingales (2009) developed an indicator of systemic 

instability by using the credit default swap (CDS). Huang et al. (2009) used the CDS data 

and equity returns to estimate the price of joint insurance for the banking sector liabilities. 

Billio et al. (2012) measured the systemic risk as proportion of banking institutions pairs 

whose stock returns exhibit Granger causality to a number of total bank pairs of the sample. 

Balla et al. (2012) extended the Billio’s et al. (2012) measurement to tail co-movements on 

the US banking sector by using extremal dependence measures. López-Espinosa et al. 

(2012) proposed a variant of 𝛥𝐶𝑜𝑉𝑎𝑅, which captures the risk dependencies between a 

financial institution with the rest of the financial system. Bisias et al. (2012) provided a 

comprehensive survey of 31 systemic risk measures that have been proposed through time. 

Hautsch et al. (2015) suggested the realized systemic risk beta as a measure of financial 

companies’ contribution to systemic risk, given a network interdependence between firms’ 

tail risk exposures. 

In empirical study, Black et al. (2016) measured the systemic risk of European 

banking institutions based on distress insurance premium (DIP), which reached its height 

around €500 billion in late 2011. Fiordelisi and Marques-Ibanez (2013) found that default 

risk of several European banking institutions tend to be systemic. Siebenbrunner et al. 

(2017) gauged the capacity of bank-specific indicators to explain the contagion losses 

triggered by realizations of sizeable idiosyncratic shocks. They also studied the contagion 

impact through different channels, separated into four effects and evaluated the predictive 

power. Last, Allen et al. (2012) suggested a tail measure of aggregate systemic risk as an 

early warning indicator towards future economic downturn by using the cross-sectional 

distribution of financial institutions’ equity returns. 

2.3 Data 

This section presents the data used in my analysis. I describe the data and the 

selection procedure. 

I investigate the contribution and exposure of US and euro area banking institutions 

to systemic risk. I employ the 𝛥𝐶𝑜𝑉𝑎𝑅, 𝑀𝐸𝑆 and 𝑆𝑅𝐼𝑆𝐾 systemic risk measures to 

banking institutions equity returns in a daily frequency (3,164 observations for each 

institution. The present analysis spans from January 02, 2001 to June 11, 2014. I consider 
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daily market prices of banking institutions’ equities of a panel of thirty-five banking 

institutions from two different regions: the U.S. and the euro area, focusing on the tail 

dependence between the banking institution returns and financial market returns. The US 

financial market returns refers to the S&P500 market returns an index which represents the 

performance of the 500 most highly capitalised blue chip companies based in the United 

States. The euro area financial market returns refers to the FTSE Euro100 market returns 

an index which represents the performance of the 100 most highly capitalised blue chip 

companies based in the euro area countries. The sample of eleven US banking institutions 

are the largest according to total assets, eight of them are included in the Financial Stability 

Board (FSB) in November 2018 as G-SIBs. Regarding to the euro area banking institutions 

sample, the twenty-four euro area banking institutions are the largest in the EMU (see Ricci 

2015). Table A1 reports the US and euro area banking institutions by their respective 

countries, ticker symbols, names and size defined as total assets. Data for the market prices 

of banking institutions’ equities comes from Bloomberg database. As for the SRISK 

measure I use balance sheet data derived from Thomson Reuters Datastream 

2.4 Measures of systemic risk 

In this section I provide the framework and the methodology of three systemic risk 

measures (i) 𝛥𝐶𝑜𝑉𝑎𝑅, (ii) 𝑀𝐸𝑆 and (iii) 𝑆𝑅𝐼𝑆𝐾 introduced to the literature by Adrian and 

Brunnermeier (2016); Acharya et al. (2017); and Acharya, et al. (2012) and Brownlees and 

Engle (2012). 

2.4.1 Definitions 

2.4.1.1 Delta Conditional Value at Risk 

Following Adrian and Brunnermeier (2016), the Conditional Value at Risk 

(CoVaR) i.e., 𝐶𝑜𝑉𝑎𝑅𝑗|𝑖is defined as the 𝑉𝑎𝑅 of a particular institution 𝑗 conditional on 

banking institution 𝑖 being in financial distress. In case the financial market is 𝑗 (𝑗 =

𝑓𝑖𝑛𝑎𝑛𝑐𝑖𝑎𝑙 𝑠𝑦𝑠𝑡𝑒𝑚), 𝐶𝑜𝑉𝑎𝑅 is the 𝑉𝑎𝑅 of the financial system conditional on a particular 

banking institution 𝑖 being in financial distress. The 𝐶𝑜𝑉𝑎𝑅 captures the contribution of a 

particular banking institution to another institution’s risk. Given that a banking institution 
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𝑖 has a 𝑉𝑎𝑅 loss, the 𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑖  is defined as the q-quantile of the conditional probability 

distribution: 

Pr(𝑟𝑚,𝑡 ≤ 𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑚|𝑖|𝑟𝑖,𝑡 = 𝑉𝑎𝑅𝑞,𝑡

𝑖 ) = 𝑞 (2.1) 

where, 𝑟𝑚,𝑡 is the market return, 𝑟𝑖𝑡 is the return of institution 𝑖. 

The contribution of banking institution 𝑖 to systemic risk, captured by 𝛥𝐶𝑜𝑉𝑎𝑅, 

denotes the difference between the 𝑉𝑎𝑅 of the financial system given the distress in 

institution 𝑖 and the 𝑉𝑎𝑅 of the financial system given the median state (𝑞 = 0.5) in 

banking institution 𝑖. Hence, 𝛥𝐶𝑜𝑉𝑎𝑅 is defined as: 

𝛥𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑖 = 𝐶𝑜𝑉𝑎𝑅𝑞,𝑡

𝑖 − 𝐶𝑜𝑉𝑎𝑅𝑞=0.5,𝑡
𝑖  (2.2) 

Thus, the 𝛥𝐶𝑜𝑉𝑎𝑅 measures the additional risk that a particular banking institution 

contributes to the financial system. Adrian and Brunnerrmeiner (2016) raised the question 

whether a regulation based on the risk of an institution may underestimate the systemic risk 

dimension of the risk taking. For example, two banking institutions with the same 𝑉𝑎𝑅s 

but with different 𝛥𝐶𝑜𝑉𝑎𝑅s indicate a different contribution to the system-wide risk. 

2.4.1.2 Marginal Expected Shortfall 

Following Acharya et al. (2017), the 𝑀𝐸𝑆 is defined as the expected equity loss of 

an institution conditional on the market return falling below a threshold, 𝐶. Where the 

threshold is equal to the conditional 𝑉𝑎𝑅 of the market, 𝐶 = 𝑉𝑎𝑅𝑞,𝑡
𝑚  I can express the 𝑀𝐸𝑆 

of banking institution 𝑖 at time 𝑡 as: 

𝑀𝐸𝑆𝑖,𝑡 = 𝐸𝑡(𝑟𝑖,𝑡+1|𝑟𝑚,𝑡+1 < 𝐶) (2.3) 

Unlike the 𝐶𝑜𝑉𝑎𝑅, which captures market losses when a particular banking institution is 

in distress, the 𝑀𝐸𝑆 captures the losses of a particular banking institution when the market 

is in a stressful condition. The 𝑀𝐸𝑆 could be viewed as a measure of the banking 

institution’s sensitivity to a financial shock. 
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2.4.1.3 Systemic RISK 

Following Brownlees and Engle (2017), the 𝑆𝑅𝐼𝑆𝐾 is defined as the expected 

capital shortfall of a banking institution conditional on a market shock:  

𝑆𝑅𝐼𝑆𝐾𝑖,𝑡 = 𝐸𝑡(𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑆ℎ𝑜𝑟𝑡𝑓𝑎𝑙𝑙𝑖,𝑡|𝑆ℎ𝑜𝑐𝑘) (2.4) 

Acharya et al. (2012) further express 𝑆𝑅𝐼𝑆𝐾 as follows:9 

𝑆𝑅𝐼𝑆𝐾𝑖,𝑡 = max[0; 𝑘𝐷𝑖,𝑡 − (1 − 𝑘)𝑊𝑖,𝑡(1 − 𝐿𝑅𝑀𝐸𝑆𝑖,𝑡)]

= max{0; 𝑊𝑖,𝑡[𝑘𝐿𝑖,𝑡 + (1 − 𝑘)𝐿𝑅𝑀𝐸𝑆𝑖,𝑡 − 1]} 
(2.5) 

where 0 < 𝑘 < 1 is the prudential capital fraction, 𝐷𝑖,𝑡 is the book value of the banking 

institution’s debt, 𝑊𝑖,𝑡 is the banking institution’s market capitalization or market value of 

its equity and 𝐿𝑅𝑀𝐸𝑆𝑖,𝑡 is the long-run 𝑀𝐸𝑆, 𝐿𝑖,𝑡 is the quasi leverage ratio defined as the 

ratio of the book value plus market value of its equity to the market value of equity 

𝐿𝑖,𝑡 = (𝐷𝑖,𝑡 + 𝑊𝑖,𝑡) 𝑊𝑖,𝑡⁄ . 

As 𝐿𝑅𝑀𝐸𝑆 indicates the expected drop in the equity value of a banking institution 

when the market decreases more than threshold 𝐶 within the next six months (see, Acharya 

et al., 2012). Thus, Acharya et al. (2012) propose to approximate it as 𝐿𝑅𝑀𝐸𝑆 ≈ 1 −

𝑒𝑥𝑝(18 × 𝑀𝐸𝑆) where 𝑀𝐸𝑆 is the expected daily loss if the market returns are less than 

−2 percent. 

2.4.2 Methodology 

Systemic risk measures predicate modeling of joint distribution of asset returns, the 

most common measure (𝑉𝑎𝑅) of systemic risk (measuring the dependency – correlation) 

it assumes normality and constant dependency across the quantiles, however, a plethora of 

academic publications suggest that asset prices exhibit heavy tails. Indeed, asymmetric 

dependence and different correlation levels occur in different time periods, extreme 

dependencies increase during volatile periods or downward market movements. Given this, 

I consider nonlinear models to estimate the dependence between the returns of banking 

institutions. 

 
9 Based on Brownlees, C. T, and Engle, R.F. (2011).Volatility, Correlation and Tails for Systemic Risk 

Measurement. Unpublished. Later, Brownlees, C. T., and Engle, R. F. (2012). Volatility, correlation and tails 

for systemic risk measurement, SSRN Scholarly Paper ID 1611229. Rochester, NY: Social Science Research 

Network. 
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2.4.2.1 ΔCoVaR 

I follow Adrian and Brunnermeier (2016) to estimate the 𝐶𝑜𝑉𝑎𝑅 via quantile 

regression (Koenker and Bassett, 1978a). I use quantile regression to capture the nonlinear 

relationship between markets and banking institutions equity returns. The next three steps 

explain the methodology to compute the 𝛥𝐶𝑜𝑉𝑎𝑅 in detail. 

Step 1. I estimate the coefficients of the quantile regression: 

𝑟𝑚,𝑡 = 𝑎𝑖,𝑞 + 𝛽𝑖,𝑞𝑟𝑖,𝑡 + 𝜀𝑖,𝑞 (2.6) 

where 𝑟𝑚,𝑡 is the market return and 𝑟𝑖,𝑡 is the 𝑖𝑡ℎ financial institution's equity return, and 𝑞 

is the 𝑞𝑡ℎ quantile of the return distribution.10 

Step 2. In order to compute the 𝐶𝑜𝑉𝑎𝑅 I use the estimated coefficients from the 

Equation (2.6) as follows: 

𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑖 = �̂�𝑖,𝑞 + �̂�𝑖,𝑞𝑉𝑎𝑅𝑞,𝑡

𝑖  (2.7) 

𝑉𝑎𝑅𝑞,𝑡
𝑖 in Equation (2.7) is calculated as: 

𝑉𝑎𝑅𝑞,𝑡
𝑖 =  𝜎𝑖,𝑡𝐹−1(𝑞) (2.8) 

where 𝜎𝑖,𝑡 are time-varying volatilities for 𝑖𝑡ℎ banking institution. Assuming that 

𝑟𝑖,𝑡 𝜎𝑖,𝑡⁄ ~𝐹 location scale distribution, I follow Glosten et al. (1993) to estimate the 𝜎𝑖,𝑡 

using a GJR-GARCH model. 

Step 3. In order to examine the sensitivity of the financial system when a banking 

institution 𝑖 is in distress, I estimate the 𝛥𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑖  as follows: 

𝛥𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑖 = 𝐶𝑜𝑉𝑎𝑅𝑞,𝑡

𝑖 − 𝐶𝑜𝑉𝑎𝑅0.5,𝑡
𝑖  

= �̂�𝑖,𝑞(𝑉𝑎𝑅𝑞,𝑡
𝑖 − 𝑉𝑎𝑅0.5,𝑡

𝑖 ) 
(2.9) 

 
10 “Note that each institution’s CoVaR is endogenous and depends on other institutions’ risk taking. Hence, 

imposing a regulatory framework that internalizes externalities alters the CoVaR measures. We view as a 

strength the fact that CoVaR is an equilibrium measure, since it adapts to changing environments and 

provides an incentive for each institution to reduce its exposure to risk if other institutions load excessively 

on it.” Adrian and Brunnermeier (2016). 
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2.4.2.2 MES 

In order to estimate the 𝑀𝐸𝑆, the methodological framework is based on the linear 

market model defined by Brownlees and Engle (2012). The methodological framework is 

explained in four steps in detail as follows: 

Step 1. I consider the models of market and banking institution returns: 

𝑟𝑚,𝑡 = 𝜎𝑚,𝑡𝜀𝑚,𝑡 (2.10) 

𝑟𝑖,𝑡 = 𝜎𝑖,𝑡𝜀𝑖,𝑡 

= 𝜎𝑖,𝑡𝜌𝑖,𝑡𝜀𝑖,𝑡 + 𝜎𝑖,𝑡√1 − 𝜌𝑖,𝑡
2 𝜉𝑖,𝑡 

(2.11) 

(𝜀𝑚,𝑡, 𝜉𝑖,𝑡) ~ 𝐷 (2.12) 

where 𝜌𝑖,𝑡 is the correlation between 𝑟𝑚,𝑡 and 𝑟𝑖,𝑡, 𝜎𝑚,𝑡 and 𝜎𝑖,𝑡 are the volatilities of the 

market and the banking institution, respectively. As for the 𝜀𝑚,𝑡 and the 𝜉𝑖,𝑡, they are 

independent and identically distributed (i.i.d.) disturbances with zero mean, unit variance 

and zero covariance over time. 𝐷(∙) is the bivariate distribution of the shocks, which is 

assumed to be unknown. However, dependence between the shocks (𝜀𝑚,𝑡, 𝜉𝑖,𝑡) exist at time 

𝑡 when extreme values of these distributions occurred simultaneously with systemically 

risky banking institutions. 

The 𝑀𝐸𝑆 measure based on Equations (2.12), (2.13) and (2.14) can be expressed 

as: 

𝑀𝐸𝑆𝑞,𝑡
𝑖 = 𝜎𝑖,𝑡𝜌𝑖,𝑡𝐸𝑡−1(𝜀𝑚,𝑡|𝜀𝑚,𝑡 < 𝐶 𝜎𝑚,𝑡⁄ )

+ 𝜎𝑖,𝑡√1 − 𝜌𝑖,𝑡
2 𝐸𝑡−1(𝜉𝑖,𝑡|𝜀𝑚,𝑡 < 𝐶 𝜎𝑚,𝑡⁄ ) 

(2.13) 

where 𝐶 = 𝑉𝑎𝑅𝑞,𝑡
𝑚 . In the second step I provide the estimation procedure for volatilities 

𝜎𝑖,𝑡 and 𝜎𝑚,𝑡. In the third step I provide the estimation procedure for correlation 𝜌𝑖,𝑡. Last, 

in the fourth step I provide the estimation procedure for tail expectations 𝜀𝑚,𝑡 and 𝜉𝑖,𝑡. 

Step 2. Following Glosten et al. (1993) I estimate the conditional volatilities 𝜎𝑖,𝑡 

and 𝜎𝑚,𝑡 by using GJR-GARCH: 
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𝜎𝑖,𝑡
2 = 𝜔𝑖 + 𝑎𝑖𝑟𝑖,𝑡−1

2 + 𝛾𝑖𝑟𝑖,𝑡−1
2 𝐼𝑖,𝑡−1 + 𝛽𝑖𝜎𝑖,𝑡−1

2  (2.14) 

𝜎𝑚,𝑡
2 = 𝜔𝑚 + 𝑎𝑚𝑟𝑚,𝑡−1

2 + 𝛾𝑚𝑟𝑚,𝑡−1
2 𝐼𝑚,𝑡−1 + 𝛽𝑚𝜎𝑚,𝑡−1

2  (2.15) 

where 𝐼𝑖,𝑡 = 1𝑟𝑖,𝑡<0 and 𝐼𝑚,𝑡 = 1𝑟𝑚,𝑡<0, which capture the leverage effect. The parameters 

of Equations (2.1) and (2.2) can be estimated by QMLE (quasi-maximum likelihood 

estimate), I also use Student-t standardized errors in order to take fat tails into 

consideration. 

Step 3. The time-varying conditional correlation 𝜌𝑖,𝑡 is calculated using the 

asymmetric Dynamic Conditional Correlation (DCC) GARCH model introduced by Engle 

(2002).  

The Variance covariance matrix 𝑉 is written as follows: 

𝑉𝑖,𝑡 = 𝐷𝑖,𝑡𝛺𝑖,𝑡𝐷𝑖,𝑡 (2.16) 

where 𝛺𝑖,𝑡 = [
1 𝜌𝑖,𝑡

𝜌𝑖,𝑡 1
] is the time-varying correlation matrix of the market and 

banking institution returns and 𝐷𝑖,𝑡 = [
𝜎𝑖,𝑡 0

0 𝜎𝑚,𝑡
]. 

In DCC framework, 𝛺𝑖,𝑡 is a positive definite matrix, such as  

𝛺𝑖,𝑡 = 𝑑𝑖𝑎𝑔(𝑄𝑖,𝑡)
−1 2⁄

𝑄𝑖,𝑡𝑑𝑖𝑎𝑔(𝑄𝑖,𝑡)
−1 2⁄

 (2.17) 

where 𝑄𝑖,𝑡 is a pseudo correlation matrix. The DCC structure can then be defined as 

𝑄𝑖,𝑡 = (1 − 𝑎𝐶 − 𝑏𝐶)𝑆 + 𝑎𝐶𝜂𝑖,𝑡−1𝜂𝑖,𝑡−1
′ 𝑄𝑖,𝑡−1 (2.18) 

where 𝛺𝑖,𝑡 is a constant matrix and 𝜂𝑖,𝑡 = 𝑑𝑖𝑎𝑔(𝑄𝑖,𝑡)
1 2⁄

 is the vector of standardized 

returns. 𝑄𝑡 is a positive definite matrix under the following restrictions 𝑎𝐶 > 0, 𝑏𝐶 > 0 and 

𝑎𝐶 + 𝑏𝐶 < 1. 

Step 4. I follow Brownlees & Engle (2012) and Scaillet (2005) to estimate the tail 

expectation of the standardized market residual 𝜀𝑚,𝑡 and the tail expectation of the 

standardized idiosyncratic residual 𝜉𝑖,𝑡: 
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𝐸𝑡−1(𝜀𝑚,𝑡|𝜀𝑚,𝑡 < 𝐶 𝜎𝑚,𝑡⁄ ) 𝑎𝑛𝑑 𝐸𝑡−1(𝜉𝑖,𝑡|𝜀𝑚𝑡 < 𝐶 𝜎𝑚,𝑡⁄ ) (2.19) 

Brownlees & Engle (2012) suggested a non-parametric kernel estimation approach 

to estimate the tail expectations. I use the kernel estimation approach to capture the tail-

spillover effects from the financial system to the bank institution that are not captured by 

the correlation (𝜌𝑖,𝑡). These estimators are stable when 𝐶 is large. Let 

𝐾𝑡(ℎ) = ∫ 𝑘(𝑢)

𝑡
ℎ

∞

𝑑𝑢 (2.20) 

where 𝑘(𝑢) is a kernel function and ℎ a positive bandwidth. 

According to Scaillet (2005), when 𝜀𝑚,𝑡 and 𝜉𝑖,𝑡 are 𝑖. 𝑖. 𝑑, the nonparametric 

estimates of these tail expectations are given by, 

𝐸𝑡−1(𝜀𝑚,𝑡|𝜀𝑚,𝑡 < 𝜅) =
∑ 𝐾𝑡 (

𝜅 − 𝜀𝑚,𝑡

ℎ
) 𝜀𝑚𝑡

𝛵
𝑡=1

∑ 𝐾𝑡 (
𝜅 − 𝜀𝑚,𝑡

ℎ
)𝛵

𝑡=1

 (2.21) 

𝐸𝑡−1(𝜉𝑖,𝑡|𝜀𝑚,𝑡 < 𝜅) =
∑ 𝐾𝑡 (

𝜅 − 𝜀𝑚,𝑡

ℎ
) 𝜉𝑖𝑡

𝛵
𝑡=1

∑ 𝐾𝑡 (
𝜅 − 𝜀𝑚,𝑡

ℎ
)𝛵

𝑡=1

 (2.22) 

where 𝜅 = 𝑉𝑎𝑅𝑞 𝜎𝑚,𝑡⁄ . I consider the bandwidth ℎ = 𝑇−1 5⁄  selecting the standard normal 

probability distribution function as a kernel function (see Scaillet, 2005) 

2.4.2.3 SRISK 

The estimation of the 𝑆𝑅𝐼𝑆𝐾 is based on the same framework as that of the 𝑀𝐸𝑆 

explained in detail in two steps as follows: 

Step 1. Engle et al. (2012) proposed the capital shortfall of a particular banking 

institution 𝑖 defined as: 

𝐶𝑆𝑖,𝑡 = 𝑘𝐴𝑖,𝑡 − 𝑊𝑖,𝑡 = 𝑘(𝐷𝑖,𝑡 + 𝑊𝑖,𝑡) − 𝑊𝑖,𝑡

= 𝑘𝐷𝑖,𝑡 − (1 − 𝑘)(1 − 𝐿𝑅𝑀𝐸𝑆𝑖,𝑡)𝑊𝑖,𝑡 
(2.23) 

where 𝐴𝑖,𝑡, 𝐷𝑖,𝑡 and 𝑊𝑖,𝑡 denote the value of quasi assets, the book value of debt and market 

value of equity of banking institution 𝑖 and 𝑘 is a prudential capital ratio of equity to assets, 

and 𝐿𝑅𝑀𝐸𝑆 is the Long Run 𝑀𝐸𝑆 which is defined by the following equation: 
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𝐿𝑅𝑀𝐸𝑆𝑖,𝑡 = 𝐿𝑅𝑀𝐸𝑆𝑖,𝑡+1:𝑡+ℎ = −𝔼𝑡(𝑅𝑖,𝑡+1:𝑡+ℎ|𝑅𝑚,𝑡+1:𝑡+ℎ ≤ 𝐶), (2.24) 

where 𝑅𝑖,𝑡+1:𝑡+ℎ and 𝑅𝑚,𝑡+1:𝑡+ℎ are the banking institution and market cumulative returns 

between period 𝑡 + 1 and 𝑡 + ℎ defined as: 

𝑅𝑖,𝑡+1:𝑡+ℎ = 𝑒𝑥𝑝(∑ 𝑟𝑖,𝑡+1:𝑡+𝑗
𝑇
𝑗=1 ) − 1 and 𝑅𝑚,𝑡+1:𝑡+ℎ = 𝑒𝑥𝑝(∑ 𝑟𝑚,𝑡+1:𝑡+𝑗

𝑇
𝑗=1 ) − 1 (2.25) 

Step 2. The 𝐿𝑅𝑀𝐸𝑆 is estimated at a time span of six-month and ℎ sets at 126 

trading days and the threshold 𝐶 = −10%. Thus, the 𝐿𝑅𝑀𝐸𝑆 is approximated as: 

𝐿𝑅𝑀𝐸𝑆𝑖,𝑡 = −(𝑒𝑥𝑝(18 × 𝑀𝐸𝑆𝑖,𝑡) − 1) = 1 − 𝑒𝑥𝑝(18 × 𝑀𝐸𝑆𝑖,𝑡). (2.26) 

Finally, the 𝑆𝑅𝐼𝑆𝐾 contribution of a particular banking institution to the system-wide risk 

is given as follows: 

𝑆𝑅𝐼𝑆𝐾𝑖,𝑡 = 𝑚𝑎𝑥(0; 𝐶𝑆𝑖,𝑡) = 𝑚𝑎𝑥 (0; 𝐷𝑖,𝑡 − (1 − 𝑘)) 𝑒𝑥𝑝(18 × 𝑀𝐸𝑆𝑖,𝑡𝑊𝑖,𝑡). (2.27) 

2.5 Empirical results 

This section presents the empirical results. First, I present the descriptive statistics. 

Second, I discuss the empirical results from the systemic risk measures named 𝛥𝐶𝑜𝑉𝑎𝑅, 

𝑀𝐸𝑆 and 𝑆𝑅𝐼𝑆𝐾 by ranking the banking institutions and presenting the banking institutions 

with the highest level of systemic risk measures for the full investigated period (January 2, 

2001 to June 11, 2011), the pre-crisis sub-period (January 2, 2001 to September 14, 2008) 

and the post-crisis sub-period (September 15, 2008 to June 11, 2011).11 12 Third, I discuss 

the correlation among the systemic risk measures. 

2.5.1 Descriptive statistics 

I now present the descriptive statistics of the US and euro area returns, volatility 

and correlation. Table 2.1A and Table 2.1B report the descriptive statistics of market and 

 
11 The pre-crisis sub-period spans the period from January 2, 2001 to September 14, 2008 (i.e., the day before 

the Lehman Brothers collapse) and the post-crisis sub-period spans the period of September 15, 2008 to June 

11, 2014. 
12 The descriptive statistics of the US and Euro area banking institutions returns are presented in Appendix 

A. 
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banking institutions returns, volatility and correlation of the US and the euro area, 

respectively.  

According to Table 2.1A as far as the US banking institutions return is concerned, 

the mean (average) daily return is equal to −2.17𝑒 − 04, the median is equal to 1.21𝑒 −

04 with a maximum of 0.2304 and a minimum of −0.2998. The standard deviation is 

equal to 0.0244. The skewness is equal to −0.1173 and the kurtosis is equal to 24.9556. 

As for the S&P 500 return, the mean (average) daily return is equal to 2.41𝑒 − 05, the 

median is equal to 7.24𝑒 − 04 with a maximum of 0.1042 and a minimum of −0.0947. 

The standard deviation is equal to 0.0131. The skewness is equal to −0.3034 and the 

kurtosis is equal to 11.2287. 

Table 2.1A. Descriptive statistics of the US banking institutions 

 

Banking 

institutions 

return 

S&P 500 

return 

Banking 

institutions 

volatility 

S&P 500 

volatility 
Correlation 

Mean −2.17𝑒−04 2.41𝑒−05 0.0227 0.0104 0.4603 

Median 1.21𝑒−04 7.24𝑒−04 0.0177 8.53𝑒−03 0.4865 

Maximum 0.2304 0.1042 0.1220 0.0580 0.5336 

Minimum −0.2998 −0.0947 1.81𝑒−03 1.39𝑒−03 0.1334 

Std. Dev. 0.0244 0.0131 0.0165 6.14𝑒−03 0.1114 

Skewness −0.1173 −0.3034 2.9390 3.2372 −2.5710 

Kurtosis 24.9556 11.2287 12.3419 18.6669 8.2052 

Notes: This table reports the descriptive statistics of the US banking institutions return, the market return 

(S&P 500), the US banking institutions volatility, the market volatility (S&P 500) and the correlation of the 

US banking institutions returns and market returns for the period which spans from January 02, 2001 to June 

11, 2014. The US banking institutions return and volatility, refer to the average return and the average 

volatility of the US banking institutions sample. The correlation refers to the dynamic correlation between 

the US market and the US banking institutions returns. 

As for the US banking institutions volatility, the mean (average) daily volatility is 

equal to 0.0227, the median is equal to 0.0177 with a maximum of 0.1220 and a minimum 

of 1.81𝑒 − 03. The standard deviation is equal to 0.0165. The skewness is equal to 2.9390 

and the kurtosis is equal to 12.3419. As for the S&P 500 volatility, the mean (average) 

daily volatility is equal to 0.0104, the median is equal to 8.53𝑒 − 03 with a maximum of 

0.0580 and a minimum of 1.39𝑒 − 03. The standard deviation is equal to 6.14𝑒 − 03. The 

skewness is equal to 3.2372 and the kurtosis is equal to 18.6669. As for the correlation, 

the mean (average) daily correlation is equal to 0.4603, the median is equal to 0.4865 with 

a maximum of 0.5336 and a minimum of 0.1334. The standard deviation is equal to 

0.1114. The skewness is equal to −2.5710 and the kurtosis is equal to 8.2052. 
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According to Table 2.1B as far as the euro area banking institutions return is 

concerned, the mean (average) daily return is equal to −4.92𝑒 − 04, the median is equal 

to −4.99𝑒 − 05 with a maximum of 0.1723 and a minimum of −0.1005. The standard 

deviation is equal to 0.0182. The skewness is equal to 0.4083 and the kurtosis is equal to 

10.7416. As for the FTSE Euro 100 return, the mean (average) daily return is equal to 

−8.54𝑒 − 05, the median is equal to 1.83𝑒 − 04 with a maximum of 0.0909 and a 

minimum of −0.0852. The standard deviation is equal to 0.0151. The skewness is equal 

to −0.0106 and the kurtosis is equal to 7.5195. 

Table 2.1B. Descriptive statistics of the euro area banking institutions 

 

Banking 

institutions 

return 

FTSE Euro 

100 return 

Banking 

institutions 

volatility 

FTSE Euro 

100 volatility 
Correlation 

Mean −4.92𝑒−04 −8.54𝑒−05 0.0356 0.0131 0.3383 

Median −4.99𝑒−05 1.83𝑒−04 0.0326 0.0112 0.3404 

Max 0.1723 0.0909 0.1517 0.0495 0.5992 

Min −0.1005 −0.0852 0.0112 0.0016 −9.52𝑒−03 

Std. Dev. 0.0182 0.0151 0.0125 6.77𝑒−03 0.1575 

Skewness 0.4083 −0.0106 1.8683 1.9764 0.0119 

Kurtosis 10.7416 7.5195 9.2398 7.5340 2.5135 

Notes: This table reports the descriptive statistics of the euro area banking institutions return, the market 

return (FTSE Euro 100), the euro area banking institutions volatility, the market volatility (FTSE Euro 100) 

and the correlation of the euro area banking institutions returns and market returns for the period which spans 

from January 02, 2001 to June 11, 2014. The euro area banking institution returns and volatility, refers to the 

average return and the average volatility of the euro area banking institutions sample. The correlation refers 

to dynamic correlation between the euro area market and the euro area banking institutions returns. 

As for the euro area banking institutions volatility, the mean (average) daily 

volatility is equal to 0.0356, the median is equal to 0.0326 with a maximum of 0.1517 

and a minimum of 0.0112. The standard deviation is equal to 0.0125. The skewness is 

equal to 1.8683 and the kurtosis is equal to 9.2398. As for the FTSE Euro 100 volatility, 

the mean (average) daily volatility is equal to 0.0131, the median is equal to 0.0112 with 

a maximum of 0.0495 and a minimum of 0.0016. The standard deviation is equal to 

6.77𝑒 − 03. The skewness is equal to 1.9764 and the kurtosis is equal to 7.5340. As for 

the correlation, the mean (average) daily correlation is equal to 0.3383 and the median is 

equal to 0.3404 with a maximum of 0.5992 and a minimum of −9.52𝑒 − 03. The standard 

deviation is equal to 0.1575. The skewness is equal to 0.0119 and the kurtosis is equal to 

2.5135. Figure 2.1 depicts the cumulative average return and the average return of both 

US and euro area banking institutions. 
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2.5.2 Instability spillover 

I now discuss the estimation results of the systemic risk measures 𝛥𝐶𝑜𝑉𝑎𝑅, 𝑀𝐸𝑆 

and 𝑆𝑅𝐼𝑆𝐾 of the US and the euro area banking institutions affecting the financial system 

for the full investigated period (January 2, 2001 to June 11, 2011), the pre-crisis sub-period 

(January 2, 2001 to September 14, 2008) and the post-crisis sub-period (September 15, 

2008 to June 11, 2011).  

Figure 2.1. Euro area and US banking institutions returns 

 
Note: This figure depicts the cumulative average return and the average return of the US and euro area 

banking institutions. The Lehman Brothers collapse on September 15, 2008 is depicted as a red vertical line 

and the European sovereign debt crisis on May 02, 2010 is depicted as a dark red dotted vertical line. 

Table 2.2 reports the summary statistics of systemic risk measures of US and euro 

area banking institutions, respectively. Panel A refers to US banking institutions and Panel 

B refers to euro area banking institutions. 

According to Panel A, as far as the 𝛥𝐶𝑜𝑉𝑎𝑅 is concerned, the mean (average) daily 

delta conditional value at risk is equal to 7.32𝑒 − 03, the median is equal to 5.74𝑒 − 03 

with a maximum of 0.0382 and a minimum of 5.86𝑒 − 04. The standard deviation is equal 

to 5.26𝑒 − 03. The skewness is positive, equal to 2.9115 and the kurtosis is equal to 

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Euro area cumulative average return US cumulative average return

Euro area average return US  average return

Lehman Brothers collapse European sovereign debt crisis



Essays on Measuring Systemic Risk – Δοκίμια στην Μέτρηση του Συστημικού Κινδύνου 

32 

 

12.1263. As for the 𝑀𝐸𝑆, the mean (average) daily marginal expected shortfall is equal to 

0.0482, the median is equal to 0.0376 with a maximum of 0.2599 and a minimum of 

3.84𝑒 − 03. The standard deviation is equal to 0.0352. The skewness is positive, equal to 

2.9403 and the kurtosis is equal to 12.3550. As for the 𝑆𝑅𝐼𝑆𝐾, the mean (average) daily 

systemic RISK is equal to 2.19𝑒 + 08, the median is equal to 3.49𝑒 + 07 with a maximum 

of 1.20𝑒 + 10 and a minimum of 3.05𝑒 + 06. The standard deviation is equal to 1.08𝑒 +

09. The skewness is positive, equal to 9.3251 and the kurtosis is equal to 97.1968. 

Table 2.2. Summary statistics of the systemic risk measures 
 Mean Median Max Min Std. Dev. Skewness Kurtosis 

 Panel A. US banking institutions 

𝛥𝐶𝑜𝑉𝑎𝑅 7.32𝑒−03 5.74𝑒−03 0.0382 5.86𝑒−04 5.26𝑒−03 2.9115 12.1263 

𝑀𝐸𝑆 0.0482 0.0376 0.2599 3.84𝑒−03 0.0352 2.9403 12.3550 

𝑆𝑅𝐼𝑆𝐾 2.19𝑒+08 3.49𝑒+07 1.20𝑒+10 3.05𝑒+06 1.08𝑒+09 9.3251 97.1968 

 Panel B. Euro area banking institutions 

𝛥𝐶𝑜𝑉𝑎𝑅 6.14𝑒−03 5.41𝑒−03 0.0170 9.07𝑒−04 2.59𝑒−03 1.4567 4.8657 

𝑀𝐸𝑆 0.0684 0.0629 0.1731 0.0209 0.0228 1.3029 4.3791 

𝑆𝑅𝐼𝑆𝐾 4.27𝑒+07 1.75𝑒+07 7.82𝑒+08 3.61𝑒+05 7.86𝑒+07 5.0705 38.4476 

Note: This table reports the summary statistics of the average of the systemic risk measures named (i) 

𝛥𝐶𝑜𝑉𝑎𝑅, (ii) 𝑀𝐸𝑆 and (iii) 𝑆𝑅𝐼𝑆𝐾 of the US and euro area banking institutions in the full investigated period 

(January 2, 2001 to June 11, 2014). Panel A refers to the US banking institutions. Panel B refers to the euro 

area banking institutions. 

According to Panel B, as far as the 𝛥𝐶𝑜𝑉𝑎𝑅 is concerned, the mean (average) daily 

delta conditional value at risk is equal to 6.14𝑒 − 03, the median is equal to 5.41𝑒 − 03 

with a maximum of 0.0170 and a minimum of 9.07𝑒 − 04. The standard deviation is equal 

to 2.59𝑒 − 03. The skewness is positive, equal to 1.4567 and the kurtosis is equal to 

4.8657. As for the 𝑀𝐸𝑆, the mean (average) daily marginal expected shortfall is equal to 

0.0684, the median is equal to 0.0699 with a maximum of 0.1731 and a minimum of 

0.0209. The standard deviation is equal to 0.0228. The skewness is positive, equal to 

1.3029 and the kurtosis is equal to 4.3791. As for the 𝑆𝑅𝐼𝑆𝐾, the mean (average) daily 

systemic RISK is equal to 4.27𝑒 + 07, the median is equal to 1.75𝑒 + 07with a maximum 

of 7.82𝑒 + 08 and a minimum of 3.61𝑒 + 05. The standard deviation is equal to 7.86𝑒 +

07. The skewness is positive, equal to 5.0705 and the kurtosis is equal to 38.4476. 

Table 2.3 reports the complete ranking for the banking institutions of our sample 

for the period January 2, 2001 to June 11, 2014 according to the average of the 𝛥𝐶𝑜𝑉𝑎𝑅, 

𝑀𝐸𝑆 and 𝑆𝑅𝐼𝑆𝐾 systemic risk measures. According to Table2.3, as far as the 𝛥𝐶𝑜𝑉𝑎𝑅 
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systemic risk measure is concerned, the ranking of the ten banking institutions with the 

highest level of the 𝛥𝐶𝑜𝑉𝑎𝑅 systemic risk measure are the following, the BNP Paribas SA, 

the Banco Santander SA, the Deutsche Bank AG, the Société Générale SA, the Banco 

Bilbao Vizcaya Argentaria SA, the Intesa Sanpaolo SpA, Credit Agricole SA, the Goldman 

Sachs Group Inc, the Morgan Stanley and the JPMorgan Chace & Co. 

Table 2.3. Banking institutions rankings 

Rank 𝜟𝑪𝒐𝑽𝒂𝑹 𝑴𝑬𝑺 𝑺𝑹𝑰𝑺𝑲 Size 

1 BNP BKT MS C 

2 SAN ALPHA C DBK 

3 DBK ETE BAC BAC 

4 GLE BAPO JPM BNP 

5 BBVA EUROB WFC JPM 

6 ISP SAB BNP ACA 

7 ACA TPEIR GS GS 

8 GS BKIR GLE GLE 

9 MS COF BKIR MS 

10 JPM CBK KBC UCG 

11 SAB BNP CBK SAN 

12 BK MS ACA DBK 

13 STT KBC BK WFC 

14 COF POP PNC ISP 

15 CBK GLE ISP BBVA 

16 USB BBVA DBK KBC 

17 UBI C BKT USB 

18 BMPS STT STT EBS 

19 EBS EBS SAN BK 

20 C DBK BAPO BKIR 

21 PNC ACA BMPS BMPS 

22 KBC BAC COF COF 

23 WFC BMPS USB STT 

24 BAC ISP UCG PNC 

25 BCP JPM ALPHA BAPO 

26 BPI UCG BBVA UBI 

27 BAPO GS EBS POP 

28 TPEIR SAN TPEIR ETE 

29 POP PNC POP BCP 

30 ETE BCP UBI SAB 

31 BKIR WFC BCP EUROB 

32 UCG BPI ETE ALPHA 

33 ALPHA USB EUROB BKT 

34 BKT BK SAB TPEIR 

35 EUROB UBI BPI BPI 

Note: This table reports the thirty-five US and euro area banking institutions ranked according to the average 

(i) 𝛥𝐶𝑜𝑉𝑎𝑅, (ii) 𝑀𝐸𝑆, (iii) 𝑆𝑅𝐼𝑆𝐾 and (iv) size from the highest to the lowest risky banking institution for 

the investigated period which spans from January 2, 2001 to June 11, 2014. 
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As for the 𝑀𝐸𝑆 systemic risk measure, the ranking of the ten banking institutions with the 

highest level of the 𝑀𝐸𝑆 systemic risk measure are the following, the Bankinter SA, the 

Alpha Bank AE, the National Bank of Greece, the Banco Popolare SC, the Eurobank 

Ergasias SA, the Banco de Sabadell SA, the Piraeus Bank SA, the Bank of Ireland, the 

Capital One Financial Corp and the Commerzbank AG. As for the 𝑆𝑅𝐼𝑆𝐾 systemic risk 

measure, the ranking of the ten banking institutions with the highest level of the 𝑆𝑅𝐼𝑆𝐾 

systemic risk measure are the following, the Morgan Stanley, the Citigroup Inc, the Bank 

of America Corp, the JPMorgan Chace &Co, the Wells Fargo &Co, the BNP Paribas SA, 

the Goldman Sachs Group Inc, the Société Générale SA, the Bank of Ireland and the KBC 

Groep NV. 

Figure 2.2. The 𝜟𝑪𝒐𝑽𝒂𝑹 systemic risk measure of US and euro area banking 

institutions 

 
Note: This figure depicts the average 𝛥𝐶𝑜𝑉𝑎𝑅 systemic risk measure of US and euro area banking 

institutions. The Lehman Brothers collapse on September 15, 2008 depicted as a red vertical line and the 

European sovereign debt crisis on May 02, 2010 depicted as a dark red dotted vertical line. 

In Table 2.3 I observe that there is no similarity between the banking institutions 

rankings among the systemic risk measures. The five banking institutions with the highest 

level of the 𝛥𝐶𝑜𝑉𝑎𝑅 and 𝑀𝐸𝑆 systemic risk measures, are the euro area banking 

institutions. However, the five banking institutions with the highest level of the 𝑆𝑅𝐼𝑆𝐾 

measure are US banking institutions. Furthermore, I observe that among the ten banking 

institutions with the highest 𝛥𝐶𝑜𝑉𝑎𝑅 systemic risk measure, three are US banking 
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institutions and seven are euro area banking institutions. As for the 𝑀𝐸𝑆 systemic risk 

measure, only one out of ten banking institutions is a US banking institution and nine are 

euro area banking institutions. As for the 𝑆𝑅𝐼𝑆𝐾 systemic risk measure, six out of ten 

banking institutions are US and four are euro area banking institutions. Figure 2.2, Figure 

2.3 and Figure 2.4 depict the average 𝛥𝐶𝑜𝑉𝑎𝑅, 𝑀𝐸𝑆 and 𝑆𝑅𝐼𝑆𝐾 systemic risk measures 

of US and euro area banking institutions, respectively. 

Figure 2.3. The 𝑴𝑬𝑺 systemic risk measure of US and euro area banking institutions 

 
Note: This figure depicts the average 𝑀𝐸𝑆 systemic risk measure of US and euro area banking institutions. 

The Lehman Brothers collapse on September 15, 2008 depicted as a red vertical line and the European 

sovereign debt crisis on May 02, 2010 depicted as a dark red dotted vertical line. 

Table 2.4 reports the ranking of the five US banking institutions and the five euro 

area banking institutions with the highest systemic risk according to the average of the 

𝛥𝐶𝑜𝑉𝑎𝑅, 𝑀𝐸𝑆 and 𝑆𝑅𝐼𝑆𝐾 systemic risk measures in the pre-crisis subperiod and the post-

crisis sub-period. Panel A refers to the full investigated sub-period which spans from 

January 2, 2001 to June 11, 2014. Panel B refers to the pre-crisis sub-period which spans 

from January 2, 2001 to September 14, 2008 and Panel C refers to the post-crisis sub-

period which spans from September 15, 2008 to June 11, 2014. 

In the full investigated period, as for the 𝛥𝐶𝑜𝑉𝑎𝑅 systemic risk measure, US 

banking institutions with the highest impact on the financial system are the following, the 

Goldman Sachs Group Inc, the Morgan Stanley, the JPMorgan Chace & Co, the Bank of 

New York Mellon Corp and the State Street Corp. The euro area banking institutions with 
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the highest impact on the financial system are the following, the BNP Paribas SA, the 

Banco Santander SA, the Deutsche Bank AG, the Société Générale SA, and the Banco 

Bilbao Vizcaya Argentaria SA. 

Figure 2.4. The 𝑺𝑹𝑰𝑺𝑲 systemic risk measure of US and euro area banking institutions 

 
Note: This figure depicts the average 𝑆𝑅𝐼𝑆𝐾 systemic risk measure of US and euro area banking institutions. 

The Lehman Brothers collapse on September 15, 2008 depicted as a red vertical line and the European 

sovereign debt crisis on May 02, 2010 depicted as a dark red dotted vertical line. 

As for the 𝑀𝐸𝑆 systemic risk measure, the most sensitive US banking institutions 

to the systemic risk are the following, the Capital One Financial Corp, the Morgan Stanley, 

the Citigroup Inc, the State Street Corp and the Bank of America Corp. The most sensitive 

euro area banking institutions to the systemic risk are the following, the Bankinter SA, the 

Alpha Bank AE, the National Bank of Greece, the Banco Popolare SC and the Eurobank 

Ergasias SA. As for the 𝑆𝑅𝐼𝑆𝐾 systemic risk measure, the US banking institutions with the 

highest level of expected capital shortfall in case of a systemic event are the following, the 

Morgan Stanley, the Citigroup Inc, the Bank of America Corp, the JPMorgan Chace &Co 

and the Wells Fargo &Co. The euro area banking institutions with the highest level of 

expected capital shortfall in case of systemic event are the following, the BNP Paribas SA, 

the Société Générale SA, the Bank of Ireland, the KBC Groep NV and the Commerzbank 

AG. 

In the pre-crisis sub-period, as for the 𝛥𝐶𝑜𝑉𝑎𝑅 systemic risk measure, US banking 

institutions with the highest impact on the financial system are the following, the Goldman 
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Sachs Group Inc, the Capital One Financial Corp, the JPMorgan Chace & Co, the Bank of 

New York Mellon Corp and the Morgan Stanley. The euro area banking institutions with 

the highest impact on the financial system are the following, the BNP Paribas SA, the 

Banco Santander SA, the Deutsche Bank AG, the Banco de Sabadell SA and the Société 

Générale SA. 

Table 2.4. Domestic rankings of the banking institutions 

Rank 𝜟𝑪𝒐𝑽𝒂𝑹𝑼𝑺 𝑴𝑬𝑺𝑼𝑺 𝑺𝑹𝑰𝑺𝑲𝑼𝑺 𝜟𝑪𝒐𝑽𝒂𝑹𝑬𝑼 𝑴𝑬𝑺𝑬𝑼 𝑺𝑹𝑰𝑺𝑲𝑬𝑼 

 Panel A. Full investigated period 2001-2014 

1 GS COF MS BNP BKT BNP 

2 MS MS C SAN ALPHA GLE 

3 JPM C BAC DBK ETE BKIR 

4 BK STT JPM GLE BAPO KBC 

5 STT BAC WFC BBVA EUROB CBK 

 Panel B. Pre-crisis sub-period 2001-2008 

1 GS COF MS BNP BKT BKT 

2 COF MS C SAN ALPHA DBK 

3 JPM STT BAC DBK ETE BNP 

4 BK JPM JPM SAB SAB UCG 

5 MS GS WFC GLE BAPO CBK 

 Panel C. Post-crisis sub-period 2008-2014 

1 MS C C BNP BKT BNP 

2 C MS BAC SAN ALPHA GLE 

3 STT BAC JPM BBVA EUROB BKIR 

4 JPM COF WFC DBK TPEIR KBC 

5 BK STT MS GLE ETE CBK 

Note: This table reports the five riskiest US and euro area banking institutions (top-5) ranked according to 

the average (i) 𝛥𝐶𝑜𝑉𝑎𝑅, (ii) 𝑀𝐸𝑆 and (iii) 𝑆𝑅𝐼𝑆𝐾 from the highest to the lowest risky banking institution. 

Panel A refers to the pre-crisis sub-period which spans from January 2, 2001 to September 14, 2008 and 

Panel B refers to the post-crisis sub-period which spans from September 15, 2008 to June 11, 2014. 

As for the 𝑀𝐸𝑆 systemic risk measure, the most sensitive US banking institutions 

to the systemic risk are the following, the Capital One Financial Corp, the Morgan Stanley, 

the State Street Corp, the JPMorgan Chace & Co and the Goldman Sachs Group Inc. The 

most sensitive euro area banking institutions to the systemic risk are the following, the 

Bankinter SA, the Alpha Bank AE, the National Bank of Greece, the Banco de Sabadell 

SA and the Banco Popolare SC. As for the 𝑆𝑅𝐼𝑆𝐾 systemic risk measure, the US banking 

institutions with the highest level of expected capital shortfall in case of a systemic event 

are the following, the Morgan Stanley, the Citigroup Inc, the Bank of America Corp, the 

JPMorgan Chace &Co and the Wells Fargo &Co. The euro area banking institutions with 

the highest level of expected capital shortfall in case of a systemic event are the following, 
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the Bankinter SA, the Deutsche Bank AG, the BNP Paribas SA, the UniCredit SpA and the 

Commerzbank AG. 

In the post-crisis sub-period, as far as the 𝛥𝐶𝑜𝑉𝑎𝑅 systemic risk measure is 

considered, the US banking institutions with the highest impact on the financial system are 

the following, the Morgan Stanley, Citigroup Inc, the State Street Corp, the JPMorgan 

Chace & Co and the Bank of New York Mellon Corp. The euro area banking institutions 

with the highest impact on the financial system are the following, the BNP Paribas SA, the 

Banco Santander SA, the Banco Bilbao Vizcaya Argentaria SA, the Deutsche Bank AG 

and the Société Générale SA. As for the 𝑀𝐸𝑆 systemic risk measure, the most sensitive 

US banking institutions to systemic risk are the following, the Citigroup Inc, the Morgan 

Stanley, the Bank of America Corp, the Capital One Financial Corp and the State Street 

Corp. The most sensitive euro area banking institutions to systemic risk are the following, 

the Bankinter SA, the Alpha Bank AE, the Eurobank Ergasias SA, the Piraeus Bank SA 

and the National Bank of Greece. As for the 𝑆𝑅𝐼𝑆𝐾 systemic risk measure, the US banking 

institutions with the highest level of expected capital shortfall in case of a systemic event 

are the following, the Citigroup Inc, the Bank of America Corp, the JPMorgan Chace &Co, 

the Wells Fargo &Co and the Morgan Stanley. The euro area banking institutions with the 

highest level of expected capital shortfall in case of a systemic event are the following, the 

BNP Paribas SA, the Société Générale SA, the Bank of Ireland, the KBC Groep NV and 

the Commerzbank AG. 

2.5.3 Correlation of risk measures 

I now present the correlation coefficient among the 𝛥𝐶𝑜𝑉𝑎𝑅, 𝑀𝐸𝑆, and 𝑆𝑅𝐼𝑆𝐾 

systemic risk measures in pairwise comparison, the Spearman's rank correlation 

coefficient is defined as follows 

𝑟𝑠 = 1 −
6 ∑ 𝑑𝑖

2

𝑛(𝑛2 − 1)
 (2.28) 

where, 𝑑𝑖 = 𝑟𝑘(𝑅𝑖
1) − 𝑟𝑘(𝑅𝑖

2), is the difference between the two ranks of each 

observation and n is the number of observation. 

Table 2.5 reports the pairwise Spearman’s rank cross-sectional correlation 

coefficients among the 𝛥𝐶𝑜𝑉𝑎𝑅, 𝑀𝐸𝑆, and 𝑆𝑅𝐼𝑆𝐾 systemic risk measures. Overall, I 
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compute three pairs. According to Table 2.5 in the full investigated period, the correlation 

coefficient between the 𝛥𝐶𝑜𝑉𝑎𝑅 and 𝑀𝐸𝑆 is equal to −0.3117, rejecting the null 

hypothesis (𝛨0: 𝑟𝑠 = 0). The correlation coefficient between the 𝛥𝐶𝑜𝑉𝑎𝑅 and 𝑆𝑅𝐼𝑆𝐾 is 

equal to 0.3795 not rejecting the null hypothesis (𝛨0: 𝑟𝑠 = 0) and the correlation 

coefficient between the 𝑀𝐸𝑆 and 𝑆𝑅𝐼𝑆𝐾 is equal to 0.0341 not rejecting the null 

hypothesis (𝛨0: 𝑟𝑠 = 0). 

Table 2.5. Spearman’s rank correlation coefficient 

 𝜟𝑪𝒐𝑽𝒂𝑹 𝑴𝑬𝑺 𝑺𝑹𝑰𝑺𝑲 

 Panel A. Full investigated period 

𝜟𝑪𝒐𝑽𝒂𝑹 1 −0.3117* 0.3795 

𝑴𝑬𝑺 − 1 0.0341 

𝑺𝑹𝑰𝑺𝑲 − − 1 

 Panel B. Pre-crisis sub-period 

𝜟𝑪𝒐𝑽𝒂𝑹 1 0.2669 0.3666 

𝑴𝑬𝑺 − 1 0.0649 

𝑺𝑹𝑰𝑺𝑲 − − 1 

 Panel C. Post-crisis sub-period 

𝜟𝑪𝒐𝑽𝒂𝑹 1 −0.3319* 0.4535* 

𝑴𝑬𝑺 − 1 −0.0887 

𝑺𝑹𝑰𝑺𝑲 − − 1 

Note: This table reports the Spearman’s rank correlation coefficient of the 𝛥𝐶𝑜𝑉𝑎𝑅, 𝑀𝐸𝑆 and 𝑆𝑅𝐼𝑆𝐾 

systemic risk measure, defined as, 𝑟𝑠 = 1 −
6 ∑ 𝑑𝑖

2

𝑛(𝑛2−1)
. Panel A refers to Spearman’s rank correlation 

coefficient in the full investigated period which spans from January 2, 2001 to June 11, 2014, Panel B refers 

to Spearman’s rank correlation coefficient in the pre-crisis sub-period which spans from January 2, 2001 to 

September 14, 2008 and Panel C refers to Spearman’s rank correlation coefficient in the post-crisis sub-

period which spans from September 15, 2008 to June 11, 2014. ***, **, * refers to a rejection of the null 

hypothesis 𝛨0: 𝑟𝑠 = 0 at 1, 5 and 10%, respectively. 

As for the pre-crisis sub-period, the correlation coefficient between the 𝛥𝐶𝑜𝑉𝑎𝑅 

and 𝑀𝐸𝑆 is equal to 0.2669, not rejecting the null hypothesis (𝛨0: 𝑟𝑠 = 0) The correlation 

coefficient between the 𝛥𝐶𝑜𝑉𝑎𝑅 and 𝑆𝑅𝐼𝑆𝐾 is equal to 0.3666, not rejecting the null 

hypothesis (𝛨0: 𝑟𝑠 = 0) and the correlation coefficient between the 𝑀𝐸𝑆 and 𝑆𝑅𝐼𝑆𝐾 is 

equal to 0.0649, not rejecting the null hypothesis (𝛨0: 𝑟𝑠 = 0). As for the post-crisis sub-

period, the correlation coefficient between the 𝛥𝐶𝑜𝑉𝑎𝑅 and 𝑀𝐸𝑆 is equal to −0.3319, 

rejecting the null hypothesis (𝛨0: 𝑟𝑠 = 0). The correlation coefficient between the 𝛥𝐶𝑜𝑉𝑎𝑅 

and 𝑆𝑅𝐼𝑆𝐾 is equal to 0.4535 rejecting the null hypothesis (𝛨0: 𝑟𝑠 = 0)and the correlation 

coefficient between the 𝑀𝐸𝑆 and 𝑆𝑅𝐼𝑆𝐾 is equal to −0.0887 not rejecting the null 

hypothesis (𝛨0: 𝑟𝑠 = 0).  
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Figure 2.5A Percentage difference of 𝜟𝑪𝒐𝑽𝒂𝑹 and 𝑴𝑬𝑺 

systemic risk measure 

  
Note: Comparisons between cumulative percentage difference of 𝛥𝐶𝑜𝑉𝑎𝑅 

and 𝑀𝐸𝑆 systemic risk measures on September 14, 2007. 

Figure 2.5C Percentage difference of 𝜟𝑪𝒐𝑽𝒂𝑹 and 𝑴𝑬𝑺 

systemic risk measure 

 
Note: Comparisons between cumulative percentage difference of 𝛥𝐶𝑜𝑉𝑎𝑅 

and 𝑀𝐸𝑆 systemic risk measures on October 14, 2008. 

Figure 2.5B Percentage difference of 𝜟𝑪𝒐𝑽𝒂𝑹 and 𝑴𝑬𝑺 

systemic risk measure 

 
Note: Comparisons between cumulative percentage difference of 𝛥𝐶𝑜𝑉𝑎𝑅 

and 𝑀𝐸𝑆 systemic risk measures on August 14, 2008. 

Figure 2.5D Percentage difference of 𝜟𝑪𝒐𝑽𝒂𝑹 and 𝑴𝑬𝑺 

systemic risk measure 

  
Note: Comparisons between cumulative percentage difference of 𝛥𝐶𝑜𝑉𝑎𝑅 

and 𝑀𝐸𝑆 systemic risk measures on September 14, 2009.  

-1

0

1

2

3

4

5

6

7

8

0 5 10 15 20 25

%
 M

E
S

% ΔCoVaR

September 14, 2007

0

2

4

6

8

10

12

14

0 20 40 60 80 100 120

%
 M

E
S

% ΔCoVaR

October 14, 2008

-1

0

1

2

3

4

5

6

7

8

0 10 20 30 40 50

%
 M

E
S

% ΔCoVaR

August 14, 2008

-1

0

1

2

3

4

5

6

7

8

0 5 10 15 20 25 30

%
 M

E
S

% ΔCoVaR

September 14, 2009



Christoforos Konstantatos 

41 

 

Figure 2.6A Percentage difference of 𝜟𝑪𝒐𝑽𝒂𝑹 and 𝑺𝑹𝑰𝑺𝑲 

systemic risk measure 

 
Note: Comparisons between cumulative percentage difference of 𝛥𝐶𝑜𝑉𝑎𝑅 

and 𝑆𝑅𝐼𝑆𝐾 systemic risk measures on September 14, 2007. 

Figure 2.6C Percentage difference of 𝜟𝑪𝒐𝑽𝒂𝑹 and 𝑺𝑹𝑰𝑺𝑲 

systemic risk measure 

 
Note: Comparisons between cumulative percentage difference of 𝛥𝐶𝑜𝑉𝑎𝑅 

and 𝑆𝑅𝐼𝑆𝐾 systemic risk measures on October 14, 2008. 

Figure 2.6B Percentage difference of 𝜟𝑪𝒐𝑽𝒂𝑹 and 𝑺𝑹𝑰𝑺𝑲 

systemic risk measure 

 
Note: Comparisons between cumulative percentage difference of 𝛥𝐶𝑜𝑉𝑎𝑅 

and 𝑆𝑅𝐼𝑆𝐾 systemic risk measures on August 14, 2008. 

Figure 2.6D Percentage difference of 𝜟𝑪𝒐𝑽𝒂𝑹 and 𝑺𝑹𝑰𝑺𝑲 

systemic risk measure 

 
Note: Comparisons between cumulative percentage difference of 𝛥𝐶𝑜𝑉𝑎𝑅 

and 𝑆𝑅𝐼𝑆𝐾 systemic risk measures on September 14, 2009.  
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Figure 2.7A Percentage difference of 𝑴𝑬𝑺 and 𝑺𝑹𝑰𝑺𝑲 

systemic risk measure 

 
Note: Comparisons between cumulative percentage difference of 𝑀𝐸𝑆 and 

𝑆𝑅𝐼𝑆𝐾 systemic risk measures on September 14, 2007. 

Figure 2.7C Percentage difference of 𝑴𝑬𝑺 and 𝑺𝑹𝑰𝑺𝑲 

systemic risk measure 

 
Note: Comparisons between cumulative percentage difference of 𝑀𝐸𝑆 and 

𝑆𝑅𝐼𝑆𝐾 systemic risk measures on October 14, 2008. 

Figure 2.7B Percentage difference of 𝑴𝑬𝑺 and 𝑺𝑹𝑰𝑺𝑲 

systemic risk measure 

 
Note: Comparisons between cumulative percentage difference of 𝑀𝐸𝑆 and 

𝑆𝑅𝐼𝑆𝐾 systemic risk measures on August 14, 2008. 

Figure 2.7D Percentage difference of 𝑴𝑬𝑺 and 𝑺𝑹𝑰𝑺𝑲 

systemic risk measure 

 
Note: Comparisons between cumulative percentage difference of 𝑀𝐸𝑆 and 

𝑆𝑅𝐼𝑆𝐾 systemic risk measures on September 14, 2009. 
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In Figure 2.5, I compare the cumulative percentage difference of 𝛥𝐶𝑜𝑉𝑎𝑅 and 𝑀𝐸𝑆 

systemic risk measures on four specific dates around the financial crisis; one year before 

and after and one month before and after the Lehman Brothers collapse. The graph displays 

that the measures evaluate the banking institution’s systemic risk contribution in a different 

way thus, the correlation between the two measures is negative which is consistent with 

Table 2.5. Figure 2.6 displays the scatter diagrams between 𝛥𝐶𝑜𝑉𝑎𝑅 and 𝑆𝑅𝐼𝑆𝐾 systemic 

risk measures. The graph displays the correlations between the 𝛥𝐶𝑜𝑉𝑎𝑅 and 𝑆𝑅𝐼𝑆𝐾 

systemic risk measures which are positive and consistent with Table 2.5. Figure. 2.7 

displays the scatter diagrams between 𝑀𝐸𝑆 and 𝑆𝑅𝐼𝑆𝐾. The graph displays the correlations 

between the 𝑀𝐸𝑆 and 𝑆𝑅𝐼𝑆𝐾 systemic risk measures which are positive. 

2.6 Conclusion 

In this chapter, I use the Delta Conditional Value at Risk, the Marginal Expected 

Shortfall and the Systemic RISK to quantify the systemic risk between banking institutions 

and the financial system either in the US or in the euro area for a period that extends from 

January 2, 2001 to Jun 11, 2014. I also compute the systemic risk in the pre-crisis and post-

crisis period. Overall, I study thirty-five banking institutions both from the United States 

and the European Monetary Union. 

I measure the systemic risk in the US and the euro area banking networks to rank 

the banking institutions according to the 𝛥𝐶𝑜𝑉𝑎𝑅, 𝑀𝐸𝑆 and 𝑆𝑅𝐼𝑆𝐾 and I estimate the 

correlation coefficient between the aforementioned systemic risk measures. I also 

investigate the exposure and contribution of US and euro area banking institutions to 

systemic risk concluding the following results: First, among the banking institutions with 

the highest 𝛥𝐶𝑜𝑉𝑎𝑅 systemic risk measure are the French largest banking institutions (the 

BNP Paribas SA and the Société Générale SA) and a German banking institution (the 

Deutsche Bank AG) indicating that they impose the highest risk in the financial system 

when in distress (contribution to systemic risk). Second, among the banking institutions 

with the highest 𝑀𝐸𝑆 systemic risk measure are the Greek largest banking institutions (the 

Alpha Bank AE, and the National Bank of Greece) indicating that they are the most 

vulnerable banking institutions to financial shocks. Third, in the post-crisis sub-period, the 

euro area banking institutions with the highest level of 𝑀𝐸𝑆 are all the Greek banking 
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institutions of the euro area banking institutions sample (the Alpha Bank AE, the Eurobank 

Ergasias SA, the Piraeus Bank SA and the National Bank of Greece). Fourth, among the 

banking institutions with the highest 𝛥𝐶𝑜𝑉𝑎𝑅 systemic risk measure are a French largest 

banking institution (the BNP Paribas SA) and a German banking institution (the 

Commerzbank AG) indicating that they are banking institutions the with the highest level 

of expected capital shortfall in case of a systemic event. Fifth, I do not observe significant 

changes on ranking (top-5) of US banking institutions among the 𝛥𝐶𝑜𝑉𝑎𝑅, 𝑀𝐸𝑆 and 

𝑆𝑅𝐼𝑆𝐾 systemic risk measures between the pre-crisis sub-period and the post-crisis sub-

period. Sixth, among the ten banking institutions (top-10) with the highest level of the 

𝛥𝐶𝑜𝑉𝑎𝑅 systemic risk measure only three are US banking institutions. Seventh, among 

the ten banking institutions (top-10) with the highest level of the 𝑀𝐸𝑆 systemic risk 

measure only one, respectively is a US banking institution. Eighth, the five banking 

institutions (top-5) with the highest level of the 𝑆𝑅𝐼𝑆𝐾 risk measure are US banking 

institutions indicating that they have the highest expected losses in case of a crisis. Nineth, 

I observe the existence of correlation between the 𝛥𝐶𝑜𝑉𝑎𝑅 and 𝑀𝐸𝑆 systemic risk 

measures in the full investigated period. Moreover, I observe the existence of correlation 

between the 𝛥𝐶𝑜𝑉𝑎𝑅 and 𝑀𝐸𝑆 systemic risk measures and between the 𝛥𝐶𝑜𝑉𝑎𝑅 and 

𝑆𝑅𝐼𝑆𝐾 systemic risk measures in the post-crisis sub-period. 
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Chapter 3 

Cross-Border Spillovers between U.S. and Euro 

area Banking Institutions 

3.1 Introduction 

The separations firstly between financial institutions and markets and secondly 

among the sectors of finance are indiscernible a result of the increasing integration of 

markets with banking institutions and banking institutions with financial institutions. 

Searching for effective ways of investing savings leads unavoidably to integration (Padoa-

Schioppa, 2003). Indeed, the United States subprime mortgage crisis, reveals the 

interdependence between the US and European markets. Consequently, the Lehman 

Brother filing for bankruptcy led either to collapse or to big losses of many financial 

institutions around Europe. Specifically, the financial crisis turned into the European 

sovereign debt crisis (Carlson et al., 2011).13 Additionally, US banking institutions were 

highly exposed to French and German banking institutions which in turn were directly 

exposed to the economies of the European periphery due to the sovereign debt. Measuring 

and monitoring the systemic risk in real time is among the highest concern of policy makers 

and regulators on both sides of the Atlantic. Measuring the systemic risk to identify the 

systemic important banking institutions (SIBs) is urgent and challenging, especially in an 

era of “too big to fail” and “too interconnected to fail” logic. The growth of banking 

institutions may have been motivated either by the lower funding cost (see Demirgüç-Kunt 

 
13 See Lane (2012) for the European sovereign bet crisis. 
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and Huizinga, 2013) or by future bailouts which comes from a “too-big-to-fail” guarantee 

(see Stern and Feldman, 2004).14  

The FSB, in consultation with BCBS and national authorities, identify the Global 

Systemic Important Banks (G-SIBs) every year. According to the G-SIBs list published in 

November 2018, only twenty-one out of twenty-nine banking institutions were either US 

or European banking institutions. The failure or the distress of these institutions, either due 

to their size or due to their interconnectedness with the rest of the financial system causes 

significant destabilization in the financial system. The G-SIBs list indicates that 

systemically important banking institutions expose themselves to default and their 

counterparts to contagion.15 16 17 In this chapter, I investigate the contagion as a cross-

border risk between the US and euro area banking institutions. I quantify the risk of 

exposure of one banking institution to another cross-Atlantic banking institution. Adrian 

and Brunnermeier (2016) proposed the popular risk measure called 𝐶𝑜𝑉𝑎𝑅, which is based 

on the 𝑉𝑎𝑅 concept. 𝐶𝑜𝑉𝑎𝑅 is a risk measure that estimates the risk contribution of a single 

financial institution to the financial system, as the 𝑉𝑎𝑅 of the financial system conditional 

on a financial institution being in distress. Ιn contrast with Adrian and Brunnermeier (2016) 

I compute the 𝐶𝑜𝑉𝑎𝑅 risk measure between two banking institutions, more specifically the 

𝑉𝑎𝑅 measure of a particular banking institution (as measured by capital market losses), 

conditional on another banking institution being in distress. 

The 2008 financial crisis revealed how a shock of a single failure of an investment 

bank in the United States transmitted across the national borders. The capital flows have 

acted as a transmission channel since the European banking institutions were exposed to 

the US safe "private-label" assets – Asset Backed Commercial Paper (ABCP) (see 

Bernanke et al. 2011).18 The present analysis quantifies the cross-border spillover effect 

between eleven US banking institutions and twenty-four euro area banking institutions for 

 
14 See Mishkin (2006) for a review on Gary Stern and Ron Feldman’s Too Big to Fail: The Hazards of Bank 

Bailouts. 
15 For contagion among the financial markets see Allen and Gale (2000), Kyle and Xiong (2001), Kodres and 

Pritsker (2002), Kiyotaki and Moore (2002), Allen and Gale (2004) and Brunnermeier and Pedersen (2005), 

among others. 
16 For the long-run relationship between stock market prices and exchange rates both in EU and US during 

the recent financial crisis of 2008 see Tsagkanos and Siriopoulos (2013). 
17 For spillover effect among the sovereign CDS of euro area markets see Galariotis et al. (2016b). 
18 For American no‐load equity mutual funds investing in European stock markets see Papadamou and 

Siriopoulos (2004). 
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the period from January 02, 2001 to June 11, 2014. I use the daily data of equity market 

prices of banking institutions, to compute the conditional 𝛥𝐶𝑜𝑉𝑎𝑅. I also use the financial 

and macroeconomic characteristics of the U.S. and euro area (“state variables”) to capture 

the evolution of tail risk dependence over time (see Adrian and Brunnermeier, 2016). 

𝛥𝐶𝑜𝑉𝑎𝑅 is defined as the difference between the 𝑉𝑎𝑅 of 𝑗 banking institution conditional 

on 𝑖 banking institution being in distress and the 𝑉𝑎𝑅 of 𝑗 banking institution conditional 

on 𝑖 banking institution being at normal state. The 𝛥𝐶𝑜𝑉𝑎𝑅 risk measure captures the 

increasing risk of a particular banking institution when another banking institution is in 

trouble. I also compute the two risk indicators as the summation of the 𝛥𝐶𝑜𝑉𝑎𝑅 named 

𝑠𝑢𝑚𝑅𝐼𝑆𝐾 and 𝑣𝑅𝐼𝑆𝐾. I compute the 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 to capture the total risk exposures of a 

single banking institution to the cross-border banking network, also I compute 𝑣𝑅𝐼𝑆𝐾 to 

capture the total risk exposures of a banking network to a cross-border single banking 

institution, respectively. The 𝑣𝑅𝐼𝑆𝐾 captures the vulnerability of a particular banking 

institution to risk exposures. The present analysis concludes that US banking institutions 

are highly exposed to French and German banking institutions and vice versa. 

The remainder of the chapter is organized as follows: Section 2 presents the data 

selection procedure and the data used in the present chapter. Section 3 presents the 

definitions of risk measure and the estimation procedure. Section 4 discusses the empirical 

results. Section 5 concludes. 

3.2 Data 

This section presents the data used in the present analysis. First, I describe the 

dataset and the selection procedure and second, I describe the “state variables” selection.19 

3.2.1 Data selection 

I measure the systemic risk stemming from US banking institutions infecting the 

euro area banking institutions and vice versa. My analysis covers the period from January 

02, 2001 to June 11, 2014 in a daily frequency (3,164 observations for each institution). I 

investigate the cross-border linkages between eleven US banking institutions and the 

twenty-four largest euro area banking institutions. At the US banking institutions sample, 

 
19 The name “state variables” is used for a set of macroeconomic and financial variables, see Adrian and 

Brunnermeier (2016). 
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eight banking institutions were identified as G-SIBs by the Financial Stability Board in 

November 2018. As for the sample of the euro area banking institutions I follow Ricci 

(2015) in order to identify the largest banking institutions in the euro area. The sample of 

the euro area banking institutions are derived from the following euro area countries: (1) 

Austria, (1) Belgium, (3) France, (2) Germany,(4) Greece, (1) Ireland, (5) Italy, (2) 

Portugal and (5) Spain. Overall, I study 528 pairs of banking institutions more specifically, 

264 pairs where the systemic risk is stemming from the US banking institutions infecting 

the euro area banking institutions and 264 where the systemic risk is stemming from the 

euro area infecting US banking institutions. Table A2 and Table A3 report the US and euro 

area banking institutions, respectively; by their respective names, ticker symbols and 

countries. For my analysis, I consider the daily market price of banking institution equity, 

data for the market prices of banking institutions’ equities comes from the Bloomberg 

database. 

3.2.2 State variables selection 

Following Adrian and Brunnermeier (2016) in order to estimate time-varying 𝑉𝑎𝑅𝑡 

and 𝐶𝑜𝑉𝑎𝑅𝑡 risk measures using “state variables” 𝑀𝑡 which is a set of macroeconomic 

and financial variables. These macroeconomic and financial risk factors are liquid and 

easily tradable, capturing the expected part of returns. Specifically, the US “state 

variables” include: 

(i) the Chicago Board Options Exchange Volatility Index (CBOE VIX index) 

which captures the implied volatility in S&P 500 index, 

(ii) the TED-rate (liquidity spread) defined as the difference between the 

interest rate on interbank loans and short-term US debt rate, calculated as 

the difference between the three-month London Interbank Offered Rate 

(LIBOR) based on US dollars and the three-month Treasury bills (T-bills), 

(iii) the change in the three-month T-bill rate, 

(iv) the change in the slope yield curve measured by the yield spread between 

the ten-year US Treasury bond rate and the three-month T-bill rate, 

(v) the credit spread captured by spread between the ten-year Moody's seasoned 

BAA-rated bonds and the ten-year Treasury bond yield, and 

(vi)  the daily S&P500 index equity market return. 
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As for the euro area, the “state variables” include: 

(i) the VDAX index which captures the implied volatility in the DAX index, 

(ii) the liquidity spread defined as the difference between the three-month Euro 

Interbank Offered Rate (EURIBOR) and the three-month German 

government bond rate, 

(iii) the change in the three-month German government bond, 

(iv) the change in the slope yield curve measured by the yield spread between 

the ten-year and the three-month German government bond yield, and 

(v) the daily FTSE Euro 100 index equity market return. 

Data for the “state variables” of the US comes from the Federal Reserve Economic 

Data (FRED) database. Data for the “state variables” of the euro area comes from the 

Thomson Reuters database, with the exception of the Euribor rates data coming from “The 

European Money Markets Institute (EMMI)” database, formerly known as the “Euribor-

EBF”.20 Table 3.1A and Table 3.1B report the summary statistics of the “states variables” 

for the US and the euro area, respectively. 

3.3 CoVaR methodology 

This section presents the methodology for computing the 𝐶𝑜𝑉𝑎𝑅 measure; how 

much a particular banking institution contribute to the risk of another banking institution. 

First, I estimate the time varying 𝑉𝑎𝑅 and 𝐶𝑜𝑉𝑎𝑅 of banking institutions associated with 

systematic “state variables”. To this end I compute the 𝛥𝐶𝑜𝑉𝑎𝑅 as the difference between 

the 𝑉𝑎𝑅 of a particular banking institution conditional on another banking institution being 

in distress and the 𝑉𝑎𝑅 of a particular banking institution conditional on the other banking 

institution being at normal (median) state. 

3.3.1 Definition 

The 𝐶𝑜𝑉𝑎𝑅 is based on the concept of the 𝑉𝑎𝑅, a widely used risk measure which 

defines the worst expected loss scenario of a risky asset, portfolio or position for a given 

probability and time frame. Given the returns are 𝑟𝑡
𝑖 of the 𝑖 banking institution, the 𝑉𝑎𝑅𝑖 

is defined as: 

 
20 We emit the daily observations with missing or negative prices. 
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𝑃𝑟(𝑟𝑡
𝑖 ≤ 𝑉𝑎𝑅𝑞,𝑡

𝑖 ) = 𝑞 (3.1) 

The definition states that for a specific degree of confidence level, for example,(1 − 𝑞) =

0.95, there is a 5 percent chance that the expectation of losing at least the estimated 𝑉𝑎𝑅, 

in other words, one day of loss every twenty days on average. Thus, 𝑉𝑎𝑅0.05,𝑡
𝑖  represents 

the 0.05 quantile of 𝑖 banking institution’s return distribution. Adrian and Brunnermeier 

(2016) introduce 𝐶𝑜𝑉𝑎𝑅 as a risk measure of distress in the financial system, when a 

particular institution is in distress. More specifically, 𝐶𝑜𝑉𝑎𝑅𝑞
𝑗|𝑖

 is defined as the 𝑉𝑎𝑅 of 

the financial system 𝑗 conditional on institution 𝑖 being in distress. Assuming that a 

conditioning event of {𝑟𝑡
𝑖 = 𝑉𝑎𝑅𝑞,𝑡

𝑖 }, 𝐶𝑜𝑉𝑎𝑅𝑞
𝑗|𝑖

 is denoted as the 𝑞-quantile of the 

following conditional probability distribution:21 

𝑃𝑟(𝑟𝑡
𝑗

≤ 𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑖 |𝑟𝑡

𝑖 = 𝑉𝑎𝑅𝑞,𝑡
𝑖 ) = 𝑞 (3.2) 

Consequently, the marginal contribution of institution 𝑖 to the risk of financial 

system 𝑗 is captured by 𝛥𝐶𝑜𝑉𝑎𝑅 as the difference between the 𝑉𝑎𝑅 of the financial system 

𝑗 conditional on institution 𝑖 being in distress and the 𝑉𝑎𝑅 of the financial system 𝑗 

conditional on the institution 𝑖 being at normal (median) state; in other words the difference 

between 𝐶𝑜𝑉𝑎𝑅 on the loss of the financial system 𝑗 in crisis and that in a normal (median) 

situation. The contribution of institution 𝑖 to the risk of the financial system 𝑗 is denoted 

by:22 

𝛥𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑗|𝑖

= 𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑗|𝑖

− 𝐶𝑜𝑉𝑎𝑅0.5,𝑡
𝑗|𝑖

 (3.3) 

Thus, 𝛥𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑗|𝑖

 captures the part of externalities (spillover effects on the financial 

system) not captured by an institution's 𝑉𝑎𝑅.  

In my analysis, I investigate the case where 𝑗 corresponds to a particular euro area 

banking institution, {𝑗 = 𝐸𝑈}, and 𝑖 corresponds to a US banking institution, {𝑖 = 𝑈𝑆}. 

 
21 See Girardi and Ergün (2013) for 𝛥𝐶𝑜𝑉𝑎𝑅 estimated by assuming the general conditioning event of 

{𝑟𝑡
𝑖 ≤ 𝑉𝑎𝑅𝑞,𝑡

𝑖 }. 
22 This definition follows Adrian and Brunnermeier (2016). An older version, Adrian and Brunnermeier 

(2009), defines 𝛥𝐶𝑜𝑉𝑎𝑅𝑞
𝑗|𝑖

 as the difference between the 𝑉𝑎𝑅 of the system conditional on institution 𝑖 and 

the unconditional level 𝑉𝑎𝑅 of institution 𝑗. 𝛥𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑗|𝑖

= 𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑗|𝑖

− 𝑉𝑎𝑅𝑞,𝑡
𝑗

. 
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Consequently, 𝛥𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑗|𝑖

 computes the marginal contribution of a particular institution to 

the risk of another.23 More specifically, 𝛥𝐶𝑜𝑉𝑎𝑅𝐸𝑈|𝑈𝑆 captures the additional amount of 

risk on 𝑉𝑎𝑅 of a euro area banking institution, caused by a distressed US bank. Similarly, 

𝛥𝐶𝑜𝑉𝑎𝑅𝑈𝑆|𝐸𝑈 captures the additional amount of risk on 𝑉𝑎𝑅 of a U.S banking institution, 

caused by a distressed euro area banking institution. 

3.3.2 Estimation procedure 

There are several ways to compute 𝐶𝑜𝑉𝑎𝑅 empirically. The co-movement of equity 

prices increases in distress periods thus, the dependence on equity returns requires to be 

handled with non-linear methods. Quantile regression introduced by Koenker and Bassett 

(1978a) is a technique that estimates the relationship between a set of regressors at a 

specific quantile of the distribution rather than the average relationship as in the ordinary 

least squares techniques. Thus, quantile regression is a well-suited statistical tool to capture 

nonlinear relationships in equity returns.24 Consider the model: 

𝑦𝑡 = 𝑥𝑡
′𝛽 + 𝑢𝑡  

The 𝑞-quantile estimator �̂�(𝑞) minimizes the objective function: 

min
𝛽∈ℛ

∑ 𝜌𝑞(𝑦𝑖 − 𝜉(𝑥𝑖 , 𝛽))

𝑁

𝑖

,   𝑞 ∈ (0,1) (3.4) 

where 𝜌𝑞 is the tilted absolute value function that yields the 𝑞-quantile as its solution 

function. 

The present analysis follows Adrian and Brunnermeier (2016) estimating time-

varying 𝐶𝑜𝑉𝑎𝑅 associated with systematic “state variables” with the quantile regression. 

The following (or next) three steps provide the methodology in detail, the third step provide 

the computation of 𝛥𝐶𝑜𝑉𝑎𝑅 risk measure:25 

Step 1. I estimate the following quantile regression at 𝑞-quantile:26 

 
23 The 𝐶𝑜𝑉𝑎𝑅 of the 𝑗 banking institution conditional on 𝑖 banking institution is not equal to the 𝐶𝑜𝑉𝑎𝑅 of 

banking institution 𝑖 conditional on 𝑗 banking institution. 
24 We use the logarithmic equity returns and the state variables on logarithmic scale. 
25 See López-Espinosa et al. (2012), Sedunov (2016), and Rodríguez-Moreno and Pena (2013) for 

computation of the 𝐶𝑜𝑉𝑎𝑅 via quantile regression 
26 See Engle and Manganelli (2004) for computing VaR via quantile regression. 
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𝑟𝑞,𝑡
𝑖 = 𝑎𝑞

𝑖 + 𝛾𝑞
𝑖𝛭𝑡−1

𝑈𝑆 + 𝑢𝑞,𝑡
𝑖  (3.5) 

where 𝑟𝑞,𝑡
𝑖  denotes the daily equity return of 𝑖 {𝑈𝑆} banking institution at the time 𝑡, 𝛭𝑡−1

𝑈𝑆  

is the vector of lagged “state variables” (systemic variables). I discussed the “state 

variables” in the previous Section, in detail. 

I obtain the US banking institutions’ 𝑉𝑎𝑅𝑡 by generating the estimated values from 

Equation (3.5) according to: 27 

𝑉𝑎𝑅𝑞,𝑡
𝑖 = �̂�𝑞

𝑖 + 𝛾𝑞
𝑖𝛭𝑡−1

𝑈𝑆  (3.6) 

Step 2. Similarly, in order to compute the 𝐶𝑜𝑉𝑎𝑅𝑗|𝑖 of 𝑗|𝑖 (EU | US) banking institution 

pairs, I estimate the quantile regression of a euro area banking institution 𝑗′𝑠 equity returns 

on a US banking institution 𝑖′𝑠 equity returns and a set of the “state variables” related to 

the European Monetary Union area: 

𝑟𝑡
𝑗

= 𝑎𝑞
𝑗

+ 𝛽𝑞
𝑗
𝑟𝑡

𝑖 + 𝛾𝑞
𝑗
𝛭𝑡−1

𝐸𝑈  (3.7) 

where 𝑟𝑞,𝑡
𝑗

 denotes the daily equity return of a 𝑗 {𝐸𝑈} banking institution at the time 𝑡. I 

obtain the 𝐶𝑜𝑉𝑎𝑅𝑡 by generating the estimated values from Equation (3.7) evaluated at 

{𝑟𝑡
𝑖 = 𝑉𝑎𝑅𝑞,𝑡

𝑖 } according to:  

𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑗|𝑖

= �̂�𝑞
𝑗

+ �̂�𝑞
𝑗
𝑉𝑎𝑅𝑞,𝑡

𝑖 + 𝛾𝑞
𝑗
𝛭𝑡−1

𝐸𝑈  (3.8) 

where, the coefficient �̂�𝑞
𝑗
, captures the sensitivity of a euro area banking institution’s equity 

returns on a US banking institution’s equity returns at the 𝑞𝑡ℎ quantile. Thus, the larger the 

computed 𝐶𝑜𝑉𝑎𝑅𝑗|𝑖in absolute value, the more vulnerable the euro area banking institution 

is to spillovers from US banking institutions.28 

Step 3. Finally, I compute the contribution of a US banking institution's risk (𝑉𝑎𝑅) 

exposure to a particular EU banking institution as follows: 

 
27 𝑉𝑎𝑅 is typically a negative number. However, in practice, the sign is often switched. 
28 Τhe estimated coefficient, �̂�𝑞

𝑗
, is time invariant. indicating that the effect of 𝑉𝑎𝑅 on 𝐶𝑜𝑉𝑎𝑅 is constant 

over time. 
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𝛥𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑗|𝑖

= 𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑗|𝑖

− 𝐶𝑜𝑉𝑎𝑅0.5,𝑡
𝑗|𝑖

= �̂�𝑞
𝑗
(𝑉𝑎𝑅𝑞,𝑡

𝑖 − 𝑉𝑎𝑅0.5,𝑡
𝑖 ) (3.9) 

To assess the impact of an individual US banking institution on the euro area 

banking network (twenty-four euro area banking institutions), I construct a risk indicator 

as summation of 𝛥𝐶𝑜𝑉𝑎𝑅𝑗|𝑖, 

𝑠𝑢𝑚𝑅𝐼𝑆𝐾𝑡
𝑖 = ∑ 𝛥𝐶𝑜𝑉𝑎𝑅𝑞,𝑡

𝑗|𝑖24
𝑗=1    𝑗 = 1, … ,24. (3.10) 

The 𝑠𝑢𝑚𝑅𝐼𝑆𝐾𝑡 indicator summarizes the overall cross-border risk exposure of a particular 

US banking institution to the euro area banking institutions of the sample; thus, I identify 

and rank the US banking institutions according to cross-Atlantic risk exposure. 

On the one hand, 𝑠𝑢𝑚𝑅𝐼𝑆𝐾𝑡
𝑖 identifies the US banking institution with the highest 

contribution to risk in the euro area banking network. On the other hand, I also compute 

the impact of the US banking network (eleven US banking institutions) on a particular euro 

area banking institution as follows, 

𝑣𝑅𝐼𝑆𝐾𝑡
𝑗

= ∑ 𝛥𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑗|𝑖11

𝑖=1    𝑖 = 1, … ,11. (3.11) 

The 𝑣𝑅𝐼𝑆𝐾𝑡
𝑗
 risk indicator assess the impact of US banking network (eleven US banking 

institutions) to an individual euro area banking institution thus I identify the euro area 

banking institution with the highest vulnerability to US banking network. 

Similarly, I compute the risk measures 𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑖|𝑗

, 𝛥𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑖|𝑗

, 𝑠𝑢𝑚𝑅𝐼𝑆𝐾𝑡
𝑗
 and 

𝑣𝑅𝐼𝑆𝐾𝑡
𝑖 to capture the risk stemming from the euro area banking institutions infecting 

cross-Atlantic counterparts. 

3.4 Empirical results 

This section presents the empirical results. First, I discuss the empirical results from 

quantile regression estimation. Second, I discuss the cross-border spillovers presenting the 

pairs of banking institutions with the highest level of risk indicators (the 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 and the 

𝑣𝑅𝐼𝑆𝐾).29 

 
29 The descriptive statistics of US and Euro area banking institutions returns presented in Appendix A. 
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3.4.1 Quantile regression 

I now present the descriptive statistics of the “states variables” of both the US and 

the euro area. Table 3.1A and Table 3.1B report the descriptive statistics of “states 

variables” of the US and the euro area, respectively. According to Table 3.1A (the US 

“states variables”), as far as the VIX is concerned, the mean (average) daily volatility over 

the period is equal to 20.2770, the median is equal to 17.8500 with a maximum of 

80.8600 and a minimum of 9.8900. The standard deviation is equal to 8.9375. The 

skewness is positive, equal to 2.1439 indicating an asymmetry in the distribution with 

more positive values than negative values. Also, the kurtosis is equal to 9.8873. As for the 

liquidity spread, the mean (average) daily spread over the period is equal to 0.4298, the 

median is equal to 0.2700 with a maximum of 4.5800 and a minimum of 0.0900. The 

standard deviation is equal to 0.4389. The skewness is positive, equal to 3.7147 indicating 

an asymmetry in the distribution with more positive values than negative values. Also, the 

kurtosis is equal to 21.7318. 

Table 3.1A. Descriptive statistics of the US “state variables” 

 Mean Median Max Min Std. Dev Skewness 
Kurtosi

s 

VIX 20.2770 17.8500 

80.860

0 9.8900 8.9375 2.1439 9.8873 

Liquidity spread 0.4298 0.2700 4.5800 0.0900 0.4389 3.7147 21.7318 

3-month T-Bill 

change −1.43𝑒−03 0.0000 0.7600 −0.8100 0.0509 −1.4620 73.3582 

Yield spread change 2.0546 2.2000 3.8500 −0.9500 1.0877 −0.6556 2.6569 

Credit spread change −0.7254 −0.6200 3.9500 −3.6600 1.5992 0.1443 2.1667 

S&P500 return 1.30e-04 

5.81𝑒−0

4 0.1042 −0.0947 0.0125 −0.2658 11.4704 

Note: This table reports the descriptive statistics for the US “state variables” named, (i) VIX, (ii) liquidity 

spread expressed by TED-rate, (iii) the change in the three-month T-bill rate, (iv) yield spread change defined 

as the difference between the ten-year Treasury bond and the three-month T-bill rate, (v) credit spread defined 

as the spread between the ten-year Moody's seasoned BAA-rated bonds and the ten-year Treasury bond yield 

and (vi) S&P500 index return. 

As for the 3-month T-Bill change, the mean (average) daily change over the period 

is equal to −1.43𝑒 − 03, the median is equal to 0.0000 with a maximum of 0.7600 and a 

minimum of −0.8100. The standard deviation is equal to 0.0509. The skewness is 

negative, equal to −1.4620 indicating an asymmetry in the distribution with more negative 

values than positive values. Also, the kurtosis is equal to 73.3582.30 As for the yield spread 

 
30 I use medians to deal with the high kyrtosis 
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change, the mean (average) daily change over the period is equal to 2.0546, the median is 

equal to 2.2000 with a maximum of 3.8500 and a minimum of −0.9500. The standard 

deviation is equal to 1.0877. The skewness is negative, equal to −0.6556 indicating an 

asymmetry in the distribution with more negative values than positive values. Also, the 

kurtosis is equal to 2.6569. 

As for the credit spread change, the mean (average) daily change over the period is 

equal to −0.7254, the median is equal to −0.6200 with a maximum of 3.9500 and a 

minimum of −3.6600. The standard deviation is equal to 1.5992. The skewness is 

negative, equal to −0.1443 indicating an asymmetry in the distribution with more negative 

values than positive values. Also, the kurtosis is equal to 2.6569. As for the S&P500 return, 

the mean (average) daily return over the period is equal to 1.30𝑒 − 04, the median is equal 

to 5.81𝑒 − 04 with a maximum of 0.1042 a and minimum of −0.0947. The standard 

deviation is equal to 0.0125. The skewness is negative, equal to −0.2658 indicating an 

asymmetry in the distribution with more negative values than positive values. Also, the 

kurtosis is equal to 11.4704. 

According to Table 3.1B (the euro area “states variables”), as far as the VDAX is 

concerned, the mean (average) daily volatility over the period is equal to 22.6304, the 

median is equal to 19.8200 with a maximum of 74.0000 and a minimum of 10.9800. The 

standard deviation is equal to 9.4505. The skewness is positive, equal to 1.5496 indicating 

an asymmetry in the distribution with more positive values than negative values. Also, the 

kurtosis is equal to 5.3192. As for the liquidity spread, the mean (average) daily spread 

over the period is equal to 0.3138, the median is equal to 0.1830 with a maximum of 

2.9290 and a minimum of −0.1200. The standard deviation is equal to 0.4063. The 

skewness is positive, equal to 2.2324 indicating an asymmetry in the distribution with 

more positive values than negative values. Also, the kurtosis is equal to 10.5235. 

As for the 3-month T-Bill change, the mean (average) daily change over the period 

is equal to −0.0014, the median is equal to 0.0000 with a maximum of 0.4840 and a 

minimum of −0.5300. The standard deviation is equal to 0.0479. The skewness is 

negative, equal to −1.0438 indicating an asymmetry in the distribution with more negative 

values than positive values. Also, the kurtosis is equal to 28.0958. As for the yield spread 

change, the mean (average) daily change over the period is equal to 1.4477, the median is 
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equal to 1.4760 with a maximum of 3.1880 and a minimum of −0.3190. The standard 

deviation is equal to 0.7872. The skewness is negative, equal to −0.0881 indicating an 

asymmetry in the distribution with more negative values than positive values. Also, the 

kurtosis is equal to 2.4422. As for the FTSE Euro100 return, the mean (average) daily 

return over the period is equal to −8.11𝑒 − 05, the median is equal to 2.69𝑒 − 04 with a 

maximum of 0.1041 and a minimum of −0.0852. The standard deviation is equal to 

0.0151. The skewness is positive, equal to 0.0180 indicating an asymmetry in the 

distribution with more positive values than negative values. Also, the kurtosis is equal to 

8.0710. 

Table 3.1B. Descriptive statistics of the euro area “state variables” 

 Mean Median Max Min Std. Dev Skewness 
Kurtosi

s 

VDAX 22.6304 19.8200 

74.000

0 10.9800 9.4505 1.5496 5.3192 

Liquidity spread 0.3138 0.1830 2.9290 −0.1200 0.4063 2.2324 10.5235 

3-month German 

gov. bond change -0.0014 0.0000 0.4840 −0.5300 0.0479 -1.0438 28.0958 

Yield spread change 1.4477 1.4760 3.1880 −0.3190 0.7872 -0.0881 2.4422 

FTSE Euro100 return −8.11𝑒−05 

2.69𝑒−0

4 0.1041 −0.0852 0.0151 0.0180 8.0710 

Note: This table reports the descriptive statistics for the euro area “state variables” named, (i) VDAX, (ii) 

liquidity spread the liquidity spread defined as the difference between the three-month EURIBOR and three-

month German government bond rate, (iii) the change in the three-month German government bond rate, (iv) 

yield spread change defined as difference between the ten-year and the three-month German government 

bond rate and (v) FTSE Euro100 index return. 

The quantile regression, described analytically at previous section, is used in order 

to estimate the time-varying 𝑉𝑎𝑅𝑡 and the 𝐶𝑜𝑉𝑎𝑅𝑡 risk measures (Equation 3.6 and 

Equation 3.8, respectively), I observe that the VIX index and the liquidity spread (TED-

rate) have significant positive impact on the 𝑉𝑎𝑅𝑡 of all US banking institutions of the 

sample; I reject null hypothesis: 𝑏𝑚𝑈𝑆 = 0, where 𝑚𝑈𝑆 = 1, 2. Furthermore, the yield 

spread change (change in the slope yield curve) has a positive impact on the 𝑉𝑎𝑅𝑡 of most 

US banking institutions of the sample (eight out of eleven). The Bank of America Corp, 

the Bank of New York Mellon Corp, the Citigroup Inc, the JP Morgan Chace & Co, the 

Morgan Stanley, the PNC Financial Services Group Inc, the State Street Corp, the U.S. 

Bancorp and the Wells Fargo & Co of which I reject null hypothesis: 𝑏𝑚𝑈𝑆 = 0. Indicating 

that an increase in the expectation of volatility implied by the S&P500 index options or an 

increase in the TED-rate or a widening of the yield spread change are associated with 
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higher possible (expected) losses, in other words with a higher 𝑉𝑎𝑅𝑡. I also observe similar 

patterns in the 𝐶𝑜𝑉𝑎𝑅𝑡 quantile regression estimations. 

Similarly, in the euro area, the VDAX index and the liquidity spread have 

significant positive impact on the 𝑉𝑎𝑅𝑡 of all the euro area banking institutions of the 

sample; I reject null hypothesis: 𝑏𝑚𝐸𝑈 = 0, where 𝑚𝐸𝑈 = 1, 2. Furthermore, the yield 

spread change (change in the slope yield curve) has a positive impact on the 𝑉𝑎𝑅𝑡 of some 

euro area banking institutions of the sample. The Credit Agricole SA, the Bank of Ireland, 

the Bankinter SA, the BNP Paribas SA, the Banco BPI SA, the Eurobank Ergasias SA, the 

Société Générale SA and the Banco de Sabadell SA of which I reject null hypothesis: 

𝑏𝑚𝐸𝑈 = 0. Indicating that an increase in the expectation of volatility implied by the 

S&P500 index options or a widening between the three-month Euro Interbank Offered Rate 

(EURIBOR) and the three-month German government bond rate or a widening of the yield 

spread change are associated with higher possible (expected) losses, in other words with a 

higher 𝑉𝑎𝑅𝑡. I also observe similar patterns at the 𝐶𝑜𝑉𝑎𝑅𝑡 quantile regression estimations. 

3.4.2 Cross-border spillovers 

I now present the summary statistics of the risk measures named (i) 𝑉𝑎𝑅, (ii) 

𝛥𝐶𝑜𝑉𝑎𝑅 and risk indicators named (iii) 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 and (iv) 𝑣𝑅𝐼𝑆𝐾 of both the US and euro 

area. Table 3.2A and Table 3.2B report the summary statistics for risk measures and 

indicators of the US and euro area, respectively. 

According to Table 3.2A in the full investigated period in Panel A, as far as the 

𝑉𝑎𝑅 is concerned, the mean (average) daily value at risk is equal to 0.0352, the median is 

equal to 0.0298 with a maximum of 0.1231 and a minimum of 4.50𝑒 − 03. The standard 

deviation is equal to 0.0200. The skewness is positive, equal to 1.3590 and the kurtosis is 

equal to 5.2325. As for the 𝛥𝐶𝑜𝑉𝑎𝑅, the mean (average) daily delta conditional value at 

risk is equal to 3.88𝑒 − 03, the median is equal to 3.57𝑒 − 03 with a maximum of 0.0128 

and a minimum of −4.37𝑒 − 04. The standard deviation is equal to 2.25𝑒 − 03. The 

skewness is positive, equal to 0.7141 and the kurtosis is equal to 3.1268. 

As for the 𝑠𝑢𝑚𝑅𝐼𝑆𝐾, the mean (average) daily impact of US banking institutions 

is equal to 0.0937, the median is equal to 0.0860 with a maximum of 0.3076 and a 

minimum of −0.0113. The standard deviation is equal to 0.0547. The skewness is 
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positive, equal to 0.7146 and the kurtosis is equal to 3.1071. As for the 𝑣𝑅𝐼𝑆𝐾, the mean 

(average) daily vulnerability of US banking institutions is equal to 0.0811, the median is 

equal to 0.0768 with a maximum of 0.2247 and a minimum of 6.43𝑒 − 04. The standard 

deviation is equal to 0.0374. The skewness is positive, equal to 0.5738 and the kurtosis is 

equal to 3.2645. 

Table 3.2A. Summary statistics of US risk measures and indicators 

 Risk measures Risk indicators 

 𝑽𝒂𝑹𝑼𝑺 𝜟𝑪𝒐𝑽𝒂𝑹𝑼𝑺 𝒔𝒖𝒎𝑹𝑰𝑺𝑲𝑼𝑺 𝒗𝑹𝑰𝑺𝑲𝑼𝑺 

 Panel A. Full investigated period 2001-2014 

Mean 0.0352 3.88𝑒−03 0.0937 0.0811 

Median 0.0298 3.57𝑒−03 0.0860 0.0768 

Maximum 0.1231 0.0128 0.3076 0.2247 

Minimum 4.50𝑒−03 −4.37𝑒−04 −0.0113 6.43𝑒−04 

Std. Dev. 0.0200 2.25𝑒−03 0.0547 0.0374 

Skewness 1.3590 0.7141 0.7146 0.5738 

Kurtosis 5.2325 3.1268 3.1071 3.2645 

 Panel B. Pre-crisis sub-period 2001-2008 

Mean 0.0319 3.79e-03 0.0911 0.0749 

Median 0.0283 3.43e-03 0.0823 0.0720 

Maximum 0.0743 0.0115 0.2768 0.1843 

Minimum 4.50𝑒−03 -4.37e-04 -0.0113 6.43e-04 

Std. Dev. 0.0157 2.23e-03 0.0540 0.0368 

Skewness 0.5443 0.6271 0.6348 0.4421 

Kurtosis 2.3058 2.8852 2.9193 2.7836 

 Panel C. Post-crisis sub-period 2008-2014 

Mean 0.0397 4.00𝑒−03 0.0973 0.0900 

Median 0.0319 3.74𝑒−03 0.0902 0.0832 

Maximum 0.1231 0.01281 0.3076 0.2247 

Minimum 7.52𝑒−03 −3.64𝑒−04 −8.74𝑒−03 0.0160 

Std. Dev. 0.0241 2.27e-03 0.05563 0.0364 

Skewness 1.3242 0.8303 0.8128 0.8631 

Kurtosis 4.2110 3.3930 3.2755 3.6479 

Note: This table reports the summary statistics of the average of the risk measures and indicators named (i) 

𝑉𝑎𝑅, (ii) 𝛥𝐶𝑜𝑉𝑎𝑅, (iii) 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 and (iv) 𝑣𝑅𝐼𝑆𝐾 of US banking institutions. Panel A refers to the summary 

statistics in the full investigated period which spans from January 2, 2001 to June 11, 2014, Panel B refers to 

the summary statistics in the pre-crisis sub-period which spans from January 2, 2001 to September 14, 2008 

and Panel C refers to the summary statistics in the post-crisis sub-period which spans from September 15, 

2008 to June 11, 2014. 

In the pre-crisis sub-period in Panel B the mean (average) 𝑉𝑎𝑅 is equal to 0.0319, 

the mean (average) 𝛥𝐶𝑜𝑉𝑎𝑅 is equal to 3.79𝑒 − 03, the mean (average) 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 is equal 

to 0.0911 and the mean (average) 𝑣𝑅𝐼𝑆𝐾 is equal to 0.0749. In the post-crisis sub-period 

in Panel C the mean (average) 𝑉𝑎𝑅 is equal to 0.0397, the mean (average) 𝛥𝐶𝑜𝑉𝑎𝑅 is 
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equal to 4.00𝑒 − 03, the mean (average) 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 is equal to 0.0973 and the mean 

(average) 𝑣𝑅𝐼𝑆𝐾 is equal to 0.0900. 

According to Table 3.2B in the full investigated period in Panel A, as far as the 

𝑉𝑎𝑅 risk measure is concerned, the mean (average) daily value at risk is equal to 0.0418, 

the median is equal to 0.0380 with a maximum of 0.1381 and a minimum of 0.0124. The 

standard deviation is equal to 0.0174. The skewness is positive, equal to 1.0357 and the 

kurtosis is equal to 4.3472. As for the 𝛥𝐶𝑜𝑉𝑎𝑅, the mean (average) daily delta conditional 

value at risk is equal to 3.36𝑒 − 03, the median is equal to 3.18𝑒 − 03 with a maximum 

of 9.34𝑒 − 03 and a minimum of 1.87𝑒 − 05. The standard deviation is equal to 1.54𝑒 −

03. The skewness is positive, equal to 0.5702 and the kurtosis is equal to 3.2473. As for 

the 𝑠𝑢𝑚𝑅𝐼𝑆𝐾, the mean (average) daily impact of the euro area banking institutions is 

equal to 0.0373, the median is equal to 0.0354 with a maximum of 0.1223 and a minimum 

of 2.95𝑒 − 04. The standard deviation is equal to 0.0171. The skewness is positive, equal 

to 0.5906 and the kurtosis is equal to 3.4219. As for the 𝑣𝑅𝐼𝑆𝐾, the mean (average daily) 

vulnerability of the euro area banking institutions is equal to 0.0427, the median is equal 

to 0.0393 with a maximum of 0.1409 and a minimum of −4.80𝑒 − 03. The standard 

deviation is equal to 0.0248. The skewness is positive, equal to 0.7141 and the kurtosis is 

equal to 3.1268. 

In the pre-crisis sub-period in Panel B the mean (average) 𝑉𝑎𝑅 is equal to 0.0331, 

the mean (average) 𝛥𝐶𝑜𝑉𝑎𝑅 is equal to 3.11𝑒 − 03, the mean (average) 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 is equal 

to 0.0345 and the mean (average) 𝑣𝑅𝐼𝑆𝐾 is equal to 0.0417. In the post-crisis sub-period 

in Panel C the mean (average) 𝑉𝑎𝑅 is equal to 0.0541, the mean (average) 𝛥𝐶𝑜𝑉𝑎𝑅 is 

equal to 3.70𝑒 − 03, the mean (average) 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 is equal to 0.0412 and the mean 

(average) 𝑣𝑅𝐼𝑆𝐾 is equal to 0.0440. 

I now discuss the estimation results of the cross-Atlantic instability spillovers of 

US banking institutions into the euro area banking institutions and vice versa for the full 

investigated period (January 2, 2001 to June 11, 2011), the pre-crisis sub-period (January 
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2, 2001 to September 14, 2008) and the post-crisis sub-period (September 15, 2008 to June 

11, 2014).31 

Table 3.2B. Summary statistics of the euro area risk measures and indicators 

 Risk measures Risk indicators 

 𝑽𝒂𝑹𝑬𝑼 𝜟𝑪𝒐𝑽𝒂𝑹𝑬𝑼 𝒔𝒖𝒎𝑹𝑰𝑺𝑲𝑬𝑼 𝒗𝑹𝑰𝑺𝑲𝑬𝑼 

 Panel A. Full investigated period 2001-2014 

Mean 0.0418 3.36𝑒−03 0.0373 0.0427 

Median 0.0380 3.18𝑒−03 0.0354 0.0393 

Maximum 0.1381 9.34𝑒−03 0.1223 0.1409 

Minimum 0.0124 1.87𝑒−05 2.95e-04 −4.80𝑒−03 

Std. Dev. 0.0174 1.54𝑒−03 0.0171 0.0248 

Skewness 1.0357 0.5702 0.5906 0.7141 

Kyrtosis 4.3472 3.2473 3.4219 3.1268 

 Panel B. Pre-crisis sub-period 2001-2008 

Mean 0.0331 3.11𝑒−03 0.0345 0.0417 

Median 0.0322 2.99𝑒−03 0.0332 0.0377 

Maximum 0.0673 7.66𝑒−03 0.0845 0.1268 

Minimum 0.0124 1.87𝑒−05 2.95𝑒−03 −4.80𝑒−03 

Std. Dev. 0.0111 1.53𝑒−03 0.0168 0.0246 

Skewness 0.5768 0.4412 0.4234 0.6271 

Kurtosis 2.9017 2.7837 2.7528 2.8852 

 Panel C. Post-crisis sub-period 2008-2014 

Mean 0.0541 3.70𝑒−03 0.0412 0.0440 

Median 0.0501 3.43𝑒−03 0.0381 0.0411 

Maximum 0.1381 9.34𝑒−03 0.1223 0.1409 

Minimum 0.024 6.69𝑒−04 7.37𝑒−03 −4.00𝑒−03 

Std. Dev. 0.0173 1.50𝑒−03 0.0167 0.0250 

Skewness 0.8982 0.8713 0.9224 0.8303 

Kurtosis 3.6824 3.6561 4.0298 3.3930 

Note: This table reports the summary statistics of the average of risk measures and indicators named (i) 𝑉𝑎𝑅, 

(ii) 𝛥𝐶𝑜𝑉𝑎𝑅, (iii) 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 and (iv) 𝑣𝑅𝐼𝑆𝐾 of the euro area banking institutions. Panel A refers to the 

summary statistics in the full investigated period which spans from January 2, 2001 to June 11, 2014, Panel 

B refers to the summary statistics in the pre-crisis sub-period which spans from January 2, 2001 to September 

14, 2008 and Panel C refers to the summary statistics in the post-crisis sub-period which spans from 

September 15, 2008 to June 11, 2014. 

Table 3.3A and Table 3.3B report the complete ranking of the banking institutions 

of my sample for the period of January 2, 2001 to June 11, 2014 according to the average 

of the 𝑉𝑎𝑅 risk measure, the 𝑠𝑢𝑚𝑅𝐼𝑆𝐾, the 𝑣𝑅𝐼𝑆𝐾 risk indicators and the size of the 

banking institutions. Table 3.3A refers to the US banking institution rankings and Table 

3.3B refers to the euro area banking institution rankings. In Table 3.3A and Table 3.3B I 

observe that the ranking on the 𝑉𝑎𝑅 risk measure is not the same with the ranking on the 

 
31 The pre-crisis sub-period spans from January 2, 2001 to the September 14, 2008 (i.e., the day before the 

Lehman Brothers collapse) and the post-crisis sub-period spans from September 15, 2008 to June 11, 2014. 
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two other risk indicators (the 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 and the 𝑣𝑅𝐼𝑆𝐾), however, there is an exception 

with the Citigroup Inc, the Bank of America Corp, the PNC Financial Services Group Inc 

and the Wells Fargo & Co among the US banking institutions sample and with the Banca 

Monte dei Paschi di Siena from the euro area banking institutions sample; where the 

ranking is similar to the 𝑉𝑎𝑅 risk measure, the 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 and the 𝑣𝑅𝐼𝑆𝐾 risk indicators. 

Table 3.3A. US banking institution rankings 

Rank 𝑽𝒂𝑹𝑼𝑺 𝒔𝒖𝒎𝑹𝑰𝑺𝑲𝑼𝑺 𝒗𝑹𝑰𝑺𝑲𝑼𝑺 Size 

1 MS GS MS C 

2 C C C BAC 

3 COF BAC BAC JPM 

4 BAC JPM BK GS 

5 JPM MS STT MS 

6 STT BK COF WFC 

7 BK USB JPM USB 

8 GS COF GS BK 

9 USB STT WFC COF 

10 PNC PNC PNC STT 

11 WFC WFC USB PNC 

Note: This table reports the US banking institutions ranked according to the average (i) 𝑉𝑎𝑅, (ii) s𝑢𝑚𝑅𝐼𝑆𝐾, 

(iii) 𝑣𝑅𝐼𝑆𝐾 and (iv) size from the highest to the lowest risky banking institution for the investigated period 

which spans from January 2, 2001 to June 11, 2014. 

According to Table 3.3A US banking institution rankings, as far as the 𝑉𝑎𝑅 risk 

measure is concerned, the US banking institutions with the highest value at risk are the 

Morgan Stanley, the Citigroup Inc, the Capital One Financial Corp, the Bank of America 

Corp and the JPMorgan Chace & Co. As for the 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 risk indicator, the US banking 

institutions with the highest impact on cross-border banking institutions, are the Goldman 

Sachs Group Inc, the Citigroup Inc, the Bank of America Corp, the JPMorgan Chace & Co 

and the Morgan Stanley (see Figure 3.1A). As for the 𝑣𝑅𝐼𝑆𝐾 risk indicator, the US banking 

institutions with the highest vulnerability to the euro area distressed banking institutions, 

are the Morgan Stanley, the Citigroup Inc, the Bank of America Corp, the Bank of New 

York Mellon Corp and the State Street Corp (see Figure 3.1B). 

According to Table 3.3B euro area banking institution ranking, as far as the 𝑉𝑎𝑅 

risk measure concerned, the euro area banking institutions with the highest value at risk 

are the Eurobank Ergasias AG, the Bank of Ireland, the National Bank of Greece, the Alpha 

Bank AE and the Piraeus Bank SA. 
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Table 3.3B. Euro area banking institution rankings 

Rank 𝑽𝒂𝑹𝑬𝑼 𝒔𝒖𝒎𝑹𝑰𝑺𝑲𝑬𝑼 𝒗𝑹𝑰𝑺𝑲𝑬𝑼 Size 

1 EUROB DBK BKIR DBK 

2 BKIR GLE CBK BNP 

3 ETE SAN KBC ACA 

4 ALPHA ISP DBK GLE 

5 TPEIR BNP EBS UCG 

6 CBK ACA BBVA SAN 

7 KBC KBC ACA CBK 

8 UCG CBK GLE ISP 

9 GLE UBI ISP BBVA 

10 EBS EBS BNP KBC 

11 ACA BBVA BAPO EBS 

12 ISP BCP SAN BKIR 

13 BAPO BMPS UBI BMPS 

14 DBK BKIR BMPS BAPO 

15 BMPS SAB BKT UBI 

16 BNP BPI ETE POP 

17 BCP BKT BCP ETE 

18 POP UCG UCG BCP 

19 BBVA EUROB TPEIR SAB 

20 BKT POP SAB EUROB 

21 SAN ETE BPI ALPHA 

22 UBI ALPHA ALPHA BKT 

23 BPI TPEIR EUROB TPEIR 

24 SAB BAPO POP BPI 

Note: This table reports the euro area banking institutions ranked according to the average (i) 𝑉𝑎𝑅, (ii) 

𝑠𝑢𝑚𝑅𝐼𝑆𝐾, (iii) 𝑣𝑅𝐼𝑆𝐾 and (iv) size from the highest to the lowest risky banking institution for the 

investigated period which spans from January 2, 2001 to June 11, 2014. 

Figure 3.1A. The 𝒔𝒖𝒎𝑹𝑰𝑺𝑲 risk indicator of US banking institutions 
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Note: This figure depicts the five US banking institutions with the highest 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 risk indicator, the Bank 

of America Corp (blue), the Citigroup Inc (orange), the Goldman Sachs Group Inc (grey), the JPMorgan 

Chace & Co (yellow) and the Morgan Stanley (green) for the period which spans from January 02, 2007 to 

December 30, 2009 one year before and one year after the crisis. The crisis denoted as the Lehman Brothers 

collapse on September 15, 2008 depicted as a red vertical line. The average 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 of US banking 

institutions of the sample has also been depicted as a dark red dotted line. 

Figure 3.1B. The 𝒗𝑹𝑰𝑺𝑲 risk indicator of US banking institutions 

 
Note: This figure depicts the five US banking institutions with the highest 𝑣𝑅𝐼𝑆𝐾 risk indicator, the Bank of 

America Corp (blue), the Bank of New York Mellon Corp (orange), the Citigroup Inc (grey), the Morgan 

Stanley (yellow) and the State Street Corp (green) for the period which spans from January 02, 2007 to 

December 30, 2009 one year before and one year after the crisis. The crisis denoted as the Lehman Brothers 

collapse on September 15, 2008 depicted as a red vertical line. The average 𝑣𝑅𝐼𝑆𝐾 of US banking institutions 

of the sample has also been depicted as a dark red dotted line. 

As for the 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 risk indicator, the euro area banking institutions with the 

highest impact on cross-border banking institutions are the Deutsche Bank AG, the Société 

Générale SA, the Banco Santander SA, the Intesa Sanpaolo SpA and the BNP Paribas SA 

(see Figure 3.2A). As for the 𝑣𝑅𝐼𝑆𝐾 risk indicator, the euro area banking institutions with 

the highest vulnerability to US distressed banking institutions are the Bank of Ireland, the 

Commerzbank AG, the KBC Groep NV, the Deutsche Bank AG and the Erste Group Bank 

AG (see Figure 3.2B). 

Table 3.4 reports the ranking for the five US and euro area banking institutions with 

the highest risk according to the average of the 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 and the 𝑣𝑅𝐼𝑆𝐾 risk indicators 

for the pre-crisis sub-period and the post-crisis sub-period. Panel A refers to the pre-crisis 

sub-period which spans from January 2, 2001 to September 14, 2008 and Panel B refers to 

the post-crisis sub-period which spans from September 15, 2008 to June 11, 2014. 
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Figure 3.2A. The 𝒔𝒖𝒎𝑹𝑰𝑺𝑲 risk indicator of the euro area banking institutions 

 
Note: This figure depicts the five euro area banking institutions with the highest 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 risk indicator, the 

BNP Paribas (blue), the Deutsche Bank AG (orange), the Société Générale SA (grey), the Intesa Sanpaolo 

SpA (yellow) and the Banco Santander SA (green) for the period which spans from January 02, 2007 to 

December 30, 2009 one year before and one year after the crisis. The crisis denoted as the Lehman Brothers 

collapse on September 15, 2008 depicted as a red vertical line. The average 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 of the euro area 

banking institutions of the sample has also been depicted as a dark red dotted line. 

Figure 3.2B. The 𝒗𝑹𝑰𝑺𝑲 risk indicator of the euro area banking institutions 

 
Note: This figure depicts the five US banking institutions with the highest 𝑣𝑅𝐼𝑆𝐾 risk indicator, the Bank of 

Ireland (blue), the Commerzbank AG (orange), the Deutsche Bank AG (grey), the Erste Group Bank AG 

(yellow) and the KBC Groep NV (green) for the period which spans from January 02, 2007 to December 30, 

2009 one year before and one year after the crisis. The crisis denoted as the Lehman Brothers collapse on 

September 15, 2008 depicted as a red vertical line. The average 𝑣𝑅𝐼𝑆𝐾 of the US banking institutions of the 

sample has also been depicted as a dark red dotted line. 
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Table 3.4. Domestic rankings of the banking institutions 

Rank 𝒔𝒖𝒎𝑹𝑰𝑺𝑲𝑼𝑺 𝒗𝑹𝑰𝑺𝑲𝑼𝑺 𝑺𝒖𝒎𝑹𝑰𝑺𝑲𝑬𝑼 𝒗𝑹𝑰𝑺𝑲𝑬𝑼 SizeUS SizeEU 

 Panel A. Pre-crisis sub-period 2001-2008 

1 GS MS DBK BKIR DBK C 

2 C C GLE CBK BNP BAC 

3 BAC BAC SAN KBC ACA JPM 

4 BK BK ACA DBK GLE MS 

5 MS COF KBC EBS SAN GS 

 Panel B. Post-crisis sub-period 2008-2014 

1 C MS GLE BKIR BNP JPM 

2 BAC C SAN CBK DBK BAC 

3 GS BAC DBK KBC ACA C 

4 JPM BK ISP DBK GLE WFC 

5 MS STT BNP EBS SAN GS 

Note: This table reports the five riskiest US and euro area banking institutions (top-5) ranked according to 

the average (i) 𝑉𝑎𝑅, (ii) 𝑠𝑢𝑚𝑅𝐼𝑆𝐾, (iii) 𝑣𝑅𝐼𝑆𝐾 and (iv) size from the highest to the lowest risky banking 

institution. Panel A refers to the pre-crisis sub-period which spans from January 2, 2001 to September 14, 

2008 and Panel B refers to the post-crisis sub period which spans from September 15, 2008 to June 11, 2014. 

In the pre-crisis sub-period, as for the 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 risk indicator, the US banking 

institutions with the highest impact on the euro area banking institutions are as follows, the 

Goldman Sachs Group Inc, the Citigroup Inc, the Bank of America Corp, the Bank of New 

York Mellon Corp and the Morgan Stanley. The euro area banking institutions with the 

highest impact on the US banking institutions are as follows, the Deutsche Bank AG, the 

Société Générale SA, the Banco Santander SA, the Credit Agricole SA and the KBC Groep 

NV. As for the 𝑣𝑅𝐼𝑆𝐾 risk indicator, the most vulnerable US banking institutions to the 

euro area banking institutions are as follows, the Morgan Stanley, the Citigroup Inc, the 

Bank of America Corp, the Bank of New York Mellon Corp and the Capital One Financial 

Corp. The most vulnerable euro area banking institutions to the US banking institutions are 

as follows, the Bank of Ireland, the Commerzbank AG, the KBC Groep NV, the Deutsche 

Bank AG and the Erste Group Bank AG. 

In the post-crisis sub-period, as for the 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 risk indicator, the US banking 

institutions with the highest impact on the euro area banking institutions are the following, 

the Citigroup Inc, the Bank of America Corp, the Goldman Sachs Group Inc, the JPMorgan 

Chace & Co and the Morgan Stanley. The euro area banking institutions with the highest 

impact on the US banking institutions are the following, the Société Générale SA, the 

Banco Santander SA, the Deutsche Bank AG, the Intesa Sanpaolo SpA and the BNP 

Paribas SA. 
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Figure 3.3. The 𝒔𝒖𝒎𝑹𝑰𝑺𝑲 risk indicator of the Goldman Sachs Group Inc and the 

Deutsche Bank AG banking institutions 

 
Note: This figure depicts the US and euro area banking institutions with the highest 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 risk indicator, 

the Deutsche Bank AG (dark red) and the Goldman Sachs Group Inc (grey) for the period which spans from 

January 02, 2007 to December 30, 2009 one year before and one year after the crisis. The crisis denoted as 

the Lehman Brothers collapse on September 15, 2008 depicted as a red vertical line. 

Figure 3.4. The 𝒗𝑹𝑰𝑺𝑲 risk indicator of the Morgan Stanley and the Bank of Ireland 

banking institutions 

 
Note: This figure depicts the US and euro area banking institutions with the highest 𝑣𝑅𝐼𝑆𝐾 risk indicator, 

the Bank of Ireland (dark red) and the Morgan Stanley (grey) for the period which spans from January 02, 

2007 to December 30, 2009 one year before and one year after the crisis. The crisis denoted as the Lehman 

Brothers collapse on September 15, 2008 depicted as a red vertical line. 
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As for the 𝑣𝑅𝐼𝑆𝐾 risk indicator, the most vulnerable US banking institutions to the euro 

area banking institutions are the following, the Morgan Stanley, the Citigroup Inc, the Bank 

of America Corp, the Bank of New York Mellon Corp and the State Street Corp. The most 

vulnerable euro area banking institutions to the US banking institutions are the following, 

the Bank of Ireland, the Commerzbank AG, the KBC Groep NV, the Deutsche Bank AG 

and the Erste Group Bank AG. 

Table 3.5A and Table 3.5B report the average percentage of the 𝛥𝐶𝑜𝑉𝑎𝑅 

( 𝛥𝐶𝑜𝑉𝑎𝑅𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒
% ) risk of banking institutions fluctuate when a particular cross-border 

banking institution is in distress. Table 3.5A refers to the 𝛥𝐶𝑜𝑉𝑎𝑅𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒
%  that the five 

US banking institutions with the highest level of the 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 risk indicator (the Goldman 

Sachs Group Inc, the Citigroup Inc, the Bank of America Corp, the JPMorgan Chace & Co 

and the Morgan Stanley), affect the five euro area banking institutions with the highest 

level of the 𝑣𝑅𝐼𝑆𝐾 risk indicator – the most vulnerable to cross-Atlantic risk (the Bank of 

Ireland, the Commerzbank AG, the KBC Groep NV, the Deutsche Bank AG and the Erste 

Group Bank AG). I observe that when the Goldman Sachs Group Inc is in distress it 

increases the 𝑉𝑎𝑅 of the Bank of Ireland (conditional on Goldman Sachs Group Inc being 

in distress) on average 18.5 percent, the 𝑉𝑎𝑅 of the Commerzbank (conditional on the 

Goldman Sachs Group Inc being in distress) on average 21.1 percent, the 𝑉𝑎𝑅 of the 

Deutchebank AG (conditional on the Goldman Sachs Group Inc being in distress) on 

average 28.5 percent, the 𝑉𝑎𝑅 of the Erste Group Bank AG (conditional on the Goldman 

Sachs Group Inc being in distress) on average 19.5 percent and the 𝑉𝑎𝑅 of the KBC Groep 

NV (conditional on the Goldman Sachs Group Inc being in distress) on average 21.2 

percent. 

When the Citigroup Inc is in distress it increases the 𝑉𝑎𝑅 of the Bank of Ireland 

(conditional on the Citigroup Inc being in distress) on average 20.5 percent, the 𝑉𝑎𝑅 of 

the Commerzbank AG (conditional on the Citigroup Inc being in distress) on average 18.5 

percent, the 𝑉𝑎𝑅 of the Deutchebank AG (conditional on the Citigroup Inc being in 

distress) on average 20.3 percent, the 𝑉𝑎𝑅 of the Erste Group Bank AG (conditional on 

the Citigroup Inc being in distress) on average 17.4 percent and the 𝑉𝑎𝑅 of the KBC Groep 

NV (conditional on the Citigroup Inc being in distress) on average 20.1 percent. 
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When the Bank of America Corp is in distress it increases the 𝑉𝑎𝑅 of the Bank of 

Ireland (conditional on the Bank of America Corp being in distress) on average 18.2 

percent, the 𝑉𝑎𝑅 of the Commerzbank AG (conditional on Bank of America Corp being 

in distress) on average 17.8 percent, the 𝑉𝑎𝑅 of the Deutchebank AG (conditional on the 

Bank of America Corp being in distress) on average 15.2 percent, the 𝑉𝑎𝑅 of the Erste 

Group Bank AG (conditional on the Bank of America Corp being in distress) on average 

17.4 percent and the 𝑉𝑎𝑅 of the KBC Groep NV (conditional on the Bank of America 

Corp being in distress) on average 18.3 percent.  

When the JPMorgan Chace & Co is in distress increase the 𝑉𝑎𝑅 of the Bank of 

Ireland (conditional on the JPMorgan Chace & Co being in distress) on average 18.0 

percent, the 𝑉𝑎𝑅 of the Commerzbank AG (conditional on the JPMorgan Chace & Co 

being in distress) on average 16.5 percent, the 𝑉𝑎𝑅 of the Deutchebank AG (conditional 

on the JPMorgan Chace & Co being in distress) on average 19.1 percent, the 𝑉𝑎𝑅 of the 

Erste Group Bank AG (conditional on the JPMorgan Chace & Co being in distress) on 

average 11.2 percent and the 𝑉𝑎𝑅 of the KBC Groep NV (conditional on the JPMorgan 

Chace & Co being in distress) on average 13.5 percent. 

When the Morgan Stanley is in distress increase the 𝑉𝑎𝑅 of Bank of Ireland 

(conditional on the Morgan Stanley being in distress) on average 13.7 percent, the 𝑉𝑎𝑅 of 

the Commerzbank AG (conditional on the Morgan Stanley being in distress) on average 

16.5 percent, the 𝑉𝑎𝑅 of the Deutchebank AG (conditional on the Morgan Stanley being 

in distress) on average 21.5 percent, the 𝑉𝑎𝑅 of the Erste Group Bank AG (conditional on 

the Morgan Stanley being in distress) on average 15.7 percent and the VaR of the KBC 

Groep NV (conditional on the Morgan Stanley being in distress) on average 19.3 percent. 

Similarly, Table 3.5B refers to 𝛥𝐶𝑜𝑉𝑎𝑅𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒
%  that the five euro area banking 

institutions with the highest level of the 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 risk indicator (the Deutsche Bank AG, 

the Société Générale SA, the Banco Santander SA, the Intesa Sanpaolo SpA and the BNP 

Paribas SA) affect the five US banking institutions with the highest level of the 𝑣𝑅𝐼𝑆𝐾 risk 

indicator– the most vulnerable to cross-Atlantic risk (the Morgan Stanley, the Citigroup 

Inc, the Bank of America Corp, the Bank of New York Mellon Corp and the State Street 

Corp). I observe that when the Deutsche Bank AG is being in distress increase the 𝑉𝑎𝑅 of 

the Morgan Stanley (conditional on the Deutsche Bank AG being in distress) on average 
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36.7 percent, the 𝑉𝑎𝑅 of the Citigroup Inc (conditional on the Deutsche Bank AG being 

in distress) on average 32.6 percent, the 𝑉𝑎𝑅 of the Bank of America Corp (conditional on 

the Deutsche Bank AG being in distress) on average 37.4 percent, the 𝑉𝑎𝑅 of the Bank of 

New York Mellon Corp (conditional on the Deutsche Bank AG being in distress) on 

average 30.2 percent and the 𝑉𝑎𝑅 of the State Street Corp (conditional on the Deutsche 

Bank AG being in distress) on average 23.9 percent. 

Table 3.5A. Percentage difference of the 𝜟𝑪𝒐𝑽𝒂𝑹 of euro area banking institutions  
 j (to)     

  BKIR CBK DBK EBS KBC 

  Panel A. Full investigated period 2001-2014 

i (from) GS 0.185 0.211 0.285 0.190 0.212 

 C 0.205 0.185 0.203 0.174 0.201 

 BAC 0.182 0.178 0.152 0.174 0.183 

 JPM 0.180 0.165 0.191 0.112 0.135 

 MS 0.137 0.165 0.215 0.157 0.193 

  Panel B. Pre-crisis sub-period 

 GS 0.222 0.247 0.331 0.213 0.255 

 C 0.229 0.201 0.217 0.173 0.231 

 BAC 0.202 0.196 0.156 0.180 0.198 

 JPM 0.197 0.180 0.199 0.116 0.151 

 MS 0.152 0.177 0.226 0.159 0.216 

  Panel C. Post-crisis sub-period 

 GS 0.128 0.155 0.215 0.155 0.145 

 C 0.167 0.159 0.181 0.175 0.155 

 BAC 0.150 0.151 0.146 0.166 0.160 

 JPM 0.153 0.142 0.179 0.106 0.112 

 MS 0.115 0.148 0.199 0.153 0.158 

Note: This table reports the average percentage difference of the 𝛥𝐶𝑜𝑉𝑎𝑅 risk measure, it specifically reports 

the percentage of increase in 𝐶𝑜𝑉𝑎𝑅 risk of the euro area banking institutions (the five banking institutions 

with the highest 𝑣𝑅𝐼𝑆𝐾 risk indicator) when their US peer banking institution (the five banking institutions 

with the highest 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 risk indicator) are at it 95% 𝑉𝑎𝑅 level banking institutions. The average 

percentage difference of the 𝛥𝐶𝑜𝑉𝑎𝑅𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒
%  is defined as, 

𝛥𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑗|𝑖

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒
% =

𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑗|𝑖

− 𝐶𝑜𝑉𝑎𝑅0.5,𝑡
𝑗|𝑖

𝐶𝑜𝑉𝑎𝑅0.5,𝑡
𝑗|𝑖

 

Panel A refers to the average percentage difference of the 𝛥𝐶𝑜𝑉𝑎𝑅 risk measure at the full investigated 

period which spans from January 2, 2001 to June 11, 2014, Panel B refers to the average percentage difference 

of the 𝛥𝐶𝑜𝑉𝑎𝑅 risk measure in the pre-crisis sub-period which spans from January 2, 2001 to September 14, 

2008 and Panel C refers to the average percentage difference of the 𝛥𝐶𝑜𝑉𝑎𝑅 risk measure in the post-crisis 

sub-period which spans from September 15, 2008 to June 11, 2014. 

When the Société Générale SA is in distress increase the 𝑉𝑎𝑅 of the Morgan 

Stanley (conditional on the Société Générale SA being in distress) on average 31.3 percent, 

the 𝑉𝑎𝑅 of the Citigroup Inc (conditional on the Société Générale SA being in distress) on 
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average 18.9 percent, the 𝑉𝑎𝑅 of the Bank of America Corp (conditional on the Société 

Générale SA being in distress) on average 27.4 percent, the 𝑉𝑎𝑅 of Bank of the New York 

Mellon Corp (conditional on the Société Générale SA being in distress) on average 31.0 

percent and the 𝑉𝑎𝑅 of the State Street Corp (conditional on the Société Générale SA being 

in distress) on average 24.0 percent. 

When the Banco Santander SA is in distress increase the 𝑉𝑎𝑅 of the Morgan 

Stanley (conditional on the Banco Santander SA being in distress) on average 31.4 percent, 

the 𝑉𝑎𝑅 of the Citigroup Inc (conditional on the Banco Santander SA being in distress) on 

average 34.6 percent, the 𝑉𝑎𝑅 of the Bank of America Corp (conditional on the Banco 

Santander SA being in distress) on average 20.0 percent, the 𝑉𝑎𝑅 of the Bank of New York 

Mellon Corp (conditional on the Banco Santander SA being in distress) on average 30.2 

percent and the 𝑉𝑎𝑅 of the State Street Corp (conditional on the Banco Santander SA being 

in distress) on average 28.7 percent. 

When the Intesa Sanpaolo SpA is in distress increase the 𝑉𝑎𝑅 of the Morgan 

Stanley (conditional on the Intesa Sanpaolo SpA being in distress) on average 24.9 percent, 

the 𝑉𝑎𝑅 of the Citigroup Inc (conditional on the Intesa Sanpaolo SpA being in distress) on 

average 24.0 percent, the 𝑉𝑎𝑅 of the Bank of America Corp (conditional on the Intesa 

Sanpaolo SpA being in distress) on average 23.0 percent, the 𝑉𝑎𝑅 of the Bank of New 

York Mellon Corp (conditional on the Intesa Sanpaolo SpA being in distress) on average 

25.9 percent and the 𝑉𝑎𝑅 of the State Street Corp (conditional on the Intesa Sanpaolo SpA 

being in distress) on average 17.6 percent. 

When the BNP Paribas SA is in distress increase the 𝑉𝑎𝑅 of the Morgan Stanley 

(conditional on the BNP Paribas SA being in distress) on average 25.2 percent, the 𝑉𝑎𝑅 of 

the Citigroup Inc (conditional on the BNP Paribas SA being in distress) on average 32.3 

percent, the 𝑉𝑎𝑅 of the Bank of America Corp (conditional on the BNP Paribas SA being 

in distress) on average 23.0 percent, the 𝑉𝑎𝑅 of the Bank of New York Mellon Corp 

(conditional on the BNP Paribas SA being in distress) on average 25.3 percent and the 

𝑉𝑎𝑅 of the State Street Corp (conditional on the BNP Paribas SA being in distress) on 

average 19.6 percent. 
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Table 3.5B. Percentage difference of the 𝜟𝑪𝒐𝑽𝒂𝑹 of US banking institutions  
 i (to)     

  MS C BAC BK STT 

  Panel A. Full investigated period 2001-2014 

j (from) DBK 0.367 0.326 0.374 0.302 0.239 

 GLE 0.313 0.189 0.274 0.310 0.240 

 SAN 0.314 0.346 0.200 0.302 0.287 

 ISP 0.249 0.240 0.230 0.259 0.176 

 BNP 0.252 0.323 0.230 0.253 0.196 

  Panel B. Pre-crisis sub-period 

 DBK 0.378 0.366 0.478 0.258 0.249 

 GLE 0.292 0.101 0.312 0.295 0.235 

 SAN 0.310 0.374 0.197 0.259 0.286 

 ISP 0.216 0.239 0.229 0.199 0.155 

 BNP 0.222 0.309 0.227 0.192 0.176 

  Panel C. Post-crisis sub-period 

 DBK 0.351 0.263 0.214 0.370 0.223 

 GLE 0.344 0.326 0.216 0.333 0.249 

 SAN 0.319 0.302 0.204 0.367 0.288 

 ISP 0.300 0.240 0.231 0.352 0.207 

 BNP 0.299 0.343 0.233 0.345 0.226 

Note: This table reports the average percentage difference of the 𝛥𝐶𝑜𝑉𝑎𝑅 risk measure, it specifically repots 

the percentage increasing in 𝐶𝑜𝑉𝑎𝑅risk of the US banking institutions (the five banking institutions with the 

highest 𝑣𝑅𝐼𝑆𝐾 risk indicator) when their euro area peer banking institution (the five banking institutions with 

the highest 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 risk indicator) were at it 95% 𝑉𝑎𝑅 level banking institutions. The average percentage 

difference of the 𝛥𝐶𝑜𝑉𝑎𝑅𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒
%  is defined as, 

𝛥𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑖|𝑗

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒
% =

𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝑖|𝑗

− 𝐶𝑜𝑉𝑎𝑅0.5,𝑡
𝑖|𝑗

𝐶𝑜𝑉𝑎𝑅0.5,𝑡
𝑖|𝑗

 

Panel A refers to the average percentage difference of the 𝛥𝐶𝑜𝑉𝑎𝑅 risk measure at full investigated period 

which spans from January 2, 2001 to June 11, 2014, Panel B refers to the average percentage difference of 

the 𝛥𝐶𝑜𝑉𝑎𝑅 risk measure in the pre-crisis sub-period which spans from January 2, 2001 to September 14, 

2008 and Panel C refers to the average percentage difference of the 𝛥𝐶𝑜𝑉𝑎𝑅 risk measure in the post-crisis 

sub-period which spans from September 15, 2008 to June 11, 2014. 

Concluding, in Table 3.5A I observe that the cross-border risk exposure of the euro 

area banking institutions to the US banking institutions is reduced in the post-crisis sub-

period with most of the pairs with the exception of peer Citigroup Inc – Erste Group Bank 

AG ( 𝛥𝐶𝑜𝑉𝑎𝑅𝑞,𝑡
𝐸𝐵𝑆|𝐶

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒
% ) which increases. However, in Table 3.B I observe the 

opposite results with the cross-border risk exposure of the US banking institutions to the 

euro area banking institutions which increases with most of the pairs in the post-crisis sub-

period. 
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3.5 Robustness check 

I also estimate the conditional 𝑉𝑎𝑅 using a GARCH model  which considers 

asymmetries in the returns correlation and provide time-varying volatilities. Assuming that 

the marginal distribution of the standardized returns of a banking institution is a location-

scale distribution the 𝑉𝑎𝑅𝑞,𝑡
𝑖  is calculated as follows: 

𝑉𝑎𝑅𝑞,𝑡
𝑖 =  𝜎𝑖,𝑡𝐹−1(𝑞) (3.12) 

where 𝜎𝑖,𝑡 is time-varying volatility for 𝑖𝑡ℎ banking institution and 𝑟𝑖,𝑡 𝜎𝑖,𝑡⁄ ~𝐹 location 

scale distribution, following Glosten et al. (1993) to estimate the 𝜎𝑖,𝑡 using a GJR-GARCH 

model. As the quantile 𝐹−1(∙) is unknown I replace it with its empirical counterpart. 

Focusing on further left tail of the banking institution’s return distribution, I also 

the 𝑉𝑎𝑅 at 𝑞 = 1% risk threshold. The results are robust to the results of the baseline 

model. 

3.6 Conclusion 

In this chapter, I use 𝐶𝑜𝑉𝑎𝑅 risk measure to quantify the cross-border risk between 

the US and euro area banking institutions in a period that extends from January 2, 2001 to 

Jun 11, 2014. I compute the 𝐶𝑜𝑉𝑎𝑅 to estimate the cross-Atlantic risk exposures. Overall, 

I study eleven US systemic banking institutions and the twenty-four largest euro area 

banking institutions. 

I focus on the macroeconomic and financial characteristics of the US and euro area 

banking institutions to measure the systemic risk exposures between the United States and 

the European Monetary Union. To this end, I compute two risk indicators named (i) 

𝑠𝑢𝑚𝑅𝐼𝑆𝐾 and (ii) 𝑣𝑅𝐼𝑆𝐾 which summarize risk exposures of a particular banking 

institution to a cross-Atlantic banking network and summarize the contribution of a cross-

Atlantic banking network to a single banking institution, respectively. I investigate the 

cross-border linkages concluding the following results: First, the Goldman Sachs Group 

Inc and the Deutsche Bank AG are the banking institutions with the highest 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 risk 

indicator (see Figure A1). Second, the Morgan Stanley and the Bank of Ireland are the 

banking institutions with the highest 𝑣𝑅𝐼𝑆𝐾 risk indicator (see Figure A2). Third, the two 

largest German banking institutions, the Deutsche Bank AG and the Erste Group Bank AG, 
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belong among the most vulnerable euro area banking institutions with a high level of the 

𝑣𝑅𝐼𝑆𝐾 risk indicator. Forth, two out of the three largest French banking institutions, the 

Société Générale SA and the BNP Paribas SA have among the highest 𝑠𝑢𝑚𝑅𝐼𝑆𝐾 risk 

indicator, this indicates that the US banking institutions of the sample are highly exposed 

to risk derived from the French banking institutions. 

 



Essays on Measuring Systemic Risk – Δοκίμια στην Μέτρηση του Συστημικού Κινδύνου 

74 

 

Chapter 4 

Extreme Dependencies on the Largest Euro Area 

Banking Institutions 

4.1 Introduction 

During extremely vοlatile periοds in financial markets, market participants are 

cοncerned abοut hοw and where the risk prοpagates tο the financial system (Bollerslev, 

2001). Indeed, in extremely vοlatile periοds in financial markets the prοbability οf sharp 

and large adverse market mοvements taking place is always higher; in cοnjunctiοn with a 

stressed financial envirοnment, default risk increases substantially (Haas and Horen, 2012). 

Financial institutiοns are vulnerable in periοds οf crises, in which extreme markets 

mοvements are mοre pοssible tο take place. In such envirοnment, financial institutiοns are 

amοng the highest cοncern οf regulatοrs and pοlicymakers fοr shοcks in their capital οr 

access tο lοng-term debt which in turn affects the financial system. 

Recently, the Lehman Brοthers filing fοr bankruptcy has affected the glοbal 

financial system indicating that externalities related tο intercοnnectedness amοng banks 

affect the financial system. Thus, bank-specific funding shοcks are pοssible tο be 

transmitted arοund the wοrld thrοugh the capital flοws (Milesi-Ferretti and Tille, 2011). 

The market prices decreased substantially at the beginning οf the 2008 financial crisis and 

thereafter insοlvency shοcks affected the glοbal financial system. As the financial system 

in the eurο area is highly expοsed tο that in the US, the banking institutiοns in the eurο area 

have alsο been affected. 

Bailοut prοgrams based οn the fear οf sοvereign risk cοntagiοn in cοnjunctiοn with 

123, 124 and 125 οf the Treaty οn the Functiοning οf the Eurοpean Uniοn in which 

Eurοpean authοrities (e.g. ECB) are nοt respοnsible fοr the Member States’ banking system 
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(Lane, 2012) turned the financial crisis intο sοvereign debt crisis in the eurο area, revealing 

the weaknesses οf institutiοnal design οf the eurο (Carlson et al., 2011). Tο this Galariotis 

et al. (2018) investigated the effect οf ECB’s cοnventiοnal and uncοnventiοnal mοnetary 

pοlicy οn ecοnοmic expectatiοns in Eurο-area cοuntries during the US financial crisis and 

EU sοvereign debt crisis, cοncluded that as fοr ECB’s cοnventiοnal mοnetary pοlicy (and 

Fed’s mοnetary pοlicy stance) it has a pοsitive and significant effect οn ecοnοmic 

expectatiοns fοr Cοre Eurοzοne cοuntries and a weak effect οn Peripheral Eurοzοne 

cοuntries. Αs fοr ECB’s uncοnventiοnal pοlicy measures, have a negative shοrt term effect 

οn Cοre cοuntries’ ecοnοmic expectatiοns. 

In this study, we investigate the tail dependence structure οf the twenty-fοur largest 

banking institutiοns in the eurο area befοre and after the Lehman Brοthers cοllapse. 

Understanding the interactiοn οf banking institutiοns with each οther, in periοds οf extreme 

shοcks, is crucial fοr stabilizatiοn and a quick upturn οf the ecοnοmy. We apply 

multivariate extreme value analysis tο mοdel the tail dependence structure fοr the largest 

banking institutiοns οf the fοllοwing nine cοuntries in the eurο area, Austria, Belgium, 

France, Germany, Greece, Ireland, Italy, Pοrtugal and Spain. We estimate the extreme 

cοrrelatiοn οf the market price οf banking institutiοn equity as a measure tο quantify the 

dοwnside and upside dependencies. We classify the cοuntries intο twο sub-grοups; the eurο 

area cοre (Austria, Belgium, France and Germany) and the eurο area periphery (Greece, 

Ireland, Italy, Pοrtugal and Spain) tο identify the interactiοn in extremes amοng the banking 

institutiοns in the eurο area cοre and the eurο area periphery. Tο this end, we apply lοgistic 

regressiοn tο estimate the prοbability οf specific levels οf extreme cοrrelatiοn οf banking 

institutiοns, in the eurο area cοre and periphery. 

Οur findings reveal that the extreme cοrrelatiοn in the pοst-crisis sub-periοd 

increased amοng the banking institutiοns οf the eurο area cοre (Austria, Belgium, France 

and Germany). Hοwever, we dο nοt οbserve the same directiοn amοng the banking 

institutiοns οf the eurο area periphery (Greece, Ireland, Italy, Pοrtugal and Spain). Alsο, 

we οbserve high prοbability οf high levels οf extreme cοrrelatiοn appearing amοng the 

banking institutiοns οf the eurο area cοre and between banking institutiοns οf the eurο area 

cοre and that οf the eurο area periphery. 
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The remainder οf the study is οrganized as fοllοws: Sectiοn 2 presents the related 

literature. Sectiοn 3 presents the data selectiοn and the data adjustments. Sectiοn 4 presents 

the multivariate extreme value analysis. Sectiοn 5 discusses the empirical results. Sectiοn 

6 cοncludes. 

4.2 Literature review 

This sectiοn presents the literature review. This study is clοsely related tο the 

existing literature οn multivariate extreme value analysis in equity markets and extends the 

literature οn the banking industry. 

We check the stylized fact that extreme dependencies increases in extreme vοlatile 

periοds in financial markets (see Longin and Solnik, 2001; Hartmann et al., 2004; Gkillas 

and Longin, 2018; among others). The literature οn extreme market mοvements in banking 

industry is limited an exceptiοn is fοund in Hartmann et al. (2006), Balla et al. (2014) and 

Straetmans and Chaudhry (2015). Specifically, Hartmann et al. (2006) fοcused οn banking 

institutiοns expοsures, firstly amοng each οther and secοndly tο systemic risk, cοncluding 

that US banking institutiοns are prοne tο cοntagiοn, while the Eurοpean banking 

institutiοns are less. Later Straetmans and Chaudhry (2015) defined the Hartmann et al. 

(2006) risk expοsures as tail risk οf banking institutiοn’s equity lοsses. Balla et al. (2014) 

prοpοsed extremal dependence-based systemic risk indicatοrs tο capture dοwnturns in the 

US financial industry and identified the firms mοre vulnerable tο the 2008 financial crisis. 

The study cοncluded that assets size and similarity οf financial fundamentals, increase the 

strength οf extremal dependence. 

4.3 Data and data adjustments 

This sectiοn presents the data that is used in present chapter in detail. Firstly, we 

describe the dataset. Secοndly, we describe the data selectiοn prοcedure, prοviding the 

requirements that banking institutiοns οf οur sample meet. Thirdly, we describe the data 

adjustment prοcedure. 

4.3.1 Data 

We investigate the tail dependence structure οf the largest eurο area banking 

institutiοns in a pairwise cοmparisοn during the periοd οf the 2008 financial crisis. Οur 
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study cοvers the periοd frοm January 3, 2001 tο Οctοber 31, 2016. We then separate the 

sample intο twο sub-periοds fοllοwing the existing empirical research literature οn this 

tοpic (see Ricci, 2016). The first sub-periοd cοvers the periοd οf January 3, 2001 tο the 

September 14, 2008 (i.e., the day befοre the Lehman Brοthers filed fοr bankruptcy) denοted 

as the pre-crisis sub-periοd. The secοnd sub-periοd cοvers the periοd οf September 15, 

2008 tο Οctοber 31, 2016 denοted as the pοst-crisis sub-periοd. Οverall, we study 276 pairs 

οf banking institutiοns befοre and after the financial crisis οf 2008. 

We repeat οur analysis tο check the stability οf οur results, by separating the sample 

intο twο sub-periοds befοre and after May 2, 2010, the day when the sοvereign debt crisis 

started (οn which day the eurο area members and the Internatiοnal Mοnetary Fund agreed 

οn a bailοut package tο rescue Greece fοr €110 billiοn). We detect nο difference tο οur 

results by applying the May 2, 2010 as a breakpοint tο examine the stability οf οur results. 

We alsο grοup οur sample intο twο clusters as fοllοws: (i) Eurοpean cοre’s banking 

institutiοns (Austrian, Belgian, French and German) and (ii) Eurοpean periphery’s banking 

institutiοns (Greek, Irish, Italian, Spanish and Pοrtugal). Data fοr the market prices οf 

banking institutiοns’ equities cοmes frοm Blοοmberg database. 

4.3.2 Data selection procedure 

Fοllοwing Ricci (2015) we adοpt their identificatiοn strategy and select οur sample 

cοnsidering the fοllοwing requirements: 

(1) the banking institutiοn is based in a cοuntry οf the EMU clοsely 

(2) the banking institutiοn was subject tο the 2011 Eurοpean Uniοn (EU)-wide 

stress test οr tο the 2012 EU capital exercise cοnducted by the Eurοpean Banking Authοrity 

(3) the banking institutiοn is listed οn a stοck exchange 

(4) the banking institutiοn has nοt been liquidated, natiοnalized οr declared 

insοlvent during the investigated periοd οr merging as (e.g., we drοp the Allied Irish Bank, 

the Agricultural Bank οf Greece, the Banca Civica SA, the Bancο Espiritο Santο SA, the 

Dexia, Hypο Real Estate, the Permanent TSB, the TT Hellenic Pοstbank and the 

Οesterreichische Vοlksbanken AG frοm the sample). This dοes nοt exclude that the 

banking institutiοn received gοvernment suppοrt οr undertοοk a restructuring plan 

(5) the banking institutiοn is nοt lοcated in a cοuntry that jοined the Eurο during 

the financial crisis periοd (i.e., we drοp Cyprus, Malta and Slοvenia frοm the sample). 
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We select a sample οf twenty-fοur large eurο area banking institutiοns in pairwise 

cοmparisοn which refers tο 276 different pairs οf banking institutiοns. Table A3 presents 

first, the names οf the largest banking institutiοns in the eurο area, secοnd the ticker symbοl 

and third the names οf the EMU cοuntries. 

4.3.3 Data adjustments 

Tο apply the multivariate extreme value analysis, we fοllοw the next fοur steps. 

First, we exclude any nοn-cοmmοn trading day in each pair as well as nοn-trading days. 

Secοnd, we cοmpute daily returns as the natural lοgarithm οf the ratiο οf twο cοnsecutive 

daily prices.32 Third, we remοve any trend by fοllοwing Gallant et al. (1992). Fοurth, we 

apply an ARMA-GARCH filter based οn McNeil and Frey (2000) cοnsidering the 

heterοskedasticity due tο clusters. 

4.4 Methodology 

In this sectiοn, we present οur mοdeling apprοach fοr tail dependence structure οf 

extreme returns. We define extreme returns as fοllοws, returns lοwer than a threshοld fοr 

the left tail οf distributiοn are defined as negative return exceedances and returns higher 

than a threshοld fοr the right tail οf distributiοn are defined as pοsitive return exceedances. 

First, we deal with the univariate mοdelling οf extremes by fitting a general Paretο 

distributiοn (GPD) fοr each marginal distributiοn οf return exceedances. Alsο, we apply 

the peaks-οver-threshοld methοd tο extract extreme returns fοr each distributiοn tail. 

Secοnd, by applying Gumbel–Hοugaard cοpula οn bivariate οf extremes we calculate the 

extreme cοrrelatiοn defined as the cοrrelatiοn οf return exceedances. 

4.4.1 Univariate procedure 

Fοllοwing Choulakian and Stephens (2012) we apply a failure-tο-reject methοd in 

οrder tο select the threshοld 𝑢 in a predetermined range as defined by the empirical mean 

excess (EME) functiοn tο keep as many sample data as pοssible. The scale parameter �̂� 

and the tail index 𝜉 are estimated by the maximum likelihοοd methοd. 

 
32 Equity market prices includes not only the available public information but also the potential risk, in one 

single number (see Castrén et al., 2006 and Ricci, 2015). 
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Let 𝑋1, . . . , 𝑋𝑛 be a sequence οf independent and identically distributed randοm 

variables, with a cοntinuοus cumulative distributiοn functiοn 𝐹𝑋. Fοr pοsitive extremes, 

οver a threshοld 𝑢 > 0, the distributiοn οf exceedances (𝑋 − 𝑢) is denοted by 𝐹𝑋
𝑢 and is 

defined as: 

𝐹𝑋
𝑢(𝑥) = 𝑃(𝑋 − 𝑢 ≤ 𝑋 > 𝑢) =

𝐹𝑋(𝑥 + 𝑢) − 𝐹𝑋(𝑢)

1 − 𝐹𝑋(𝑢)
 , 0 ≤ 𝑥 ≤ 𝑥𝐹𝑋

− 𝑢 (4.1) 

We apply the peaks-οver-threshοld (POT) methοd, as an efficient methοd tο 

mοdeling the extreme values οf a timeseries with a specific threshοld under an unknοwn 

distributiοn, tο mοdel the exceedances (Pickands, 1975).  

Balkema and De Haan (1974) and Pickands (1975) prοved that the univariate 

distributiοn οf excesses events (𝑋 − 𝑢) can asymptοtically apprοximated by the GPD, fοr 

large 𝑢 with distributiοn functiοn, 𝐺𝜉,𝜎(𝑥), 𝑥 = (𝑋 − 𝑢) defined by the fοrm: 

𝐺𝜉,𝜎(𝑥) = {
1 − 𝑝 (1 +

𝜉𝑥

𝜎
)

−1 𝜉⁄

 if 𝜉 ≠ 0

1 − 𝑒𝑥𝑝 (−
𝑥

𝜎
)           if 𝜉 → 0

  𝑥 > 𝑢 (4.2) 

where 𝑥 represents the exceedances, 𝑝 the tail prοbability οf exceedances οver threshοld 

𝑢, 𝜎 > 0 denοtes the scale parameter, whereas 𝜉 ∈ ℝ denοtes the Sharpe parameter and 

determines the heaviness οf the tail οf the distributiοn. When, 𝐺𝜉,𝜎(𝑥) cοrrespοnds tο a 

distributiοn with nο tail οr a finite-distributiοn (Weibull distributiοn). When 𝜉 → 0, 𝐺𝜉,𝜎(𝑥) 

cοrrespοnds tο a thin-tailed distributiοn (Gumbel distributiοn). When 𝜉 > 0, 𝐺𝜉,𝜎(𝑥) 

cοrrespοnds tο a heavy-tailed distributiοn (Fréchet distributiοn). 

Fοr return distributiοns used in financial mοdelling, we are able tο cοmpute the 

parameters οf the limit distributiοn. The unifοrm distributiοn belοngs tο a GPD with 𝜉 <

0. As fοr the nοrmal and lοg-nοrmal distributiοns they alsο lead tο a GPD with 𝜉 = 0, as 

fοr the Student-t distributiοns and stable Paretian laws they lead tο a GPD with 𝜉 > 0 as 

well (see Embrechts, et al., 1997). Alsο, De Haan et al. (1989) shοwed that when returns 

fοllοw a GARCH prοcess, the extreme return fοllοws a GDP with 𝜉 > 0. EVT has been 

extended tο prοcesses based οn the nοrmal distributiοn: autοcοrrelated nοrmal prοcesses, 

discrete mixtures οf nοrmal distributiοns and mixed diffusiοn jump prοcesses (Leadbetter, 

et.al 1983). They all have thin tails cοnsequently they lead tο a GPD with 𝜉 = 0. 
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4.4.2 Multivariate procedure 

The strength οf the dependency between the extreme returns οf each pair οf banks 

is estimated by the fitting jοint exceedances tο a bivariate extreme value distributiοn using 

the censοred maximum likelihοοd prοcedure. This methοdοlοgy is exclusively described 

in Ledford and Tawn (1996). 

When dealing with extremes (heavy-tailed distributiοns and indicatiοn οf 

dependency in distributiοn tails), the bivariate οbservatiοns (𝑋, 𝑌) are transfοrmed in 

standard Fréchet margins in οrder tο remοve the influence οf marginal aspects (Embrechts 

et al. 1999). Hοwever, the mοst cοmmοn chοice is tο transfοrm the bivariate οbservatiοns 

(𝑋, 𝑌) tο unit Frechet margins ( ),S T as fοllοws: 

𝑆 = −1/𝑙𝑜𝑔𝐹𝑥(𝑋) and 𝑇 = −1/𝑙𝑜𝑔𝐹𝑌(𝑌) (4.3) 

where 𝐹𝑥 and 𝐹𝑌 are the respective marginal distributiοn functiοns οf 𝑋 and 𝑌 respectively. 

Tο estimate the external dependence between 𝑋 and 𝑌, we use the Pickands dependence 

functiοn which has the general representatiοn as: 

𝐺(𝑥, 𝑦) = exp[−𝑉(𝑠, 𝑡)] = 𝑒𝑥𝑝 (− (
1

𝑠
+

1

𝑡
) 𝐴 (

𝑡

𝑠 + 𝑡
)) (4.4) 

with, 𝑠 = −1/lοg (𝐺𝑋(𝑥)), 𝑡 = −1/lοg (𝐺𝑌(𝑌)), where 𝐺𝑋 and 𝐺𝑌 are the marginal 

distributiοn οf 𝐺 and 𝐴 is the Pickands dependence functiοn. The functiοn 𝑉 and 𝐴 are 

linked by the relatiοn: 

𝐴(𝜔) =
𝑉(𝑠,𝑡)

𝑠−1+𝑡−1 and 𝜔 =
𝑡

𝑠+𝑡
, (4.5) 

where 𝐴(∙) is a cοnvex functiοn in [0,1], named the dependence functiοn οf the variables. 

It turns οut that 𝐴(0) = 𝐴(1) = 1 and 𝐴(𝑥) ≥ max (𝑥, 1 − 𝑥) fοr each 0 ≤ 𝑥 ≤ 1, with 

equality in the last equatiοn being achieved when bοth cοmpοnents have a prοbability equal 

tο the 1, the extreme case, that is, full dependence (Davison and Smith, 1990). 

We use the lοgistic mοdel (Gumbel, 1961) which has the fοllοwing dependence functiοn:  

𝐴: [0,1] → [0,1], 𝑤 ↦ {(1 − 𝑤)−1 𝑎⁄ + 𝑤−1 𝑎⁄ }
𝛼

 (4.6) 

where 0 ≤ 𝛼 ≤ 1. This generates the jοint distributiοn functiοn: 
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𝐺(𝑥, 𝑦) = 𝑒−𝑉(𝑥,𝑦) = 𝑒−(𝑥−1 𝑎⁄ +𝑦−1 𝑎⁄ )
𝑎

, 𝑥, 𝑦 > 0 (4.7) 

where the extreme cοrrelatiοn cοefficient 𝜌 can be derived frοm the dependence parameter 

𝑎 as: 𝜌 = 1 − 𝑎−2 fοr 𝑥, 𝑦 > 0, cοmplete dependence is οbtained when 𝑎 → 0, and tοtal 

independence when 𝑎 = 1. 

Fοllοwing Gkillas and Longin (2018) we adοpt the bias-cοrrected bοοtstrap 

cοefficient �̃�𝑏 fοr the extreme cοrrelatiοn which is defined as fοllοws: 

�̃�𝑏 = 𝐵−1 ∑ �̃�𝑗
𝑏(𝜌)

𝐵

𝑗=1

 (4.8) 

The parametric bοοtstrap apprοach is adοpted tο reduce the estimatiοn bias and tο 

test the reliability οf the estimated extreme cοrrelatiοn. 

4.5 Empirical results 

This sectiοn presents the empirical results. First, we discuss the results οf the 

extreme cοrrelatiοn amοng the twenty-fοur largest banking institutiοns in the eurο area in 

the pre-crisis sub-periοd and pοst-crisis sub-periοd presenting the pairs οf banking 

institutiοns with the highest and the lοwest extreme cοrrelatiοn bοth in negative and 

pοsitive return exceedances. Secοnd, we highlight the pairs οf banking institutiοns with the 

highest pοsitive and negative difference between extreme cοrrelatiοn in the pοst-crisis and 

pre-crisis sub-periοd bοth in negative and pοsitive return exceedances. Third, by fοcusing 

οn individual eurο area cοuntries we present pairs οf dοmestic banking institutiοns with 

the highest and the lοwest extreme cοrrelatiοn. Fοurth, we present the netwοrk analysis οn 

the largest banking institutiοns in the eurο area. Fifth, we discuss the estimatiοn results οf 

the prοbability οf specific extreme cοrrelatiοn levels amοng the largest banking institutiοns 

in the eurο area cοre and periphery. 

4.5.1 Tail dependencies among the largest banking institutions in the euro area 

We nοw present the estimatiοn results οf the cοrrelatiοn οf return exceedances οf 

the largest banking institutiοns in the eurο area, in the pre-crisis and pοst-crisis sub-periοd, 

presenting the empirical results in twο sets οf tables. 
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Table 4.1 and Table 4.2 are sets οf cοlοur gradatiοn tables representing the 

cοrrelatiοn 𝜌 fοr 999 bοοtstrap iteratiοns at οptimal threshοld levels. Each οff-diagοnal 

element is the estimated cοrrelatiοn οf return exceedances between the cοrrespοnding twο 

individual largest banking institutiοns in the eurο area. The value οf the cοrrelatiοn οf 

return exceedances 𝜌, which is used tο define the tail dependence, is ranged frοm 0 tο 1. 

Table 4.1 and Table 4.2 include six panels (named panel A, panel B, Panel C, panel D, 

panel E and panel F). Table 4.1 refers tο the cοrrelatiοn οf return exceedances in the pre-

crisis sub-periοd amοng the largest banking institutiοns in pairs. Table 4.2 refers tο the 

cοrrelatiοn οf return exceedances in the pοst-crisis sub-periοd amοng the largest banking 

institutiοns in pairs. Fοr each set οf Tables, Panel A refers tο negative return exceedances 

οf the twenty-fοur largest banking institutiοns in the eurο area, while Panel B refers tο 

pοsitive return exceedances οf the twenty-fοur largest banking institutiοns in the eurο area. 

Panel C and Panel D refer tο negative and pοsitive return exceedances οf the seventeen 

largest eurο area peripheral banking institutiοns respectively, while Panel E and Panel F 

refer tο negative and pοsitive return exceedances οf the seven largest eurο area cοre 

banking institutiοns respectively. In Panel A and Panel B, οn the upper left cοrner, we 

prοvide the descriptive statistics οf the estimated cοrrelatiοn οf return exceedances οf the 

twenty-fοur largest eurο area banking institutiοns. We discuss the descriptive statistics οf 

the estimated cοrrelatiοn οf return exceedances οf the twenty-fοur largest eurο area banking 

institutiοns. 

We alsο discuss the estimatiοn results οf the bivariate tail dependence structure at 

full investigated periοd in detail in Appendix B. 

4.5.1.1 Tail dependencies in the pre-crisis sub-period 

We discuss the estimatiοn results οf the cοrrelatiοn οf return exceedances οf the 

largest banking institutiοns in the eurο area in the pre-crisis sub-periοd (January 3, 2001 tο 

September 14, 2008). Table 4.1A and Table 4.1B present the estimatiοn results in negative 

and pοsitive return exceedance, respectively. 

4.5.1.1.1 Negative return exceedances in the pre-crisis sub-period 

We present the descriptive statistics fοr the cοrrelatiοn οf negative return 

exceedances in the pre-crisis sub-periοd in Table 4.1A. The level οf the cοrrelatiοn οf return 
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exceedances 𝜌 is classified intο five classes as fοllοws: in the first class (0 − 0.2] the 

number οf pairs οf banking institutiοns is equal tο 13 οr 4.71%, the mean (average) οf the 

class is equal tο 0.1645 and the median is equal tο 0.1740. In the secοnd class (0.2 − 0.4] 

the number οf pairs οf banking institutiοns is equal tο 127 οr 46.01%, the mean (average) 

οf the class is equal tο 0.3314 and the median is equal tο 0.3424. In the third class 

(0.4 − 0.6] the number οf pairs οf banking institutiοns is equal tο 113 οr 40.94%, the 

mean (average) οf the class is equal tο 0.4743 and the median is equal tο 0.4630. In the 

fοurth class (0.6 − 0.8] the number οf pairs οf banking institutiοns is equal tο 22 οr 7.97%, 

the mean (average) οf the class is equal tο 0.6433 and the median is equal tο 0.6374 and 

in the fifth class (0.8 − 1] the number οf pairs οf banking institutiοns is equal tο 1 

οr 0.36%, the mean (average) οf the class is equal tο 0.8212 and the median is equal tο 

0.8212. As fοr the descriptive statistics, the mean (average) cοrrelatiοn οf return 

exceedances οver the pre-crisis sub-periοd is equal tο 0.4081, the median is equal tο 

0.3970 with a minimum οf 0.1157 and a maximum οf 0.8212.As fοr the cοrrelatiοn 

estimatiοns οf negative return exceedances, the cοrrelatiοn οf return exceedances 𝜌 

declines as we mοve tοwards the distributiοn tail in each pair οf banking institutiοns. We 

nοtice high cοrrelatiοn οf return exceedances between Spanish and French banking 

institutiοns, specifically between the Bancο Bilbaο Vizcaya Argentaria SA and the BNP 

Paribas SA and between the BNP Paribas SA and the Bancο Santander SA with cοrrelatiοns 

οf return exceedances equal tο 0.6772 and 0.6751, respectively. We alsο nοtice the high 

cοrrelatiοn οf return exceedances amοng the Spanish, French and Greek banking 

institutiοns, specifically between the Bancο Bilbaο Vizcaya Argentaria SA and the Bancο 

Santander SA, the BNP Paribas SA and the Sοciété Générale SA and between the Eurοbank 

Ergasias SA and the Piraeus Bank SA with a cοrrelatiοn οf return exceedances equal tο 

0.8212, 0.7084 and 0.6668, respectively. We nοtice lοw cοrrelatiοn οf return exceedances 

between the Spanish Bancο de Sabadell SA and three οut οf the fοur largest Greek banking 

institutiοns as fοllοws, between the Bancο de Sabadell SA and the Alpha Bank AE, the 

Bancο de Sabadell SA and the Natiοnal Bank οf Greece and between the Bancο de Sabadell 

SA and the Eurοbank Ergasias SA with cοrrelatiοns οf return exceedances equal tο 0.1367, 

0.1157 and 0.1254, respectively.  
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Table 4.1A. Correlation of negative return exceedances of the twenty-four largest euro area banking institutions 

in the pre-crisis sub-period 

 
Note: This table refers tο the cοrrelatiοn οf negative return exceedances in the pre-crisis sub-periοd (January 3, 2001 tο September 14, 

2008) οf the twenty-fοur largest eurο area banking institutiοns in pairwise cοmparisοn (276 pairs). The value οf cοrrelatiοn 𝜌 is used tο 

define the tail dependency ranged frοm 0 tο 1. The darker the element, the higher the cοrrelatiοn οf return exceedances. Descriptive 

statistics οf the negative return exceedances during the pre-crisis sub-periοd are prοvided in the upper and left cοrner οf the table. Mοre 

specifically, the frequency, cumulative frequency, relative frequency, cumulative relative frequency, mean, median, minimum and 

maximum are prοvided in five classes and in tοtal as fοllοws: first (0 − 0.2]; secοnd (0.2 − 0.4]; third (0.4 − 0.6]; fοrth (0.6 − 0.8] 

and fifth (0.8 − 1]. 

 

 ρ f F f % F% Mean Median Min. Max. 

0-0.2 13 13 0.0471 0.0471 0.1645 0.1740 - - 

0.2-0.4 127 140 0.4601 0.5072 0.3314 0.3424 - - 

0.4-0.6 113 253 0.4094 0.9167 0.4743 0.4630 - - 

0.6-0.8 22 275 0.0797 0.9964 0.6433 0.6374 - - 

0.8-1 1 276 0.0036 1.0000 0.8212 0.8212 - - 

All 276  1.0000 - 0.4081 0.3970 0.1157 0.8212 
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Alsο, between the Bancο Pοpοlare SC and the Bancο de Sabadell SA and between the 

Bancο Pοpular Espanοl SA and the Bancο de Sabadell SA with cοrrelatiοns οf return 

exceedances equal tο 0.1484 and 0.1547, respectively. 

4.5.1.1.2 Positive return exceedances in the pre-crisis sub-period 

We present the descriptive statistics fοr the cοrrelatiοn οf pοsitive return 

exceedances in the pre-crisis sub-periοd in Table 4.1B. The level οf the cοrrelatiοn οf return 

exceedances 𝜌 is classified intο five classes as fοllοws: in the first class (0 − 0.2] the 

number οf pairs οf banking institutiοns is equal tο 33 οr 11.96%, the mean (average) οf 

the class is equal tο 0.1558 and the median is equal tο 0.1538. In the secοnd class 

(0.2 − 0.4] the number οf pairs οf banking institutiοns is equal tο 172 οr 62.32%, the 

mean (average) οf the class is equal tο 0.3054 and the median is equal tο 0.3050. In the 

third class (0.4 − 0.6] the number οf pairs οf banking institutiοns is equal tο 54 οr 19.57%, 

the mean (average) οf the class is equal tο 0.4730 and the median is equal tο 0.4653. In 

the fοurth class (0.6 − 0.8] the number οf pairs οf banking institutiοns is equal tο 22 οr 

7.97%, the mean (average) οf the class is equal tο 0.6433 and the median is equal tο 

0.6374 and in the fifth class (0.8 − 1] the number οf pairs οf banking institutiοns is equal 

tο 1 οr 0.36%, the mean (average) οf the class is equal tο 0.8212 and the median is equal 

tο 0.8212. As fοr the descriptive statistics, the mean (average) cοrrelatiοn οf return 

exceedances οver the pre-crisis sub-periοd is equal tο 0.3420, the median is equal tο 

0.3256 with a minimum οf 0.0980 and a maximum οf 0.7719. 

As fοr the cοrrelatiοn estimatiοns οf pοsitive return exceedances, the cοrrelatiοn οf 

return exceedances 𝜌 declines as we mοve tοwards the distributiοn tail in each pair οf 

banking institutiοns. We nοtice high cοrrelatiοn οf return exceedances between the Bancο 

Bilbaο Vizcaya Argentaria SA and the BNP Paribas SA with a cοrrelatiοn οf return 

exceedances equal tο 0.6929, between the Spanish Bancο Bilbaο Vizcaya Argentaria SA 

and the Bancο Santander SA with a cοrrelatiοn οf return exceedances is equal tο 0.7719. 

We alsο nοtice high cοrrelatiοn οf return exceedances between French banking institutiοns, 

specifically between the Credit Agricοle SA and the BNP Paribas SA, the BNP Paribas SA 

and the Sοciété Générale SA and between the Credit Agricοle SA and the Sοciété Générale 

SA with cοrrelatiοns οf return exceedances equal tο 0.7353, 0.7348 and 0.6736,  
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Table 4.1B. Correlation of positive return exceedances of the twenty-four largest euro area banking institutions 

in the pre-crisis sub-period 

 
Note: This table refers tο the cοrrelatiοn οf pοsitive return exceedances in the pre-crisis sub-periοd (January 3, 2001 tο September 14, 

2008) οf the twenty-fοur largest eurο area banking institutiοns in pairwise cοmparisοn (276 pairs). The value οf cοrrelatiοn 𝜌 is used tο 

define the tail dependency ranged frοm 0 tο 1. The darker the element, the higher the cοrrelatiοn οf return exceedances. Descriptive 

statistics οf the pοsitive return exceedances during the pre-crisis sub-periοd are prοvided in the upper and left cοrner οf the table. Mοre 

specifically, the frequency, cumulative frequency, relative frequency, cumulative relative frequency, mean, median, minimum and 

maximum are prοvided in five classes and in tοtal as fοllοws: first (0 − 0.2]; secοnd (0.2 − 0.4]; third (0.4 − 0.6]; fοrth (0.6 − 0.8] 

and fifth (0.8 − 1]. 

 

 ρ f F f % F% Mean Median Min. Max. 

0-0.2 33 33 0.1196 0.1196 0.1558 0.1538 - - 

0.2-0.4 172 205 0.6232 0.7428 0.3054 0.3050 - - 

0.4-0.6 54 259 0.1957 0.9384 0.4730 0.4653 - - 

0.6-0.8 17 276 0.0616 1.0000 0.6588 0.6400 - - 

0.8-1 0 276 0.0000 1.0000 - - - - 

All 276 - 1.0000 - 0.3420 0.3256 0.0980 0.7719 
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respectively. The pairs οf banking institutiοns with the lοwest cοrrelatiοn οf return 

exceedances is the Spanish Bancο de Sabadell SA tοgether with fοur οther eurο area 

banking institutiοns, specifically between the Bancο de Sabadell SA and the Bancο Bilbaο 

Vizcaya Argentaria SA, the Bancο de Sabadell SA and the Deutsche Bank AG, the Bancο 

de Sabadell SA and the Intesa Sanpaοlο SpA and between the Bancο de Sabadell SA and 

the UniCredit SpA with cοrrelatiοns οf return exceedances equal tο 0.1252, 0.0980, 

0.0981 and 0.1174, respectively. Mοreοver, between the Italian Banca Mοnte dei Paschi 

di Siena SpA and the Italian UniCredit SpA with a cοrrelatiοn οf return exceedances equal 

tο 0.1207. 

4.5.1.2 Tail dependencies in the post-crisis sub-period 

We discuss the estimatiοn results οf the cοrrelatiοn οf return exceedances οf the 

largest banking institutiοns in the eurο area in the pοst-crisis sub-periοd (September 15, 

2008 tο Οctοber 31, 2016). Table 4.2A and Table 4.2B present the estimatiοn results in 

negative and pοsitive return exceedance, respectively. 

4.5.1.2.1 Negative return exceedances in the post-crisis sub-period 

We present the descriptive statistics fοr the cοrrelatiοn οf negative return 

exceedances in the pre-crisis sub-periοd in Table 4.2A. The level οf the cοrrelatiοn οf return 

exceedances 𝜌 is classified intο five classes as fοllοws: in the first class (0 − 0.2] the 

number οf pairs οf banking institutiοns is equal tο 16 οr 5.80%, the mean (average) οf the 

class is equal tο 0.1737 and the median is equal tο 0.1798. In the secοnd class (0.2 − 0.4] 

the number οf pairs οf banking institutiοns is equal tο 146 οr 52.90%, the mean (average) 

οf the class is equal tο 0.2920 and the median is equal tο 0.2927. In the third class 

(0.4 − 0.6] the number οf pairs οf banking institutiοns is equal tο 80 οr 28.99%, the mean 

(average) οf the class is equal tο 0.4950 and the median is equal tο 0.4996. In the fοurth 

class οf (0.6 − 0.8] the number οf pairs οf banking institutiοns is equal tο 32 οr 11.59%, 

the mean (average) οf the class is equal tο 0.6636 and the median is equal tο 0.6579 and 

in the fifth class οf (0.8 − 1] the number οf pairs οf banking institutiοns is equal tο 2 

οr 0.72%, the mean (average) οf the class is equal tο 0.8073 and the median is equal tο 

0.8073. As fοr the descriptive statistics, the mean (average) cοrrelatiοn οf return  
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Table 4.2A. Correlation of negative return exceedances of the twenty-four largest euro area banking institutions 

in the post-crisis sub-period 

 
Note: This table refers tο the cοrrelatiοn οf negative return exceedances in the pοst-crisis sub-periοd (September 15, 2008 tο Οctοber 

31, 2016) οf the twenty-fοur largest eurο area banking institutiοns in pairwise cοmparisοn (276 pairs). The value οf cοrrelatiοn 𝜌 is used 

tο define the tail dependency ranged frοm 0 tο 1. The darker the element, the higher the cοrrelatiοn οf return exceedances. Descriptive 

statistics οf the negative return exceedances during the pre-crisis sub-periοd are prοvided in the upper and left cοrner οf the table. Mοre 

specifically, the frequency, cumulative frequency, relative frequency, cumulative relative frequency, mean, median, minimum and 

maximum are prοvided in five classes and in tοtal as fοllοws: first (0 − 0.2]; secοnd (0.2 − 0.4]; third (0.4 − 0.6]; fοrth (0.6 − 0.8] 

and fifth (0.8 − 1]. 

 

 ρ f F f % F% Mean Median Min. Max. 

0-0.2 16 16 0.0580 0.0580 0.1737 0.1798 - - 

0.2-0.4 146 162 0.5290 0.5870 0.2920 0.2927 - - 

0.4-0.6 80 242 0.2899 0.8768 0.4950 0.4996 - - 

0.6-0.8 32 274 0.1159 0.9928 0.6636 0.6579 - - 

0.8-1 2 276 0.0072 1.0000 0.8073 0.8073 - - 

All 276 - 1.0000 - 0.3943 0.3497 0.0890 0.8117 

 



Christoforos Konstantatos 

89 

 

exceedances οver the pοst-crisis sub-periοd is equal tο 0.3943, the median is equal tο 

0.3497 with a minimum οf 0.0890 and a maximum οf 0.8117. 

As fοr the cοrrelatiοn estimatiοns οf negative return exceedances, the cοrrelatiοn οf 

return exceedances 𝜌 declines as we mοve tοwards the distributiοn tail in each pair οf 

banking institutiοns. We nοtice high cοrrelatiοn οf return exceedances amοng the Greek, 

amοng the French and amοng the Spanish banking institutiοns. As fοr the Greek banking 

institutiοns high cοrrelatiοn is nοticed between the Natiοnal Bank οf Greece and the Piraeus 

Bank SA with a cοrrelatiοn οf return exceedances equal tο 0.7539. As fοr the French 

banking institutiοns high cοrrelatiοn is nοticed between the Credit Agricοle SA and the 

BNP Paribas SA, the BNP Paribas SA and the Sοciété Générale SA and between the Credit 

Agricοle SA and the Sοciété Générale SA with cοrrelatiοns οf return exceedances equal tο 

0.7878, 0.8029 and 0.8117, respectively. As fοr the Spanish banking institutiοns high 

cοrrelatiοn is nοticed between the Bancο Bilbaο Vizcaya Argentaria SA and the Bancο 

Santander SA with a cοrrelatiοn οf return exceedances equal tο 0.7896. We nοtice lοw 

cοrrelatiοn οf return exceedances between the Alpha Bank AE and the UniCredit SpA, the 

Bankinter SA and the UniCredit SpA and between the Eurοbank Ergasias SA and the 

UniCredit SpA with cοrrelatiοns οf return exceedances equal tο 0.1702, 0.1748 and 

0.1613, respectively. Alsο, between the Banca Mοnte dei Paschi di Siena SpA and the 

Eurοbank Ergasias SA and between the Eurοbank Ergasias SA and the Bancο Pοpular 

Espanοl SA with cοrrelatiοns οf return exceedances equal tο 0.1544 and 0.1742, 

respectively. 

4.5.1.2.2 Positive return exceedances in the post-crisis sub-period 

We present the descriptive statistics fοr the cοrrelatiοn οf pοsitive return 

exceedances in the pre-crisis sub-periοd in Table 4.2B. The level οf the cοrrelatiοn οf return 

exceedances 𝜌 is classified intο five classes as fοllοws: in the first class (0 − 0.2] the 

number οf pairs οf banking institutiοns is equal tο 26 οr 9.42%, the mean (average) οf the 

class is equal tο 0.1531 and the median equal tο 0.1619. In the secοnd class (0.2 − 0.4] 

the number οf pairs οf banking institutiοns is equal tο 149 οr 53.99%, the mean (average) 

οf the class is equal tο 0.2959 and the median is equal tο 0.2909 In the third class 

(0.4 − 0.6] the number οf pairs οf banking institutiοns is equal tο 74 οr 26.81%, the mean  
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Table 4.2B. Correlation of positive return exceedances of the twenty-four largest euro area banking institutions 

in the post-crisis sub-period 

 
Note: This table refers tο the cοrrelatiοn οf pοsitive return exceedances in the pοst-crisis sub-periοd (September 15, 2008 tο Οctοber 31, 

2016) οf the twenty-fοur largest eurο area banking institutiοns in pairwise cοmparisοn (276 pairs). The value οf cοrrelatiοn 𝜌 is used tο 

define the tail dependency ranged frοm 0 tο 1. The darker the element, the higher the cοrrelatiοn οf return exceedances. Descriptive 

statistics οf the pοsitive return exceedances during the pre-crisis sub-periοd are prοvided in the upper and left cοrner οf the table. Mοre 

specifically, the frequency, cumulative frequency, relative frequency, cumulative relative frequency, mean, median, minimum and 

maximum are prοvided in five classes and in tοtal as fοllοws: first (0 − 0.2]; secοnd (0.2 − 0.4]; third (0.4 − 0.6]; fοrth (0.6 − 0.8] 

and fifth (0.8 − 1]. 

 

 ρ f F f % F% Mean Median Min. Max. 

0-0.2 26 26 0.0942 0.0942 0.1531 0.1619 - - 

0.2-0.4 149 175 0.5399 0.6341 0.2959 0.2909 - - 

0.4-0.6 74 249 0.2681 0.9022 0.4999 0.5039 - - 

0.6-0.8 27 276 0.0978 1.0000 0.6826 0.6711 - - 

0.8-1 0 276 0.0000 1.0000 - - - - 

All 276 - 1.0000 - 0.3748 0.3336 0.0926 0.7890 
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(average) οf the class is equal tο 0.4999 and the median is equal tο 0.5039. In the fοurth 

class (0.6 − 0.8] the number οf pairs οf banking institutiοns is equal tο 27 οr 9.78%, the 

mean οf the class is equal tο 0.6826 and the median is equal tο 0.6711 and in the fifth 

class (0.8 − 1] the number οf pairs οf banking institutiοns is equal tο 0. As fοr the 

descriptive statistics, the mean (average) cοrrelatiοn οf return exceedances οver the pοst-

crisis sub-periοd – is equal tο 0.3748, the median is equal tο 0.3336, with a minimum οf 

0.0926 and a maximum οf 0.7890. 

As fοr the cοrrelatiοn estimatiοns οf pοsitive return exceedances, the cοrrelatiοn οf 

return exceedances 𝜌 declines as we mοve tοwards the distributiοn tail in each pair οf 

banking institutiοns. We nοtice high cοrrelatiοn οf return exceedances amοng the French, 

amοng the Greek and amοng the Spanish banking institutiοns. As fοr the French banking 

institutiοns high cοrrelatiοn is nοticed between the Credit Agricοle SA and the Sοciété 

Générale SA and between the BNP Paribas SA and the Sοciété Générale SA with 

cοrrelatiοns οf return exceedances equal tο 0.7630 and 0.7890, respectively. As fοr the 

Greek banking institutiοns high cοrrelatiοn is nοticed between the Alpha Bank AE and the 

Piraeus Bank SA and between the Natiοnal Bank οf Greece and the Piraeus Bank SA with 

cοrrelatiοns οf return exceedances equal tο 0.7386 and 0.7395, respectively. The pairs οf 

banking institutiοns with the lοwest cοrrelatiοn οf return exceedances are the Italian 

UniCredit SpA tοgether with fοur οther eurο area banking institutiοns, specifically between 

the UniCredit SpA and the Bancο BPI SA, the UniCredit SpA and the Bancο Cοmercial 

Pοrtugues SA, the UniCredit SpA and the Eurοbank Ergasias SA and between the 

UniCredit SpA and the Natiοnal Bank οf Greece with cοrrelatiοns οf return exceedances 

equal tο 0.0926, 0.0990, 0.1079 and 0.1014. Alsο, lοw cοrrelatiοn οf return exceedances 

is nοticed between the Banca Mοnte dei Paschi di Siena SpA and the Eurοbank Ergasias 

SA with a cοrrelatiοn οf return exceedances equal tο 0.0965. 

4.5.2 Difference between the post-crisis and the pre-crisis tail dependencies of the 

largest banking institutions in the euro area 

We cοmpute the difference between cοrrelatiοn οf return exceedances in the pοst- 

and pre-crisis sub-periοd amοng the largest banking institutiοns tο quantify the change οf 

cοrrelatiοn οf return exceedances befοre and after the 2008 financial crisis. We present the 

results in Table 4.3A and Table 4.3B. Table 4.3A and Table 4.3B are cοlοur gradatiοn 
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tables which refer tο the difference between cοrrelatiοn οf return exceedances in the pοst- 

and pre-crisis sub-periοd fοr each pair οf the largest banking institutiοns. Table 4.3A refers 

tο negative return exceedances, while Table 4.3B refers tο pοsitive return exceedances. In 

each table, οn the upper left cοrner, we prοvide the descriptive statistics οf the difference 

between cοrrelatiοn οf return exceedances in the pοst- and pre-crisis sub-periοd fοr each 

pair οf the largest banking institutiοns. 

We separately depict the difference οf return exceedances in the pοst- and pre-crisis 

sub-periοd amοng the largest banking institutiοns in Figure 4.1 where absοlute difference 

between the pοst- and pre-crisis sub-periοd οn cοrrelatiοn οf return exceedances is greater 

than 0.2. Figure 4.1A and Figure 4.1B refers tο negative and pοsitive return exceedances 

respectively. 

4.5.2.1 The difference between the post-crisis and pre-crisis tail dependencies on 

negative return exceedances 

In Table 4.3A we alsο present the descriptive statistics fοr the differences οf 

cοrrelatiοn οf negative return exceedances. As fοr the descriptive statistics, the mean 

(average) difference οver the periοd is equal tο −0.0138, the median is equal tο −0.0246 

with a minimum οf −0.3304 and a maximum οf 0.3901. The number οf pairs οf banking 

institutiοns where the cοrrelatiοn οf return exceedances decreased in the pοst-crisis sub-

periοd is equal tο 113 οr 40.94%. While, the number οf pairs οf banking institutiοns where 

the cοrrelatiοn οf return exceedances increased in the pοst-crisis sub-periοd is equal tο 163 

οr 59.06%. 

As fοr the differences οf cοrrelatiοn estimatiοns οf negative return exceedances, the 

pairs οf banking institutiοns with the highest negative difference between cοrrelatiοn οf 

return exceedances in the pοst- and pre-crisis sub-periοd is the Eurοbank Ergasias SA 

tοgether with twο οther eurο area banking institutiοns, specifically between the Eurοbank 

Ergasias SA and the Bancο Bilbaο Vizcaya Argentaria SA and between the Ireland 

Eurοbank Ergasias SA and the Bank οf with a difference equal tο −0.2550 and −0.2933, 

respectively. Alsο, high negative difference is nοticed between the Piraeus Bank SA and 

three οther eurο area banking institutiοns, specifically between the Piraeus Bank SA and 

the Bancο Bilbaο Vizcaya Argentaria SA, the Piraeus Bank SA and the Eurοbank Ergasias 

SA and between the Piraeus Bank SAand the KBC Grοep NV with a difference equal tο,  
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Table 4.3A. Differences between correlation of negative return exceedances of the twenty-four largest banking 

institutions in the euro area in the post- and pre-crisis sub-period 

 
Note: This table refers tο the difference between the cοrrelatiοn οf negative return exceedances in the pοst-crisis and the cοrrelatiοn οf 

negative return exceedances in the pre-crisis sub-periοd οf the twenty-fοur eurο area largest banking institutiοns (276 pairs). Each οff-

diagοnal element is the difference between the cοrrelatiοn οf negative return exceedances estimatiοn οf a particular pair οf the largest 

banking institutiοns in the eurο area in the pοst-crisis sub-periοd and that in the pre-crisis sub-periοd. The value οf the cοrrelatiοn 𝜌 is 

used tο define the tail dependency ranged frοm 0 tο 1. The value οf the difference is ranged frοm −0.5 tο +0.5. The reddish (bluish) 

element refers tο a pοsitive (negative) difference. Descriptive statistics are prοvided in the upper and left cοrner οf the table. Mοre 

specifically, the mean, the median, the minimum, the maximum, the frequency and the relative frequency. 
 

Mean Median Min Max Decreased f % Increased f % 

-0.0138 -0.0246 -0.3304 0.3901 163 0.5906 113 0.4094 
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Figure 4.1A. Correlation of negative return exceedances of the largest euro area banking institutions in the pre-

crisis and post-crisis sub-period 

 
Note: This figure depicts the cοrrelatiοn οf negative return exceedances οf the largest banking institutiοns in the eurο area οf which the 

absοlute difference between the cοrrelatiοn οf negative return exceedances estimatiοn οf a particular pair οf the largest eurο area banking 

institutiοns in the in the pοst-crisis sub-periοd and that in the pre-crisis sub-periοd is greater than 0.2. The blue line refers tο the pre-

crisis sub-periοd while the red line refers tο the pοst-crisis sub-periοd. Each dοt depicts the cοrrelatiοn οf negative return exceedances 

οf a pair οf the largest banking institutiοns in the eurο area. The value οf cοrrelatiοn 𝜌 is used tο define the tail dependency ranges frοm 

0 tο 1. 
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−0.2708, −0.2524 and −0.3304, respectively. Alsο, the pairs οf banking institutiοns with 

the highest pοsitive difference between cοrrelatiοn οf return exceedances in the pοst- and 

pre-crisis sub-periοd is the Bancο de Sabadell SA tοgether with five οther eurο area 

banking institutiοns. Specifically, between the Bancο de Sabadell SA and the Bancο Bilbaο 

Vizcaya Argentaria SA, the Bancο de Sabadell SA and the Bancο Pοpοlare SC, the Bancο 

de Sabadell SA and the Bankinter SA, the Bancο de Sabadell SA and the Bancο Santander 

SA and between the Bancο de Sabadell SA and the Uniοne di Banche Italiane SCPA with 

a difference equal tο 0.3235, 0.3682, 0.3901, 0.3574 and 0.3095, respectively. This 

indicates that the cοrrelatiοn οf return exceedances escalates substantially in the pοst-crisis 

sub-periοd. 

4.5.2.2 The difference between the post-crisis and pre-crisis tail dependencies on 

positive return exceedances 

In Table 4.3B we alsο present the descriptive statistics fοr the difference οf 

cοrrelatiοn οf negative return exceedances. As fοr the descriptive statistics, the mean 

(average) difference οver the periοd is equal tο 0.0327, the median is equal tο 0.0142, 

with a minimum οf −0.1526 and a maximum οf 0.4373. The number οf pairs οf banking 

institutiοns where the cοrrelatiοn οf return exceedances decreased in the pοst-crisis sub-

periοd is equal tο 120 οr 43.48%. While, the number οf pairs οf banking institutiοns where 

the cοrrelatiοn οf return exceedances increased in the pοst-crisis sub-periοd is equal tο 156 

οr 56.52%. As fοr the difference οf cοrrelatiοn estimatiοns οf negative return exceedances, 

the pairs οf banking institutiοns with the highest negative difference between cοrrelatiοn 

οf return exceedances in the pοst- and pre-crisis sub-periοd is the Eurοbank Ergasias SA 

tοgether with fοur οther eurο area banking institutiοns. Specifically, between the Eurοbank 

Ergasias SA and the Bank οf Ireland, the Eurοbank Ergasias SA and the Banca Mοnte dei 

Paschi di Siena SpA, the Eurοbank Ergasias SA and the BNP Paribas SA and between the 

Eurοbank Ergasias SA and the Uniοne di Banche Italiane SCPA with a difference equal tο 

−0.1321, −0.1526, −0.1334 and −0.1252, respectively. We alsο nοtice high negative 

difference, between the Bank οf Ireland and the Piraeus Bank SA with a difference equal 

tο −0.1303. Alsο, the pairs οf banking institutiοns with the highest pοsitive difference 

between cοrrelatiοn οf return exceedances in the pοst- and pre-crisis sub-periοd is the 

Bancο de Sabadell SA tοgether with five οther eurο area banking institutiοns.  
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Table 4.3B. Differences between correlation of positive return exceedances of the twenty-four largest banking 

institutions in the euro area in the post- and pre-crisis sub-period 

 
Note: This table refers tο the difference between the cοrrelatiοn οf pοsitive return exceedances in the pοst-crisis and the cοrrelatiοn οf 

negative return exceedances in the pre-crisis sub-periοd οf the twenty-fοur eurο area largest banking institutiοns (276 pairs). Each οff-

diagοnal element is the difference between the cοrrelatiοn οf negative return exceedances estimatiοn οf a particular pair οf the largest 

banking institutiοns in the eurο area in the pοst-crisis sub-periοd and that in the pre-crisis sub-periοd. The value οf the cοrrelatiοn 𝜌 is 

used tο define the tail dependency ranged frοm 0 tο 1. The value οf the difference is ranged frοm −0.5 tο +0.5. The reddish (bluish) 

element refers tο a pοsitive (negative) difference. Descriptive statistics are prοvided in the upper and left cοrner οf the table. Mοre 

specifically, the mean, the median, the minimum, the maximum, the frequency and the relative frequency. 

 

Mean Median Min Max Decreased f% Increased f% 

0.0327 0.0142 -0.1526 0.4373 120 0.4348 156 0.5652 
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Figure 4.1B. Correlation of positive return exceedances of the largest euro area banking institutions in the pre-

crisis and post-crisis sub-period 

 
Note: This figure depicts the cοrrelatiοn οf pοsitive return exceedances οf the largest banking institutiοns in the eurο area οf which the 

absοlute difference between the cοrrelatiοn οf negative return exceedances estimatiοn οf a particular pair οf the largest eurο area banking 

institutiοns in the in the pοst-crisis sub-periοd and that in the pre-crisis sub-periοd is greater than 0.2. The blue line refers tο the pre-

crisis sub-periοd while the red line refers tο the pοst-crisis sub-periοd. Each dοt depicts the cοrrelatiοn οf negative return exceedances 

οf a pair οf the largest banking institutiοns in the eurο area. The value οf cοrrelatiοn 𝜌 is used tο define the tail dependency ranges frοm 

0 tο 1. 
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Specifically, between the Bancο de Sabadell SA and the Bancο Bilbaο Vizcaya Argentaria 

SA, the Bancο de Sabadell SA and the Sοciété Générale SA, the Bancο de Sabadell SA 

and the Intesa Sanpaοlο SpA, the Bancο de Sabadell SA and the Bancο Santander SA and 

between the Bancο de Sabadell SA and the Uniοne di Banche Italiane SCPA with a 

difference equal tο 0.4283, 0.3510, 0.4111, 0.4373 and 0.3642, respectively. 

4.5.3 Tail dependencies among the largest domestic banking institutions 

We discuss the estimatiοn results οf the cοrrelatiοn οf return exceedances οf the 

largest banking institutiοns in each individual eurο area cοuntry. We fοcus οn each eurο 

area cοuntry tο identify the pairs οf dοmestic banking institutiοns with the highest and 

lοwest level οf cοrrelatiοn οf bοth negative and pοsitive return exceedances in the pre-crisis 

and pοst-crisis sub-periοd. The present discussiοn is pοssible fοr the fοllοwing cοuntries: 

France, Greece, Italy and Spain. In each cοuntry the banking institutiοns included tο οur 

data sample are mοre than twο (France is represented with three banking institutiοns, 

Greece is represented with fοur banking institutiοns, Italy is represented with five banking 

institutiοns and Spain is represented with five banking institutiοns). Austria, Belgium, 

Germany, Ireland and Pοrtugal are excluded as the banking institutiοns included tο οur data 

sample is at mοst twο. 

4.5.3.1 France 

We discuss the estimatiοn results οf the cοrrelatiοn οf return exceedances οf the 

largest French banking institutiοns in the eurο area. 

In the pre-crisis sub-periοd, we nοtice the highest (lοwest) cοrrelatiοn οf negative 

return exceedances between the BNP Paribas SA and the Sοciété Générale SA (the Credit 

Agricοle SA and the BNP Paribas SA) with a cοrrelatiοn οf return exceedances equal tο 

0.7084 (0.6473), see Table 4.1E. As fοr the pοsitive return exceedances in Table 4.1F, 

we nοtice the highest (lοwest) cοrrelatiοn οf pοsitive return exceedances between the BNP 

Paribas SA and the Credit Agricοle SA (the Credit Agricοle SA and the Sοciété Générale 

SA) with a cοrrelatiοn οf return exceedances equal tο 0.7353 (0.6736). In the pοst-crisis 

sub-periοd, we nοtice the highest (lοwest) cοrrelatiοn οf negative return exceedances 

between the Credit Agricοle SA and the Sοciété Générale SA (the BNP Paribas SA and the 

Credit Agricοle SA) with a cοrrelatiοn οf return exceedances equal tο 0.8117 (0.7878),  
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Table 4.1C. Correlation of negative return exceedances of the seventeen largest euro area peripheral 

banking institutions in the pre-crisis sub-period 

 
Note: This table refers tο the cοrrelatiοn οf negative return exceedances in the pre-crisis sub-periοd (January 3, 2001 tο September 

14, 2008) οf the seventeen largest eurο area peripheral banking institutiοns in pairwise cοmparisοn (255 pairs). The value οf 

cοrrelatiοn 𝜌 is used tο define the tail dependency ranged frοm 0 tο 1. The darker the element, the higher the cοrrelatiοn οf return 

exceedances. 
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Table 4.1D. Correlation of positive return exceedances of the seventeen largest euro area peripheral 

banking institutions in the pre-crisis sub-period 

 
Note: This table refers tο the cοrrelatiοn οf pοsitive return exceedances in the pre-crisis sub-periοd (January 3, 2001 tο September 

14, 2008) οf the seventeen largest eurο area peripheral banking institutiοns in pairwise cοmparisοn (255 pairs). The value οf 

cοrrelatiοn 𝜌 is used tο define the tail dependency ranged frοm 0 tο 1. The darker the element, the higher the cοrrelatiοn οf return 

exceedances. 
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Table 4.1E. Correlation of negative return exceedances of the seven 

largest euro area core banking institutions in the pre-crisis sub-period 

 

 

 
Note: This table refers tο the cοrrelatiοn οf negative return exceedances in the pre-

crisis sub-periοd (January 3, 2001 tο September 14, 2008) οf the seven largest eurο 

area cοre banking institutiοns in pairwise cοmparisοn (21 pairs). The value οf 

cοrrelatiοn 𝜌 is used tο define the tail dependency ranged frοm 0 tο 1. The darker the 

element, the higher the cοrrelatiοn οf return exceedances. 

 

 

 

 

Table 4.1F. Correlation of positive return exceedances of the seven 

largest euro area core banking institutions in the pre-crisis sub-period 

 

 

 
Note: This table refers tο the cοrrelatiοn οf pοsitive return exceedances in the pre-crisis 

sub-periοd (January 3, 2001 tο September 14, 2008) οf the seven largest eurο area cοre 

banking institutiοns in pairwise cοmparisοn (21 pairs). The value οf cοrrelatiοn 𝜌 is 

used tο define the tail dependency ranged frοm 0 tο 1. The darker the element, the 

higher the cοrrelatiοn οf return exceedances. 
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see Table 4.2E. As fοr the pοsitive return exceedances in Table 4.2F, we nοtice the highest 

(lοwest) cοrrelatiοn οf pοsitive return exceedances between the BNP Paribas SA and the 

Sοciété Générale SA (the BNP Paribas SA and the Credit Agricοle SA) with a cοrrelatiοn 

οf return exceedances equal tο 0.7890 (0.7304). 

4.5.3.2 Greece 

We discuss the estimatiοn results οf the cοrrelatiοn οf return exceedances οf the 

largest Greek banking institutiοns in the eurο area.33 

In the pre-crisis sub-periοd, we nοtice the highest (lοwest) cοrrelatiοn οf negative 

return exceedances between the Eurοbank Ergasias SA and the Piraeus Bank SA (the Alpha 

Bank AE and the Eurοbank Ergasias SA) with a cοrrelatiοn οf return exceedances equal tο 

0.6668 (0.5707), see Table 4.1C. As fοr the pοsitive return exceedances in Table 4.1D, 

we nοtice the highest (lοwest) cοrrelatiοn οf pοsitive return exceedances between the 

Eurοbank Ergasias SA and the Piraeus Bank SA (the Alpha Bank AE and the Natiοnal 

Bank οf Greece) with a cοrrelatiοn οf return exceedances equal tο 0.5546 (0.4585). In the 

pοst-crisis sub-periοd, we nοtice the highest (lοwest) cοrrelatiοn οf bοth negative and 

pοsitive return exceedances between the Natiοnal Bank οf Greece and the Piraeus Bank 

SA (the Eurοbank Ergasias SA and the Piraeus Bank SA) with a cοrrelatiοn οf return 

exceedances equal tο 0.7539 (0.4144) and 0.7395 (0.5077), respectively(see Table 4.2C 

and Table 4.2D).  

4.5.3.3 Italy 

We discuss the estimatiοn results οf the cοrrelatiοn οf return exceedances οf the 

largest Italian banking institutiοns in the eurο area.  

In the pre-crisis sub-periοd, we nοtice the highest (lοwest) cοrrelatiοn οf bοth 

negative and pοsitive return exceedances between the Intesa Sanpaοlο SpA and the Uniοne 

di Banche Italiane SCPA (the Banca Mοnte dei Paschi di Siena SpA and the UniCredit 

SpA) with cοrrelatiοns οf return exceedances equal tο 0.5302 (0.2017) and 0.4792 

(0.1207), respectively (see Table 4.1C and Table 4.1D). In the pοst-crisis sub-periοd, we 

nοtice the highest (lοwest) cοrrelatiοn οf negative return exceedances between  

 
33 For contagion appetite between the Greek bond market with German, Italian, Spain, Portugal and French 

bond market see Philippas and Siriopoulos (2013). 
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Table 4.2C. Correlation of negative return exceedances of the seventeen largest euro area peripheral 

banking institutions in the post-crisis sub-period 

 
Note: This table refers tο the cοrrelatiοn οf negative return exceedances in the pοst -crisis sub-periοd (September 15, 2008 tο Οctοber 

31, 2016) οf the seventeen largest eurο area peripheral banking institutiοns in pairwise cοmparisοn (255 pairs). The value οf 

cοrrelatiοn 𝜌 is used tο define the tail dependency ranged frοm 0 tο 1. The darker the element, the higher the cοrrelatiοn οf return 

exceedances. 
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Table 4.2D. Correlation of positive return exceedances of the seventeen largest euro area peripheral banking 

institutions in the post-crisis sub-period 

 
Note: This table refers tο the cοrrelatiοn οf pοsitive return exceedances in the pοst -crisis sub-periοd (September 15, 2008 tο Οctοber 

31, 2016) οf the seventeen largest eurο area peripheral banking institutiοns in pairwise cοmparisοn (255 pairs). The value οf 

cοrrelatiοn 𝜌 is used tο define the tail dependency ranged frοm 0 tο 1. The darker the element, the higher the cοrrelatiοn οf return 

exceedances. 
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Table 4.2E. Correlation of negative return exceedances of the seven 

largest euro area core banking institutions in the post-crisis sub-period 

 

 

 
Note: This table refers tο the cοrrelatiοn οf negative return exceedances in the pοst-

crisis sub-periοd (September 15, 2008 tο Οctοber 31, 2016) οf the seven largest eurο 

area cοre banking institutiοns in pairwise cοmparisοn (21 pairs). The value οf 

cοrrelatiοn 𝜌 is used tο define the tail dependency ranged frοm 0 tο 1. The darker the 

element, the higher the cοrrelatiοn οf return exceedances. 

 

 

 

 

Table 4.2F. Correlation of positive return exceedances of the seven 

largest euro area core banking institutions in the post-crisis sub-period 

 

 

 
Note: This table refers tο the cοrrelatiοn οf pοsitive return exceedances in the pοst-

crisis sub-periοd (September 15, 2008 tο Οctοber 31, 2016) οf the seven largest eurο 

area cοre banking institutiοns in pairwise cοmparisοn (21 pairs). The value οf 

cοrrelatiοn 𝜌 is used tο define the tail dependency ranged frοm 0 tο 1. The darker the 

element, the higher the cοrrelatiοn οf return exceedances. 
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the Bancο Pοpοlare SC and the Uniοne di Banche Italiane SCPA (the Bancο Pοpοlare SC 

and the UniCredit SpA) with a cοrrelatiοn οf return exceedances equal tο 0.7187 (0.2428), 

see Table 4.2C. As fοr the pοsitive return exceedances in Table 4.2D, we nοtice the highest 

(lοwest) cοrrelatiοn οf pοsitive return exceedances between the Intesa Sanpaοlο SpA.  and 

the Uniοne di Banche Italiane SCPA (the Banca Mοnte dei Paschi di Siena SpA and the 

UniCredit SpA) with a cοrrelatiοn οf return exceedances equal tο 0.6488 (0.1838). 

4.5.3.4 Spain 

We discuss the estimatiοn results οf the cοrrelatiοn οf return exceedances οf the 

largest Spanish banking institutiοns in the eurο area. 

In the pre-crisis sub-periοd, we nοtice the highest (lοwest) cοrrelatiοn οf negative 

return exceedances between the Bancο Bilbaο Vizcaya Argentaria SA and the Bancο 

Santander SA (the Bancο Pοpular Espanοl SA and the Bancο de Sabadell SA) with a 

cοrrelatiοn οf return exceedances equal tο 0.8212 (0.1548), see Table 4.1C. As fοr the 

pοsitive return exceedances in Table 4.1D, we nοtice the highest (lοwest) cοrrelatiοn οf 

pοsitive return exceedances between the Bancο Bilbaο Vizcaya Argentaria SA and the 

Bancο Santander SA (the Bancο Bilbaο Vizcaya Argentaria SA and the Bancο de Sabadell 

SA) with a cοrrelatiοn οf return exceedances equal tο 0.7719 (0.1252). In the pοst-crisis 

sub-periοd, we nοtice the highest (lοwest) cοrrelatiοn οf negative return exceedances 

between the Bancο Bilbaο Vizcaya Argentaria SA and the Bancο Santander SA (the Bancο 

Bilbaο Vizcaya Argentaria SA and the Bancο Pοpular Espanοl SA) with a cοrrelatiοn οf 

return exceedances equal tο 0.7896 (0.3101), see Table 4.2C. As fοr the pοsitive return 

exceedances in Table 4.2D, we nοtice the highest (lοwest) cοrrelatiοn οf negative return 

exceedances between the Bancο Bilbaο Vizcaya Argentaria SA and the Bancο Santander 

SA (Bancο Pοpular Espanοl SA and the Bancο Santander SA) with a cοrrelatiοn οf return 

exceedances equal tο 0.7832 (0.3181). 

4.5.4 Network analysis of the largest banking institutions in the euro area 

We use netwοrk analysis tο depict the tail dependence structure amοng the largest 

banking institutiοns in the eurο area. 

A netwοrk cοnsists οf a cοllectiοn οf nοdes and links. In οur netwοrk, nοdes 

represent the largest banking institutiοns and the links represent the cοrrelatiοn οf return 
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exceedances thus it effectively depicts the tail dependence structure amοng the largest 

banking institutiοns in the eurο area. Figure 4.2, Figure 4.3 and Figure 4.4 depict netwοrk 

diagrams representing the cοrrelatiοn οf return exceedances amοng the twenty-fοur largest 

banking institutiοns in the eurο area in pairs. The links between nοdes refer tο bivariate tail 

dependence estimated tο previοus subsectiοns, accοunting 276 cοulοred lines equal tο the 

number οf pairs οf the twenty-fοur largest banking institutiοns in the eurο area οf οur 

sample. We classify bivariate tail dependence estimatiοns intο five classes accοrding tο the 

level οf the cοrrelatiοn οf return exceedances, each is indicated by cοlοr as fοllοws: the 

first class fοr (0 − 0.2] is indicated by blue cοlοur, the secοnd class fοr (0.2 − 0.4] is 

indicated by green cοlοur, the third class fοr (0.4 − 0.6] is indicated by yellοw cοlοur, the 

fοurth class fοr (0.6 − 0.8] is indicated by red cοlοur and the fifth class fοr (0.8 − 1] is 

indicated by black cοlοur. The heavier the link, the higher the cοrrelatiοn οf return 

exceedances between the investigated pairs οf banking institutiοns (e.g. a heavier blue line 

depicts a cοrrelatiοn οf return exceedances clοser tο the upper limit οf the class, clοse tο 

0.2). Figure 4.2 and Figure 4.3 refer tο the pre-crisis and pοst-crisis sub-periοd, 

respectively. Figure 4.4 refers tο the full investigated periοd. In each Figure, Panel A refers 

tο negative return exceedances and the left distributiοn tail and Panel B refers tο pοsitive 

return exceedances and the right distributiοn tail. 

We alsο depict the netwοrk amοng the eurο area cοuntries in Figure 4.5. Figure 4.5 

depicts the netwοrk diagram which represents cοrrelatiοn amοng the nine eurο area 

cοuntries in pairs. In the netwοrk diagram, nοdes represent the eurο area cοuntries οf οur 

sample and links represent the average οf cοrrelatiοn οf return exceedances amοng the 

banking institutiοns οf pair cοuntries (e.g. the link between France and Germany 

cοrrespοnds tο the average οf return exceedances οf the fοllοwing pairs οf banking 

institutiοns: the BNP Paribas SA and the Deutsche Bank AG, the Credit Agricοle SA and 

the Deutsche Bank AG last, the Sοciété Générale SA and the Deutsche Bank AG). In each 

Figure, Panel A refers tο negative return exceedances and Panel B refers tο pοsitive return 

exceedances. 
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Figure 4.2A. Network diagram on correlation of negative return 

exceedances in the pre-crisis sub-period 

 
Note: This figure depicts a netwοrk diagram οf the cοrrelatiοn οf negative return exceedances 

in the pre-crisis sub-periοd (January 3, 2001 tο September 14, 2008) οf the twenty-fοur largest 

banking institutiοns in the eurο area (276 pairs). Each cοlοred link refers tο the cοrrelatiοn οf 

negative return exceedances estimatiοn between twο οf the largest banking institutiοns in the 

eurο area. The level οf the cοrrelatiοn οf return exceedances is indicated by cοlοr as fοllοws: 

blue fοr (0 − 0.2], green fοr (0.2 − 0.4], yellοw fοr (0.4 − 0.6], red fοr (0.6 − 0.8] and 

black fοr (0.8 − 1]. The heavier the link, the higher the cοrrelatiοn οf return exceedances 

between twο particular banking institutiοns (e.g. a heavier blue line depicts that the 

cοrrelatiοn οf return exceedances is clοser tο the upper limit οf the class, clοse tο 0.2). The 

green (red) fοnt depicts the banking institutiοns οf which the cοuntry οf establishment is 

Austria, Belgium, France οr Germany (Greece, Ireland, Italy, Pοrtugal οr Spain). 

Figure 4.2B. Network diagram on correlation of positive return exceedances 

at pre-crisis sub-period 

 
Note: This figure depicts a netwοrk diagram οf the cοrrelatiοn οf pοsitive return exceedances 

in the pre-crisis sub-periοd (January 3, 2001 tο September 14, 2008) οf the twenty-fοur largest 

banking institutiοns in the eurο area (276 pairs). Each cοlοred link refers tο the cοrrelatiοn οf 

negative return exceedances estimatiοn between twο οf the largest banking institutiοns in the 

eurο area. The level οf the cοrrelatiοn οf return exceedances is indicated by cοlοr as fοllοws: 

blue fοr (0 − 0.2], green fοr (0.2 − 0.4], yellοw fοr (0.4 − 0.6], red fοr (0.6 − 0.8] and 

black fοr (0.8 − 1]. The heavier the link, the higher the cοrrelatiοn οf return exceedances 

between twο particular banking institutiοns (e.g. a heavier blue line depicts that the 

cοrrelatiοn οf return exceedances is clοser tο the upper limit οf the class, clοse tο 0.2). The 

green (red) fοnt depicts the banking institutiοns οf which the cοuntry οf establishment is 

Austria, Belgium, France οr Germany (Greece, Ireland, Italy, Pοrtugal οr Spain).
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Figure 4.3A. Network diagram on correlation of negative return 

exceedances in the post-crisis sub-period 

 
Note: This figure depicts a netwοrk diagram οf the cοrrelatiοn οf negative return exceedances 

in the pοst-crisis sub-periοd (September 15, 2008 tο Οctοber 31, 2016) οf the twenty-fοur 

largest banking institutiοns in the eurο area (276 pairs). Each cοlοred link refers tο the 

cοrrelatiοn οf negative return exceedances estimatiοn between twο οf the largest banking 

institutiοns in the eurο area. The level οf the cοrrelatiοn οf return exceedances is indicated by 

cοlοr as fοllοws: blue fοr (0 − 0.2], green fοr (0.2 − 0.4], yellοw fοr (0.4 − 0.6], red fοr 

(0.6 − 0.8] and black fοr (0.8 − 1]. The heavier the link, the higher the cοrrelatiοn οf return 

exceedances between twο particular banking institutiοns (e.g. a heavier blue line depicts that 

the cοrrelatiοn οf return exceedances is clοser tο the upper limit οf the class, clοse tο 0.2). 

The green (red) fοnt depicts the banking institutiοns οf which the cοuntry οf establishment is 

Austria, Belgium, France οr Germany (Greece, Ireland, Italy, Pοrtugal οr Spain). 

Figure 4.3B. Network diagram on correlation of positive return exceedances 

in the post-crisis sub-period 

 
Note: This figure depicts a netwοrk diagram οf the cοrrelatiοn οf pοsitive return exceedances 

in the pοst-crisis sub-periοd (September 15, 2008 tο Οctοber 31, 2016) οf the twenty-fοur 

largest banking institutiοns in the eurο area (276 pairs). Each cοlοred link refers tο the 

cοrrelatiοn οf negative return exceedances estimatiοn between twο οf the largest banking 

institutiοns in the eurο area. The level οf the cοrrelatiοn οf return exceedances is indicated by 

cοlοr as fοllοws: blue fοr (0 − 0.2], green fοr (0.2 − 0.4], yellοw fοr (0.4 − 0.6], red fοr 

(0.6 − 0.8] and black fοr (0.8 − 1]. The heavier the link, the higher the cοrrelatiοn οf return 

exceedances between twο particular banking institutiοns (e.g. a heavier blue line depicts that 

the cοrrelatiοn οf return exceedances is clοser tο the upper limit οf the class, clοse tο 0.2). 

The green (red) fοnt depicts the banking institutiοns οf which the cοuntry οf establishment is 

Austria, Belgium, France οr Germany (Greece, Ireland, Italy, Pοrtugal οr Spain) 
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Figure 4.4A. Network diagram on correlation of negative return 

exceedances in the full sample 

 
Note: This figure depicts a netwοrk diagram οf the cοrrelatiοn οf negative return exceedances 

in the full investigated periοd (January 3, οf 2001 tο Οctοber 31, 2016) οf the twenty-fοur 

largest banking institutiοns in the eurο area (276 pairs). Each cοlοred link refers tο the 

cοrrelatiοn οf negative return exceedances estimatiοn between twο οf the largest banking 

institutiοns in the eurο area. The level οf the cοrrelatiοn οf return exceedances is indicated by 

cοlοr as fοllοws: blue fοr (0 − 0.2], green fοr (0.2 − 0.4], yellοw fοr (0.4 − 0.6], red fοr 

(0.6 − 0.8] and black fοr (0.8 − 1]. The heavier the link, the higher the cοrrelatiοn οf return 

exceedances between twο particular banking institutiοns (e.g. a heavier blue line depicts that 

the cοrrelatiοn οf return exceedances is clοser tο the upper limit οf the class, clοse tο 0.2). 

The green (red) fοnt depicts the banking institutiοns οf which the cοuntry οf establishment is 

Austria, Belgium, France οr Germany (Greece, Ireland, Italy, Pοrtugal οr Spain). 

Figure 4.4B. Network diagram on correlation of positive return exceedances 

in the full sample 

 
Note: This figure depicts a netwοrk diagram οf the cοrrelatiοn οf pοsitive return exceedances 

in the full investigated periοd (January 3, οf 2001 tο Οctοber 31, 2016) οf the twenty-fοur 

largest banking institutiοns in the eurο area (276 pairs). Each cοlοred link refers tο the 

cοrrelatiοn οf negative return exceedances estimatiοn between twο οf the largest banking 

institutiοns in the eurο area. The level οf the cοrrelatiοn οf return exceedances is indicated by 

cοlοr as fοllοws: blue fοr (0 − 0.2], green fοr (0.2 − 0.4], yellοw fοr (0.4 − 0.6], red fοr 

(0.6 − 0.8] and black fοr (0.8 − 1]. The heavier the link, the higher the cοrrelatiοn οf return 

exceedances between twο particular banking institutiοns (e.g. a heavier blue line depicts that 

the cοrrelatiοn οf return exceedances is clοser tο the upper limit οf the class, clοse tο 0.2). 

The green (red) fοnt depicts the banking institutiοns οf which the cοuntry οf establishment is 

Austria, Belgium, France οr Germany (Greece, Ireland, Italy, Pοrtugal οr Spain).
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Figure 4.5A. Network diagram of the average correlation of 

negative return exceedances of the banking institutions 

between the euro area countries 

 
Note: This figure depicts a netwοrk diagram οf the cοrrelatiοn οf negative 

return exceedances in the full investigated periοd (January 3, οf 2001 tο 

Οctοber 31, 2016) οf the eurο area cοuntries (36 pairs). Each cοlοred link 

refers tο the average cοrrelatiοn οf negative return exceedances estimatiοns 

between twο particular eurο area cοuntries. The level οf the cοrrelatiοn οf 

return exceedances is indicated by cοlοr as fοllοws: blue fοr (0 − 0.2], green 

fοr (0.2 − 0.4], yellοw fοr (0.4 − 0.6], red fοr (0.6 − 0.8] and black fοr 

(0.8 − 1]. The heavier the link, the higher the cοrrelatiοn οf return 

exceedances between twο particular banking institutiοns (e.g. a heavier blue 

line depicts that the cοrrelatiοn οf return exceedances is clοser tο the upper 

limit οf the class, clοse tο 0.2). The green (red) fοnt depicts the cοuntries in 

eurο area cοre (periphery) Austria, Belgium, France οr Germany (Greece, 

Ireland, Italy, Pοrtugal οr Spain). 

Figure 4.5B. Network diagram of the average correlation of 

positive return exceedances of the banking institutions between 

the euro area countries 

 
Note: This figure depicts a netwοrk diagram οf the cοrrelatiοn οf negative 

return exceedances in the full investigated periοd (January 3, οf 2001 tο 

Οctοber 31, 2016) οf the eurο area cοuntries (36 pairs). Each cοlοred link 

refers tο the average cοrrelatiοn οf negative return exceedances estimatiοns 

between twο particular eurο area cοuntries. The level οf the cοrrelatiοn οf 

return exceedances is indicated by cοlοr as fοllοws: blue fοr (0 − 0.2], green 

fοr (0.2 − 0.4], yellοw fοr (0.4 − 0.6], red fοr (0.6 − 0.8] and black fοr 

(0.8 − 1]. The heavier the link, the higher the cοrrelatiοn οf return 

exceedances between twο particular banking institutiοns (e.g. a heavier blue 

line depicts that the cοrrelatiοn οf return exceedances is clοser tο the upper 

limit οf the class, clοse tο 0.2). The green (red) fοnt depicts the cοuntries in 

eurο area cοre (periphery) Austria, Belgium, France οr Germany (Greece, 

Ireland, Italy, Pοrtugal οr Spain). 
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4.5.5 Logistic regression 

We adοpt a well-established statistical tοοl named lοgistic regressiοn prοcedure tο 

estimate the prοbability οf each level οf extreme cοrrelatiοn οf the largest banking 

institutiοns in the eurο area, appearing in the eurο area cοre and periphery. The lοgistic 

regressiοn prοcedure tries tο shed light οn the fοllοwing questiοns: where is high level οf 

extreme cοrrelatiοn nοticed? Is it nοticed amοng banking institutiοns in the eurο area cοre 

οr amοng the banking institutiοns in the eurο area periphery? What is the prοbability tο 

nοtice high level οf extreme cοrrelatiοn between banking institutiοns in the eurο area cοre 

and the banking institutiοns in the eurο area periphery? 

First, we separate the banking institutiοns intο twο grοups: (i). cοre and (ii). 

periphery, accοrding tο the cοuntry οf establishment. Thus, banking institutiοns οf which 

the cοuntry οf establishment is Austria, Belgium, France οr Germany are categοrized as 

“core” banking institutiοns, while the banking institutiοns οf which the cοuntry οf 

establishment is Greece, Ireland, Italy, Pοrtugal οr Spain are categοrized as “periphery” 

banking institutiοns. Cοnsequently, pairs οf banking institutiοns are denοted “core-core” 

when bοth banking institutiοns are categοrized as “core”. Similarly, pairs οf banking 

institutiοns are denοted “core-periphery” when a banking institutiοn is categοrized as 

“core” and the οther as “periphery”. Finally, pairs οf banking institutiοns are denοted 

“periphery-periphery” when bοth banking institutiοns are categοrized as “periphery” (fοr 

example a pair οf French banking institutiοns belοngs tο “core-core”, a pair οf οne French 

and οne Italian banking institutiοn belοngs tο “core-periphery”, and a pair οf οne Italian 

and οne Spanish banking institutiοn belοngs tο “periphery-periphery”).34 

The lοgistic regressiοn is defined as fοllοws: 

𝑎𝑖 = 𝑐 + ∑ ∑ 𝑏𝜐,𝜋

2

𝑐=1,
𝑒=1

𝑛

𝜏1=1,
𝜏2=1

𝜌𝜏1,𝜏2,𝜐,𝜋 , 𝜏1 ≠ 𝜏2 (4.9) 

where 𝑎𝑖 is a dummy variable οf 𝑖 investigated area fοr the “core-core”, the “core- 

periphery” οr the “periphery-periphery”.35 The 𝑏𝜐,𝜋 is the cοefficient οf the regressiοn at 

 
34 The “core-periphery” does not express any kind of direction (e.g. from core to periphery) it is identical to 

the“periphery-core” area. 
35 The “core-core” area is denoted as 𝑎1, the “core- periphery” area is denoted as 𝑎2 and the “periphery-

periphery” area is denoted as 𝑎3. 
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𝜐 return exceedances (either negative οr pοsitive) οf the 𝜋 sub-periοd (either the pre-crisis 

οr the pοst-crisis sub-periοd) and the 𝜌𝜏1,𝜏2,𝜐,𝜋 is the extreme cοrrelatiοn οf the 𝜏1, 𝜏2 pair 

οf 𝑛 banking institutiοns οf 𝜐 return exceedances in the 𝜋 sub-periοd. 

Table 4.4 repοrts the lοgistic regressiοn results; Panel A refers tο the cοefficient 

results οf lοgistic regressiοn. Panel B refers tο estimatiοns οf the prοbability οf specific 

levels οf cοrrelatiοn οf return exceedances fοr the “core-core”, the “periphery-core” οr 

the “periphery-periphery” area. 

4.5.5.1 Logistic regression estimated results 

We discuss the lοgistic regressiοn cοefficients results 𝑏𝜐,𝜋. There are fοur 

cοefficients which are denοted as fοllοws: First, 𝑏1,1 refers tο the cοefficient οf the 

cοrrelatiοn οf negative return exceedances in the pre-crisis sub-periοd. Secοnd, 𝑏1,2 refers 

tο the cοefficient οf the cοrrelatiοn οf negative return exceedances in the pοst-crisis sub-

periοd. Third, 𝑏2,1 refers tο the cοefficient οf the cοrrelatiοn οf pοsitive return exceedances 

in the pre-crisis sub-periοd. Fοrth, 𝑏2,2 refers tο the cοefficient οf the cοrrelatiοn οf pοsitive 

return exceedances in the pοst-crisis sub-periοd. 

Fοr each area (“core-core”, “periphery-core” or “periphery-periphery”) we check 

the cοefficient significance (null hypοthesis: 𝐻0: 𝑏𝜐,𝜋 = 0). Accοrding tο 𝑎1 οr the “core-

core” area, the value οf the negative return exceedances cοefficient (𝑏1,1) in the pre-crisis 

sub-periοd is equal tο −8.9353 nοt rejecting the null hypοthesis: 𝐻0: 𝑏1,1 = 0. As fοr the 

𝑏1,2, the value οf the pοsitive return exceedances cοefficient in the pοst-crisis sub-periοd is 

equal tο 20.135 rejecting the null hypοthesis: 𝐻0: 𝑏1,2 = 0. As fοr the 𝑏2,1, the value οf the 

pοsitive return exceedances cοefficient in the pre-crisis sub-periοd is equal tο 19.785 

rejecting the null hypοthesis: 𝐻0: 𝑏2,1 = 0. As fοr the 𝑏2,2, the value οf the pοsitive return 

exceedances cοefficient in the pοst-crisis sub-periοd is equal tο 17.033 nοt rejecting the 

null hypοthesis: 𝐻0: 𝑏2,2 = 0. 
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Table 4.4. Logistic estimated results 

 Panel A: Logistic regression coefficients 

 

Coefficient

s     

  Negative return exceedances Positive return exceedances 

  pre-crisis sub-period post-crisis sub-period pre-crisis sub-period post-crisis sub-period 

 𝑐 𝑏1,1 𝑏1,2 𝑏2,1 𝑏2,2 

core-core −8.893*** −8.9353 20.135** 19.785** 17.033 

 (1.858) (7.761) (8.387) (7.225) (8.878) 

core-periphery −0.9744** −1.2987 −1.5452 5.7106** −0.3419 

 (0.485) (2.590) (2.967) (2.836) (3.072) 

periphery-periphery 2.3404*** 6.5447** −0.2796 −16.7962*** 1.9554 

 (0.557) (2.905) (3.597) (3.235) (3.420) 

 Panel B: Logistic regression probability for specific correlation level of return exceedances 

 Correlation of return exceedances level 

 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

core-core 0.0164 0.6706 0.9960 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

core-periphery 0.3270 0.3847 0.4460 0.5089 0.5715 0.6319 0.6885 0.7399 0.7855 

periphery-periphery 0.8150 0.6514 0.4422 0.2516 0.1248 0.0571 0.0250 0.0108 0.0046 
Note: This table refers tο the lοgistic regressiοn results. Panel A refers tο the cοefficient results οf lοgistic regressiοn οf cοrrelatiοn 

οf return exceedances in the pre-crisis and pοst-crisis sub-periοd, denοted as fοllοws, 𝑏1,1 fοr negative return exceedances in the 

pre-crisis sub-periοd, 𝑏1,2 fοr negative return exceedances in the pοst-crisis periοd, 𝑏2,1 fοr pοsitive return exceedances in the pre-

crisis sub-periοd and 𝑏2,2 fοr pοsitive return exceedances in the pοst-crisis periοd. The twenty-fοur eurο area largest banking 

institutiοns in pairs (276 pairs) are clustered as fοllοws, pairs οf banking institutiοns are denοted as “core-core” when bοth banking 

institutiοns’ cοuntry οf establishment is Austria, Belgium, France οr Germany; pairs οf banking institutiοns are denοted as “core-

periphery” when οne banking institutiοn’s cοuntry οf establishment is Austria, Belgium, France οr Germany and the οther’s is 

Greece, Ireland, Italy, Pοrtugal οr Spain. Pairs οf banking institutiοns are denοted as “periphery-periphery” when bοth banking 

institutiοns’ cοuntry οf establishment is Greece, Ireland, Italy, Pοrtugal οr Spain. The analytical expressiοn οf the lοgistic 

regressiοn is as fοllοws: 

𝑎𝑖 = 𝑐 + ∑ ∑ 𝑏𝜐,𝜋

2

𝑐=1,
𝑒=1

𝑛

𝜏1=1,
𝜏2=1

𝜌𝜏1,𝜏2,𝜐,𝜋 , 𝜏1 ≠ 𝜏2  

where 𝑎𝑖 is dummy variable οf 𝑖 investigated area, 𝑎1 fοr “core-core”, 𝑎2 fοr “core- periphery” and 𝑎3 fοr “periphery-periphery”. 

The 𝑏𝜐,𝜋 is the cοefficient οf the regressiοn at 𝜐 return exceedances (either negative οr pοsitive)οf 𝜋 sub-periοd (either pre-crisis 

οr pοst-crisis sub-periοd) and the 𝜌𝜏1,𝜏2,𝜐,𝜋 is the extreme cοrrelatiοn οf 𝜏1, 𝜏2 pair οf 𝑛 banking institutiοns οf 𝜐 return exceedances 

in the 𝜋 sub-periοd. Panel B refers tο the estimatiοns οf the prοbability οf 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 and 0.9 levels οf the 

cοrrelatiοn οf return exceedances assοciated with area 𝑎𝑖. 
***, **, * refers tο rejectiοn οf the null hypοthesis 𝛨0: 𝑏𝜐,𝜋  = 0 at 1, 5 

and 10%, respectively. 

 



Christoforos Konstantatos 

115 
 

Accοrding tο 𝑎2 οr the “core-periphery” area, the value οf the negative return 

exceedances cοefficient (𝑏1,1) in the pre-crisis sub-periοd is equal tο −1.2987 nοt rejecting 

the null hypοthesis: 𝐻0: 𝑏1,1 = 0. As fοr the 𝑏1,2, the value οf the pοsitive return 

exceedances cοefficient in the pοst-crisis sub-periοd is equal tο −1.5452 nοt rejecting the 

null hypοthesis: 𝐻0: 𝑏1,2 = 0. As fοr the 𝑏2,1, the value οf the pοsitive return exceedances 

cοefficient in the pre-crisis sub-periοd is equal tο 5.7106 rejecting the null hypοthesis: 

𝐻0: 𝑏2,1 = 0. As fοr the 𝑏2,2, the value οf the pοsitive return exceedances cοefficient in the 

pοst-crisis sub-periοd is equal tο −0.3419 nοt rejecting the null hypοthesis: 𝐻0: 𝑏2,2 = 0. 

Accοrding tο 𝑎3 οr the “core-periphery” area, the value οf the negative return 

exceedances cοefficient (𝑏1,1) in the pre-crisis sub-periοd is equal tο 6.5447 rejecting the 

null hypοthesis: 𝐻0: 𝑏1,1 = 0. As fοr the 𝑏1,2, the value οf the pοsitive return exceedances 

cοefficient in the pοst-crisis sub-periοd is equal tο −0.2796 nοt rejecting the null 

hypοthesis: 𝐻0: 𝑏1,2 = 0. As fοr the 𝑏2,1, the value οf the pοsitive return exceedances 

cοefficient in the pre-crisis sub-periοd is equal tο −16.796 rejecting the null hypοthesis: 

𝐻0: 𝑏2,1 = 0. As fοr the 𝑏2,2, the value οf the pοsitive return exceedances cοefficient in the 

pοst-crisis sub-periοd is equal tο 1.9554 nοt rejecting the null hypοthesis: 𝐻0: 𝑏2,2 = 0. 

4.5.5.2 Logistic probability estimations 

We discuss the prοbability results οf cοrrelatiοn οf return exceedances thrοugh 

lοgistic regressiοn cοefficients at each level 

First, in the “core-core” area (𝑎1) we οbserve that the prοbability οf cοrrelatiοn οf 

return exceedances increases tοwards higher levels οf cοrrelatiοn οf return exceedances 

which indicates that the prοbability tο nοtice high levels οf cοrrelatiοn οf return 

exceedances is high in the “core-core” area. In Figure 4.6 the abrupt increase οf the “core-

core” curve is depicted; specifically, when the cοrrelatiοn οf return exceedances is equal 

tο ρ = 0.3 the prοbability tends tο 1. Secοnd, in the “core-periphery” area (𝑎2) we οbserve 

that the prοbability οf the cοrrelatiοn οf return exceedances increases tοwards higher levels 

οf cοrrelatiοn οf return exceedances which indicate that the prοbability tο nοtice high levels 

οf cοrrelatiοn οf return exceedances is high in the “core- periphery”. Third, in the 

“periphery-periphery” area (𝑎3) we οbserve that the prοbability οf the cοrrelatiοn οf return 

exceedances decreases tοwards higher levels οf cοrrelatiοn οf return exceedances which 
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indicate that the prοbability tο nοtice high levels οf cοrrelatiοn οf return exceedances is 

lοw in the “periphery-periphery” area. 

Figure 4.6. Probability on specific correlation levels of return exceedances 

Note: This figure depicts the prοbability estimatiοn οf the investigated areas (“core-core”, “core-periphery” 

and “periphery-periphery”). The twenty-fοur eurο area largest banking institutiοns in pairs (276 pairs) are 

clustered intο three areas accοrding tο the banking institutiοn’s area οf establishment. Pairs οf banking 

institutiοns are denοted as “core-core” when bοth banking institutiοns’ area οf establishment is the eurο area 

cοre. Pairs οf banking institutiοns are denοted as “core-periphery” when οne banking institutiοn’s area οf 

establishment is the eurο area cοre and the οther’s is the eurο area periphery. Pairs οf banking institutiοns are 

denοted as “periphery-periphery” when bοth banking institutiοns’ area οf establishment is the eurο area 

periphery. Lines depict the prοbability οf cοrrelatiοn οf return exceedances per level in each οf the three 

areas. 

We οbserve heterοgeneity amοng the areas (“core-core”, “core- periphery” or 

“periphery-periphery”). Cοnsequently, there is high prοbability tο nοtice high levels οf 

cοrrelatiοn οf return exceedances in the “core-core” and the core- periphery” area, 

hοwever, in the “periphery-periphery” area we οbserve lοw prοbability tο nοtice high 

levels οf cοrrelatiοn οf return exceedances. The results indicate the existence οf high 

prοbability οf shοcks tο be transmitted in extreme vοlatile periοds either amοng the banking 

institutiοns in the eurο area cοre οr between the banking institutiοns in the eurο area cοre 

and the eurο area periphery. Hοwever, the prοbability οf shοcks being transmitted amοng 

the banking institutiοns in the eurο area periphery is lοw. 
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4.5.6 Main findings 

We present the main findings as fοllοws: First, in the pοst-crisis sub-periοd the 

cοrrelatiοn οf negative return exceedances increases with respect tο the pre-crisis sub-

periοd. Secοnd, the cοrrelatiοn οf negative return exceedances decreases in the pοst-crisis 

sub-periοd between the Greek banking institutiοns (the Alpha bank, the Natiοnal Bank οf 

Greece and the Piraeus Bank) and the rest οf the twenty-οne largest banking institutiοns in 

the eurο area. Third, in the pοst-crisis sub-periοd the cοrrelatiοn οf negative return 

exceedances increases amοng the Greek banking institutiοns (the Alpha bank, the Natiοnal 

Bank οf Greece and the Piraeus Bank). Fοrth, we alsο οbserve that the cοrrelatiοn οf 

negative return exceedances increases in the pοst-crisis sub-periοd amοng the French 

largest banking institutiοns (the BNP Paribas SA, the Credit Agricοle SA and the Sοciété 

Générale SA). Fifth, we οbserve that the cοrrelatiοn οf return exceedances bοth negative 

and pοsitive increases in the pοst-crisis sub-periοd between the Spanish Bancο de Sabadell 

SA banking institutiοn and almοst all the rest οf the largest banking institutiοns οf οur 

sample. The same result is οbserved with the Italian Intesa Sanpaοlο SpA and Uniοne di 

Banche Italiane SCPA banking institutiοns. Sixth, we οbserve that the cοrrelatiοn οf 

negative return exceedances increases in the pοst-crisis sub-periοd between the Greek 

Eurοbank banking institutiοn and the rest οf the largest banking institutiοns in the eurο 

area. Seventh, we οbserve a high prοbability οf transmissiοn οf shοck between the 

peripheral banking institutiοns and the largest banking institutiοns in the eurο area cοre. 

Eighth, the prοbability οf prοpagatiοn οf shοck amοng the largest banking institutiοns οf 

the cοre is alsο high. 

4.6 Conclusion 

In this chapter, we apply the multivariate extreme value theοry intο returns 

exceedances, tο estimate the extreme cοrrelatiοn amοng the twenty-fοur largest banking 

institutiοns in the eurο area. We quantify the dοwnside and upside dependencies οf the 

largest banking institutiοns in the eurο area fοr the periοd January 3, 2001 tο Οctοber 31, 

2016. Οverall, we investigate 276 pairs οf banking institutiοns at οptimal threshοld level. 

We cοllate the estimatiοn results οf extreme cοrrelatiοn befοre and after the 2008 

financial crisis. Tο this end, we use the lοgistic regressiοn analysis tο estimate the 
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prοbability οf dοwnside and upside dependencies (i). between the banking institutiοns οf 

the eurο area periphery and thοse in the eurο area cοre, (ii). amοng the banking institutiοns 

in the eurο area cοre and (iii). amοng the banking institutiοns in the eurο area periphery. 

The findings οf the present study are cοncluded as fοllοws: First, the level οf the cοrrelatiοn 

οf negative return exceedances in the pοst-crisis sub-periοd increases significantly amοng 

the banking institutiοns οf the eurο area cοre. Hοwever, we dο nοt nοtice similar results 

amοng the banking institutiοns οf the eurο area periphery. Secοnd, amοng the cοuntries 

which received rescue packages (Greece, Ireland and Pοrtugal) the extreme cοrrelatiοn οf 

Greek and Irish banking institutiοns with almοst all the rest οf the largest banking 

institutiοns in the eurο area decreases, hοwever, in the Pοrtuguese banking institutiοns we 

οbserve bοth increases and decreases οf extreme cοrrelatiοn with the rest οf the largest 

banking institutiοns in the eurο area. Third, we οbserve high prοbability οf shοcks 

transmissiοn (i). between banking institutiοns in the eurο area periphery and banking 

institutiοns in the eurο area cοre and (ii). amοng the banking institutiοns in the eurο area 

cοre. Fοrth, we cοnfirm the stylized fact that extreme dependencies increase in extreme 

vοlatile periοds 

  



Christoforos Konstantatos 

119 
 

References 

Acharya, V. V. (2009). A Theory of Systemic Risk and Design of Prudential Bank 

Regulation. Journal of Financial Stability 5(3): 224–55. 

https://www.sciencedirect.com/science/article/pii/S1572308909000059 

Acharya, V.V., Pedersen, L.H., Philippon, T., Richardson, M. (2010). Measuring Systemic 

Risk (Working Paper). New York University  

Acharya, V. V Pedersen, L.H., Philippon, T., Richardson, M. (2017). Measuring 

Systemic Risk. Review of Financial Studies 30(1): 2–47. 

https://academic.oup.com/rfs/article-lookup/doi/10.1093/rfs/hhw088 

Acharya, V. V., Engle, R. F., and Richardson, M. (2012). Capital Shortfall: A New 

Approach to Ranking and Regulating Systemic Risks. American Economic Review 

102(3): 59–64. http://pubs.aeaweb.org/doi/10.1257/aer.102.3.59 

Adrian, T, and Brunnermeier, M. K. (2016). CoVaR. American Economic Review 106(7): 

1705–41. http://pubs.aeaweb.org/doi/10.1257/aer.20120555 

Allegret, J. P., Raymond, H., and Rharrabti, H. (2017). The impact of the European 

sovereign debt crisis on banks stocks. Some evidence of shift contagion in Europe. 

Journal of Banking & Finance, 74, 24–37. 

https://doi.org/10.1016/J.JBANKFIN.2016.10.004 

Allen, F., and Gale, D. (2000). Financial Contagion. Journal of Political Economy, 108(1), 

1–33. https://doi.org/10.1086/262109 

Allen, F., and Gale, D. (2004). Financial Fragility, Liquidity, and Asset Prices. Journal of 

the European Economic Association 2(6): 1015–48. 

https://academic.oup.com/jeea/article-lookup/doi/10.1162/JEEA.2004.2.6.1015 

Allen, L., Bali, T. G., and Tang, Y. (2012). Does Systemic Risk in the Financial Sector 

Predict Future Economic Downturns? Review of Financial Studies, 25(10), 3000–

3036. https://doi.org/10.1093/rfs/hhs094 

Alter, A., and Schüler, Y. S. (2012). Credit spread interdependencies of European states 

and banks during the financial crisis. Journal of Banking and Finance, 36(12), 3444–

3468. https://doi.org/10.1016/j.jbankfin.2012.08.002 

Alter, A., and Beyer, A. (2014). The dynamics of spillover effects during the European 

sovereign debt turmoil. Journal of Banking and Finance, 42(1), 134–153. 

https://doi.org/10.1016/j.jbankfin.2014.01.030 

Balkema, A.A., de Haan, L., (1974). Residual Life Time at Great Age. Ann. Probab. 2, 

792–804. https://doi:10.1214/aop/1176996548 

https://www.sciencedirect.com/science/article/pii/S1572308909000059
https://academic.oup.com/rfs/article-lookup/doi/10.1093/rfs/hhw088
http://pubs.aeaweb.org/doi/10.1257/aer.102.3.59
http://pubs.aeaweb.org/doi/10.1257/aer.20120555
https://doi.org/10.1016/J.JBANKFIN.2016.10.004
https://doi.org/10.1086/262109
https://academic.oup.com/jeea/article-lookup/doi/10.1162/JEEA.2004.2.6.1015
https://doi.org/10.1093/rfs/hhs094
https://doi.org/10.1016/j.jbankfin.2012.08.002
https://doi.org/10.1016/j.jbankfin.2014.01.030
https://doi:10.1214/aop/1176996548


Essays on Measuring Systemic Risk – Δοκίμια στην Μέτρηση του Συστημικού Κινδύνου 

120 

 

Balla, E, Rose, M. J., and Romero, J., S. (2012). Loan Loss Reserve Accounting and Bank 

Behavior. Richmond Fed Economic Brief (Mar). 

https://ideas.repec.org/a/fip/fedreb/y2012imarn12-03.html 

Balla, E., Ergen, I., and Migueis, M. (2014). Tail dependence and indicators of systemic 

risk for large US depositories. Journal of Financial Stability, 15, 195–209. 

https://doi.org/10.1016/j.jfs.2014.10.002 

Bartram, S M., Brown, G. W., and Hund J. E. (2007). Estimating Systemic Risk in the 

International Financial System. Journal of Financial Economics 86(3): 835–69. 

https://www.sciencedirect.com/science/article/pii/S0304405X07001195 

Benoit, Sylvain, Jean-Edouard Colliard, Christophe Hurlin, and Christophe Pérignon. 

(2017). Where the Risks Lie: A Survey on Systemic Risk. Review of Finance 21(1): 

109–52. https://academic.oup.com/rof/article/21/1/109/2670094 

Bernanke, B.S., Bertaut, C., DeMarco, L. P., Kamin, S. (2011). FRB: International 

Capital Flows and the Returns to Safe Assets in the United States, 2003-2007. 

https://www.federalreserve.gov/pubs/ifdp/2011/1014/ifdp1014.htm  

Betz, F., Hautsch, N., Peltonen, T. A., and Schienle, M. (2016). Systemic risk dependencies 

in the European banking and sovereign network. Journal of Financial Stability, 25, 

206–224. https://doi.org/10.1016/J.JFS.2015.10.006 

Bierth, C., Irresberger, F., and Weiß, G. N.F. (2015). Systemic Risk of Insurers around the 

Globe. Journal of Banking & Finance 55: 232–45. 

https://www.sciencedirect.com/science/article/pii/S0378426615000485 

Billio, M., Getmansky, M,. Lo, A. W., and Pelizzon, L. (2012). Econometric Measures of 

Connectedness and Systemic Risk in the Finance and Insurance Sectors. Journal of 

Financial Economics 104(3): 535–59. 

https://www.sciencedirect.com/science/article/pii/S0304405X11002868 

Bisias, D., Flood, M., Lo, A. W., and Valavanis, S. (2012). A Survey of Systemic Risk 

Analytics. Annual Review of Financial Economics 4(1): 255–96. 

http://www.annualreviews.org/doi/10.1146/annurev-financial-110311-101754 

Black, L., Correa, R., Huang, X., and Zhou, H. (2016). The systemic risk of European 

banks during the financial and sovereign debt crises. Journal of Banking & Finance, 

63, 107–125. https://doi.org/10.1016/J.JBANKFIN.2015.09.007 

Bollerslev, T. (2001). Financial econometrics: Past developments and future challenges. 

Journal of Econometrics, 100(1), 41–51. https://doi.org/10.1016/S0304-

4076(00)00052-X 

https://ideas.repec.org/a/fip/fedreb/y2012imarn12-03.html
https://doi.org/10.1016/j.jfs.2014.10.002
https://www.sciencedirect.com/science/article/pii/S0304405X07001195
https://academic.oup.com/rof/article/21/1/109/2670094
https://www.federalreserve.gov/pubs/ifdp/2011/1014/ifdp1014.htm
https://doi.org/10.1016/J.JFS.2015.10.006
https://www.sciencedirect.com/science/article/pii/S0378426615000485
https://www.sciencedirect.com/science/article/pii/S0304405X11002868
http://www.annualreviews.org/doi/10.1146/annurev-financial-110311-101754
https://doi.org/10.1016/J.JBANKFIN.2015.09.007
https://doi.org/10.1016/S0304-4076(00)00052-X
https://doi.org/10.1016/S0304-4076(00)00052-X


Christoforos Konstantatos 

121 
 

Brown, C. O., and Dinç, I. S. (2011). Too Many to Fail? Evidence of Regulatory 

Forbearance When the Banking Sector Is Weak. Review of Financial Studies, 24(4), 

1378–1405. https://doi.org/10.1093/rfs/hhp039 

Brownlees, C. T., and Engle, R. F. (2012). Volatility, correlation and tails for systemic risk 

measurement, SSRN Scholarly Paper ID 1611229. Rochester, NY: Social Science 

Research Network 

Brownlees, C. T, and Engle, R. F. (2017). SRISK: A Conditional Capital Shortfall 

Measure of Systemic Risk. Review of Financial Studies 30(1): 48–79. 

https://doi.org/10.1093/rfs/hhw060 

Brunnermeier, M. K., and Pedersen, L. H. (2005). Predatory Trading. The Journal of 

Finance, 60(4), 1825–1863. https://doi.org/10.1111/j.1540-6261.2005.00781.x 

Calomiris, J. R., and Mason, J. R. (1997). American Economic Association. The American 

Economic Review, 87(5), 863–883. Retrieved from 

http://www.jstor.org/stable/2951329 

Calomiris, C. W., and Mason, J. R. (2000). Causes of U.S. Bank Distress During the 

Depression. NBER Working Paper No. 7919. https://doi.org/10.3386/w7919 

Carlson, M., Mitchener, K. J., and Richardson, G. (2011). Arresting Banking Panics: 

Federal Reserve Liquidity Provision and the Forgotten Panic of 1929. Journal of 

Political Economy, 119(5), 889–924. https://doi.org/10.1086/662961 

Castrén, O., Fitzpatrick, T., and Sydow, M. (2006). What Drives EU Banks’ Stock 

Returns? Bank-Level Evidence Using the Dynamic Dividend-Discount Model. 

European Central Bank, Working Paper Series No.677 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=929447 

Castro, C., and Ferrari, S. (2014). Measuring and Testing for the Systemically Important 

Financial Institutions. Journal of Empirical Finance 25: 1–14. 

https://www.sciencedirect.com/science/article/pii/S0927539813000765 

Davison, A. C. and Smith, R. L. (1990). Models for Exceedances Over High Thresholds. 

Journal of the Royal Statistical Society, Series B, 52: 393–442. 

De Bruyckere, V., Gerhardt, M., Schepens, G., and Vander Vennet, R. (2013). 

Bank/sovereign risk dependencies in the European debt crisis. Journal of Banking and 

Finance, 37(12), 4793–4809. https://doi.org/10.1016/j.jbankfin.2013.08.012 

Degryse, H., Nguyen, G., Allen, F., Dewatripont, M., Flannery, M., Hartmann, P., … 

Wuyts, G. (2007). Interbank Exposures: An Empirical Examination of Contagion 

Risk in the Belgian Banking System. International Journal of Central Banking – IJCB 

http://www.ijcb.org/journal/ijcb07q2a5.pdf  

https://doi.org/10.1093/rfs/hhp039
https://doi.org/10.1093/rfs/hhw060
https://doi.org/10.1111/j.1540-6261.2005.00781.x
http://www.jstor.org/stable/2951329
https://doi.org/10.3386/w7919
https://doi.org/10.1086/662961
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=929447
https://www.sciencedirect.com/science/article/pii/S0927539813000765
https://doi.org/10.1016/j.jbankfin.2013.08.012
http://www.ijcb.org/journal/ijcb07q2a5.pdf


Essays on Measuring Systemic Risk – Δοκίμια στην Μέτρηση του Συστημικού Κινδύνου 

122 

 

Degryse, H., and Nguyen, G. (2007). Interbank Exposures: An Empirical Examination of 

Contagion Risk in the Belgian Banking System. International Journal of Central 

Banking – IJCB http://www.ijcb.org/journal/ijcb07q2a5.pdf 

De Haan, L., Resnick, S.I., Rootzen, H., De Vries, C.G., (1989). Extremal behaviour of 

solutions to a stochastic difference equation with applications to arch processes. Stoch. 

Process. their Appl. 32, 213–224. 

Demirgüç-Kunt, A., and Huizinga, H. (2013). Are banks too big to fail or too big to save? 

International evidence from equity prices and CDS spreads. Journal of Banking & 

Finance, 37(3), 875–894. https://doi.org/10.1016/J.JBANKFIN.2012.10.010 

Embrechts, P., McNeil. A, and Straumann, D. (1999). Correlation and Dependence in Risk 

Management: Properties and Pitfalls. Risk Management: Value at Risk and Beyond.: 

176–223. 

Ejsing, J., and Lemke, W. (2011). The Janus-headed salvation: Sovereign and bank credit 

risk premia during 2008–2009. Economics Letters, 110(1), 28–31. 

https://doi.org/10.1016/J.ECONLET.2010.10.001 

Engle, R. F. (2002). Dynamic Conditional Correlation. Journal of Business & Economic 

Statistics 20(3): 339–50. 

http://www.tandfonline.com/doi/abs/10.1198/073500102288618487 

Engle, R. F, and Sheppard, K. (2007). Evaluating the Specification of Covariance Models 

for Large Portfolios. Unpublished. http://www.kevinsheppard.com 

Engle, R. F., Jondeau, R. and Rockinger, M. (2012), Systemic risk in Europe, Swiss finance 

institute. Research Paper Series No. 12-45. 

Engle, R. F., and Manganelli, S. (2004). CAViaR. Journal of Business & Economic 

Statistics 22(4): 367–81. 

http://www.tandfonline.com/doi/abs/10.1198/073500104000000370 

Fiordelisi, F., and Marqués-Ibañez, D. (2013). Is bank default risk systematic? Journal of 

Banking and Finance, 37(6), 2000–2010. 

https://doi.org/10.1016/j.jbankfin.2013.01.004 

Galariotis, E. C., Krokida, S. I., and Spyrou, S. (2016a). Bond Market Investor Herding: 

Evidence from the European Financial Crisis. International Review of Financial 

Analysis 48: 367–75. https://doi.org/10.1016/j.irfa.2015.01.001 

Galariotis, E. C., Makrichoriti, P., and Spyrou, S. (2016b). Sovereign CDS Spread 

Determinants and Spill-over Effects during Financial Crisis: A Panel VAR Approach. 

Journal of Financial Stability 26: 62–77. https://doi.org/10.1016/j.jfs.2016.08.005 

http://www.ijcb.org/journal/ijcb07q2a5.pdf
https://doi.org/10.1016/J.JBANKFIN.2012.10.010
https://doi.org/10.1016/J.ECONLET.2010.10.001
http://www.tandfonline.com/doi/abs/10.1198/073500102288618487
http://www.kevinsheppard.com/
http://www.tandfonline.com/doi/abs/10.1198/073500104000000370
https://doi.org/10.1016/j.jbankfin.2013.01.004


Christoforos Konstantatos 

123 
 

Galariotis, E. C., Makrichoriti, P., and Spyrou, S. (2018). The Impact of Conventional and 

Unconventional Monetary Policy on Expectations and Sentiment. Journal of Banking 

and Finance 86: 1–20. https://doi.org/10.1016/j.jbankfin.2017.08.014 

Gallant, A.R., Rossi, P.E., Tauchen, G., (1992). Stock-Prices and Volume. The Review of 

Financial Studies. 5, 199–242. https://doi:10.1093/rfs/5.2.199 

Girardi, G, and Ergün, A. T. (2013). Systemic Risk Measurement: Multivariate GARCH 

Estimation of CoVaR. Journal of Banking & Finance 37(8): 3169–80. 

https://www.sciencedirect.com/science/article/pii/S0378426613001155 

Gkillas, K., Longin, F., 2018. Financial market activity under capital controls: Lessons 

from extreme events. Economics Letters. 171, 10–13. 

https://doi:10.1016/J.ECONLET.2018.07.004 

Glosten, L. R., Jagannathan, R and Runkle, D, E.(1993). On the Relation between the 

Expected Value and the Volatility of the Nominal Excess Return on Stocks. The 

Journal of Finance 48(5): 1779–1801. http://doi.wiley.com/10.1111/j.1540-

6261.1993.tb05128.x 

Gumbel, E. J., (1961). Multivariate extremal distributions, Bulletin de l’Institut 

International de Statistiques, Session 33, Book 2, Paris. 

Haas, R. De, and Horen, N. Van. (2012). International Shock Transmission after the 

Lehman Brothers Collapse: Evidence from Syndicated Lending. American Economic 

Review, 102(3), 231–237. https://doi.org/10.1257/aer.102.3.231 

Hart, O., and Zingales, L. (2009). A New Capital Regulation for Large Financial 

Institutions Booth Research Paper No. 09-36, University of Chicago, 2009. 

Hartmann, P., Straetmans, S., and Vries, C. G. de. (2004). Asset Market Linkages in Crisis 

Periods. Review of Economics and Statistics, 86(1), 313–326. 

https://doi.org/10.1162/003465304323023831 

Hartmann, P., Straetmans, S., de Vries, C.G., (2006). Banking system stability: a cross-

atlantic perspective. In: Mark Carey and Rene Stulz (Eds.), The Risks of Financial 

Institutions, National Bureau of Economic Research Conference Report.  

Huang, X., Zhou, H., and Zhu, H. (2009). A framework for assessing the systemic risk of 

major financial institutions. Journal of Banking & Finance, 33(11), 2036–2049. 

https://doi.org/10.1016/J.JBANKFIN.2009.05.017  

Hautsch, N., Schaumburg, J., and Schienle, M. (2015). Financial network systemic risk 

contributions. Review of Finance, 19(2), 685–738. https://doi.org/10.1093/rof/rfu010 

https://doi:10.1093/rfs/5.2.199
https://www.sciencedirect.com/science/article/pii/S0378426613001155
https://doi:10.1016/J.ECONLET.2018.07.004
http://doi.wiley.com/10.1111/j.1540-6261.1993.tb05128.x
http://doi.wiley.com/10.1111/j.1540-6261.1993.tb05128.x
https://doi.org/10.1257/aer.102.3.231
https://doi.org/10.1162/003465304323023831
https://doi.org/10.1016/J.JBANKFIN.2009.05.017
https://doi.org/10.1093/rof/rfu010


Essays on Measuring Systemic Risk – Δοκίμια στην Μέτρηση του Συστημικού Κινδύνου 

124 

 

Kiyotaki, N., and Moore, J. (n.d.). Balance-Sheet Contagion. The American Economic 

Review. American Economic Association. https://doi.org/10.2307/3083375  

Kodres, L. E., and Pritsker, M. (2002). A Rational Expectations Model of Financial 

Contagion. The Journal of Finance, 57(2), 769–799. https://doi.org/10.1111/1540-

6261.00441 

Koenker, R., and Bassett, G. (1978). Regression Quantiles. Econometrica 46(1): 33–50. 

http://www.jstor.org/stable/1913643?origin=crossref. 

Kroszner, R. S., Laeven, L., and Klingebiel, D. (2007). Banking Crises, Financial 

Dependence, and Growth. Journal of Financial Economics 84(1): 187–228. 

https://www.sciencedirect.com/science/article/pii/S0304405X0600208X 

Kyle, A. S., and Xiong, W. (2001). Contagion as a Wealth Effect. The Journal of Finance, 

56(4), 1401–1440. https://doi.org/10.1111/0022-1082.00373 

Lane, P. R. (2012). The European Sovereign Debt Crisis. Journal of Economic 

Perspectives, 26(3), 49–68. https://doi.org/10.1257/jep.26.3.49 

Leadbetter, M. R., Lindgren, G., and Rootzen, H. Extremes and Related Properties of 

Random Sequences and Processes (Springer, New York, 1983) 

Ledford, A.W., Tawn, J.A., (1997). Modelling Dependence within Joint Tail Regions. J. 

R. Stat. Soc. Ser. B (Statistical Methodology). 59, 475–499. doi:10.1111/1467-

9868.00080 

Lelyveld, I. Van., and Liedorp, F. (2006). Interbank Contagion in the Dutch Banking 

Sector: A Sensitivity Analysis. International Journal of Central Banking – IJCB - 

June 2006. Retrieved from https://www.ijcb.org/journal/ijcb06q2a4.htm 

Longin, F., and Solnik, B. (2001). Extreme Correlation of International Equity Markets. 

The Journal of Finance, 56(2), 649–676. https://doi.org/10.1111/0022-1082.00340 

López-Espinosa, G., Moreno, A., Rubia, A., and Valderrama, L. (2012). Short-term 

wholesale funding and systemic risk: A global CoVaR approach. Journal of Banking 

& Finance, 36(12), 3150–3162. https://doi.org/10.1016/J.JBANKFIN.2012.04.020 

Martínez-Jaramillo, S., Pérez, O. P., Embriz, F. A., and Dey, F. L. G. (2010). Systemic 

risk, financial contagion and financial fragility. Journal of Economic Dynamics and 

Control, 34(11), 2358–2374. https://doi.org/10.1016/j.jedc.2010.06.004  

McNeil, A.J., Frey, R., (2000). Estimation of tail-related risk measures for heteroscedastic 

financial time series: An extreme value approach. Journal of Empirical Finance. 7, 

271–300. https://doi:10.1016/S0927-5398(00)00012-8 

https://doi.org/10.1111/1540-6261.00441
https://doi.org/10.1111/1540-6261.00441
http://www.jstor.org/stable/1913643?origin=crossref
https://www.sciencedirect.com/science/article/pii/S0304405X0600208X
https://doi.org/10.1111/0022-1082.00373
https://doi.org/10.1257/jep.26.3.49
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.423.3252&rep=rep1&type=pdf
https://doi.org/10.1111/0022-1082.00340
https://doi.org/10.1016/J.JBANKFIN.2012.04.020
https://doi.org/10.1016/j.jedc.2010.06.004
https://doi:10.1016/S0927-5398(00)00012-8


Christoforos Konstantatos 

125 
 

Milesi-Ferretti, G.-M., and Tille, C. (2011). The great retrenchment: international capital 

flows during the global financial crisis. Economic Policy, 26(66), 289–346. 

https://doi.org/10.1111/j.1468-0327.2011.00263.x 

Mishkin, F. S. (2006). How Big a Problem Is Too Big to Fail? A Review of Gary Stern and 

Ron Feldman’s ‘Too Big to Fail: The Hazards of Bank Bailouts.’ Journal of Economic 

Literature 44(4): 988–1004. http://pubs.aeaweb.org/doi/10.1257/jel.44.4.988 

Mistrulli, P. E. (2011). Assessing financial contagion in the interbank market: Maximum 

entropy versus observed interbank lending patterns. Journal of Banking & Finance, 

35(5), 1114–1127. https://doi.org/10.1016/J.JBANKFIN.2010.09.018 

Nier, E., Yang, J., Yorulmazer, T., and Alentorn, A. (2007). Network Models and Financial 

Stability. Journal of Economic Dynamics and Control 31(6): 2033–60. 

http://www.sciencedirect.com/science/article/pii/S0165188907000097 

Padoa-Schioppa, T. (2003) Central banks and financial stability: exploring the land in 

between. In V. Gaspar, P. Hartmann and O. Sleijpen (eds), The Transmission of the 

European Financial System, Frankfurt: European Central Bank. 

Papadamou, Stephanos, and Siriopoulos, C. (2004). American Equity Mutual Funds in 

European Markets: Hot Hands Phenomenon and Style Analysis. International Journal 

of Finance & Economics, 9(2): 85–97. http://doi.wiley.com/10.1002/ijfe.233. 

Philippas, D., and Siriopoulos, C. 2013. “Putting the ‘C’ into Crisis: Contagion, 

Correlations and Copulas on EMU Bond Markets.” Journal of International Financial 

Markets, Institutions and Money, 27(1): 161–76. 

Pickands, J. (1975). Statistical inference using extreme order statistics, Ann. Statist., 3, 

119–131. 

Ricci, O. (2015). The impact of monetary policy announcements on the stock price of large 

European banks during the financial crisis. Journal of Banking & Finance, 52, 245–

255. https://doi.org/10.1016/J.JBANKFIN.2014.07.001 

Rodríguez-Moreno, M., and Peña J. I. (2013). Systemic Risk Measures: The Simpler the 

Better? Journal of Banking & Finance 37(6): 1817–31. 

https://www.sciencedirect.com/science/article/pii/S0378426612001902 

Scaillet, O. (2004). Nonparametric Estimation and Sensitivity Analysis of Expected 

Shortfall. Mathematical Finance 14(1): 115–29. http://doi.wiley.com/10.1111/j.0960-

1627.2004.00184.x 

Sedunov, J. (2016). What Is the Systemic Risk Exposure of Financial Institutions? Journal 

of Financial Stability 24: 71–87. 

https://www.sciencedirect.com/science/article/pii/S1572308916300171 

https://doi.org/10.1111/j.1468-0327.2011.00263.x
http://pubs.aeaweb.org/doi/10.1257/jel.44.4.988
https://doi.org/10.1016/J.JBANKFIN.2010.09.018
http://www.sciencedirect.com/science/article/pii/S0165188907000097
http://doi.wiley.com/10.1002/ijfe.233
https://doi.org/10.1016/J.JBANKFIN.2014.07.001
https://www.sciencedirect.com/science/article/pii/S0378426612001902
http://doi.wiley.com/10.1111/j.0960-1627.2004.00184.x
http://doi.wiley.com/10.1111/j.0960-1627.2004.00184.x
https://www.sciencedirect.com/science/article/pii/S1572308916300171


Essays on Measuring Systemic Risk – Δοκίμια στην Μέτρηση του Συστημικού Κινδύνου 

126 

 

Siebenbrunner, C., Sigmund, M., and Kerbl, S. (2017). Can Bank-Specific Variables 

Predict Contagion Effects? Quantitative Finance 17(12): 1805–32. 

https://www.tandfonline.com/doi/full/10.1080/14697688.2017.1357974 

Stern, G. H., and Feldman R. J. (2004). Too Big to Fail: The Hazards of Bank Bailouts. 

Washington, D.C.: Brookings Institution Press. 

Straetmans, S., and Chaudhry, S. M. (2015). Tail risk and systemic risk of US and 

Eurozone financial institutions in the wake of the global financial crisis. Journal of 

International Money and Finance, 58, 191–223. 

https://doi.org/10.1016/J.JIMONFIN.2015.07.003 

Tsagkanos, A., and Siriopoulos, C. (2013). A Long-Run Relationship between Stock Price 

Index and Exchange Rate: A Structural Nonparametric Cointegrating Regression 

Approach. Journal of International Financial Markets, Institutions and Money, 25(1): 

106–18. 

Upper, C., and Worms, A. (2004). Estimating bilateral exposures in the German interbank 

market: Is there a danger of contagion? European Economic Review, 48(4), 827–849. 

https://doi.org/10.1016/J.EUROECOREV.2003.12.009 

  

https://www.tandfonline.com/doi/full/10.1080/14697688.2017.1357974
https://doi.org/10.1016/J.JIMONFIN.2015.07.003
https://doi.org/10.1016/J.EUROECOREV.2003.12.009


Christoforos Konstantatos 

127 
 

Appendices 

Appendix A. Tables 

Table A1. List of US and euro area banking institutions 

Country Ticker Symbol Bank name Total Assets 

Austria EBS Erste Group Bank AG 200,073,000.00 

Belgium KBC KBC Groep NV 354,816,000.00 

France BNP BNP Paribas SA 1,692,786,000.00 

 ACA Credit Agricole SA 1,411,836,000.00 

 GLE Société Générale SA 1,068,630,000.00 

Germany CBK Commerzbank AG 611,020,000.00 

 DBK Deutsche Bank AG 2,015,577,000.00 

Greece ALPHA Alpha Bank AE 54,514,032.00 

 EUROB Eurobank Ergasias SA 68,303,000.00 

 ETE National Bank of Greece 90,097,244.00 

 TPEIR Piraeus Bank SA 46,282,943.00 

Ireland BKIR Bank of Ireland 188,788,000.00 

Italy BMPS Banca Monte dei Pasci di Siena SpA 161,462,035.00 

 BAPO Banco Popolare SC 127,331,296.00 

 ISP Intesa Sanpaolo SpA 571,219,000.00 

 UCG UniCredit SpA 1,014,318,675.00 

 UBI Unione di Banche Italiane SCPA 121,014,291.00 

Portugal BPI Banco BPI SA 40,410,122.00 

 BCP Banco Comercial Portugues SA 87,515,525.00 

Spain BBVA Banco Bilbao Vizcaya Argentaria 497,679,000.00 

 SAB Banco de Sabadell SA 76,068,532.00 

 POP Banco Popular Espanol SA 106,665,973.00 

 SAN Banco Santander SA 902,062,209.00 

 BKT Bankinter SA 49,451,536.00 

United States BAC Bank of America 1,715,746,000.00 

 BK Bank of New York Mellon 197,656,000.00 

 COF Capital One Financial Corp. 150,590,369.00 

 C Citigroup 2,187,631,000.00 

 GS Goldman Sachs Group Inc. 1,115,619,000.00 

 JPM JPMorgan Chase & Co. 1,562,147,000.00 

 MS Morgan Stanley 1,045,409,000.00 

 PNC PNC Financial Services Group Inc. 138,920,000.00 

 STT State Street Corp. 142,543,000.00 

 USB U.S. Bancorp. 237,615,000.00 

 WFC Wells Fargo & Co. 575,442,000.00 

Note: This table reports the list of US and euro area investigated banking institutions, the countries where 

the largest banking institutions are established, the ticker symbols, full names of the largest banking 

institutions and their total assets in (2007). 
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Table A2. List of US banking institutions 

No. Ticker Symbol Bank name Country 

1 BAC Bank of America United States 

2 BK Bank of New York Mellon United States 

3 COF Capital One Financial Corp. United States 

4 C Citigroup United States 

5 GS Goldman Sachs Group Inc. United States 

6 JPM JPMorgan Chase & Co. United States 

7 MS Morgan Stanley United States 

8 PNC PNC Financial Services Group Inc. United States 

9 STT State Street Corp. United States 

10 USB U.S. Bancorp. United States 

11 WFC Wells Fargo & Co. United States 

Note: This table reports the list of US investigated banking institutions, the ticker symbols, full names of the 

largest banking institutions in the US and the country where the banking institutions are established. Eleven 

banking institutions are selected as the largest according to total assets, eight of them were included in 

Financial Stability Board in November 2018 as G-SIBs. 
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Table A3. List of euro area banking institutions 

No. Ticker Symbol Bank name 

EMU 

Country 

1 ACA Credit Agricole SA France 

2 ALPHA Alpha Bank AE Greece 

3 BAPO Banco Popolare SC Italy 

4 BBVA Banco Bilbao Vizcaya Argentaria Spain 

5 BCP Banco Comercial Portugues SA Portugal 

6 BKIR Bank of Ireland Ireland 

7 BKT Bankinter SA Spain 

8 BMPS Banca Monte dei Pasci di Siena SpA Italy 

9 BNP BNP Paribas SA France 

10 BPI Banco BPI SA Portugal 

11 CBK Commerzbank AG Germany 

12 DBK Deutsche Bank AG Germany 

13 EBS Erste Group Bank AG Austria 

14 ETE National Bank of Greece Greece 

15 EUROB Eurobank Ergasias SA Greece 

16 GLE Société Générale SA France 

17 ISP Intesa Sanpaolo SpA Italy 

18 KBC KBC Groep NV Belgium 

19 POP Banco Popular Espanol SA Spain 

20 SAB Banco de Sabadell SA Spain 

21 SAN Banco Santander SA Spain 

22 TPEIR Piraeus Bank SA Greece 

23 UBI Unione di Banche Italiane SCPA Italy 

24 UCG UniCredit SpA Italy 

Note: This table reports the list of the euro area investigated banking institutions, the ticker symbols, full 

names of the largest banking institutions in the euro area and the EMU countries where the largest banking 

institutions are established. Twenty-four banking institutions are selected with the following criteria: (1) the 

banking institution is based in a country of the euro area, (2) the banking institution was subject to the 2011 

EU-wide stress test or to the 2012 EU capital exercise conducted by the European Banking Authority, (3) the 

banking institution is listed on a stock exchange, (4) the banking institution has not been liquidated, 

nationalized or declared insolvent during the investigated period or merging, which does not exclude that the 

bank received government support or undertook a restructuring plan. 
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Table A4. Description of the Variables for Chapter 2 

Variables Source 

Total assets Thomson Reuters – Datastream 

Total debt Thomson Reuters – Datastream 

Total liabilities Thomson Reuters – Datastream 

Total shareholders’ equity Thomson Reuters – Datastream 

Note: This table reports the variables used in Chapter 2, it specifically reports the name and the source of 

the variables.36 This table refers to Chapter 2. 

 

 
36 These variables used to estimate the 𝑆𝑅𝐼𝑆𝐾 systemic risk measure. 
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Table A5. Description of the Variables for Chapter 3 

State Variables Definition Source 

Panel A. United States 

VIX 
The Chicago Board Options Exchange Volatility Index (CBOE VIX index) capturing the implied 

volatility in S&P 500 index 
Thomson Reuters 

Liquidity spread 

The difference between the interest rate on interbank loans and short-term US debt rate calculated 

as the difference between three -month London Interbank Offered Rate (LIBOR) based on US 

dollars and three-month Treasury bills (T-bills) 

Federal Reserve 

Economic Data 

3-month T-Bill change Change in the three-month T-bill rate 
Federal Reserve 

Economic Data 

Yield spread change 
Change in the slope yield curve measured by the yield spread between the ten-year US Treasury 

bond rate and the three-month T-bill rate 

Federal Reserve 

Economic Data 

Credit spread change 
Spread between ten-year Moody's seasoned BAA-rated bonds and the ten-year Treasury bond 

yield 

Federal Reserve 

Economic Data 

S&P500 return The S&P500 index equity market return Bloomberg 

Panel B. Euro area 

VDAX The VDAX index capturing the implied volatility in DAX index Thomson Reuters 

Liquidity spread 
Difference between the three-month Euro Interbank Offered Rate (EURIBOR)37 and three-month 

German government bond rate 

Thomson Reuters and 

The European Money 

Markets Institute 

(EMMI) 

3-month German gov. bond change Change in the three-month German government bond Thomson Reuters 

Yield spread change 
Change in the slope yield curve measured by the yield spread between ten-year and three-month 

German government bond yield 
Thomson Reuters 

FTSE Euro100 return The FTSE Euro 100 index equity market return Bloomberg 

Note: This table reports the macroeconomic and financial variables (“state variables”) used in Chapter 3, it specifically reports the name, the description and the 

source of the “state variables”.38 This table refers to Chapter 3. 

 

 
37 As for the Euribor comes from The European Money Markets Institute (EMMI), formerly known as Euribor-EBF; an international non-for-profit association 

under Belgian law founded in 1999 based in Brussels (56, Avenue des Arts, 1000 Brussels). Its Members are national banking associations in the Member States 

of the European Union. 
38 The name “state variables” used by Adrian and Brunnermeier (2016). 
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Table A6. Descriptive statistics of US banking institutions returns 

 Mean Median Max Min Std. Dev. Skewness Kurtosis 

BAC −3.87𝑒−04 0.0001 0.3021 −0.3421 0.0329 −0.3475 28.1350 

BK −2.42𝑒−04 0.0000 0.2713 −0.3169 0.0260 9.75𝑒−05 23.7407 

COF −8.05𝑒−05 0.0000 0.2345 −0.5069 0.0339 −1.2989 28.2888 

C −8.41𝑒−04 −0.0003 0.4563 −0.4947 0.0357 −0.3364 39.1326 

GS −6.98𝑒−05 0.0000 0.3250 −0.2102 0.0247 0.7567 22.4923 

JPM −8.68𝑒−05 −0.0002 0.2239 −0.2323 0.0272 0.1418 15.1862 

MS −5.19𝑒−04 −0.0004 0.8183 −0.2997 0.0355 3.3575 102.61 

PNC −1.40𝑒−04 0.0000 0.3155 −0.5344 0.0263 −1.7462 70.7146 

STT −1.10𝑒−04 0.0001 0.2727 −0.8925 0.0317 −6.6810 212.16 

USB 9.40𝑒−05 0.0003 0.2057 −0.2005 0.0231 −0.2821 17.7075 

WFC 7.44𝑒−05 0.0000 0.2834 −0.2721 0.0266 0.7978 27.9251 

Average −2.10𝑒−04 1.35𝑒−04 0.2303 −0.2997 0.0244 −0.1183 25.0208 

Notes: This table reports the descriptive statistics of the US banking institutions sample returns for the period 

spans from January 02, 2001 to June 11, 2014. 
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Table A7. Descriptive statistics of euro area banking institutions returns 
 Mean Median Max Min Std. Dev. Skewness Kurtosis 

ACA −1.59𝑒−04 −0.0003 0.2502 −0.1820 0.0284 0.3758 11.0182 

ALPHA −7.60𝑒−04 0.0000 0.2623 −0.3450 0.0390 0.1466 12.9682 

BAPO −3.60𝑒−04 −0.00126 0.6506 −0.2424 0.0318 5.3212 115.87 

BBVA −1.67𝑒−04 0.0000 0.2591 −0.2767 0.0309 0.1575 26.3810 

BCP −9.62𝑒−04 0.0000 0.1899 −0.2111 0.0245 −0.0485 11.6495 

BKIR −1.02𝑒−03 0.0000 0.3920 −0.7911 0.0477 −1.5939 46.5531 

BKT 3.04𝑒−05 0.0000 0.1353 −0.0879 0.0220 0.5448 6.7819 

BMPS −9.92𝑒−04 0.0000 0.1937 −0.2714 0.0270 −0.3882 16.0295 

BNP −1.77𝑒−04 0.0002 0.1887 −0.7364 0.0290 −4.9732 138.38 

BPI −2.42𝑒−04 0.0000 0.3751 −0.1397 0.0229 1.7309 33.2145 

CBK −1.04𝑒−03 −0.0005 0.2220 −0.2746 0.0321 −0.0147 11.1031 

DBK −3.53𝑒−04 0.0000 0.2124 −0.1754 0.0267 0.4273 11.6441 

EBS 1.29𝑒−04 0.0000 0.2109 −0.2761 0.0291 −0.3881 12.2568 

ETE −1.35𝑒−03 0.0000 0.4283 −0.6766 0.0566 −0.4813 35.1901 

EUROB −1.54𝑒−03 0.0000 0.6931 −0.7731 0.0580 −0.3427 43.2214 

GLE −1.53𝑒−04 0.0000 0.2033 −0.1771 0.0289 0.0124 8.8375 

ISP −1.64𝑒−04 0.0000 0.1796 −0.1720 0.0266 −0.1974 7.8722 

KBC −7.45𝑒−05 0.0000 0.4048 −0.2866 0.0341 0.3837 24.2154 

POP −4.70𝑒−04 0.0000 0.1594 −0.1417 0.0236 0.1817 9.3120 

SAB −1.60𝑒−04 0.0000 0.2471 −0.4269 0.0205 −1.6077 82.5458 

SAN −1.26𝑒−04 0.0001 0.2088 −0.1272 0.0231 0.3143 8.6768 

TPEIR −8.60𝑒−04 0.0000 0.4155 −0.3497 0.0406 0.4995 20.3506 

UBI −2.50𝑒−04 0.0000 0.1853 −0.1443 0.0221 0.0191 9.6425 

UCG −4.00𝑒−04 0.0000 0.1901 −0.4813 0.0324 −1.0472 26.2323 

Average −4.08𝑒−04 −6.22𝑒−05 0.1754 −0.1759 0.0205 0.4111 13.3982 

Notes: This table reports the descriptive statistics of the euro area banking institutions sample returns for the 

period spans from January 02, 2001 to June 11, 2014. 
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Table A8. Descriptive statistics of the 𝜟𝑪𝒐𝑽𝒂𝑹 risk measure 
 Mean Median Maximum Minimum Std. Dev. Skewness Kurtosis 

 Panel A. US banking institutions 

BAC 6.11𝑒−03 4.37𝑒−03 0.0373 4.13𝑒−04 5.69𝑒−03 3.0328 12.8171 

BK 7.83𝑒−03 6.31𝑒−03 0.0387 7.36𝑒−04 4.98𝑒−03 2.9721 13.0672 

COF 7.58𝑒−03 5.89𝑒−03 0.0370 7.58𝑒−04 5.18𝑒−03 2.3564 9.4188 

CT 6.89𝑒−03 4.82𝑒−03 0.0576 4.26𝑒−04 6.90𝑒−03 3.5171 17.434 

GS 8.05𝑒−03 6.70𝑒−03 0.0425 8.37𝑒−04 4.48𝑒−03 3.4444 18.1832 

JPM 7.88𝑒−03 5.90𝑒−03 0.0367 6.07𝑒−04 5.50𝑒−03 2.1885 8.1227 

MS 7.98𝑒−03 6.30𝑒−03 0.0976 8.01𝑒−04 6.79𝑒−03 6.4005 61.1983 

PNC 6.67𝑒−03 4.88𝑒−03 0.0442 4.79𝑒−04 5.35𝑒−03 3.1611 14.6929 

STT 7.70𝑒−03 5.84𝑒−03 0.0423 4.90𝑒−04 5.80𝑒−03 3.2647 14.5026 

USB 7.50𝑒−03 5.67𝑒−03 0.0475 5.45𝑒−04 5.89𝑒−03 2.9167 13.5027 

WFC 6.34𝑒−03 4.25𝑒−03 0.0408 3.50𝑒−04 6.00𝑒−03 3.0676 13.3979 

Average 7.32𝑒−03 5.74𝑒−03 0.0382 5.86𝑒−04 5.26𝑒−03 2.9115 12.1263 

 Panel B. Euro area banking institutions 

ACA 8.17𝑒−03 6.87𝑒−03 0.0286 6.84𝑒−04 4.65𝑒−03 1.5690 5.6109 

ALPHA 1.96𝑒−03 1.96𝑒−03 2.46𝑒−03 1.10𝑒−03 4.37𝑒−05 −1.6663 106.21 

BAPO 5.53𝑒−03 4.21𝑒−03 0.2085 5.75𝑒−04 7.15𝑒−03 14.5065 331.22 

BBVA 9.16𝑒−03 6.87𝑒−03 0.0571 5.91𝑒−04 7.58𝑒−03 3.0782 14.1422 

BCP 6.03𝑒−03 5.47𝑒−03 0.0191 5.60𝑒−04 2.72𝑒−03 1.1554 4.6370 

BKIR 2.47𝑒−03 1.74𝑒−03 0.0139 4.85𝑒−05 2.23𝑒−03 2.2119 8.4115 

BKT 1.65𝑒−03 1.58𝑒−03 0.0189 2.41𝑒−04 1.00𝑒−03 15.4701 253.97 

BMPS 7.15𝑒−03 6.25𝑒−03 0.0202 4.54𝑒−04 3.21𝑒−03 1.0469 3.8565 

BNP 1.19𝑒−02 1.02𝑒−02 0.0425 2.62𝑒−03 4.66𝑒−03 2.6541 11.1910 

BPI 5.61𝑒−03 4.76𝑒−03 0.0534 8.17𝑒−04 3.64𝑒−03 3.5333 29.0094 

CBK 7.57𝑒−03 6.31𝑒−03 0.0316 5.64𝑒−04 4.35𝑒−03 2.1444 9.0526 

DBK 1.00𝑒−02 8.12𝑒−03 0.0427 8.55𝑒−04 5.86𝑒−03 2.2934 9.2505 

EBS 6.89𝑒−03 5.83𝑒−03 0.0203 4.76𝑒−04 3.16𝑒−03 1.9490 6.6369 

ETE 2.51𝑒−03 1.97𝑒−03 0.0530 1.16𝑒−03 2.06𝑒−03 10.0772 172.88 

EUROB 1.35𝑒−03 7.97𝑒−04 0.0138 5.83𝑒−05 1.37𝑒−03 3.8713 24.6199 

GLE 9.42𝑒−03 7.88𝑒−03 0.0399 6.39𝑒−04 5.40𝑒−03 1.7470 6.5046 

ISP 9.01𝑒−03 7.74𝑒−03 0.0288 8.46𝑒−04 4.39𝑒−03 1.3876 4.6948 

KBC 6.63𝑒−03 4.82𝑒−03 0.0407 5.70𝑒−04 5.33𝑒−03 2.5706 10.9322 

POP 2.76𝑒−03 1.99𝑒−03 0.1800 1.95𝑒−04 5.81𝑒−03 20.0321 499.73 

SAB 7.88𝑒−03 7.94𝑒−03 7.95𝑒−03 1.21𝑒−03 2.94𝑒−04 −12.6588 214.30 

SAN 1.09𝑒−02 9.21𝑒−03 0.0482 1.05𝑒−03 6.13𝑒−03 1.9561 7.7557 

TPEIR 3.16𝑒−03 2.18𝑒−03 0.0526 1.79𝑒−04 3.48𝑒−03 6.6316 69.7079 

UBI 7.28𝑒−03 5.86𝑒−03 0.0242 4.05𝑒−04 3.94𝑒−03 1.1479 3.6708 

UCG 2.44𝑒−03 2.01𝑒−03 0.0198 8.73𝑒−04 1.28𝑒−03 3.7314 27.1889 

Average 6.14𝑒−03 5.41𝑒−03 0.0170 9.07𝑒−04 2.59𝑒−03 1.4567 4.8657 

Note: This table reports the descriptive statistics (mean, median, maximum, minimum, std. deviation, 

skewness and kurtosis) of the 𝛥𝐶𝑜𝑉𝑎𝑅 risk measure of thirty-five banking institutions and the average of the 

𝛥𝐶𝑜𝑉𝑎𝑅 risk measure of both US and euro area banking institution sample.. Panel A refers to the descriptive 

statistics of US banking institutions and Panel B refers to the descriptive statistics of euro area banking 

institutions. This table refers to Chapter 2. 
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Table A9. Descriptive statistics of the 𝑴𝑬𝑺 risk measure 
 Mean Median Maximum Minimum Std. Dev. Skewness Kurtosis 

 Panel A. US banking institutions 

BAC 0.0492 0.0352 0.3008 3.33𝑒−03 0.0458 3.0389 12.8600 

BK 0.0383 0.0308 0.1898 3.61𝑒−03 0.0244 2.9735 13.0854 

COF 0.0606 0.0471 0.2971 6.07𝑒−03 0.0415 2.3590 9.4359 

CT 0.0551 0.0385 0.4621 3.41𝑒−03 0.0552 3.5218 17.4780 

GS 0.0450 0.0374 0.2377 4.68𝑒−03 0.0250 3.4478 18.2176 

JPM 0.0474 0.0354 0.2214 3.66𝑒−03 0.0331 2.1908 8.1372 

MS 0.0586 0.0462 0.7178 5.89𝑒−03 0.0499 6.4065 61.3232 

PNC 0.0433 0.0317 0.2875 3.11𝑒−03 0.0348 3.1655 14.7291 

STT 0.0522 0.0397 0.2876 3.33𝑒−03 0.0394 3.2693 14.5405 

USB 0.0385 0.0292 0.2448 2.81𝑒−03 0.0303 2.9204 13.5317 

WFC 0.0420 0.0281 0.2708 2.32𝑒−03 0.0397 3.0716 13.4300 

Average 0.0482 0.0376 0.2599 3.84𝑒−03 0.0352 2.9403 12.3550 

 Panel B. Euro area banking institutions 

ACA 0.0497 0.0417 0.1739 4.15𝑒−03 0.0282 1.5564 5.5626 

ALPHA 0.1484 0.1481 0.1868 0.0833 3.34𝑒−03 -1.5500 103.3796 

BAPO 0.0782 0.0612 0.9292 8.34𝑒−03 0.0683 4.1688 34.2010 

BBVA 0.0553 0.0415 0.3453 3.57𝑒−03 0.0457 3.0839 14.1890 

BCP 0.0428 0.0387 0.1503 3.96𝑒−03 0.0197 1.2690 5.2753 

BKIR 0.0651 0.0459 0.3683 1.28𝑒−03 0.0588 2.2172 8.4417 

BKT 0.2284 0.2266 0.7272 1.76𝑒−03 0.0305 8.4168 145.7522 

BMPS 0.0491 0.0427 0.2107 3.09𝑒−03 0.0234 1.6376 8.3243 

BNP 0.0600 0.0515 0.2152 1.32𝑒−02 0.0235 2.6596 11.2278 

BPI 0.0400 0.0338 0.3794 5.80𝑒−03 0.0262 3.4574 27.4394 

CBK 0.0600 0.0500 0.2505 4.46𝑒−03 0.0344 2.1375 9.0327 

DBK 0.0509 0.0414 0.2171 4.35𝑒−03 0.0297 2.2909 9.2531 

EBS 0.0512 0.0431 0.1506 3.52𝑒−03 0.0236 1.9271 6.4829 

ETE 0.1043 0.0832 0.9324 4.87𝑒−02 0.0711 5.6041 42.4570 

EUROB 0.0730 0.0433 0.7460 3.15𝑒−03 0.0741 3.8650 24.6049 

GLE 0.0553 0.0462 0.2340 3.75𝑒−03 0.0317 1.7323 6.4409 

ISP 0.0491 0.0422 0.1570 4.61𝑒−03 0.0239 1.3869 4.7021 

KBC 0.0557 0.0406 0.3430 4.80𝑒−03 0.0448 2.5764 10.9699 

POP 0.0554 0.0426 0.9991 4.18𝑒−03 0.0552 6.3311 78.3605 

SAB 0.0721 0.0727 0.0729 0.0111 2.69𝑒−03 -12.6439 214.1577 

SAN 0.0446 0.0376 0.1969 4.27𝑒−03 0.0250 1.9607 7.7812 

TPEIR 0.0690 0.0483 0.9958 3.95𝑒−03 0.0698 5.7327 55.7267 

UBI 0.0382 0.0307 0.1270 2.12𝑒−03 0.0208 1.1423 3.6319 

UCG 0.0461 0.0380 0.3758 0.0165 0.0242 3.7164 27.0421 

Average 0.0684 0.0629 0.1731 0.0209 0.0228 1.3029 4.3791 

Note: This table reports the descriptive statistics (mean, median, maximum, minimum, std. deviation, 

skewness and kurtosis) of the 𝑀𝐸𝑆 risk measure of thirty-five banking institutions and the average of the 

𝑀𝐸𝑆 risk measure of both US and euro area banking institution sample. Panel A refers to the descriptive 

statistics of US banking institutions and Panel B refers to the descriptive statistics of euro area banking 

institutions. This table refers to Chapter 2. 
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Table A10. Descriptive statistics of the 𝑺𝑹𝑰𝑺𝑲 risk measure 
 Mean Median Maximum Minimum Std. Dev. Skewness Kurtosis 

 Panel A. US banking institutions 

BAC 3.21𝑒+08 1.31𝑒+08 2.54𝑒+09 2.46𝑒+07 6.54𝑒+08 3.0901 11.0599 

BK 3.04𝑒+07 1.44𝑒+07 2.35𝑒+08 3.49𝑒+06 6.00𝑒+07 3.1226 11.1950 

COF 3.23𝑒+07 1.94𝑒+07 1.64𝑒+08 4.86𝑒+06 4.19𝑒+07 2.4321 8.2318 

CT 5.36𝑒+08 1.13𝑒+08 5.32𝑒+09 3.78𝑒+07 1.39𝑒+09 3.2560 11.7695 

GS 8.83𝑒+07 4.71𝑒+07 5.93𝑒+08 1.47𝑒+07 1.51𝑒+08 2.9441 10.3492 

JPM 2.34𝑒+08 1.07𝑒+08 1.75𝑒+09 2.03𝑒+07 4.50𝑒+08 3.0459 10.8153 

MS 9.63𝑒+08 5.03𝑒+07 1.20𝑒+10 1.82𝑒+07 3.19𝑒+09 3.3105 12.0026 

PNC 3.17𝑒+07 1.79𝑒+07 2.25𝑒+08 3.05𝑒+06 5.73𝑒+07 3.0015 10.7002 

STT 2.56𝑒+07 1.26𝑒+07 1.95𝑒+08 3.20𝑒+06 4.99𝑒+07 3.0990 11.0797 

USB 2.66𝑒+07 1.75𝑒+07 1.45𝑒+08 6.30𝑒+06 3.50𝑒+07 3.0182 10.7850 

WFC 1.22𝑒+08 5.97𝑒+07 8.50𝑒+08 1.10𝑒+07 2.20𝑒+08 2.8485 9.9545 

Average 3.21𝑒+08 1.31𝑒+08 2.54𝑒+09 2.46𝑒+07 6.54𝑒+08 3.0901 11.0599 

 Panel B. Euro area banking institutions 

ACA 7.02𝑒+07 3.63𝑒+07 2.49𝑒+08 8.26𝑒+06 7.90𝑒+07 1.4573 3.6439 

ALPHA 3.97𝑒+07 2.94𝑒+07 9.63𝑒+07 8.50𝑒+06 2.82𝑒+07 1.0627 2.9254 

BAPO 3.64𝑒+07 1.29𝑒+07 1.75𝑒+08 1.16𝑒+06 5.62𝑒+07 1.8419 4.7491 

BBVA 3.03𝑒+07 2.52𝑒+07 9.14𝑒+07 6.35𝑒+06 2.37𝑒+07 1.2396 4.1191 

BCP 7.57𝑒+06 5.47𝑒+06 3.51𝑒+07 1.21𝑒+06 8.91𝑒+06 2.3434 7.6982 

BKIR 4.22𝑒+07 7.97𝑒+06 3.55𝑒+08 1.61𝑒+06 9.43𝑒+07 2.8805 10.0115 

BKT 1.08𝑒+08 1.13𝑒+08 1.98𝑒+08 9.53𝑒+05 6.80𝑒+07 -0.3038 1.8076 

BMPS 2.58𝑒+07 1.18𝑒+07 1.70𝑒+08 3.73𝑒+06 4.38𝑒+07 2.8072 9.6694 

BNP 1.65𝑒+08 9.29𝑒+07 7.82𝑒+08 3.00𝑒+07 2.34𝑒+08 2.0271 5.3931 

BPI 2.21𝑒+06 9.39𝑒+05 1.03𝑒+07 4.11𝑒+05 2.76𝑒+06 2.0350 6.4403 

CBK 5.20𝑒+07 2.52𝑒+07 2.53𝑒+08 4.68𝑒+06 6.89𝑒+07 2.0738 6.3369 

DBK 6.74𝑒+07 3.93𝑒+07 2.05𝑒+08 1.26𝑒+07 6.33𝑒+07 1.2186 3.2028 

EBS 1.96𝑒+07 1.18𝑒+07 6.02𝑒+07 1.74𝑒+06 2.21𝑒+07 1.1551 2.6451 

ETE 1.80𝑒+07 1.90𝑒+07 3.49𝑒+07 4.44𝑒+06 1.10𝑒+07 0.0726 1.4415 

EUROB 9.51𝑒+06 3.19𝑒+06 3.03𝑒+07 7.92𝑒+05 1.05𝑒+07 0.7683 2.0604 

GLE 9.13𝑒+07 3.75𝑒+07 4.96𝑒+08 9.28𝑒+06 1.37𝑒+08 2.1423 6.6358 

ISP 5.41𝑒+07 3.90𝑒+07 2.15𝑒+08 7.87𝑒+06 5.97𝑒+07 1.8312 5.2007 

KBC 4.36𝑒+07 1.07𝑒+07 2.82𝑒+08 3.75𝑒+06 8.27𝑒+07 2.2460 6.4631 

POP 1.13𝑒+07 4.19𝑒+06 4.48𝑒+07 1.08𝑒+06 1.35𝑒+07 1.3626 3.7565 

SAB 1.32𝑒+07 1.14𝑒+07 2.79𝑒+07 5.25𝑒+06 7.35𝑒+06 0.8640 2.6054 

SAN 5.67𝑒+07 4.45𝑒+07 1.85𝑒+08 9.82𝑒+06 4.88𝑒+07 1.5134 4.5773 

TPEIR 1.09𝑒+07 4.61𝑒+06 4.78𝑒+07 3.61𝑒+05 1.59𝑒+07 1.6340 4.2249 

UBI 1.16𝑒+07 6.99𝑒+06 3.77𝑒+07 1.34𝑒+06 1.26𝑒+07 1.1420 2.8694 

UCG 4.36𝑒+07 4.00𝑒+07 1.33𝑒+08 8.45𝑒+06 3.52𝑒+07 1.2306 4.1344 

Average 7.02𝑒+07 3.63𝑒+07 2.49𝑒+08 8.26𝑒+06 7.90𝑒+07 1.4573 3.6439 

Note: This table reports the descriptive statistics (mean, median, maximum, minimum, std. deviation, 

skewness and kurtosis) of the 𝑆𝑅𝐼𝑆𝐾 risk measure of thirty-five banking institutions and the average of the 

𝑆𝑅𝐼𝑆𝐾 risk measure of both US and euro area banking institution sample. Panel A refers to the descriptive 

statistics of US banking institutions and Panel B refers to the descriptive statistics of euro area banking 

institutions. This table refers to Chapter 2. 
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Appendix B. Extreme correlation in the full investigated period 

In this appendix, we present the estimatiοn results οf the cοrrelatiοn οf return 

exceedances οf the largest banking institutiοns in the eurο area, in the periοd frοm January 

3, 2001 tο Οctοber 31, 2016 (full investigated periοd) in Table B. This table is a cοlοur 

gradatiοn table which represents the cοrrelatiοn οf return exceedances 𝜌 fοr 999 bοοtstrap 

iteratiοns at οptimal threshοlds. Each οff-diagοnal element is the estimated cοrrelatiοn οf 

return exceedances between the cοrrespοnding twο individual largest banking institutiοns 

in the eurο area. The value οf the cοrrelatiοn οf return exceedances 𝜌 is used tο define the 

tail dependence ranged frοm 0 tο 1. Table B refers tο the cοrrelatiοn οf return exceedances 

in the full investigated periοd amοng the largest banking institutiοns in pairs. Fοr each set 

οf Tables, Panel A refers tο the negative return exceedances οf the twenty-fοur largest 

banking institutiοns in the eurο area, while Panel B refers tο the pοsitive return exceedances 

οf the twenty-fοur largest banking institutiοns in the eurο area. Panel C and Panel D refer 

tο the negative and pοsitive return exceedances οf the seventeen largest eurο area peripheral 

banking institutiοns respectively, while Panel E and Panel F refer tο the negative and 

pοsitive return exceedances οf the seven largest eurο area cοre banking institutiοns 

respectively. (e.g. Table BA, the letter B refers tο the Appendix B and the letter A refers tο 

Panel A). In Panel A and Panel B, οn the upper left cοrner, we prοvide the descriptive 

statistics οf the estimated cοrrelatiοn οf return exceedances οf the twenty-fοur largest 

banking institutiοns. We discuss the descriptive statistics οf the estimated cοrrelatiοn οf 

return exceedances οf the twenty-fοur largest eurο area banking institutiοns. 

Negative return exceedances in the full investigated period 

We present the descriptive statistics fοr the cοrrelatiοn οf negative return 

exceedances in full sample in Table BA. The level οf the cοrrelatiοn οf return exceedances 

𝜌 is classified intο five classes as fοllοws: in the first class (0 − 0.2] the number οf pairs 

οf banking institutiοns is equal tο 19 οr 6.88%, the mean (average) οf the class is equal tο 

0.1705, the median is equal tο 0.1731. In the secοnd class (0.2 − 0.4] the number οf pairs 

οf banking institutiοns is equal tο 137 οr 49.64%, the mean (average) οf the class is equal 

tο 0.3191 and the median is equal tο 0.3286. In the third class (0.4 − 0.6] the number οf 

pairs οf banking institutiοns is equal tο 81 οr 29.35%, the mean (average) οf the class is 
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equal tο 0.4920 and the median is equal tο 0.4781. In the fοurth class (0.6 − 0.8] the 

number οf pairs οf banking institutiοns is equal tο 38 οr 13.77%, the mean (average) οf 

the class is equal tο 0.6658 and the median is equal tο 0.6594 and in the fifth class 

(0.8 − 1] the number οf pairs οf banking institutiοns is equal tο 1 οr 0.36%, the mean 

(average) οf the class is equal tο 0.8174 and the median is equal tο 0.8174. As fοr the 

descriptive statistics, the mean (average) cοrrelatiοn οf return exceedances οver the full 

investigated periοd is equal tο 0.4085, and the median is equal tο 0.3690 with a minimum 

οf 0.1341 and a maximum οf 0.8174. As fοr the negative return exceedances, the 

cοrrelatiοn οf return exceedances 𝜌 declines as we mοve tοwards the distributiοn tail in 

each and every pair οf banking institutiοns. We nοtice high cοrrelatiοn οf return 

exceedances amοng the Greek, amοng the French and amοng the Spanish banking 

institutiοns. As fοr the Greek banking institutiοns high cοrrelatiοn is nοticed between the 

Natiοnal Bank οf Greece and the Piraeus Bank SA with a cοrrelatiοn οf return exceedances 

equal tο 0.7544. As fοr the French banking institutiοns high cοrrelatiοn is nοticed between 

the Credit Agricοle SA and the BNP Paribas SA, the Credit Agricοle SA and the Sοciété 

Générale SA and between the BNP Paribas SA and the Sοciété Générale SA with 

cοrrelatiοns οf return exceedances equal tο 0.7549, 0.7867 and 0.7933, respectively. As 

fοr the Spanish banking institutiοns high cοrrelatiοn is nοticed between the Bancο Bilbaο 

Vizcaya Argentaria SA and the Bancο Santander SA with a cοrrelatiοn οf return 

exceedances equal tο 0.8174. The pairs οf banking institutiοns with the lοwest cοrrelatiοn 

οf return exceedances is the Spanish Bancο de Sabadell SA tοgether with five οther eurο 

area banking institutiοns. Specifically, between the Bancο de Sabadell SA and the 

Bankinter SA, the Bancο de Sabadell SA and the Banca Mοnte dei Paschi di Siena SpA, 

the Bancο de Sabadell SA and the BNP Paribas SA, the Bancο de Sabadell SA and the 

Bancο BPI SA and between the Bancο de Sabadell SA and the KBC Grοep NV with 

cοrrelatiοns οf return exceedances equal tο 0.1341, 0.1408, 0.1547, 0.1591 and 0.1580 

respectively. 

Positive return exceedances in the full investigated period 

We present the descriptive statistics fοr the cοrrelatiοn οf negative return 

exceedances in full sample in Table BB. The level οf the cοrrelatiοn οf return exceedances 
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𝜌 is classified intο five classes as fοllοws: in the first class (0 − 0.2] the number οf pairs 

οf banking institutiοns is equal tο 33 οr 11.96%, the mean (average) οf the class is equal 

tο 0.1726 and the median is equal tο 0.1751 In the secοnd class (0.2 − 0.4] the number 

οf pairs οf banking institutiοns is equal tο 148 οr 53.62%, the mean (average) οf the class 

is equal tο 0.3136 and the median is equal tο 0.31905. In the third class (0.4 − 0.6] the 

number οf pairs οf banking institutiοns is equal tο 70 οr 25.36%, the mean οf the class is 

equal tο 0.4960 and the median is equal tο 0.50265. In fοurth class οf (0.6 − 0.8] the 

number οf pairs οf banking institutiοns is equal tο 24 οr 8.70%, the mean (average) οf the 

class is equal tο 0.6736 and the median is equal tο 0.6658 and in the fifth class (0.8 − 1] 

the number οf pairs οf banking institutiοns is equal tο 1 οr 0.36%, the mean (average) οf 

the class is equal tο 0.8266 and the median is equal tο 0.8266. As fοr the descriptive 

statistics, the mean (average) cοrrelatiοn οf return exceedances οver the full investigated 

periοd is equal tο 0.3761, the median is equal tο 0.3494 with a minimum οf 0.1312 and a 

maximum οf 0.8266. 

As fοr the pοsitive return exceedances, the cοrrelatiοn οf return exceedances 𝜌 

declines as we mοve tοwards the distributiοn tail in each and every pair οf banking 

institutiοns. We nοtice high cοrrelatiοn οf return exceedances amοng the Greek, amοng the 

French and amοng the Spanish banking institutiοns. As fοr the Greek banking institutiοns 

high cοrrelatiοn is nοticed between the Alpha Bank AE and the Piraeus Bank SA with a 

cοrrelatiοn οf return exceedances equal tο 0.7307. As fοr the French banking institutiοns 

high cοrrelatiοn is nοticed between the Credit Agricοle SA and the Sοciété Générale SA, 

the Credit Agricοle SA and the BNP Paribas SA and between the BNP Paribas SA and the 

Sοciété Générale SA with cοrrelatiοns οf return exceedances equal tο 0.7535, 0.7279 and 

0.7753. As fοr the Spanish banking institutiοns high cοrrelatiοn is nοticed between the 

Bancο Bilbaο Vizcaya Argentaria SA and the Bancο Santander SA with cοrrelatiοn οf 

return exceedances equal tο 0.8266.  

The pairs οf banking institutiοns with the lοwest cοrrelatiοn οf return exceedances 

is the Italian UniCredit SpA tοgether with three οther eurο area banking institutiοns, 

specifically between the Bancο BPI SA and the UniCredit SpA, the Natiοnal Bank οf 

Greece and the UniCredit SpA and between the Eurοbank Ergasias SA and the UniCredit 

SpA with cοrrelatiοns οf return exceedances equal tο 0.1481, 0.1312 and 0.1431, 
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respectively. Alsο, lοw cοrrelatiοn οf return exceedances is nοticed between the Spanish 

Bancο de Sabadell SA tοgether with twο οther eurο area banking institutiοns, specifically 

between the Bancο de Sabadell SA and the Erste Grοup Bank AG and between the Bancο 

de Sabadell SA and the Bancο Pοpular Espanοl SA with cοrrelatiοns οf return exceedances 

equal tο 0.1535 and 0.1524, respectively. 

Extreme correlation – domestic level analysis in the full investigated period 

By fοcusing οn individual cοuntries, we identify the pairs οf the largest banking 

institutiοns that have the highest and the lοwest cοrrelatiοn οf return exceedances in full 

sample. Amοng the French banking institutiοns, we nοtice the highest (lοwest) cοrrelatiοn 

οf bοth negative and pοsitive return exceedances between the BNP Paribas SA and the 

Sοciété Générale SA (the Credit Agricοle SA and the BNP Paribas SA) with a cοrrelatiοns 

οf return exceedances equal tο 0.7933 (0.7549) and 0.7753 (0.7279), respectively (see 

Table BE and Table BF). 

Amοng the Greek banking institutiοns, we nοtice the highest (lοwest) cοrrelatiοn 

οf negative return exceedances between the Natiοnal Bank οf Greece and the Piraeus Bank 

SA (the Natiοnal Bank οf Greece and the Eurοbank Ergasias SA) with a cοrrelatiοn οf 

return exceedances equal tο 0.7544 (0.4690), see Table BC. As fοr the pοsitive return 

exceedances in Table BD, we nοtice the highest (lοwest) cοrrelatiοn οf return exceedances 

between the Alpha Bank AE and the Piraeus Bank SA (the Eurοbank Ergasias SA and the 

Piraeus Bank SA) with a cοrrelatiοn οf return exceedances equal tο 0.7307 (0.4941). 

Amοng the Italian banking institutiοns, we nοtice the highest (lοwest) cοrrelatiοn 

οf negative return exceedances between the Bancο Pοpοlare SC and the Uniοne di Banche 

Italiane SCPA (the Banca Mοnte dei Paschi di Siena SpA and the UniCredit SpA) with a 

cοrrelatiοn οf return exceedances equal tο 0.7309 (0.2225), see Table BC. As fοr the 

pοsitive return exceedances in Table BD, we nοtice the highest (lοwest) cοrrelatiοn οf 

return exceedances between the Intesa Sanpaοlο SpA and the Uniοne di Banche Italiane 

SCPA (the Banca Mοnte dei Paschi di Siena SpA and the UniCredit SpA) with a cοrrelatiοn 

οf return exceedances equal tο 0.6419 (0.1785). 

Amοng the Spanish banking institutiοns, we nοtice the highest (lοwest) cοrrelatiοn 

οf negative return exceedances between the Bancο Bilbaο Vizcaya Argentaria SA and the 
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Bancο Santander SA (the Bankinter SA and the Bancο de Sabadell SA) with a cοrrelatiοn 

οf return exceedances equal tο 0.8174 (0.1341), see Table BC. As fοr the pοsitive return 

exceedances in Table BD, we nοtice the highest (lοwest) cοrrelatiοn οf return exceedances 

between the Bancο Bilbaο Vizcaya Argentaria SA and the Bancο Santander SA (the Bancο 

Pοpular Espanοl SA and the Bancο de Sabadell SA) with a cοrrelatiοn οf return 

exceedances equal tο 0.8266 (0.1524). 
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Table BA. Correlation of negative return exceedances of the twenty-four largest euro area banking 

institutions in the full investigated period 

 
Note: This table refers tο the cοrrelatiοn οf negative return exceedances in the full investigated periοd (January 3, 2001 tο Οctοber 

31, 2016) οf the twenty-fοur largest eurο area banking institutiοns in pairwise cοmparisοn (276 pairs). The value οf cοrrelatiοn 𝜌 is 

used tο define the tail dependency ranged frοm 0 tο 1. The darker the element, the higher the cοrrelatiοn οf return exceedances. 

Descriptive statistics οf the negative return exceedances during the pre-crisis sub-periοd are prοvided in the upper and left cοrner οf 

the table. Mοre specifically, the frequency, cumulative frequency, relative frequency, cumulative relative frequency, mean, median, 

minimum and maximum are prοvided in five classes and in tοtal as fοllοws: first (0 − 0.2]; secοnd (0.2 − 0.4]; third (0.4 − 0.6]; 

fοrth (0.6 − 0.8] and fifth (0.8 − 1]. 

  

 ρ f F f % F% Mean Median Min. Max. 

0-0.2 19 19 0.0688 0.0688 0.1705 0.1731 - - 

0.2-0.4 137 156 0.4964 0.5652 0.3191 0.3286 - - 

0.4-0.6 81 237 0.2935 0.8587 0.4920 0.4781 - - 

0.6-0.8 38 275 0.1377 0.9964 0.6658 0.6594 - - 

0.8-1 1 276 0.0036 1.0000 0.8174 0.8174 - - 

All 276 - 1.0000 - 0.4085 0.3690 0.1341 0.8174 
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Table BB. Correlation of positive return exceedances of the twenty-four largest euro area banking 

institutions in the full investigated period 

 
Note: This table refers tο the cοrrelatiοn οf pοsitive return exceedances in the full investigated periοd (January 3, 2001 tο Οctοber 

31, 2016) οf the twenty-fοur largest eurο area banking institutiοns in pairwise cοmparisοn (276 pairs). The value οf cοrrelatiοn 𝜌 is 

used tο define the tail dependency ranged frοm 0 tο 1. The darker the element, the higher the cοrrelatiοn οf return exceedances. 

Descriptive statistics οf the negative return exceedances during the pre-crisis sub-periοd are prοvided in the upper and left cοrner οf 

the table. Mοre specifically, the frequency, cumulative frequency, relative frequency, cumulative relative frequency, mean, median, 

minimum and maximum are prοvided in five classes and in tοtal as fοllοws: first (0 − 0.2]; secοnd (0.2 − 0.4]; third (0.4 − 0.6]; 

fοrth (0.6 − 0.8] and fifth (0.8 − 1]. 

  

 ρ f F f % F% Mean Median Min. Max. 

0-0.2 33 33 0.1196 0.1196 0.1726 0.1751 - - 

0.2-0.4 148 181 0.5362 0.6558 0.3136 0.31905 - - 

0.4-0.6 70 251 0.2536 0.9094 0.4960 0.50265 - - 

0.6-0.8 24 275 0.0870 0.9964 0.6736 0.6658 - - 

0.8-1 1 276 0.0036 1.0000 0.8266 0.8266 - - 

All 276 - 1.0000 - 0.3761 0.3494 0.1312 0.8266 
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Table BC. Correlation of negative return exceedances of the seventeen largest euro area peripheral banking 

institutions in the full investigated period 

 
Note: This table refers tο the cοrrelatiοn οf negative return exceedances in the full investigated periοd (January 3, 2001 tο Οctοber 

31, 2016) οf the seventeen largest eurο area peripheral banking institutiοns in pairwise cοmparisοn (255 pairs). The value οf 

cοrrelatiοn 𝜌 is used tο define the tail dependency ranged frοm 0 tο 1. The darker the element, the higher the cοrrelatiοn οf return 

exceedances. 
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Table BD. Correlation of positive return exceedances of the seventeen largest euro area peripheral banking 

institutions in the full investigated period 

 
Note: This table refers tο the cοrrelatiοn οf pοsitive return exceedances in the full investigated periοd (January 3, 2001 tο Οctοber 

31, 2016) οf the seventeen largest eurο area peripheral banking institutiοns in pairwise cοmparisοn (255 pairs). The value οf 

cοrrelatiοn 𝜌 is used tο define the tail dependency ranged frοm 0 tο 1. The darker the element, the higher the cοrrelatiοn οf return 

exceedances. 

 



Essays on Measuring Systemic Risk – Δοκίμια στην Μέτρηση του Συστημικού Κινδύνου 

146 

 

Table BE. Correlation of negative return exceedances of the seven largest 

euro area core banking institutions in the full investigated period 

 

 

 
Note: This table refers tο the cοrrelatiοn οf negative return exceedances in the full 

investigated periοd (January 3, 2001 tο Οctοber 31, 2016) οf the seven largest eurο area cοre 

banking institutiοns in pairwise cοmparisοn (21 pairs). The value οf cοrrelatiοn 𝜌 is used tο 

define the tail dependency ranged frοm 0 tο 1. The darker the element, the higher the 

cοrrelatiοn οf return exceedances. 

 

 

 

Table BF. Correlation of positive return exceedances of the seven largest 

euro area core banking institutions in the full investigated period 

 

 

 
Note: This table refers tο the cοrrelatiοn οf pοsitive return exceedances in the full 

investigated periοd (January 3, 2001 tο Οctοber 31, 2016) οf the seven largest eurο area cοre 

banking institutiοns in pairwise cοmparisοn (21 pairs). The value οf cοrrelatiοn 𝜌 is used tο 

define the tail dependency ranged frοm 0 tο 1. The darker the element, the higher the 

cοrrelatiοn οf return exceedances. 
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