
 
 
 

 
 

 
 
 
 
 
 

 
 

Bank and Sovereign Risk: The Case of  
European Economic and Monetary Union 

 
Manish Singh 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
ADVERTIMENT. La consulta d’aquesta tesi queda condicionada a l’acceptació de les següents condicions d'ús: La difusió 
d’aquesta tesi per mitjà del servei TDX (www.tdx.cat) i a través del Dipòsit Digital de la UB (diposit.ub.edu) ha estat 
autoritzada pels titulars dels drets de propietat intelꞏlectual únicament per a usos privats emmarcats en activitats 
d’investigació i docència. No s’autoritza la seva reproducció amb finalitats de lucre ni la seva difusió i posada a disposició 
des d’un lloc aliè al servei TDX ni al Dipòsit Digital de la UB. No s’autoritza la presentació del seu contingut en una finestra 
o marc aliè a TDX o al Dipòsit Digital de la UB (framing). Aquesta reserva de drets afecta tant al resum de presentació de 
la tesi com als seus continguts. En la utilització o cita de parts de la tesi és obligat indicar el nom de la persona autora. 
 
 
ADVERTENCIA. La consulta de esta tesis queda condicionada a la aceptación de las siguientes condiciones de uso: La 
difusión de esta tesis por medio del servicio TDR (www.tdx.cat) y a través del Repositorio Digital de la UB (diposit.ub.edu) 
ha sido autorizada por los titulares de los derechos de propiedad intelectual únicamente para usos privados enmarcados en 
actividades de investigación y docencia. No se autoriza su reproducción con finalidades de lucro ni su difusión y puesta a 
disposición desde un sitio ajeno al servicio TDR o al Repositorio Digital de la UB. No se autoriza la presentación de su 
contenido en una ventana o marco ajeno a TDR o al Repositorio Digital de la UB (framing). Esta reserva de derechos afecta 
tanto al resumen de presentación de la tesis como a sus contenidos. En la utilización o cita de partes de la tesis es obligado 
indicar el nombre de la persona autora. 
 
 
WARNING. On having consulted this thesis you’re accepting the following use conditions:  Spreading this thesis by the TDX 
(www.tdx.cat) service and by the UB Digital Repository (diposit.ub.edu) has been authorized by the titular of the intellectual 
property rights only for private uses placed in investigation and teaching activities. Reproduction with lucrative aims is not 
authorized nor its spreading and availability from a site foreign to the TDX service or to the UB Digital Repository. Introducing 
its content in a window or frame foreign to the TDX service or to the UB Digital Repository is not authorized (framing). Those 
rights affect to the presentation summary of the thesis as well as to its contents. In the using or citation of parts of the thesis 
it’s obliged to indicate the name of the author. 



PhD in Economics

M
an

is
h

 S
in

gh
P

hD
 in

 E
co

no
m

ic
s

Manish Singh

Bank and Sovereign Risk: 
The Case of European Economic 
and Monetary Union

20
18



Thesis title:

PhD student:

Manish Singh

Advisors:

Marta Gómez-Puig
Simón Sosvilla-Rivero

Date:
March 2018

PhD in Economics

Bank and Sovereign Risk: 
The Case of European Economic 
and Monetary Union





For
my mother, Sheela,

whose candid love and patience,
I admire

&
Madhu didi,

with you,
I always feel like I have just been born

v





Acknowledgements

Ever since the day I convinced myself to commence graduate studies in economics,
my thesis advisers Marta Gómez-Puig and Simón Sosvilla-Rivero have always been
there to encourage and help me. Without their guidance, not only characterized
by their interest in research but also by their flexibility, open-mindedness and in
particular their interest in my well-being, this thesis would never have been written.
While my name is alone on the front cover, it is very much a joint research. Needless
to say, my gratitude to Marta and Simón is deep.

I am also in great debt to Madhu Singh, Kamal Kant Jain and Silvia Maria who
have generously spent countless hours encouraging and listening to my ideas and
discussing them in detail. Their love for life, openness and critical opinion were
very valuable.

Furthermore, I have benefited from discussions with Edgar Cruz, Jose Luis, Paola
Rocchi, Ferran, and seminar participants at the Department of Economic Theory,
University of Barcelona. Special thanks are due to Fernando Fernández-Rodríguez
for helping and scrutinizing my papers. With his usual excellence, Jordi has always
assisted me with various administrative details throughout the years. Thanks are
due to Montserrat Guillen at the RiskCenter for her help in arranging financial sup-
port. I am also grateful to the faculty, staff and graduate students at the School of
Economics, University of Barcelona.

During the academic year 2015-16, I had the opportunity to visit the Research
Unit on Complexity and Economics, University of Lisbon. The visit greatly spurred
my interest in financial economics and I wish to thank Prof. Antonio Afonso for his
generous hospitality.

Generous financial support from University of Barcelona, Banco Sabadell Foun-
dation and Spanish Ministry of Education and Competitiveness is gratefully ac-
knowledged.

And last but not the least, I would like to thank my family, especially my wife
Sneha, who has shown exceptional resilience and patience in dealing with the ups
and downs especially in the last two years. Unfortunately my father did not have the
chance to see me finish my thesis but, I hope he must be feeling proud. Finally, this
thesis is dedicated to my mother, Sheela Singh, and sister, Madhu Singh, who has
always encouraged and supported me throughout my career. I sincerely appreciate
their critical and honest assessment of my actions.

Barcelona in March, 2018
Manish Kumar Singh

vii





Contents

1 Introduction 1
1.1 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Summary of the thesis . . . . . . . . . . . . . . . . . . . . . . . . 3

2 Bank risk behaviour and connectedness in EMU countries 7
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.2 Choice of risk indicator . . . . . . . . . . . . . . . . . . . . . . . . 11

2.2.1 Calculation methodology . . . . . . . . . . . . . . . . . . . 12
2.3 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.4 Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.4.1 Does aDtD provide information regarding risk buildup? . . 18
2.4.2 Does aDtD render utile insights into market sentiments? . . 21
2.4.3 Can aDtD perform better than regulatory measure of pru-

dential risk? . . . . . . . . . . . . . . . . . . . . . . . . . . 23
2.5 Connectedness among countries banking risk . . . . . . . . . . . . 27

2.5.1 Correlation measures . . . . . . . . . . . . . . . . . . . . . 27
2.5.2 Granger causality . . . . . . . . . . . . . . . . . . . . . . . 28
2.5.3 Diebold-Yilmaz connectedness measure . . . . . . . . . . . 28

2.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

3 Sovereigns and banks in the euro area: a tale of two crises 41
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
3.2 Sovereign/bank linkages . . . . . . . . . . . . . . . . . . . . . . . 46
3.3 Assessing banking and sovereign risk . . . . . . . . . . . . . . . . 47

3.3.1 Bank risk indicator . . . . . . . . . . . . . . . . . . . . . . 47
3.3.2 Sovereign risk indicator . . . . . . . . . . . . . . . . . . . 48

3.4 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
3.4.1 Banking sector risk measure . . . . . . . . . . . . . . . . . 50
3.4.2 Sovereign risk measure . . . . . . . . . . . . . . . . . . . . 50
3.4.3 Data anlaysis . . . . . . . . . . . . . . . . . . . . . . . . . 51

3.5 Econometric methodology . . . . . . . . . . . . . . . . . . . . . . 51
3.5.1 Testing procedure . . . . . . . . . . . . . . . . . . . . . . . 53

ix



Contents

3.5.2 Application . . . . . . . . . . . . . . . . . . . . . . . . . . 55
3.6 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

3.6.1 Pre-crisis stages . . . . . . . . . . . . . . . . . . . . . . . . 59
3.6.2 Crisis stages . . . . . . . . . . . . . . . . . . . . . . . . . 66
3.6.3 Pre-crisis vs crisis period: In comparison . . . . . . . . . . 70

3.7 Concluding remarks . . . . . . . . . . . . . . . . . . . . . . . . . . 71

4 Incorporating creditors’ seniority into contingent claim models 79
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
4.2 Literature review on traditional sovereign credit risk measures . . . 83
4.3 An overview of CCA . . . . . . . . . . . . . . . . . . . . . . . . . 86

4.3.1 Application of CCA balance-sheet approach for firms . . . . 87
4.3.2 Application of CCA balance-sheet approach for emerging

market sovereigns . . . . . . . . . . . . . . . . . . . . . . 89
4.4 The modified approach: Application to EA countries . . . . . . . . 91

4.4.1 Why is there a need for modification? . . . . . . . . . . . . 91
4.4.2 Discussion on the seniority of EA sovereigns’ liabilities . . 91
4.4.3 Classification of creditors according to their place of resi-

dence and their institutional characteristics . . . . . . . . . 94
4.4.4 Application to EA . . . . . . . . . . . . . . . . . . . . . . 95

4.5 Data and methodology . . . . . . . . . . . . . . . . . . . . . . . . 95
4.5.1 Data description . . . . . . . . . . . . . . . . . . . . . . . 95
4.5.2 Methodology . . . . . . . . . . . . . . . . . . . . . . . . . 98

4.6 Stylized facts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
4.6.1 Commonalities within sovereign DtD indices . . . . . . . . 102
4.6.2 Commonalities and differences with regard to other sovereign

risk measures . . . . . . . . . . . . . . . . . . . . . . . . . 103
4.7 Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

4.7.1 Correlations . . . . . . . . . . . . . . . . . . . . . . . . . . 110
4.7.2 Granger-causality . . . . . . . . . . . . . . . . . . . . . . . 112
4.7.3 Generalized Impulse-Response Functions (GIRF) . . . . . . 113
4.7.4 Diebold-Yilmaz connectedness measure . . . . . . . . . . . 118
4.7.5 Regression analysis . . . . . . . . . . . . . . . . . . . . . . 120

4.8 Concluding remarks . . . . . . . . . . . . . . . . . . . . . . . . . . 129

5 Revisiting the sovereign-bank linkages: Evidence from contingent
claims analysis 139
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140

x



Contents

5.2 Interconnection between sovereign and banking institutions: A sim-
ple conceptual framework . . . . . . . . . . . . . . . . . . . . . . . 142
5.2.1 Why does financial interconnection arise? Channels of in-

terconnection . . . . . . . . . . . . . . . . . . . . . . . . . 143
5.3 Literature: Direct and indirect linkages between sovereigns and banks145

5.3.1 Sovereign-bank linkage . . . . . . . . . . . . . . . . . . . . 145
5.3.2 Bank-bank linkage . . . . . . . . . . . . . . . . . . . . . . 147
5.3.3 Sovereign-sovereign linkage . . . . . . . . . . . . . . . . . 148

5.4 Bank and sovereign risk indicators: Data and preliminary analysis . 149
5.4.1 Banking sector risk measures . . . . . . . . . . . . . . . . . 149
5.4.2 Sovereign risk measures . . . . . . . . . . . . . . . . . . . 153
5.4.3 Cross-correlations between sovereign and banking sector risk157

5.5 Methodology: Assessing interconnection . . . . . . . . . . . . . . . 158
5.5.1 Principal component analysis . . . . . . . . . . . . . . . . 160
5.5.2 Granger causality . . . . . . . . . . . . . . . . . . . . . . . 161
5.5.3 Diebold-Yilmaz’s connectedness measure . . . . . . . . . . 162

5.6 Empirical results . . . . . . . . . . . . . . . . . . . . . . . . . . . 162
5.6.1 Principal components analysis (PCA) . . . . . . . . . . . . 162
5.6.2 Interconnection based on Granger causality . . . . . . . . . 166
5.6.3 Diebold-Yilmaz’s connectedness index . . . . . . . . . . . 172

5.7 Concluding remarks . . . . . . . . . . . . . . . . . . . . . . . . . . 176

6 Concluding remarks 183

xi





List of Tables

2.1 Description of variables . . . . . . . . . . . . . . . . . . . . . . . . 15
2.2 List of banks (by country) . . . . . . . . . . . . . . . . . . . . . . . 17
2.3 National financial indicators . . . . . . . . . . . . . . . . . . . . . 22
2.4 Correlations between aDtDs and national financial indicators . . . 23
2.5 Cross correlation of EMU-aDtDs with ECB indicators . . . . . . . 25
2.6 Granger causality between EMU-aDtDs and ECB indicators . . . . 26
2.7 Correlations among aggregate DtD indices . . . . . . . . . . . . . . 27
2.8 Schematic connectedness table . . . . . . . . . . . . . . . . . . . . 30
2.9 Connectedness among country-wise banking risk - aDtD . . . . . . 33
2.10 Connectedness among country-wise banking risk - aDtD . . . . . . 34

3.1 Evolution of episodes of causality intensification: Pre-crisis period . 58
3.2 Evolution of episodes of causality intensification: Crisis period . . . 59
3.3 List of SIBs in individual countries . . . . . . . . . . . . . . . . . . 60
3.4 Evolution of episodes of causality intensification between SIBs and

sovereign risk. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
3.5 Government support measures for financial institutions (October

2008-May 2010) . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

4.1 Accounting balance sheet for the sovereign (combined government
and monetary authorities) . . . . . . . . . . . . . . . . . . . . . . . 89

4.2 Priority structure of sovereign liabilities . . . . . . . . . . . . . . . 96
4.3 Descriptive statistics for sovereign Distance-to-Default (DtD) indi-

cators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
4.4 Correlations among sovereign DtD indicators . . . . . . . . . . . . 102
4.5 Correlations among individual sovereign DtD indicators . . . . . . 103
4.6 Descriptive statistics for other comparable sovereign risk indicators 108
4.7 Country-wise correlations among comparable sovereign risk indi-

cators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
4.8 Principal component analysis result (2008Q4-2016Q3) . . . . . . . 110
4.9 Correlation between sovereign DtD and sovereign yield spreads . . 113
4.10 Granger causality test (Wald test probabilities) . . . . . . . . . . . . 114

xiii



List of Tables

4.11 Country-wise net pairwise directional connectedness among sovereign
risk indicators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

4.12 Variables that measure macroeconomic fundamentals and market
sentiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

4.13 Regression results - Sovereign DtDs as dependent variable . . . . . 124
4.14 Regression results - Sovereign CDS as dependent variable . . . . . 125
4.15 Regression results - Sovereign yield spreads as dependent variable . 126
4.16 Regression results - Sovereign credit ratings as dependent variable . 127
4.17 Predictive power and relative contributions of the explanatory vari-

ables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128

5.1 Description of variables . . . . . . . . . . . . . . . . . . . . . . . . 149
5.2 List of banks with CDS spreads available in Datastream (by country) 151
5.3 Summary statistics of banking sector risk measures . . . . . . . . . 152
5.4 Correlations between banking sector risk measures . . . . . . . . . 153
5.5 Summary statistics of sovereign risk measures . . . . . . . . . . . . 156
5.6 Correlations between different sovereign risk measures . . . . . . . 157
5.7 Country-wise cross-correlations between sovereign and banking risk

indicators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
5.8 Principal component analysis results . . . . . . . . . . . . . . . . . 163
5.9 Connectedness based on principal component analysis . . . . . . . 165
5.10 Degree of Granger causality (DGC) based on static Granger causal-

ity linkages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
5.11 Episodes of causality intensification . . . . . . . . . . . . . . . . . 172
5.12 Total connectedness between banking and sovereign risk indicators . 174

xiv



List of Figures

2.1 Size distribution of banks in each EMU country . . . . . . . . . . . 9
2.2 Economic dependence and home bias . . . . . . . . . . . . . . . . 10
2.3 ISO-DtD curves . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.4 No of banks used every period for each country . . . . . . . . . . . 16
2.5 Country level aDtD . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.6 Country-wise indices . . . . . . . . . . . . . . . . . . . . . . . . . 20
2.7 Equity index and aDtD during the crisis . . . . . . . . . . . . . . . 21
2.8 Linkages based on Granger causality tests . . . . . . . . . . . . . . 29
2.9 Net directional connectedness among aDtDs . . . . . . . . . . . . 32

3.1 Country-wise banking sector aDtD and average CDS spreads . . . 49
3.2 Country-wise banking sector aDtD and 10Y sovereign yield spreads 52
3.3 Time-varying causality between sovereign and banking risk in EMU

peripheral countries, 2005:Q2-2013:Q3 . . . . . . . . . . . . . . . 56
3.4 Time-varying causality between sovereign and banking risk in EMU

core countries, 2005:Q2-2013:Q3 . . . . . . . . . . . . . . . . . . 57
3.5 Time-varying causality between sovereign and SIBs in EMU pe-

ripheral countries, 2005:Q2-2013:Q3 . . . . . . . . . . . . . . . . . 61
3.6 Time-varying causality between sovereign and SIBs in EMU core

countries, 2005:Q2-2013:Q3 . . . . . . . . . . . . . . . . . . . . . 62
3.7 Country wise major crisis events . . . . . . . . . . . . . . . . . . . 63
3.8 Major policy actions at EU level . . . . . . . . . . . . . . . . . . . 64

4.1 DtD vs Gross debt-to-GDP . . . . . . . . . . . . . . . . . . . . . . 97
4.2 DtD vs Bond price volatility . . . . . . . . . . . . . . . . . . . . . 99
4.3 DtD vs Non-resident holding of government debt . . . . . . . . . . 100
4.4 Sovereign DtD vs sovereign yield spreads . . . . . . . . . . . . . . 105
4.5 Sovereign DtD vs 5-year benchmark sovereign CDS spreads . . . . 106
4.6 Sovereign DtD vs sovereign credit rating . . . . . . . . . . . . . . 107
4.7 Principal components of sovereign DtD, CDS, yield spreads and

credit ratings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
4.8 Generalized IRFs: Sovereign DtD and sovereign yield spread . . . 115

xv



List of Figures

4.9 Generalized IRFs: Sovereign DtD and sovereign CDS spread . . . 116
4.10 Generalized IRFs: Sovereign DtD and sovereign credit rating . . . 117
4.11 Country-wise net pairwise directional connectedness among sovereign

risk indicators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

5.1 Direct linkages between sovereign and financial institutions . . . . . 143
5.2 Banking sector average CDS spreads vs Sovereign CDS spreads . . 146
5.3 Banking sector average DtD (BankDtD) vs Sovereign DtD (SovDtD)154
5.4 Banking sector equity index (BankEQU ) vs Sovereign yield spreads

(SovSPR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
5.5 PCA of the normalized indices of sovereign and banking sector

credit risk for peripheral euro area countries (2007Q1-2013Q2) . . . 162
5.6 PCA based on alternative sovereign and banking sector risk indices

for peripheral euro area countries . . . . . . . . . . . . . . . . . . . 166
5.7 Bi-directional bank-sovereign linkages using dynamic Granger causal-

ity (based on BankDtD and SovDtD indices) . . . . . . . . . . . 169
5.8 Bi-directional bank-sovereign linkages using dynamic Granger causal-

ity (based on SovCDS and BankCDS indices) . . . . . . . . . . . 170
5.9 Bi-directional bank-sovereign linkages using dynamic Granger causal-

ity (based on SovSPR and BankEQU indices) . . . . . . . . . . . 171
5.10 Country-wise net pairwise directional connectedness between sovereign

and banking sector risk indicators . . . . . . . . . . . . . . . . . . 175

xvi



1 Introduction

1.1 Motivation

“The early 1980s were a time of large budget deficits and increasing ratios of gov-
ernment debt to GDP for many of the OECD countries, prompting concerns that the
fiscal policies which led to such outcomes were not only unwise, but also unsus-
tainable. Assessing wisdom is not easy, however, and surely not an exercise which
can or should be reduced to the construction and examination of a few indicators.
Assessing sustainability, on the other hand, is a much less ambitious task and one
for which indicators are well suited.”

Olivier Blanchard et al., 1990

“Debt sustainability assessment: Mission impossible”
Charles Wyplosz, 2011

On September 15, 2008, I was hired as Counterparty Credit Risk Analyst at the
Legal, Risk and Credit division of Deutsche Bank. It was the same day that the
American bank Lehman Brothers filed for bankruptcy. Within the next fifteen days,
two more American banks - Washington Mutual and Wachovia collapsed, while
Goldman Sachs and JP Morgan Chase changed their status to bank holding com-
panies. By the end of the month, Irish banking system came to a halt. Ireland’s
government promised to underwrite the entire Irish banking system, a pledge that
they were ultimately unable to uphold.

Next month began with the collapse of Iceland’s three biggest commercial banks
- Glitnir, Kaupthing, and Landsbanki. To protect the British deposits, the UK used
anti-terror legislation to freeze the assets of the banks’ UK subsidiaries. Unable to
stop the panic, the British government ultimately bailed out several banks, including
the Royal Bank of Scotland, Lloyds TSB, and HBOS. In the coming weeks, I saw
the near nationalization/recapitalization of all major banks in Germany, France, the
Netherlands and Belgium. Some of the world’s largest and most prominent insti-
tutions failed or nearly failed during this global financial crisis. Regulators around
the world extended credit, guaranteed debt, and injected capital to mitigate the situ-
ation.
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1 Introduction

In the coming months, the focus shifted from banks to sovereigns, who have
started to, explicitly or implicitly, guarantee large portions of banks liabilities. The
mood became grim after George Papandreou’s socialist government was elected in
Greece in late 2009, and revealed that the hole in Greece’s finances was double of
what was previously feared. Greece was immediately downgraded to junk and was
later bailed out by the troika (the International Monetary Fund (IMF), the Euro-
pean Central Bank (ECB) and the European Commission), signalling the start of
the Eurozone debt crisis proper. While the US started on the road to recovery, the
European banking sector continued to face difficulties. Ireland and Portugal were
subsequently bailed out in 2011, while Spain and Italy were breathing only with
the help and support from the ECB (in 2012, Spain received financial assistance to
recapitalize its banking sector).

The political events that unfolded in the next couple of years especially in Eu-
rope were even more exciting. Countries that were euphoric about joining the euro
area (some even fudged their account to prove their willingness), became extremely
distraught. Snap elections and referendums became the norm for decision mak-
ing. Even the ardent supporters and founding members of European Union started
discussing the possibility of an exit route. Grexit, Gexit, and Brexit were openly
debated in media and public forums. I never imagined that a banking crisis origi-
nated across the Atlantic would send such shock waves that would destabilize the
very core of the European Union.

This thesis is an attempt on my part to understand the events that unfolded in the
euro area in the last ten years. At its very core was a banking crisis originated in late
2008 in the USA. The resulting aftermath took everyone’s attention and engulfed
the entire world finance. However, what captivated my attention was how little
focus had been placed on understanding and measuring risk build-up within bank or
sovereign finances. This dissertation comprising four essays specifically focuses on
the banking and sovereign credit risk measurement and their linkages across time.
I strongly feel that the key issue for research-based policymaking is measurement.
Regulators around the world must look for tools to monitor the build-up of risks
and analyse the negative externalities imposed by different market participants or
various transmission channels on the entire system.

This thesis makes two serious contributions. The first is the measurement of bank
and sovereign risk even when market based information on credit risk becomes un-
reliable or tainted with government or regulatory interventions. Under those cir-
cumstances, contingent claims analysis’ methodology can be applied to estimate a
forward-looking banking and sovereign credit risk measure which is flexible enough
to be modified to provide short, medium or long term term creditworthiness of banks
and sovereigns in euro area countries. The second major contribution is the ex-
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1.2 Summary of the thesis

amination of bank-sovereign linkages using our proposed indicators as measure of
credit risk.

Studies prior to us have usually relied on event study analysis, where a short
time window around the event was utilized with market based credit risk measures
to prove the validity of bank-sovereign nexus. However, their reliance on market-
based indices that lacked the required credibility as independent credit risk measures
did not give complete plausibility to their results. Using contingent claims analysis
as baseline framework for measuring risk in tail risk scenarios, we are able to ad-
dress some of those concern. A dynamic approach to test the time-varying relation-
ship using short-term fluctuations in the explanatory power of banks and sovereigns
credit risk and comparing the results with other market-based risk indices, provide
a robust estimate for bank-sovereign linkages.

1.2 Summary of the thesis

This thesis consists of four self-contained but related papers trying to uncover dif-
ferent aspects of banking and sovereign risk in the member countries of European
Economic and Monetary Union (EMU). From a methodological point of view, they
all have in common the contingent claims model from the theory of finance, which
is used to value call options on a stock.

The first paper, Bank risk behaviour and connectedness in EMU countries, stud-
ies the structural differences in banking sector and financial regulations at country
level to measure and analyse the banking sector risk behaviour. Deviating from the
current view, which in our opinion is excessively focused on Systemically Impor-
tant Financial Institutions (SIFIs), we introduce a micro approach to emphasise the
role of smaller financial institutions in build-up of risk. The paper starts with a dis-
cussion of the reasons that are needed to consider this choice. Contingent claims
analysis model is employed to calculate the risk of individual banks which is then
aggregated at country level. The remaining of the paper tries to highlight the in-
formation content of country level banking risk indices. It is shown that if banking
sector risk is calculated at country level using a bigger sample of banks, it can
provide a simple, convenient and intuitive forward looking risk measure. The risk
measures differentiate countries based on the structural differences in their financial
sectors and show strong correlations with national and regional market sentiment in-
dicators. They outperform the regulatory risk measures based at the European level
and the causal linkages run from them to the latter indicators, suggesting better
information content. And even though they have high correlations, causality and
connectedness tests reveal no systemic component.
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1 Introduction

The second paper, Sovereigns and banks in the euro area: a tale of two crises,
attempts to quantify the directional intensity of sovereign-bank linkages in the euro
area countries. To this end, we borrow the indicator of banking sector risk in each
country from the first paper, and use a traditional measure of sovereign risk (10-
year government yield spreads over Germany). The paper starts with the review of
channels via which banks and sovereigns are linked in a vicious cycle. We apply
a dynamic approach to testing for Granger causality between the two measures of
risk in each country, allowing us to check for episodes of significant and abrupt
increase in short-run causal linkages. The empirical results indicate that episodes of
causality intensification vary considerably in both directions over time and across
the different EMU countries. The directionality suggests the presence of causality
intensification, mainly from banks to sovereigns, in the crisis periods. Our findings
also present empirical evidence about the existence of an adverse feedback loop
between sovereigns and banks in some euro-area countries.

The third paper, Incorporating creditors’ seniority into contingent claim models:
Application to peripheral euro area countries, develops and uses a seniority struc-
ture of sovereign’s creditors to analyse the impact of sectoral distribution of debt
on the sovereign credit risk. Specifically, this paper highlights the role of multi-
lateral creditors (i.e., the ECB, IMF, ESM etc.) and their preferred creditor status
in explaining the sovereign default risk of peripheral euro area (EA) countries. In-
corporating lessons from sovereign debt crises in general, and from the Greek debt
restructuring in particular, we define the priority structure of sovereigns’ creditors
that is most relevant for peripheral EA countries in severe crisis episodes. This
new priority structure of creditors, together with the contingent claims methodol-
ogy, is then used to derive a set of sovereign credit risk indicators. In particular, the
sovereign distance-to-default indicator, proposed in this paper (which includes both
accounting metrics and market-based measures) aims to isolate sovereign credit risk
by using information from the public sector balance sheets to build it up. Analysing
and comparing it with traditional market-based measures of sovereign risk suggests
that the measurement and predictive ability of credit risk measures can be vastly
improved if we account for the changing composition of sovereigns’ balance sheet
risk based on creditors’ seniority.

In the last paper, Revisiting the sovereign-bank linkages: Evidence from contin-
gent claims analysis, we reconsider the sovereign-bank nexus as discussed in the
second paper to check the robustness of our findings. Using the banking sector risk
indicator developed in our first paper, together with the sovereign risk index build
in the third paper we re-inspect the bank-sovereign linkages. We use three differ-
ent statistical measures of interconnection based on principal components analysis,
Granger causality network and Diebold-Yilmaz’s connectedness index. We also
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1.2 Summary of the thesis

compare our results with alternative specifications using existing market-based in-
dicators of banking and sovereign risk. Our results suggest strong connectedness
and co-movement between country-level banking and sovereign risk indicators. We
also find evidence of an increasing role of idiosyncratic risk factors driving the
evolution of all risk indices in the post-crisis period, thus supporting the ‘wake-up
call hypothesis’ that the sensitivity of financial market participants to fundamental
differences increased during the crisis. Country-wise analysis of time-varying bi-
directional linkages using dynamic Granger-causality suggests the development of
a bank-sovereign doom loop in Spain corroborating for this country the findings of
our second paper. Connectedness analysis also suggest that increasingly the risk is
being driven away from market-based uncertainty to the idiosyncratic risk factors,
which are better captured by the contingent claim based indices.
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2 Bank risk behaviour and
connectedness in EMU countries

SUMMARY

Given the structural differences in banking sector and financial regulation at coun-
try level in European Economic and Monetary Union (EMU), this paper tries to
estimate the banking sector risk behavior at country level. Based on contingent
claim literature, it computes “Distance-to-default (DtD)” at bank level and analy-
ses the aggregate series at country level for a representative set of banks over the
period 2004-Q4 to 2013-Q2. The indices provide an intuitive, forward-looking and
timely risk measure having strong correlations with national/regional market senti-
ment indicators. An underlying trend exists but causality tests suggest no systemic
component. Cross-sectional differences in DtD suggests fragility in EMU coun-
tries 12-18 months prior to the crisis and better predictive ability than the regulatory
index based on large and complex banking institutions at European level. Further-
more, we explore the reasons for this divergence using VAR estimates.

Keywords: contingent claim analysis, Distance-to-default, banking risk
JEL Code: G01, G13, G21, G28

A joint work with Prof. Marta Gomez-Puig and Prof. Simon Sosvilla-Rivero based
on this chapter has been published as - Singh, M. K., Gómez-Puig, M., Sosvilla-
Rivero, S. (2015). Bank risk behavior and connectedness in EMU countries. Jour-
nal of International Money and Finance 57, 161-184.
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2 Bank risk behaviour and connectedness in EMU countries

2.1 Introduction

The 2007-08 financial crisis and the subsequent European sovereign debt crisis have
exacerbated the need to understand and monitor the bank risk behavior. Renewed at-
tention is being focused at the global scale to enhance and extend risk measurement
methodologies. The eurozone is no exception and the twin objective of the Euro-
pean Central Bank (ECB) - price and financial system stability - places a strong
emphasis on Systemically Important Financial Institutions (SIFI) but relies on indi-
vidual countries’ central banks to supervise smaller financial institutions.

This paper deviates from this current and in our view excessive focus and atten-
tion on detecting and monitoring risk at European banking level. We take a step
backward and introduce a micro approach to document and monitor the buildup of
banking sector risk at country level. Based on contingent claims literature, we cal-
culate “Distance-to-default (DtD)” at bank level and analyze the aggregate series at
country level for a representative set of banks over the period 2004-Q4 to 2013-Q2.
Conceivably, if regulators pay greater attention to country-specific buildups of risk
and their connectedness, they might take actions earlier to mitigate the extent and
impact of future crisis.

There are many reasons for this choice. First, the structure of the banking sector
within EMU countries varies considerably. In the case of Germany, Finland and
the Netherlands, total banking sector assets are relatively concentrated, while in
Italy, Greece, France and Austria, they are distributed quite equitably. Figure 2.1
summarizes this information by plotting the relative size of banking firms (by total
assets in 2010) in individual EMU countries, where the total asset of the biggest
bank in a particular country is normalized to one. Excessive asset concentration
lowers regulatory cost but makes countries vulnerable to the actions of individual
institutions.

Second, countries economic dependence on the banking sector varies drastically.1

Consider the case of Luxembourg, where the total financial assets under manage-
ment is roughly 25 times the Gross Domestic Product (GDP) at current prices while,
in Greece, Italy and Finland, this multiple is less than three (Figure 2.2a). In some
countries, all financial services are provided by banks, while in others there are
specialized mortgage, pension and insurance companies. Given the existence of de-
posit insurance at the national level, governments implicitly or explicitly guarantee
bank deposits; which in times of stress, can transfer huge contingent liabilities onto
sovereign’s balance sheets and bailing out may lead to the weakening of govern-
ment’s own position.

Third, the excessive home bias in European banks’ asset portfolios (Figure 2.2b)
1We consider total asset managed by banking firms as a proxy for relative economic dependence.
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2.1 Introduction

Figure 2.1: Size distribution of banks in each EMU country
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Notes: The figure shows the relative size of individual banks (by total assets in 2010) in each EMU
country in 2010. For simplicity, the total asset of the biggest bank in each country is normalized to
one. AT: Austria, BE: Belgium, ES: Spain, DE: Germany, FI: Finland, FR: France, GR: Greece, IE:

Ireland, IT: Italy, NL: The Netherlands, PT: Portugal, EMU: European Economic and Monetary
Union. Source: Bankscope.

creates a vicious circle for risk transfer between banks and sovereigns, which creates
perverse economic and political incentives for government to save domestic banks.
The existence of financial regulation at national level provides governments with the
means to pursue their own national interests. Also noteworthy is the home bias in
the private investors portfolio (Belke and Schneider (2013)) which aggravates this
problem further. Neighborhood effects, close connectedness with certain countries
and cross country differences in bailout strategy also motivate the monitoring of
bank risk at country level.

Given this background, the main objective of the paper is to document the evolu-
tion of country level banking risk indices. The central questions addressed here are:
(1) Does this risk measure provide useful information on the buildup of risk?; (2)
Does it render utile insights into market sentiments?; (3) Can it perform better than
regulatory measure of prudential risk?; and (4) Is there strong dependence among
countries banking sector?

As it turns out, country level DtDs are simple, convenient and intuitive forward
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2 Bank risk behaviour and connectedness in EMU countries

Figure 2.2: Economic dependence and home bias
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looking risk measures. The level ofDtD differentiates countries based on the struc-
tural differences in their financial sectors and shows strong correlations with na-
tional and regional market sentiments. The improved informational content helps
it outperform the regulatory risk measures based at European level and the causal
linkages run from aggregate country levelDtDs to Euro wide regulatory indicators.
The country level DtDs do show very high correlations but causality and connect-
edness tests reveal no systemic component. This supports our argument of the need
to measure risk indices at country level.

This paper contributes to the literature in several ways: (1) we use a novel bottom-
up approach to understanding systemic risk buildup in the banking sector and risk-
shifting behavior in EMU countries; (2) we use one of the most comprehensive
representative databases for the EMU financial sector; (3) we do not neglect the
banking sector of smaller countries, which may not be relevant at EMU level but
will be relevant at country level; and (4) to our knowledge, this is the first paper
which tries to establish a link between country-specific buildup of financial risk with
euro-wide aggregate risk indicators and national and regional market sentiments.

The rest of the paper is organized as follows. Section 2.2 reviews the prior litera-
ture that used different frameworks to understand bank fragility and justifies our se-
lection ofDtD as banking risk indicator. Section 2.3 describes the sample data used
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2.2 Choice of risk indicator

to construct, analyze and calibrate the individual and aggregate DtD series. Sec-
tion 2.4 first documents the behavior of returns, volatility and DtD for each EMU
country; it then analyses these behaviors jointly and presents some cross-sectional
econometric analysis to gauge the predictive ability and market association of the
country-specific DtD indicators. Section 2.5 documents the connectedness among
country level banking risk. Section 2.6 draws conclusions.

2.2 Choice of risk indicator

Based on the survey of the existing risk measure techniques, we employed three ba-
sic criteria for indicator selection. It should: (1) identify the existing balance sheet
fragility; (2) incorporate uncertainty using forward looking market measure; and
(3) provide quantifiable risk indicators to assess relative creditworthiness (Gapen
et al. (2005)). A comprehensive literature survey suggest that most of bank risk
indicators can be classified into two broad categories.

The first or the traditional approach to assess the risk of a firm are based on
the pure balance sheet data (see Altman (1968), Altman and Katz (1976), Kaplan
and Urwitz (1979), Ohlson (1980), Zmijewski (1984), Blume et al. (1998) among
others). Key accounting ratios are identified and using multivariate discriminant
or multinomial choice models, firm’s default probability is estimated. However
the consensus on the accuracy and stress prediction ability of these indicators are
relatively low.

These models have generally been criticized on three grounds: (1) the absence of
a underlying theoretical model; (2) the timeliness of the information;2 and (3) the
lack of uncertainty and forward-looking component. The selected methodologies
also introduce sample selection bias, generating inconsistent coefficient estimates
(e.g., Shumway (2001), Chava and Jarrow (2004), Thomas et al. (2012)).

The second approach is pure market based. These are indices determined directly
in the market place (e.g. stock prices, aggregate realized volatility, aggregate market
leverage, turbulence (a measure of excess volatility relative to market), liquidity
ratios and credit condition (e.g., credit default swaps)). Most of these measures
lack an underlying theoretical framework but the timely availability and continuous
incorporation of information helps improve the relative performance and predictive
ability in some cases (see Agarwal and Taffler (2008), Campbell et al. (2011), Gropp
et al. (2006), Jorion (2006), Vassalou and Yuhang (2004)).

2These models use information from financial statements which are based on past performance
and are available only at a quarterly or an annual frequency; thus, they fail to capture changes in the
financial conditions of the borrowing firm.
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2 Bank risk behaviour and connectedness in EMU countries

In between these measures lies the contingent claims based model (CCA) of Mer-
ton (1974) which provides a theoretical underpinning and answers some of these
criticisms. The basic model is based on the priority structure of balance sheet li-
abilities and uses the standard Black-Scholes option pricing formula to value the
junior claims as call option on firms’ value with the value of senior claims as de-
fault barrier. The structural underpinning and the combination of market-based and
accounting information helps obtain a comprehensive set of financial risk indica-
tors, e.g: DtD, probabilities of default, credit spreads, etc.

Additionally, this measure captures the current period instability (using volatil-
ity), a forward-looking component (using stock prices) and balance sheet mismatch
(using capital structure), in accordance with our requirements. It has been widely
applied to assess the ability of corporates, banks and sovereigns to service their debt.
Banking applications follow CCA by interpreting a bank’s equity as a call option on
its value given the limited liability of shareholders. This approach was further re-
fined by Vasicek (1984) and Crosbie and Bohn (2003) and is applied professionally
in Moody’s KMV to predict default.

TheDtD approach has been widely cited and reviewed by the International Mon-
etary Fund (IMF), European Central Bank (ECB) and Office of Federal Research
(OFR) as a tool for enhancing bank risk analysis. A number of applications of this
approach have been studied to analyze different dimensions of risk. Several pa-
pers have examined the usefulness of DtD as a tool for predicting corporate and
bank failure (Jessen and Lando (2015), Koutsomanoli-Filippakia and Mamatzakis
(2009), Qia et al. (2014), Kealhofer (2003), Oderda et al. (2003), Vassalou and
Yuhang (2004), Gropp et al. (2006), Harada et al. (2010), Thomas et al. (2012)).
They have found DtD to be a powerful measure to predict bankruptcy and rating
downgrades. Comparative analysis ofDtD (Hillegeist et al. (2004), Campbell et al.
(2008), Bharath and Shumway (2008), Vassalou and Yuhang (2004), Jessen and
Lando (2015) and Agarwal and Taffler (2008)) also suggests that DtD can be a
powerful proxy to determine default.

2.2.1 Calculation methodology

The foundation for this model lies with the structural model of default developed by
Black and Scholes (1973) and Merton (1974). Since equity is a junior claim to debt,
it can be modeled and calculated as a standard call option on the assets with exercise
price equal to the value of risky debt (also known in the literature as distress barrier
or default barrier).

The model uses no arbitrage conditions and assumes a frictionless market. The
stochastic process generating the firm’s assets return are described by the diffusion
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2.2 Choice of risk indicator

process with a constant variance per unit time (σA). Following standard literature,
we assume that financial distress and bankruptcy are costless.3 A firm has a simple
capital structure with N shares of common stock with market capital E and zero
coupon bonds with a face value of D with time to maturity T . The estimation
methodology is as follows.

We use the value conservation equation:

A= E+De−rT (2.1)

Given the assumption of assets distributed as a Generalized Brownian Motion,
the application of the standard Black-Scholes option pricing formula (Black and
Scholes (1973)) yields the closed-form expression:

E = AN(d1)− e−rTDN(d2) (2.2)

where r is the risk-free rate under risk-neutrality, and N(∗) is the cumulative
normal distribution. The values of d1 and d2 are expressed as:

d1 =
ln(AD ) + (r+ 0.5σ2A)T

σA
√
T

(2.3)

d2 = d1−σA
√
T (2.4)

The Merton model uses an additional equation that links the asset volatility σA
to the volatility of the bank’s equity σE by applying Ito’s Lemma:

σE =N(d1)
A

E
σA (2.5)

Using Eqs. 2.2 and 2.5, we obtain the implied asset value A and volatility σA, by
inverting the two relationships. Once numerical solutions for A and σA are found,
the T periods ahead DtD is calculated as:

DtD =
A−D
σAA

(2.6)

DtD can be interpreted as the number of standard deviations the value of a firm’s
asset is away from its default barrier. This standardization across firm size and
volatility can be used to rank firms in terms of their relative credit worthiness. The
three key inputs in calculating theDtD (market capitalization, debt, and the volatil-
ity of equity) implies that it can be influenced by the leverage ratio (debt/(equity +

debt)) and volatility of the firm. A higher value of DtD can be obtained either be-

3Here we assume that equity market price will reflect the cost of bankruptcy.
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2 Bank risk behaviour and connectedness in EMU countries

cause the leverage of the firm is low or because the volatility is low or both (Figure
2.3).

Figure 2.3: ISO-DtD curves
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Notes: The lines represent different values of DtD for varying combinations of leverage and equity
volatility.

As can be noted, at a fixed level of volatility and low levels of leverage, DtD
changes are small and insignificant for changes in leverage; while for a constant
level of leverage, DtD shows much sharper drops for changes in equity volatility.
This implies that more than leverage, it is equity volatility that has a greater influ-
ence in driving large changes in DtD (Thomas et al. (2012)). Note that here we do
not intend to improve the performance of this risk measure technique but aim to use
it more effectively in order to capture the banking sector fragility. This approach
will help supplement the existing methodologies that failed to capture vulnerabili-
ties prior to this crisis.

2.3 Data

The sample selection methodology is as follows: First, an exhaustive list of all listed
and delisted monetary financial institutions is selected from Bankscope4 database
(as on 10th February 2014). We obtain a total of 199 firms in western Europe.
Secondly, only firms whose shares were publicly listed and traded between the last

4It provides a comprehensive balance sheet data for financial companies.
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quarter of 2004 till the second quarter of 2013 and are headquartered in EMU coun-
tries are selected. Finally, credit institutions which are pure-play insurance, pension
or mortgage banks are removed. To formalize this decision, we use Datastream
as an additional source of information. The major reason for this exclusion is the
difference in liability structure and business model compared to banks. However it
does not mean that they are less risky to the financial system.

This choice also ensures that the selected banks share the same accounting cur-
rency. However, it does not mean that they have a similar exchange rate risk profile,
since the level of foreign currency exposure will depend on their respective as-
set profiles. The market-based data include daily observations of risk-free interest
rates, daily stock price and total outstanding share in public. The list of variables
and data sources are summarized in Table 2.1.

Table 2.1: Description of variables

Balance sheet variables
Variable Description Source

Total assets As reported in annual/interim reports Bankscope (Code 2025)
Short-term liabilities Deposits and short term funding Bankscope (Code 2030)
Total equity As reported in annual/interim reports Bankscope (Code 2055)

Daily market based variables
Variable Description Source

Risk-free interest rate Benchmark 10Y bond yield of country
where the bank headquarter is based

Thomson Datastream

Market capitalization Daily closing share price multiplied by to-
tal outstanding share in public

Thomson Datastream

Firms which were listed, delisted, nationalized or suffered any other relevant cor-
porate actions are considered in the data set until they stopped trading on public ex-
changes. Due to the varying number of corporate actions every quarter, the number
of firms in the sample changes over time, both for the full sample and for individ-
ual countries (Figure 2.4) though the core banks remains the same over time. They
have an aggregate weight of 78% at the beginning of 2006 and of 86% at the end
of it 2013-Q2. Therefore, we honestly do not think that changes in the bank sample
composition over time may have a relevant impact on the forecasting properties of
the dataset. The comprehensive list of firms used in this analysis is summarized in
Table 2.2.5 This detailed list of firms represents one of the best references for the

5The period for which each firm was traded is also available but is not presented here in order to
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2 Bank risk behaviour and connectedness in EMU countries

EMU banking sector.

Figure 2.4: No of banks used every period for each country
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Computation of individual DtD: DtD is not measured directly; it is recovered
implicitly from the balance sheet and market price of firm’s liabilities. For our
analysis we computeDtD at quarterly frequency. In practical terms, this means that
the balance sheet information has to be modified from its original quarterly, half-
yearly, or in few cases, yearly frequencies using cubic spline interpolation. Also the
real debt contracts are not all written with a single terminal date. To overcome this
problem, a common procedure used by Moody’s KMV (Vasicek (1984)) and also
employed here, is to adopt a one year horizon (T = 1), but to weight longer term
debt (maturity> 1 year) at only 50% of face value. The debt barrier (D) will then be
equal to the face value of short-term liabilities plus half of the long-term liabilities.
Equity value of the firm (E) is computed as the quarterly average of daily market
capitalization (number of common shares x share prices) while quarterly historical
volatility based on daily log-returns is taken as equity volatility (σE). The individual
DtD is then calibrated using the procedure outlined in Section 2.

Aggregating DtD series: In practice, the extension of DtD series as a system
wide indicator has two major difficulties: (1) At what level should they be aggre-
gated? Since we aim to focus on country level risk measurement in EMU, we would
aggregate the DtD at country level; and (2) How can individual banks’ data be ag-
gregated as a system-wide representation? Here we follow Saldias (2013), Harada

save space. This information is available from the authors upon request.
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Table 2.2: List of banks (by country)

AT - UniCredit Bank Austria AG (AT0000995006)* FR - Boursorama (FR0000075228)
AT - Erste Group Bank AG (AT0000652011) FR - Crédit Agricole du Morbihan (FR0000045551)
AT - Raiffeisen Bank International AG (AT0000606306) FR - Crédit Agricole Brie Picardie (FR0010483768)
BE - Dexia (BE0003796134) FR - Société Alsacienne de Développement et d’Expansion (FR0000124315)*
BE - KBC Groep NV (BE0003565737) GR - National Bank of Greece SA (GRS003003019)
DE - Landesbank Berlin Holding AG (DE0008023227)* GR - Piraeus Bank SA (GRS014003008)
DE - Hypothekenbank Frankfurt AG (DE0008076001)* GR - Eurobank Ergasias SA (GRS323003004)
DE - UniCredit Bank AG (DE0008022005)* GR - Alpha Bank AE (GRS015013006)
DE - Oldenburgische Landesbank (DE0008086000) GR - Marfin Investment Group (GRS314003005)
DE - Deutsche Postbank AG (DE0008001009) GR - Attica Bank SA-Bank of Attica SA (GRS001003003)
DE - UmweltBank AG (DE0005570808) GR - General Bank of Greece SA (GRS002003010)
DE - Hypo Real Estate Holding AG (DE0008027707)* IE - Depfa Bank Plc (IE0072559994)*
DE - HSBC Trinkaus & Burkhardt AG (DE0008115106) IE - Irish Bank Resolution Corp. Ltd. (IE00B06H8J93)*
DE - Deutsche Bank AG (DE0005140008) IE - Permanent TSB Plc (IE0004678656)*
DE - Commerzbank AG (DE000CBK1001) IE - Bank of Ireland (IE0030606259)
DE - Wüstenrot & Württembergische (DE0008051004) IE - Allied Irish Banks plc (IE0000197834)
DE - Comdirect Bank AG (DE0005428007) IT - UniCredit SpA (IT0004781412)
DE - Net-M Privatbank 1891 AG (DE0008013400)* IT - Intesa Sanpaolo (IT0000072618)
DE - Merkur-Bank KGaA (DE0008148206) IT - Banca Monte dei Paschi di Siena SpA (IT0001334587)
DE - Quirin Bank AG (DE0005202303) IT - Unione di Banche Italiane Scpa (IT0003487029)
ES - Banco Santander SA (ES0113900J37) IT - Banco Popolare Società Cooperativa (IT0004231566)
ES - Banco Bilbao Vizcaya Argentaria SA (ES0113211835) IT - Mediobanca SpA (IT0000062957)
ES - Caixabank, S.A. (ES0140609019) IT - Banca popolare dell’Emilia Romagna (IT0000066123)
ES - Bankia, SA (ES0113307021) IT - Banca Popolare di Milano SCaRL (IT0000064482)
ES - Banco de Sabadell SA (ES0113860A34) IT - Banca Carige SpA (IT0003211601)
ES - Banco Popular Espanol SA (ES0113790226) IT - Banca Popolare di Sondrio Societa Cooperativa per Azioni (IT0000784196)
ES - Caja de Ahorros del Mediterraneo (ES0114400007) IT - Credito Emiliano SpA-CREDEM (IT0003121677)
ES - Bankinter SA (ES0113679I37) IT - Credito Valtellinese Soc Coop (IT0000064516)
ES - Renta 4 Banco, S.A. (ES0173358039) IT - Banca popolare dell’Etruria e del Lazio Soc. coop. (IT0004919327)
FI - Pohjola Bank Plc (FI0009003222) IT - Credito Bergamasco (IT0000064359)
FI - Aktia Bank Plc (FI4000058870) IT - Banco di Sardegna SpA (IT0001005070)
FI - Alandsbanken Abp-Bank of Aland Plc (FI0009001127) IT - Banco di Desio e della Brianza SpA (IT0001041000)
FR - Crédit Agricole Sud Rhône Alpes (FR0000045346) IT - Banca Ifis SpA (IT0003188064)
FR - Paris Orléans SA (FR0000031684) IT - Banca Generali SpA (IT0001031084)
FR - Crédit Agricole de la Touraine et du Poitou (FR0000045304) IT - Banca Intermobiliare di Investimenti e Gestioni (IT0000074077)
FR - Credit Agricole Alpes Provence (FR0000044323) IT - Banca Popolare di Spoleto SpA (IT0001007209)
FR - Crédit Agricole Nord de France (FR0000185514) IT - Banca Profilo SpA (IT0001073045)
FR - Crédit Agricole d’Ile-de-France (FR0000045528) IT - Banca Finnat Euramerica SpA (IT0000088853)
FR - Crédit Agricole Loire Haute-Loire (FR0000045239) NL - SNS Reaal NV (NL0000390706)*
FR - Crédit Industriel et Commercial (FR0005025004) NL - RBS Holdings NV (NL0000301109)*
FR - Banque Tarneaud (FR0000065526)* NL - ING Groep NV (NL0000303600)
FR - Caisse régionale de Crédit Agricole Mutuel de Normandie-
Seine (FR0000044364)

NL - Delta Lloyd NV-Delta Lloyd Group (NL0009294552)

FR - Caisse Régionale de Crédit Agricole Mutuel du Languedoc
(FR0010461053)

NL - Van Lanschot NV (NL0000302636)

FR - Natixis (FR0000120685) NL - BinckBank NV (NL0000335578)
FR - Crédit Agricole de l’Ille-et-Vilaine (FR0000045213) PT - Montepio Holding SGPS SA (PTFNB0AM0005)*
FR - Crédit Agricole d’Aquitaine (FR0000044547)* PT - Banco Comercial Português, SA (PTBCP0AM0007)
FR - Société Générale (FR0000130809) PT - Banco Espirito Santo SA (PTBES0AM0007)
FR - Crédit Agricole S.A. (FR0000045072) PT - Banco BPI SA (PTBPI0AM0004)
FR - BNP Paribas (FR0000131104) PT - BANIF, SA (PTBAF0AM0002)

Notes: Parenthesis contains the ISIN (International Securities Identification Number), an asterisk (*)
mark represents companies which got delisted during the study period. SIFI are indicated in italics
(based on Bank of International Settlements G-SIBs as of November 2014).

and Ito (2008) and Harada et al. (2010), and take the simple cross-sectional equal-
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2 Bank risk behaviour and connectedness in EMU countries

weighted average at each point in time for all banks headquartered in a particular
country as the aggregated risk measure. The simple average DtD for country i at
time t is represented by aDtDi,t:

aDtDi,t = (1/N)
N

∑
j=1

DtDj,t (2.7)

where DtDj,t is the individual DtD for firm j at time t having headquarter in
country i.

This aggregation approach offers relative risk measures and is very attractive in
terms of policy advice. However, this methodology has two major drawbacks. First,
it ignores the latest modifications in DtD measurements to improve its relative
performance (see Jessen and Lando (2015), Gray and Malone (2008) and Saldias
(2013)). Since our focus is not on performance improvement of DtD, we took the
most basic and intuitive measure to understand bank risk. Secondly, it does not
incorporate the joint distribution properties (see Gray et al. (2007), Gray and Jobst
(2010), Duggar and Mitra (2007), Gray et al. (2010) and Jobst and Gray (2013)).
Since our aim here is to evaluate the underlying linkages among country level risk,
we do not incorporate a priori dependence structure among banking institutions in
our aggregation technique.

Country-level aDtD: To visualize the country-wise banking risk behavior, we
plot the aDtD for individual EMU countries (Figure 2.5). As can be seen, the level
of aDtD differs considerably across countries. The series together show a trend and
the variability across time is high. The pre-crisis level of aDtD is high (above 4) for
almost all countries with Greece, Austria and Ireland at the lower end. During the
crisis period, all countries saw corrections in aDtD with Ireland, the Netherlands,
Austria and Greece showing huge drops in aDtD level. Post 2007-08, the graph
also suggest that the level of aDtD remain low for most of the countries suggesting
that it is able to catch the trend and fluctuations during the current crisis.

2.4 Analysis

2.4.1 Does aDtD provide information regarding risk buildup?

As banking stress indicators, we compare the evolution of aDtD with banking sec-
tor equity and volatility indices.6 Figure 2.6 plots aDtD, bank equity index and

6The country wise bank equity index is based on average logarithmic returns of all publicly
traded banking firms headquartered in a particular country and are normalized to 100 for all countries
at the beginning of the last quarter in 2004. The volatility is equal weighted annualized equity
price volatility based on the standard deviation of daily logarithmic returns of the previous quarter.
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2.4 Analysis

Figure 2.5: Country level aDtD
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volatility for each EMU country separately. The left axis represents the equity in-
dex level while the right axis represents the annualized volatility in percentage. The
level of aDtD is scaled to show the general trend and variation with time. The
graphs suggest that aDtD started deteriorating for most countries between 2006-
07, except for France and the Netherlands. Notably, it started declining when bank
index level showed an upward trend while volatility was quite stable.7

The returns level suggests that the bank equity prices have fallen substantially
for all countries. The first period of rapid decline started around mid 2007, though
some recovery was seen in 2009. The second period of decline started during the
sovereign debt crisis at the end of 2009, and still continues for some countries.
For almost half of the sample, the index level at the end of 2012 is below the index
value at the end of 2004. Greece, Belgium, Ireland, Portugal and Italy witnessed the
highest drop while Finland and Austria were largely unaffected. In some countries
(like Portugal and Ireland) the index level shows a dramatic recovery post crisis.
These spikes are due to the sudden drop in sample size due to bank failures and are

This methodology creates an upward (downward) bias in the returns (volatility) indices due to bank
failures and should be interpreted carefully.

7It also indicates strong correlations with the average volatility, which undermines its effective-
ness.
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2 Bank risk behaviour and connectedness in EMU countries

Figure 2.6: Country-wise indices
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The blue, green and red line represent volatility, aDtD and equity index level respectively.

therefore more notable for small countries having fewer banks.
The volatility of small countries (Greece, Portugal, Ireland, the Netherlands, and

Austria) is relatively high. Post 2009, the volatility dropped for most EMU countries
but has not yet returned to its pre-crisis level. European sovereign debt crisis, loss of
market confidence and the need for continuous monetary support to banking sector
may be explanations for the relatively high average volatility in peripheral countries.
Given the changes in the sample size in a few peripheral countries, the shift in the
mean volatility level needs to be interpreted with caution.

Equity indices and aDtD during the crisis: To compare the performance of eq-
uity indices with aDtD during the crisis, we analyze the country-wise behavior of
market returns with aDtD during the financial crisis. As a predictive indicator of
future health, we examine the possibility by comparing the cumulative returns from
2007-Q2 and 2008-Q2 to 2009Q1 with the fall in level of aDtD indicator in each
country. Figure 2.7a summarizes this information aptly. As can be seen, most of
the fall in aDtD occurred between 2007-Q2 and 2008-Q2, indicating a direct obvi-
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2.4 Analysis

ous prediction of vulnerability prior to the crisis. However, the total drop in returns
shows no correlation with the drop in aDtD.

Do initial level of aDtD matters?: Whether or not the initial level of aDtD
matters, we plot the initial level of aDtD with the drop in aDtD during the crisis
(Figure 2.7b) and find a positive relationship. This suggests that higher initial levels
of aDtD experienced higher corrections during this period. The aDtD for most
EMU countries averaged between 4 to 5 prior to the crisis. During the crisis (be-
tween 2007-Q2 and 2009-Q1), it fell sharply for Austria, France and Italy while for
Portugal, Spain and Greece, the corrections were lower than expected.

Figure 2.7: Equity index and aDtD during the crisis
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Q1)

2.4.2 Does aDtD render utile insights into market sentiments?

Here we explore the association of aDtD with a selection of indicators cover-
ing broad market sentiments and sectoral bank indices collected from independent
agencies, professional market data providers and other academic authors.

At country level: We consider six variables as proxy for market sentiment: a
consumer confidence indicator (CCI), stock returns (RET), the credit rating (RAT),
a fiscal stance indicator (FSI), stock volatility (VOL), rating (RAT) and an index of
economic policy uncertainty (EPU). As for the national bank indices, we examine
two sectoral equities indices covering banks and financial services (Table 2.3).

Table 2.4 shows that for the individual countries we find a positive association
between aDtD, CCI and RET. In 7 out of 11 cases we detect a strong connection
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2 Bank risk behaviour and connectedness in EMU countries

between our indicator and CCI, while for the RET we obtain a moderate or strong
relationship in 6 out of 11. We also find a relatively moderate negative association
with RAT and EPU and a strong negative correlation with VOL. For FSI we obtain
mixed results. For the sectoral bank indices, regardless of the DtD indicator, our
results suggest a moderate positive association with both DSBANKS and DSFIN.
The findings suggest that aDtDs are capturing the underlying trends that generate
differences in risk perceptions of national banking system.

Table 2.3: National financial indicators

Market sentiment indicators
Variable Description Source

Consumer Confidence
Indicator (CCI)

This index is built up by the European Commis-
sion which conducts regular harmonized surveys
of consumers in each country.

European
Commission
(DG ECFIN)

Stock Returns (RET) Differences between logged stock indices prices
of the last and the first day of the quarter for each
country.

Datastream

Rating (RAT) Credit rating scale built up from Fitch, Moodys,
S&P ratings for each country. Following Blanco
(2001), we built up a quarterly scale to estimate
the effect of investor sentiment based on the rating
offered by these three rating agencies.

Bloomberg

Index of Fiscal Stance
(FSI)

This indicator compares a target level of the debt-
GDP ratio at a given point in the future with a fore-
cast based on the government budget constraint. It
was built by Polito and Wickens (2011, 2012).

Provided by
the authors

Stock Volatility (VOL) Quarterly average of monthly standard deviation
of the daily returns of each country’s stock market
general index

Datastream

Index of Economic Pol-
icy Uncertainty (EPU)

This index draws on the frequency of newspaper
references to policy uncertainty; it was built for
Germany, France, Italy, Spain and EMU by Baker
et al. (2013).

www.policyuncertainty.com

Sectoral bank indices
Variable Description Source

DSBANKS DataStream Equity Index-Banks DataStream
DSFIN DataStream Equity Index-Financial Services DataStream

At regional (Eurozone) level: We did a similar exercise to understand the associ-
ation between regional market sentiments and financial indicators with aDtD. We
find a strong positive association between aDtDs and the regional consumer con-
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2.4 Analysis

Table 2.4: Correlations between aDtDs and national financial indicators

Market sentiment indicators Sectoral bank indices
CCI RET RAT FSI VOL EPU DSBANKS DSFIN

AT 0.87 0.08 - -0.55 -0.86 - 0.70 0.49
BE 0.80 -0.03 -0.34 -0.64 -0.94 - 0.58 0.90
DE 0.71 0.40 - -0.83 -0.92 -0.51 0.44 0.53
ES 0.58 -0.03 0.22 -0.31 -0.69 -0.30 0.49 0.29
FI 0.53 0.05 - 0.17 -0.88 - 0.31 -
FR 0.76 0.56 -0.10 -0.64 -0.94 -0.71 0.47 0.90
GR 0.79 0.67 -0.60 0.65 -0.88 - 0.81 0.41
IE 0.87 0.75 -0.58 0.87 -0.83 - 0.82 0.24
IT 0.68 0.53 -0.61 0.04 -0.92 -0.64 0.60 0.66
NL 0.59 0.51 - 0.35 -0.87 - 0.70 0.66
PT 0.24 0.06 -0.34 -0.36 -0.95 - 0.21 0.23

fidence indicator and a strong negative relationship with regional economic policy
uncertainty and regional financial market volatility. The associations with the indi-
cator of credit quality in the EMU corporate market and regional fiscal stance are
moderate and positive while their connection with regional interest rate volatility
(1-year forward) is mixed. Regarding the regional sectoral bank indices, there is ev-
idence of a strong association with aDtDs in most cases. Interestingly, the aDtDs
in the peripheral countries strongly influence all EMU bank indices (both GIIPS8

and non-GIIPS), suggesting a strong co-movement tendencies among banking in-
dices.9

2.4.3 Can aDtD perform better than regulatory measure of
prudential risk?

We examine how country-wise aDtD perform with respect to the European SIFI
based aggregate banking risk indicator (ECB DtD) used by the European Central
Bank. To check the better predictive ability of aDtD, we plot the ECBDtD together
with aDtD in Figure 2.5. The graphical evidence suggests that aDtDs do suggest
the deteriorating market conditions in most peripheral EMU countries (Spain, Ire-
land, Greece and Italy) and some central countries (Germany, Belgium and Finland)

8Greece, Ireland, Italy, Portugal and Spain.
9Complete detail of regional indices and correlations are not attached to save space but are

available upon request.
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2 Bank risk behaviour and connectedness in EMU countries

prior to the ECBDtD.10

An additional dimension of considering comprehensive list of banks for each
country is the increased informational content. To test whether this has a significant
effect, we create a time-series of average DtD of all EMU banks in our sample
(EMU-aDtD) and explore its relationship with the EMU macroeconomic uncer-
tainty indicators compiled by the European Central Bank (2013) from a set of di-
verse sources: (1) measures of uncertainty perceived by economic agents about the
future economic situation based on surveys; (2) measures of uncertainty or of risk
aversion based on financial market indicators; and (3) measures of economic pol-
icy uncertainty. As far as the EMU banking risk measure is concerned, we use the
ECBDtD.11

Regarding the measures of uncertainty related to future economic outcomes, we
use the degree of disagreement about the projections for activity between pro-
fessional forecasters measured as the standard deviation of the projections from
Consensus Economics for annual real GDP growth in the following calendar year
(ECBANY), the average “aggregate uncertainty” from the ECB’s Survey of Profes-
sional Forecasters (ECBBAVE), combining both disagreement between forecast-
ers and individual uncertainty, and an indicator capturing the uncertainty of pri-
vate households (ECBCHOU) and enterprises (ECBCBUS) based on the European
Commission’s Business and Consumer Surveys. Additionally, to account for the
concerns for the stability of the euro we have used the indicator built up by Klose
and Weigert (2012) which reflects the market expectation of the probability that at
least one euro area country will have left the currency union by the end of 2013
(EUROINST).

To assess financial market uncertainty or risk aversion measures, we use an aver-
age of a set of financial market indicators (implied bond and stock market volatility,

10Further results (not shown here, but available from the authors upon request) suggest that de-
fault risk might be higher in the case of multinational rather than domestic oriented banks. ECB’s
calculation of DtD based on SIFIs also suggests that the level of aggregate DtD is low for SIFI.
This is important, since multinational banks not only mean more interconnectedness, but also serve
as buffer of regional shocks (Belke and Gros (2015)). Indeed, cross-border capital flows in the form
of equity appear to be much more stable than those taking the form of credit, especially inter-bank
credit. Moreover, credit booms and bust leave a debt overhang and losses can materialize only via in-
solvencies, whereas equity flows absorb automatically losses in case of a bust and provide the cross
border owner with incentives to continue to provide financing. It follows that cross-border banks
can absorb regional shocks. But large banks pose the ‘too big to fail’ problem and they would also
propagate regional shocks, especially if they originate in large countries, to the entire area (Belke
(2013), Belke and Gros (2015)).

11We are very grateful to Analistas Financieros Internacionales for kindly providing the credit
rating dataset and Fernando Fernandez-Rodriguez for his research assistance. We thank Scott R.
Baker, Raquel Lopez, Eliseo Navarro, Vito Polito, Michael R. Wickens and the European Cenral
Bank for allowing us access to their datasets.
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implied EUR/US dollar volatility and CDS spreads over government bond yields)
and a number of systemic stress indicators (exchange rate volatility, equity market
volatility, bond market volatility, money market volatility, financial intermediation
and a composite systemic stress indicator) (ECBDAVE).

With respect to economic policy uncertainty, we use an index based on the news-
paper coverage of policy-related economic uncertainty and the disagreement be-
tween forecasters with regard to the outlook for inflation and budget balances:
These components are aggregated using weights of 50% for the former and 25%
for each of the dispersion measures (ECBEAVE). Additionally, we make use of an
indicator that combines all the individual sets of series by principal component anal-
ysis (ECBFPC). We select these measures of uncertainty because they show a sig-
nificant negative correlation with key macroeconomic variables, such as quarterly
growth rates of real GDP, total investment, private consumption and, in particular,
total employment.

Table 2.5 summarizes the correlations of these ECB regulatory indicators with
EMU-aDtD. As can be seen, we find a significant and negative association between
our indicators of EMU banking risk based on DtD and the various measures of
macroeconomic uncertainty, suggesting that higher banking risk (signaled by a re-
duction in DtD) will increase macroeconomic uncertainty and, as a consequence,
adversely affect macroeconomic events.

Table 2.5: Cross correlation of EMU-aDtDs with ECB indicators

Macroeconomic uncertainty indicators EMU-aDtD

ECBANY -0.62
ECBBAVE -0.66
ECBCHOU -0.64
ECBCBUS -0.53
ECBEAVE -0.85
ECBFPC -0.85
EUROINST -0.94

Banking risk indicator EMU-aDtD

ECBEDtD 0.67

To test the predictive ability of this indicator with respect to the regulatory in-
dicators, we assessed the possible existence of Granger-causality. As can be seen
in Table 2.6, with the sole exception of ECBCHOU, we find a significant unidirec-
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tional Granger-causality relationship running from our indicators of EMU banking
risk to both the various measures of macroeconomic uncertainty and the banking
risk indicator used by the ECB. This result gives further support to the hypothe-
sized interconnection between DtDs and macroeconomic uncertainty and banking
risk.

Table 2.6: Granger causality between EMU-aDtDs and ECB indicators

Macroeconomic uncertainty indicators
Null Hypothesis F-Stats Prob. Significant at

ECBANY does not Granger Cause EMU-aDTD 2.29 0.12
ECBBAVE does not Granger Cause EMU-aDTD 0.28 0.76
ECBCHOU does not Granger Cause EMU-aDTD 1.97 0.16
ECBCBUS does not Granger Cause EMU-aDTD 1.39 0.27
ECBEAVE does not Granger Cause EMU-aDTD 0.40 0.67
ECBFPC does not Granger Cause EMU-aDTD 0.32 0.73
EUROINST does not Granger Cause EMU-aDTD 6.18 0.04 5%

Banking risk indicators
Null Hypothesis F-Stats Prob. Significant at

ECBDtD does not Granger Cause EMU-aDtD 0.12 0.89

Macroeconomic uncertainty indicators
Null Hypothesis F-Stats Prob. Significant at

EMU-aDtD does not Granger Cause ECBANY 5.08 0.01 5%
EMU-aDtD does not Granger Cause ECBBAVE 8.76 0.00 1%
EMU-aDtD does not Granger Cause ECBCHOU 0.64 0.53
EMU-aDtD does not Granger Cause ECBCBUS 4.00 0.03 5%
EMU-aDtD does not Granger Cause ECBEAVE 2.93 0.07 10%
EMU-aDtD does not Granger Cause ECBFPC 7.51 0.00 1%
EMU-aDtD does not Granger Cause EUROINST 4.09 0.01 5%

Banking risk indicators
Null Hypothesis F-Stats Prob. Significant at

EMU-aDtD does not Granger Cause ECBDtD 6.53 0.0047 1%

Summary: Our empirical estimates using country level indices suggest that the
country-wise aDtD has better predictive ability than the market based measures
(returns and volatility) and is strongly connected with market sentiments at national
and regional level. The initial level of aDtD matters and the drop is more signif-
icant for countries having higher aDtD. aDtD also have strong correlations with
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regulatory measures of risk and has higher information content. The direction of
causality runs from aDtD to regulatory measures.

2.5 Connectedness among countries banking risk

In this section, we explore the linkages between aDtD using a cross country con-
nectedness measures. We use three ways to measure the connectedness: (1) Corre-
lations; (2) Granger causality; and (3) Diebold-Yilmaz connectedness index (DYCI)
based on the variance decomposition of forecast errors.

2.5.1 Correlation measures

To understand the co-movement properties, we use three correlation measures (para-
metric: Pearson, and non-parametric: Spearman and Kendell) in our analysis.12

Since the Pearson measure is the most commonly used, we report our findings based
on Pearson correlations only, but they are also robust based on other measures.

Table 2.7: Correlations among aggregate DtD indices

AT BE ES DE FI FR GR IE IT NL PT

BE 0.83
ES 0.70 0.83
DE 0.79 0.66 0.65
FI 0.71 0.63 0.66 0.78
FR 0.88 0.83 0.67 0.75 0.62
GR 0.74 0.89 0.72 0.51 0.53 0.69
IE 0.78 0.93 0.86 0.62 0.63 0.74 0.84
IT 0.84 0.84 0.75 0.81 0.74 0.76 0.81 0.78
NL 0.79 0.79 0.65 0.69 0.65 0.72 0.78 0.71 0.80
PT 0.77 0.84 0.73 0.58 0.58 0.70 0.88 0.77 0.84 0.67
EMU 0.91 0.95 0.87 0.80 0.77 0.86 0.88 0.92 0.93 0.85 0.88

For each measure of correlations, we first estimate the pair-wise correlations be-
tween the aDtD (Table 2.7). As can be seen, we find a strong correlation13 between
indices, which suggests a common risk factor. This may also be due to the small

12This avoids any bias arising from potential non-linear dependencies and confirms the robustness
of our findings.

13We use the adjective “strong” when the absolute value of the correlation is above 0.8, “moder-
ate” when it is between 0.7-0.8, and “weak” when it is between 0.6-0.7.
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sample, which contains two crisis episodes. To understand the time varying correla-
tion dynamics, we tested for correlations using pre-/post crisis windows and apply
a signed rank test to evaluate the null hypothesis that the mean and median correla-
tions are equal if we divide the time period in two half (pre and post 2009-Q4).

The results suggest that except Germany and Finland, all other countries shows
very strong correlations with EMU average. This also suggest a common risk factor
which we test in the next section. Belgium, Greece, Italy and Portugal have strong
inter-linkages and connections across the board. Belgian banking sector shows
strong connections with all EMU countries except Germany and the Netherlands.
Germany is strongly connected with only Italy and moderately to France, Austria
and Finland. For other peripheral countries, Germany has weak correlations.

2.5.2 Granger causality

The graphic behavior of the countries’ aDtD series and correlation estimates sug-
gests an underlying trend. It may be due to an increase in the systemic risk of
global financial industry due to cross linkages, increased volatility or investment
in correlated assets. To understand this spillover within the EMU banking sector,
we run Granger causality tests for each pair-wise country aDtDs. We find very
weak evidence of causality running from a particular country towards the rest of the
countries (Figure 2.8), which suggests that the banking risk captured by countries’
aDtDs remains idiosyncratic (suggestive evidence of no systemic component). To
test the robustness of our results, we also did the analysis based on banks’ mar-
ket capital and asset based weighted average DtD. The results (not shown here to
save space, but they are available from the authors upon request) render the same
qualitative conclusions than in the case of using aDtDs.

2.5.3 Diebold-Yilmaz connectedness measure

To explore further the systemic underlying component among aDtD indices, we
use VAR (vector auto regression) methodologies based measure of connectedness.
The connectedness is based on the decomposition of the forecast error variance,
which is briefly described here. For a multivariate time series, the forecast error
variance decomposition works as follows: First, we fit a standard vector autoregres-
sive (VAR) model to the series; secondly, using series data up to, and including,
time t, establish an H period ahead forecast (up to time t+H); and finally, decom-
pose the forecast error variance for each component with respect to shocks from the
same or other components at time t.
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2.5 Connectedness among countries banking risk

Figure 2.8: Linkages based on Granger causality tests
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Notes: We show the most important directional causalities among the pairs of 11 countries’ aDtDs.
Red and orange lines represent significance at 10% and 5% level respectively.

Consider an N-dimensional covariance-stationary data-generating process (DGP)
with orthogonal shocks:

xt = Θ(L)ut,Θ(L) = Θ0 + Θ1L+ Θ2L
2 + ...,E(ut,u

′
t) = I

Note that Θ0 need not be diagonal. All aspects of connectedness are contained
in this very general representation. Contemporaneous aspects of connectedness are
summarized in Θ0 and dynamic aspects in Θ1,Θ2, ... Transformation of Θ1,Θ2, ...

via variance decompositions in needed to reveal and compactly summarize connect-
edness. Let us denote by dHij the ij-th H-step variance decomposition component
(i.e., the fraction of variable i’s H-step forecast error variance due to shocks in
variable j). The connectedness measures are based on the “non-own” or “cross”
variance decompositions, dHij , i, j = 1, ...,N, i 6= j.

Diebold and Yilmaz (2014) propose several connectedness measures built from
pieces of variance decompositions in which the forecast error variance of variable
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2 Bank risk behaviour and connectedness in EMU countries

i is decomposed into parts attributed to the various variables in the system. Here
we provide a snapshot of their connectedness index. They proposed a connect-
edness table such as Table 2.8 to understand the various connectedness measures
and their relationships. Its main upper-left NxN block, that contains the variance
decompositions, is called the “variance decomposition matrix,” and is denoted it
by DH = [dij ] The connectedness table augments DH with a rightmost column
containing row sums, a bottom row containing column sums, and a bottom-right
element containing the grand average, in all cases for i 6= j.

Table 2.8: Schematic connectedness table

x1 x2 ... xN From others

x1 dH11 dH12 ... dH1N ∑
N
j=1,j 6=1 d

H
1j

x2 dH21 dH22 ... dH2N ∑
N
j=1,j 6=2 d

H
2j

.. .. ... .. ..

.. .. ... .. ..
xN dHN1 dHN2 ... dHNN ∑

N
j=1,j 6=N d

H
Nj

To others ∑
N
i=1,i6=1 d

H
i1 ∑

N
i=1,i6=2 d

H
i2 ∑

N
i=1,i6=N d

H
iN

1
N ∑

N
i,j=1,i6=j d

H
ij

The off-diagonal entries of DH are the parts of the N forecast-error variance
decompositions of relevance from a connectedness perspective. In particular, the
gross pairwise directional connectedness from j to i is defined as follows:

CH
i←j = dHij

Since in general CH
i←j 6= CH

j←i the net pairwise directional connectedness from j

to i, can be defined as:

CH
ij = CH

j←i−CH
i←j

Regarding the off-diagonal row sums in Table 2.8, they give the share of the
H-step forecast-error variance of variable xi coming from shocks arising in other
variables (all other, as opposed to a single other), while the off-diagonal column
sums provide the share of the H-step forecast-error variance of variable xi going
to shocks arising in other variables. Hence, the off-diagonal row and column sums,
labeled “from” and “to” in the connectedness table, offer the total directional con-
nectedness measures. In particular, total directional connectedness from others to i
is defined as
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2.5 Connectedness among countries banking risk

CH
i←• =

N

∑
j=1,j 6=i

dHij

The total directional connectedness to others from i is defined as

CH
•←i =

N

∑
j=1,j 6=i

dHji

We can also define net total directional connectedness as

CH
i = CH

•←i−CH
i←•

Finally, the grand total of the off-diagonal entries in DH (equivalently, the sum
of the “from” column or “to” row) measures total connectedness:

CH =
1

N

N

∑
i,j=1,j 6=i

dHij

For the case of non-orthogonal shocks the variance decompositions are not easily
calculated as before because the variance of a weighted sum is not an appropriate
sum of variances; in this case methodologies for providing orthogonal innovations
like traditional Cholesky-factor identification may be sensitive to ordering. So, fol-
lowing Diebold and Yilmaz (2014), a generalized VAR decomposition (GVD), in-
variant to ordering, proposed by Koop et al. (1996) and Pesaran and Shin (1998) will
be employed. The H-step generalized variance decomposition matrix is defined as
DgH = [dgHij ], where

dgHij =
σ−1ij ∑

H−1
h=0 (e

′
iΘh∑ej)

∑
H−1
h=0 (e

′
iΘh∑Θ

′
hej)

In this case, ej is a vector with jth element unity and zeros elsewhere, Θh is
the coefficient matrix in the infinite moving-average representation from VAR, ∑

is the covariance matrix of the shock vector in the non-orthogonalized-VAR, σij
being its jth diagonal element. In this GVD framework, the lack of orthogonality
makes it so that the rows of do not have sum unity and, in order to get a generalized
connectedness index D̃g = [d̃gij ], the following normalization is necessary: d̃gij =

dgij/∑
N
j=1 d

g
ij , where by construction ∑

N
j=1 d̃

g
ij = 1 and ∑

N
i,j=1 d̃

g
ij = N . The matrix

D̃g = [d̃gij ] permits us to define similar concepts as defined before for the orthogonal
case, that is, total directional connectedness, net total directional connectedness and
total connectedness.

Tables 2.9 and 2.10 present the connectedness tables for aDtD based on six
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2 Bank risk behaviour and connectedness in EMU countries

months and one year horizon, along with the nonparametrically bootstrapped stan-
dard errors, while Figure 9 shows the most important directional connections among
the pairs of 12 aDtDs based on the top three deciles. As can be seen, all the con-
nectedness measures are statistically different from zero at least at the 5% level.
To test the robustness of our results, we also did the analysis based on banks’ mar-
ket capital and asset based weighted average DtD. The results (not shown here to
save space, but they are available from the authors upon request) render the same
qualitative conclusions than in the case of using aDtDs.

The Netherlands show very weak connectedness while Germany and Italy shows
linkages only with Finland and Portugal respectively. Spain, Belgium, Portugal and
Austria have high connectedness with most EMU countries except for the Nether-
lands, Italy and Germany. Even for changing horizon, the results remain quite con-
sistent. In most cases, the effects seem to dry out but the connectedness pair remain
the same. Finally, we observe a value of 73.67% for the total connectedness between
aDtD in a horizon of 6 months and value 76.72% for a year, in line with the values
of 78.3% obtained by Diebold and Yilmaz (2014) for US financial institutions.

Figure 2.9: Net directional connectedness among aDtDs
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(a) Based on 6 months horizon
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(b) Based on 1 year horizon

Notes: We show the most important directional connections among the pairs of 12 countries’
aDtDs. Black, red and orange lines represent the first, second and third deciles based on net

pairwise directional connectedness derived from Tables 2.9 and 2.10.
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Table
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2.54**
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49.33**

(2.34)
(1.23)
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(2.01)
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(0.25)

(0.41)
(0.17)

(0.24)
(1.12)

(2.14)
(1.46)

(1.02)

E
M

U
10.17**

6.07**
3.17**
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17.69**
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6.60**
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7.70**
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15.45**

14.82**
85.18**

(1.41)
(0.71)

(0.56)
(0.59)

(1.14)
(0.84)

(0.92)
(0.84)

(1.21)
(0.84)

(0.93)
(0.47)

(1.41)
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83.64**
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73.75**
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errors

are
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*

indicate
significance

atthe
1%

and
5%

levels,respectively.
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2.6 Conclusion

By analyzing the behavior and fluctuations of a market based banking risk indica-
tor for individual EMU countries, we find that aDtD is an intuitive, simple and
convenient forward looking risk measure. The level of aDtD varies with country
suggesting cross-sectional structural differences across the banking sector and cap-
tures trends as well as fluctuations in the financial markets. Analysis during the
crisis period suggests better predictive ability (12-18 months prior to the crisis) for
most of the EMU countries. The initial level of aDtD matters but the change in
aDtD is more pronounced for countries with a higher initial level.

When compared with other regulatory risk and market sentiment measures, aDtDs
shows better predictive ability and very high correlations. The strong association
between aDtDs and regional (Eurozone) market sentiment (uncertainty)/sectoral
banking indices also improves the explanatory power. The Granger causality test
reveals the direction of causality running from aDtDs to Eurozone risk indicators
(and not the other way round) suggesting better information content.

The correlations analysis suggests strong inter-linkages across country level bank-
ing stress but low inter-linkage between core and peripheral EMU countries. Taking
s step further, we tested for a systemic component using Granger causality tests and
found negative results. To better understand the dependence structure, we explored
further by analyzing the connectedness using Diebold-Yilmaz Connectedness Index
and found low connectedness among country level banking risk indices.

As the recent literature has highlighted huge connectedness among Systemically
Important Financial Institutions (SIFI) and high degree of joint risk of default,
our empirical estimates which uses country level indices suggest otherwise. The
country-wise aDtD has higher predictive ability and is strongly connected with
market sentiments but the connectedness among the country-wise aDtD is low.
Suggesting that the inter-linkages may be higher for SIFI but for the country level
banking sector, the connectedness is low. This result will be beneficial for un-
derstanding and augmenting a priori dependence structure in the computation of
systemic risk.

So, there are various reasons for considering country-wise risk indicators along-
side regional market and other risk measures. As the statistical theory suggests,
when faced with two estimators for the same underlying variable, it is optimal to
combine the two. Tracking country specific indices provide additional information
related to the average risk level and their ability to forecast the risk buildup can-
not be ignored. Following the systemic risk indicators based on large, complex
EU-wide financial institution may delay the prediction of risk buildup.
DtD measures can also be extended beyond the banking context. The theoretical
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argument being a kind of option value of waiting under uncertainty can be extended
to international trade literature to help understand the impact of uncertainty on in-
vestment, export, import and employment (see Belke and Gros (2001) for EMU
case). Further extension can also help examine the interconnection between bank-
ing and sovereign risk in the euro area (Gómez-Puig et al. (2015)) and to explore
if the Banking Union in the euro area can disentangling the risk of the EMU banks
and their governments by influencing the risk pattern (Belke (2013), Belke and Gros
(2015), De Groen (2015)).
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is based upon work supported by the Government of Spain under grant numbers
ECO2011-23189 and ECO2013-48326 and Fundación Banco Sabadell (Convoca-
toria 2014).

36



References

Agarwal, V., Taffler, R., 2008. Comparing the performance of market based and
accounting based bankruptcy prediction models. Journal of Banking and Finance
32 (8), 1541–1551.

Altman, E., 1968. Financial ratios, discriminant analysis and the prediction of cor-
porate bankruptcy. Journal of Finance 23 (4), 589–609.

Altman, E., Katz, S., 1976. Statistical bond rating classification using financial and
accounting data. In: Schiff, M., and Sorter, G. (Eds.). Proceedings of the Confer-
ence on Topical Research in Accounting, New York University Press, New York,
205–239.

Belke, A., 2013. Towards a genuine Economic and Monetary Union - Comments
on a roadmap. Politics and Governance 1 (1), 48–65.

Belke, A., Gros, D., 2001. Real impacts of intra-European exchange rate variability:
A case for EMU? Open Economies Review 12 (3), 231–264.

Belke, A., Gros, D., 2015. Banking Union as a shock absorber. Ruhr Economic
Paper 548, Ruhr-Universität Bochum.

Belke, A., Schneider, J., 2013. Portfolio choice of financial investors and European
business cycle convergence: a panel analysis for EU countries. Empirica 40 (1),
175–196.

Bharath, S. T., Shumway, T., 2008. Forecasting default with the Merton distance to
default model. Review of Financial Studies 21 (3), 1339–1369.

Black, F., Scholes, M., 1973. The pricing of options and corporate liabilities. Journal
of Political Economy 81 (3), 637–654.

Blume, M., Lim, F., Mackinlay, A., 1998. The declining credit quality of U.S. cor-
porate debt: myth or reality? Journal of Finance 53 (4), 1389–1413.

Campbell, J., Hilscher, J., Szilagyi, J., 2008. In search of distress risk. Journal of
Finance 63 (6), 2899–2939.

37



References

Campbell, J., Hilscher, J., Szilagyi, J., 2011. Predicting financial distress and the
performance of distressed stocks. Journal of Investment Management 9 (2), 1–
21.

Chava, S., Jarrow, R., 2004. Bankruptcy prediction with industry effects. Review of
Finance 8 (4), 537–539.

Crosbie, P. J., Bohn, J. R., 2003. Modeling default risk. Moody’s KMV. Available
at http://www.defaultrisk.com/pp_model_35.htm.

De Groen, W. P., 2015. The ECB’s QE: time to break the doom loop between banks
and their governments. Policy Brief 328, Center for European Policy Studies.

Diebold, F. X., Yilmaz, K., 2014. On the network topology of variance decompo-
sitions: measuring the connectedness of financial firms. Journal of Econometrics
182 (1), 119–134.

Duggar, E., Mitra, S., 2007. External linkages and contagion risk in Irish banks.
Working Papers 07/44, International Monetary Fund.

European Central Bank, 2013. How has macroeconomic uncertainty in the euro area
evolved recently?, Monthly Bulletin October, 44–48.

Gapen, M. T., Gray, D. F., Lim, C. H., Xiao, Y., 2005. Measuring and analyz-
ing sovereign risk with contingent claims. Working Papers 05/155, International
Monetary Fund.

Gómez-Puig, M., Singh, M. K., Sosvilla-Rivero, S., 2015. Sovereigns and banks in
the euro area: a tale of two crises. Working Paper 2015/04. Institut de Recerca en
Economia Aplicada, Universitat de Barcelona.

Gray, D., Jobst, A., 2010. Lessons from the financial crisis on modeling systemic
risk and sovereign risk. In: Berd, A. (Eds.), Lessons from the financial crisis.
RISK Books, London.

Gray, D., Jobst, A., Malone, S., 2010. Quantifying systemic risk and reconceptual-
izing the role of finance for economic growth. Journal of Investment Management
8 (2), 90–110.

Gray, D., Malone, S., 2008. Macrofinancial risk analysis. John Wiley and Sons,
Chichester, West Sussex, England.

38



References

Gray, D., Merton, R., Bodie, Z., 2007. New framework for measuring and man-
aging macrofinancial risk and financial stability. Working Paper 13607, National
Bureau of Economic Research.

Gropp, R., Vesala, J., Vulpers, G., 2006. Equity and bond market signals as leading
indicators of bank fragility. Journal of Money, Credit and Banking 38 (2), 399–
428.

Harada, K., Ito, T., 2008. Did mergers help Japanese mega-banks avoid failure?
Analysis of the distance to default of banks. Working Paper 14518, National
Bureau of Economic Research.

Harada, K., Ito, T., Takahashi, S., 2010. Is the distance to default a good measure in
predicting bank failures? Case studies. Working Paper 16182, National Bureau
of Economic Research.

Hillegeist, S. A., Keating, E., Cram, D. P., Lunstedt, K. G., 2004. Assessing the
probability of bankruptcy. Review of Accounting Studies 9 (1), 5–34.

Jessen, C., Lando, D., 2015. Robustness of distance-to-default. Journal of Banking
and Finance 50, 493–505.

Jobst, A., Gray, D., 2013. Systemic contingent claims analysis: estimating market-
implied systemic risk. Working Papers 13/54, International Monetary Fund.

Jorion, P., 2006. Bank trading risk and systemic risk. In Carey, M. and Stulz, R. M.
(Eds.), The risks of financial institutions. University of Chicago Press, Chicago,
29–58.

Kaplan, R., Urwitz, G., 1979. Statistical models of bond ratings: a methodological
inquiry. Journal of Business 52 (2), 231–261.

Kealhofer, S., 2003. Quantifying credit risk I: default prediction. Financial Analyst
Journal 51 (1), 30–44.

Koop, G., Pesaran, M. H., Potter, S. M., 1996. Impulse response analysis in non-
linear multivariate models. Journal of Econometrics 74 (1), 119–147.

Koutsomanoli-Filippakia, A., Mamatzakis, E., 2009. Performance and Merton-type
default risk of listed banks in the EU: a panel VAR approach. Journal of Banking
and Finance 33, 2050–2061.

Merton, R. C., 1974. On the pricing of corporate debt: the risk structure of interest
rates. Journal of Finance 29 (2), 449–470.

39



References

Oderda, G., Dacorogna, M., Jung, T., 2003. Credit risk models: do they deliver their
promises? A quantitative assessment. Review of Banking, Finance and Monetary
Economics 32 (2), 177–195.

Ohlson, J. A., 1980. Financial ratios and the probabilistic prediction of bankruptcy.
Journal of Accounting Research 18 (1), 109–131.

Pesaran, M. H., Shin, Y., 1998. Generalized impulse response analysis in linear
multivariate models. Economic Letters 58 (1), 17–29.

Qia, M., Zhangb, X., Zhao, X., 2014. Unobserved systematic risk factor and default
prediction. Journal of Banking and Finance 49, 216–227.

Saldias, M., 2013. Systemic risk analysis using forward-looking distance-to-default
series. Journal of Financial Stability 9 (4), 498–517.

Shumway, T., 2001. Forecasting bankruptcy more accurately: a simple hazard
model. Journal of Business 74 (1), 101–124.

Thomas, S., Singh, M. K., Aggarwal, N., 2012. Do changes in distance-to-default
anticipate changes in the credit rating? Working Paper 2012-10, Indira Gandhi
Institute of Development Research, Mumbai.

Vasicek, O., 1984. Credit valuation. KMV Corporation, San Francisco.

Vassalou, M., Yuhang, X., 2004. Default risk in equity returns. Journal of Finance
59 (2), 831–868.

Zmijewski, M. E., 1984. Methodological issues related to the estimation of finan-
cial distress prediction models. Journal of Accounting Research 22 (Supplement),
59–82.

40



3 Sovereigns and banks in the euro
area: a tale of two crises

SUMMARY

This study attempts to identify and trace inter-linkages between sovereign and bank-
ing risk for each main country in the euro area. To this end, we use an indicator of
banking sector risk in each country based on the Contingent Claim Analysis litera-
ture, and 10-year government yield spreads over Germany as a measure of sovereign
risk. We apply a dynamic approach to testing for Granger causality between the two
measures of risk in each country, allowing us to check for episodes of significant
and abrupt increase in short-run causal linkages. The empirical results indicate that
episodes of causality intensification vary considerably in both directions over time
and across the different EMU countries. The directionality suggests the presence of
causality intensification, mainly from banks to sovereigns in crisis periods.

Keywords: sovereign debt crisis, banking crisis, Distance-to-default, Granger causal-
ity, time-varying approach
JEL Code: C22, E44, G01, G13, G21
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3.1 Introduction

Today, more than eight years since the outbreak of the European Economic and
Monetary Union (EMU) sovereign debt crisis in late 2009 - when the newly elected
Greek government announced that the country’s budget deficit was much larger
than previously reported - we can see that its origin goes deeper than the fiscal
imbalances in euro countries. The interconnection between private and public debt,
and thus between banking and sovereign crises, is obvious. However, whether it
was private debt that ultimately bankrupted sovereigns, or whether, conversely, it
was excessive public debt that undermined the banking sector is a question that is
not easily answered.

An extensive review of the channels through which sovereign risk can affect bank
risk (and vice versa) suggest that the drivers of this relationship can be divided
into two broad categories:1 (i) Those who act via the assets side of banks’ bal-
ance sheets; and (ii) Those who work through the liability side. According to the
former category: (i) A deterioration/improvement in a government’s creditworthi-
ness, as perceived by the markets, may cause losses/gains on banks’ portfolios of
sovereign securities and may also affect banks’ standing in relation to their loans
to the government; and (ii) Since government bonds are typically used as collateral
(e.g. in repos, a fall in their price can trigger margin calls or larger haircuts), thus
reducing the liquidity that can be obtained via a given nominal amount of sovereign
paper. Regarding the latter category (sovereign-bank dependence via mechanisms
that work on banks’ liabilities side) (i) Governments explicitly/implicitly guarantee
schemes on bank bonds during crisis periods whose effects are strongly linked with
the creditworthiness of the sovereign; (ii) Sovereign rating usually put a ceiling on
bank rating and sovereign downgrade often leads to downgrade of domestic banks;
and (iii) Changes in sovereign yields tend to affect the availability and cost of bank
funding.

On the reverse, a banking crisis can also trigger a surge in sovereign risk. The
impact on the public finances commonly comes from the recession and the fiscal
expansion typically implemented to deal with it. A comprehensive analysis of the
transmission channels of financial instability (or crisis) on a country’s fiscal stance is
presented by Eschenbach and Schuknecht (2002). These authors identify three ma-
jor transmission channels of financial instability on a country’s fiscal stance, namely
(i) Direct bailout costs; (ii) Direct revenue effects; and (iii) Indirect effect via the
impact on the real economy. Direct bailout costs focuses on the direct government
support provided to distressed financial institutions in order to avoid a systemic
financial crisis. The impact depends strongly on the form of government interven-

1For a recent survey, see Angelini et al. (2014).
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tions. The revenue effect impacts through the downward changes in asset prices
driven by financial instability causing reduction in tax paid (household on wealth,
corporate and sales taxes etc.). A reduction in real estate transactions (price and
volume), slowdown in equity market and decrease in dividends also negatively im-
pacts the fiscal revenue. The indirect effect works through the real economy where
lower wages and higher unemployment triggers a reduction in personal income tax
and social contributions while simultaneously increasing the unemployment pay-
ments. Subsequent increase in government debt and higher interest payments both
exacerbates the effect.

Based on these linkages, some authors (Brunnermeier et al. (2011) and Reichlin
(2013), among them) have described the development of a ‘diabolic loop’ as the
major cause of the crisis in EMU countries. European banks, encouraged by the
absence of any regulatory discrimination between bonds, held an excessive part of
the national debt, which - far from being safe - fed never-ending speculation on
the banks’ solvency. In turn, sovereigns were in constant danger of having to res-
cue their banks, which, combined with the uncertainty regarding the kind of fiscal
support they would receive from their European partners, increased the riskiness of
their bonds. However, banks’ exposure to the domestic sovereign debt had declined
steadily for all EMU countries between the mid-1990s until the end of 2008 (see
Figure 4(a) in Angelini et al. (2014)). In most EMU countries, end 2008 marks an
inversion in this trend, where the banks began to increase their domestic sovereign
debt holdings. This suggests that the increasing exposure was a consequence not
the cause of the crisis although it may have contributed to exacerbating the crisis
by intensifying the bank-sovereign nexus. Even though most of these authors2 try
to establish or assume the existence of a diabolic loop between bank and sovereign
risk, to our knowledge there is a lack of empirical support to identify, trace and
quantify the asymmetrical directional intensity of risk transfer. This paper tries to
fill this gap in the literature where direction and intensity of risk transfer between
banking and sovereign risk is being evaluated for individual countries for each quar-
ter between 2005Q2-2013Q3.

In a parallel development, some authors (see, e.g. Shambaugh (2012)) have
pointed out that the euro area is currently facing three interlocking crises (bank-

2Angelini et al. (2014) point out that once a shock has set in motion a weakening of the
sovereign, or of the banking system, a self-reinforcing feedback loop can easily develop. According
to them, there is ample evidence that tensions in the sovereign debt market affect banks’ funding
conditions, and hence lending to domestic households and firms; a credit squeeze weakens the econ-
omy, leading to a decline in borrowers’ creditworthiness and to further tensions in the sovereign’s
situation, due to falling fiscal revenues and the need for further fiscal tightening; finally, supply and
demand factors contribute to depress credit growth, with negative effects on banks’ interest margin
and profitability.
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ing, sovereign debt, and economic growth) which together challenged the viability
of the currency union. According to this line of thought, these crises connected
with one another in several ways: the problems of weak banks and high sovereign
debt were mutually reinforcing, and both were exacerbated by weak, constrained
growth. An analysis of the interrelationship between debt and growth - an unre-
solved issue of great importance, on which there is no consensus in the literature
(see Krugman (2011), Delong and Summers (2012), Cochrane (2011) or Reinhart
and Rogoff (2010), to name just a few) - is beyond the scope of this paper. Rather,
we will focus on the interconnection between banking and sovereign risks in EMU
countries.

While there is a substantial amount of empirical literature exploring the deter-
minants of either bank risk or sovereign risk in isolation, few papers to date have
tried to empirically quantify the interdependence or even contagion between the
sovereign and banking sectors. Exceptions are Alter and Schüler (2012), Gross and
Kok (2013) and Alter and Beyer (2014), who applied different extensions of vec-
tor autoregressive (VAR) models; and De Bruyckere et al. (2013) who investigated
the presence of contagion by computing excess correlation (over and above what
one would expect from fundamental factors). However, though they use different
methodologies, all these papers apply the same measure of banking and sovereign
risk: credit default swap3 (CDS) spreads on 5-year senior debt contracts, since these
are known to be the most actively traded and therefore the most liquid. In this con-
text, our paper makes the first major contribution to this branch of the literature by
applying indicators of bank and sovereign risk that differ considerably from the ones
used in previous literature. As far as we know, this is the first paper to use measures
other than CDS spreads to quantify the directional intensity of risk transfer between
banks and sovereigns in the euro area. Our selection offers three major advantages:
(1) It extends the sample period of analysis incorporating a few pre-crisis years; (2)
It allows the inclusion of countries for which CDS spreads are thinly traded or not
available; and (3) It measures the relative creditworthiness of the banking sector of
different countries based on the same parameters.

Our indicator of banking risk is based on the banks distance-to-default (DtD) as
explained in Chapter 2. Specifically, the average DtD (aDtD) based on the simple
average DtD of all banks headquartered in a particular country will be the proxy

3The theoretical use of a CDS contract is to provide insurance against unexpected losses due to
a default by a corporate or sovereign entity. The debt issuer is known as the reference entity, and
a default or restructuring on the predefined debt contract is known as a credit event. In the most
general terms, it is a bilateral deal in which a ‘protection buyer’ pays a periodic fixed premium,
usually expressed in basis points of the reference asset’s nominal value, to a counterpart known by
convention as the ‘protection seller’. The total amount paid per year as a percentage of the notional
principal is known as the CDS spread.
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of banking risk used in the analysis.4 On the other hand, 10-year government yield
spreads over Germany will be our measure of sovereign risk,5 since they reflect the
premium that investors demand in order to bear the sovereign risk.

A second contribution of this paper is the directional quantification of signifi-
cant, short-run abrupt increases in the causal linkages which might be associated
with contagion periods (see Forbes and Rigobon (2002), Constâncio (2012)) us-
ing dynamic Granger-causality tests between the selected measures of banking and
sovereign risk. As direct quantification of possible bailout costs and effects are
extremely discretionary and heavily disputed, we avoid taking stand on the causal
effect of different bailout strategy. Our econometric methodology has several ad-
vantages over the alternative approach of focusing on contemporaneous correlations
(corrected or not for volatility). First, while correlation is a symmetrical measure,
Granger-causality is an asymmetrical one, so our procedure provides information
on the direction and magnitude of the risk transmission (from sovereign to bank-
ing risk, from banking to sovereign risk, or both). Second, the lag structure offers
valuable insights for understanding the information flow between the two types of
risk. Third, by investigating dynamic causal linkages through a rolling window,
we examine how the strength of the relationships evolves over time, allowing us to
detect episodes of sudden and temporary increases in these relationships. Fourth,
we establish an approximate periodization for causality intensification by looking
directly into the data (i.e., without making a priori conjectures on the time periods
during which the risk transmission process might have started to spread). Addition-
ally, like the VAR approach, our methodology enables us to capture the dynamic
structure of the variables and offers a convenient framework for separating long-run
and short-run components of the data generation process.

Our results suggest that in the pre-crisis period, from early 2005 until the collapse
of Lehman Brothers, 77% of the total episodes of causality intensification detected
were from sovereigns to banks and coincided with a period of economic stagnation
in EMU countries or with the beginning of a downturn in GDP growth in the euro
area. After the last quarter of 2008, coinciding with the beginning of the financial

4Hoque et al. (2015) also use the distance-to-default as a measure of banking risk. However, the
construction of their indicator differs from ours. Concretely, they follow Laeven and Levine (2009)
to capture default risk and their index is estimated as the average ROA plus the capital-to-asset ratio
divided by the standard deviation of the ROA.

5Some authors contend that past CDS spreads improve the forecast quality of bond yield spreads
(Palladini and Portes (2011), Fontana and Scheicher (2010)). However, CDS markets (in both the
sovereign and the banking sectors) have been quite illiquid since late 2008, only one year before the
onset of the euro sovereign debt crisis. This is one of the reasons we decided to make use of 10-year
yield spreads over euro-denominated German government bonds instead of CDS (see Section 3.3.2),
even though the 10-year yield is used in the case of Germany in order to include Germany in our
analysis.
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crisis and the implementation of government measures to support financial insti-
tutions, the direction of the causality intensification underwent a change. In this
crisis period the majority of the causality intensification episodes (around 63% of
the total) ran from banks to sovereigns. This finding is noticeable in the cases of
France, Greece and Ireland where episodes of causality intensification are detected
only in this direction. For the case of Germany, Portugal and the Netherlands they
account for more than 70% of the episodes. Conversely, in Belgium and Finland
causality intensification was mainly from sovereigns to banks, while in Spain, Italy
and Austria there were similar numbers of episodes of causality intensification in
both directions.

The rest of the paper is organized as follows. Section 3.2 reviews the linkages
between sovereign and banking risk in EMU countries. Section 3.3 briefly explains
the selection and creation of our banking and sovereign risk indicators. Section 3.4
explains our data selection methodology. The econometric methodology used in
our analysis is presented in Section 3.5. Section 3.6 summarizes the main results
and, finally, Section 3.7 offers some concluding remarks.

3.2 Sovereign/bank linkages

The major focus of the sovereign and banking risk literature were the development
of diverse range of risk indicators to understand and measure different dimensions
of risk in isolation. However lately, the rapidly deteriorating outlook in the Euro-
zone gave rise to a new strand of literature focusing on the joint dynamics between
sovereign and banking risk. Papers looking on this topic have gained importance
during the recent European debt crisis. Here we will touch upon the major contri-
butions made in this area by Acharya et al. (2014), Alter and Schüler (2012), Alter
and Beyer (2014), Ejsing and Lemke (2011), Gross and Kok (2013) and Dieckmann
and Plank (2011).

Acharya et al. (2014) finds empirical evidence to support the bi-directional nega-
tive feedback loop between banking and sovereign credit risk during the recent cri-
sis. Using CDS spreads on European sovereigns and banks for the period 2007-11,
they show that bailouts triggered the rise of sovereign credit risk and find evidence
for widening sovereign spreads and narrowing banking spreads after a bailout.

Alter and Schüler (2012) study the relationship between the sovereign CDS of
seven European Union (EU) countries and the CDS of their banks. The authors
analyze the period between June 2007 and May 2010 and look at differences in
the market before and after government interventions. They find that before the
government rescue interventions contagion spills over from the banking sector to
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the sovereign CDS market, whereas after the interventions sovereign CDS spreads
largely determine the price of banks’ CDS series. The authors also highlight the
short-term impact of the financial sector on sovereign CDS spreads and its insignif-
icance in the long run.

Alter and Beyer (2014) show that the contagion between banking and sovereign
fluctuates within a stable interval over the period October 2009-July 2012. It is high
around important policy events in April 2010, August 2011, and June 2012 and
its components (banks-to-sovereigns and sovereigns-to-banks) increase during the
period of analysis, which suggests intensifying feedback loops between euro area
banks and sovereigns.

Ejsing and Lemke (2011) examine co-movements between sovereign CDS spreads
of ten euro area countries and CDS of their banks for the period from January 2008
to June 2009. The authors find that the government rescue packages led to a de-
crease in the CDS spreads of the banking sector at the cost of the increase in the
price of sovereign CDSs. Furthermore, the bailout schemes made sovereign CDSs
even more sensitive to any future shocks.

Gross and Kok (2013) illustrate, using a mixed-cross-section Global Vector Au-
toregressive (MCS-GVAR) model, that: i) Spillover potential in the CDS market
was particularly pronounced in 2008 and more recently in 2011-12; ii) In 2008
contagion primarily went from banks to sovereigns but the direction reversed in
2011-12 in the course of the sovereign debt crisis; and iii) The system of banks
and sovereigns became more densely connected over time. Dieckmann and Plank
(2011) also find evidence for a private-to-public risk transfer in the countries with
government interventions. Moreover, the authors argue that the magnitude of this
impact depends on the importance of a country’s financial system in the pre-crisis
and this transfer is larger for the EMU countries than non-EMU states.

3.3 Assessing banking and sovereign risk

3.3.1 Bank risk indicator

To assess the banking sector risk in each EMU country, we use the country-wise
banking sector aDtD indicator. aDtD can be interpreted as how many standard
deviations the asset value of the banking sector is away from the debt threshold.
The closer it is to zero, the closer the banking sector is to distress.

WhyDtD over CDS spreads? First, they offer a longer history compared to CDS
spreads (Figure 3.1). Indeed most of the banking CDS started trading in the latter
half of 2005 and quality data was not available until late 2007 (in most of the cases
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the data is available starting December 2007). Also very few of them have remained
liquid since the onset of US financial crisis. Thus, this choice of risk indicator will
allow us to examine the interconnection between the risk in the sovereign and the
banking sectors starting 2005 (more than three years before the beginning of the
global financial crisis).

Second, it includes more banks in each country than those for which CDS data are
available (better representativeness) and seem to perform better in crisis monitoring
(see Chapter 2). To see whether this indicator exhibits a similar movement as CDS,
we plot aDtD and average CDS6 for each country in our analysis separately (Figure
3.1). As can be seen, the aDtD at country level mirrors the average CDS movement
in all cases (deterioration in aDtD corresponds to increase in average CDS, and vice
versa).

Third, the CDS spreads capture only the credit risk with no established record
of correct pricing. As DtD uses equity price and volatility data (having well es-
tablished long history) together with consolidated option pricing methodology, it
provides a more accurate measure. Also DtD is relatively free from political inter-
ference and allows us to include countries (e.g., Finland) for which bank CDS data
is not available. Note that CDS spreads are market based real-time pricing while
DtD is calculated on a quarterly basis.7

3.3.2 Sovereign risk indicator

Ten-year sovereign bond yield spreads with respect to the German bund is the
proxy used in this paper to measure sovereign risk, whilst the 10-year benchmark
sovereign yield is used in the case of Germany.8 Our sample contains eleven EMU
countries, six central (Austria, Belgium, Finland, France, Germany and the Nether-
lands) and five peripheral (Greece, Ireland, Italy, Portugal and Spain).

6We have collected 5-year senior bond CDS spread series for all EMU banks over the period
2005-2014 which are available in Datastream. To save space, the list of banks for which CDS
spreads data is available is not tabulated here but is available from authors upon request. Note that
the bank sample for countries changes over time due to bankruptcy, nationalization, de-/listing or
other corporate actions.

7This loss of frequency restricts the dynamic analysis.
8We decided to use the 10-year bund yields as a proxy for the risk-free benchmark; they are

considered as such in many academic studies because German sovereign debt has enjoyed a high
credit rating for some time now and its returns can be seen as a good proxy for risk-free asset returns.
For the sake of simplicity, this convention is maintained in the paper. However, since this decision
would mean the omission of Germany from the analysis, we use the 10-year yield as a proxy of the
sovereign risk in the case of Germany. We think that it is relevant to include Germany in the analysis
taking into account that since 2008 this country had a deteriorated banking system and government
measures to support the banking system accounted for 25% of its GDP at the end of 2008 (see Table
3.5).
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Figure 3.1: Country-wise banking sector aDtD and average CDS spreads

2006 2008 2010 2012

1
2

3
4

5
A

ve
ra

ge
 b

an
ki

ng
 D

tD

2006 2008 2010 2012

10
0

20
0

30
0

40
0

50
0

A
ve

ra
ge

 b
an

ki
ng

 C
D

S
 (

ba
si

s 
po

in
ts

)

(a) Austria

2006 2008 2010 2012

2
4

6
8

A
ve

ra
ge

 b
an

ki
ng

 D
tD

2006 2008 2010 2012

0
10

0
20

0
30

0
40

0
A

ve
ra

ge
 b

an
ki

ng
 C

D
S

 (
ba

si
s 

po
in

ts
)

(b) Belgium

2006 2008 2010 2012

2
3

4
5

6
A

ve
ra

ge
 b

an
ki

ng
 D

tD

2006 2008 2010 2012

50
10

0
15

0
20

0
25

0
30

0
A

ve
ra

ge
 b

an
ki

ng
 C

D
S

 (
ba

si
s 

po
in

ts
)
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(h) Ireland
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(i) Italy
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(j) The Netherlands
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(k) Portugal

Notes: CDS data is not available for Finnish banks. CDS data is at daily frequency while the aDtD
is calculated at quarterly frequency.
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3 Sovereigns and banks in the euro area: a tale of two crises

Why sovereign yield spreads over CDS spreads? Firstly, the CDS spreads capture
only the credit risk while yield spreads include inflation expectations, re-denomination
risk, demand/supply for lending conditions as well as default risk. Indeed, Krish-
namurthy et al. (2014) decompose euro-denominated government bond yields into
two components that are common across all countries using the euro (an expecta-
tions hypothesis component and a euro-rate term premium) and three components
that are country-specific (default risk, redenomination risk and market segmenta-
tion). While the solvency risk component of bond yields is captured by default
risk, if bond holders worry that rather than (or in addition to) default on obliga-
tions, the government will choose to exit the euro and redenominate its debt into a
local currency at a depreciated exchange rate, then they will require a redenomina-
tion premium. The last component of the bond yield arises from segmentation and
illiquidity frictions.

Secondly, they better represent the size and liquidity concerns in the govern-
ment debt market. CDS contracts that reference sovereign credits are only a small
part of the sovereign debt market ($3 trillion notional sovereign CDS outstanding
in end-June 2012, compared with $50 trillion of government debt outstanding at
end-2011: International Monetary Fund (2013)); and lastly, sovereign bonds are
less prone to political interference. During the crisis, European authorities banned
naked/uncovered purchases of sovereign CDS based on EMU countries (Interna-
tional Monetary Fund (2013)). Thus CDS spreads no longer show us what investors
think about the credit risk. They reflect a mix of default risk expectations and fore-
casts of rescue measures. This is yet another instance of Goodhart’s Law - ‘a vari-
able that becomes a policy target soon loses its reliability as an objective indicator’
(Goodhart (1975a), Goodhart (1975b)).

3.4 Data

3.4.1 Banking sector risk measure

We use the banks average DtD as the banking sector risk measure for individual
countries. The sample selection methodology and computation of aDtD is ex-
plained in Section 2.3.

3.4.2 Sovereign risk measure

Ten-year bond yield spreads with respect to the German bund (10-year yields in the
case of Germany), which have been calculated from data drawn from Datastream,
will be the proxy used in this paper to measure sovereign risk for all countries in the
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3.5 Econometric methodology

sample except for Germany. The 10-year yield is used in the case of Germany in
order to be able to include this country in our analysis. We use quarterly data from
2004-Q4 to 2013-Q3 (i.e., T=36 observations).

3.4.3 Data anlaysis

Graphs in Figure 3.2 display the evolution of both sovereign and banking risk in the
eleven countries in our sample during the crisis period: from 2004-Q4 to 2013-Q3.
The right axis corresponds to the banking risk indicator (aDtD) and the left axis
to the sovereign risk indicator (the 10-year sovereign yields spread or the 10-year
yield).

3.5 Econometric methodology

The term ‘contagion’, generally used in contrast to ‘interdependence’, conveys the
idea that after a shock there may be breaks or anomalies in the international trans-
mission mechanism which arguably reflect switches across multiple equilibria, mar-
ket panics unrelated to fundamentals, investors’ herding, and the like. Contagion
has been defined in many different ways in the literature,9 including the transfer of
any shock across countries (Edwards (2000)). Eichengreen and Rose (1999) and
Kaminsky and Reinhart (1999) define it as the situation in which knowledge of
crisis in one country increases the risk of crisis in another one.

Much of the empirical work on measuring the existence of contagion is based
on comparing correlation coefficients during a relatively stable period with a crisis
or a period of turbulence (see, e.g., Forbes and Rigobon (2002) and Corsetti et al.
(2005)). In fact, Forbes and Rigobon (2002) argue that ‘contagion is a significant
increase in cross-market co-movements after a shock.’ These authors stress that this
notion of contagion excludes a constant high degree of co-movement that exists in
all states of the world since; in that case, markets would be just interdependent. This
definition is sometimes referred to as ‘shift-contagion’ and this very sensible term
clarifies that contagion arises from a shift in cross-market linkages, and also avoids
taking a stance on how this shift occurs.10

Given the lack of consensus on contagion, in this study we adopt an eclectic
approximation and directly investigate changes in the existence and the intensity
of causality between banking and sovereign risk among a sample of eleven euro
area countries. To that end, we follow a dynamic approach in order to assess the

9Gómez-Puig and Sosvilla-Rivero (2015) present a detailed literature review of the different
definitions of financial contagion and the most important strategies used in its empirical analysis.

10See Forbes and Rigobon (2001).
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3 Sovereigns and banks in the euro area: a tale of two crises

Figure 3.2: Country-wise banking sector aDtD and 10Y sovereign yield spreads
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(f) France
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(i) Italy
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(j) The Netherlands
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(k) Portugal

Notes: Yield spread data is at daily frequency while the aDtD is calculated at quarterly frequency.
For Germany, we use the 10Y benchmark German bund yield.
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3.5 Econometric methodology

evolving nature of the Granger causal linkages and to detect episodes of significant
and transitory increases in the pair-wise Granger causal relationships. The intuition
is that if the causal linkage intensifies during a period of turmoil relative to a period
of tranquility, this intensification could identify episodes of significant propagation
of shocks from one side to the other.

3.5.1 Testing procedure

The concept of Granger-causality was introduced by Granger (1969) and Sims
(1972) and is widely used to ascertain the importance of the interaction between two
series. As is well known, Granger causality is not a relationship between ‘causes’
and ‘effects.’ Rather, it is defined in terms of incremental predictive ability (Hoover
(2001)): a variable Y is said to Granger-cause another variable X if past values of Y
help to predict the current level of X better than past values of X alone, indicating
that past values of Y have some informational content that is not present in past
values of X. Therefore, knowledge of the evolution of the variable Y reduces the
forecast errors of the variable X, suggesting that X does not evolve independently
of Y. This concept is suitable for identifying and monitoring contagion.

Tests of Granger causality typically use the same lags for all variables. This poses
a potential problem, since Granger-causality tests are sensitive to lag length.11 In
this paper we use Hsiao (1981) sequential method to test for causality to determine
the optimal lag structure for each variable, combining Akaike’s final predictive er-
ror (FPE, from now on) and the definition of Granger-causality.12 Essentially, the
FPE criterion trades off the bias that arises from under-parameterization of a model
against a loss in efficiency resulting from its over-parameterization, removing the
ambiguities of the conventional procedure.

Consider the following models,

Xt = α0 +
m

∑
i=1

δiXt−i + εt (3.1)

Xt = α0 +
m

∑
i=1

δiXt−i +
n

∑
j=1

γjYt−j + εt (3.2)

where Xt and Yt are stationary variables (i.e., they are I(0) variables). The fol-
lowing steps are used to apply Hsiao’s procedure for testing Granger-causality:

11The general principle is that smaller lag lengths have smaller variance but run a risk of bias,
while larger lags reduce the bias problem but may lead to inefficiency.

12Thornton and Batten (1985) show that Akaike’s FPE criterion performs well relative to other
statistical techniques.
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1. Treat Xt as a one-dimensional autoregressive process (5), and compute its
FPE with the order of lags m varying from 1 to m. Choose the order which
yields the smallest FPE, say m,13 and denote the corresponding FPE as FPEX (m,
0).

2. Treat Xt as a controlled variable with m number of lags, and treat Yt as a
manipulated variable as in (6). Compute again the FPE of (6) by varying
the order of lags of Yt from 1 to n, and determine the order which gives the
smallest FPE, say n, and denote the corresponding FPE as FPEX (m,n).14

3. Compare FPEX (m, 0) with FPEX (m,n) (i.e., compare the smallest FPE in
step 1 with the smallest FPE in step 2). If FPEX (m,0) > FPEX (m,n), then Yt
is said to cause Xt. If FPEX (m,0) < FPEX (m,n), then Xt is an independent
process.

4. Repeat steps 1 to 2 for the Yt variable, treatingXt as the manipulated variable.

When Xt and Yt are not stationary variables, but are first-difference stationary
(i.e., they are I(1) variables) and cointegrated (see Dolado et al. (1990)), it is pos-
sible to investigate the existence of Granger-causal relationships from ∆Xt to ∆Yt
and from ∆Yt to ∆Xt, using the following error correction models:

∆Xt = α0 +
m

∑
i=1

δi∆Xt−i + εt (3.3)

∆Xt = α0 +βZt−1 +
m

∑
i=1

δi∆Xt−i +
n

∑
j=1

γj∆Yt−j + εt (3.4)

where Zt−1 is the lagged OLS residual of the cointegrating regression (Xt = µ+

λYt), known as the error-correction term. Note that, if Xt and Yt are I(1) variables,
but they are not cointegrated, then β in (8) is assumed to be equal to zero.

In both cases (i.e., Xt and Yt are I(1) variables, and they are or are not cointe-
grated), we can use Hsiao’s sequential procedure substituting Xt with ∆Xt and Yt
with ∆Yt in steps 1 to 4), as well as substituting expressions (5) and (6) with equa-
tions (7) and (8). Proceeding in this way, we ensure efficiency since the system is
congruent and encompassing (Hendry and Mizon (1999)).

As explained above, since the presence and intensity of Granger-causality may
vary over time, we adopt a dynamic analysis to detect episodes of a significant,

13FPEX(m,0) is computed using the formula: FPEX(m,0) = (T+m+1)SSR
(T−m−1)T where T is the

total number of observations and SSR is the sum of squared residuals of OLS regression (5).
14FPEX(m,n) is computed using the formula: FPEX(m,n) = (T+m+n+1)SSR

(T−m−n−1)T where T is the
total number of observations and SSR is the sum of squared residuals of OLS regression (6).
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short-run abrupt increase in the causal linkages. To assess the dynamic Granger-
causality between sovereign and banking risk, we carry out rolling regressions using
a window of four quarterly observations.15 In each estimation, we apply the Hsiao
(1981)’s sequential procedure outlined above to determine the optimum FPE (m, 0)
and FPE (m, n) statistics in each case.

3.5.2 Application

As a first step, we tested the order of integration of the aDtDs, and the sovereign
risk indicator by means of the Augmented Dickey-Fuller (ADF) tests. Then, fol-
lowing Cheung and Chinn (1997)’s suggestion, we confirmed the results using the
Kwiatkowski et al. (1992) (KPSS) tests, where the null is a stationary process
against the alternative of a unit root. The results, not shown here to save space
but available from the authors upon request, decisively reject the null hypothesis
of non-stationarity in the first regressions. They do not reject the null hypothesis
of stationarity in the first differences, but strongly reject it in levels, in the second
differences. So, they suggest that both variables can be treated as first-difference
stationary. As a second step, we tested for cointegration between each of the 20 pair
relationships using Johansen (1991, 1995)’s approach. The results suggest16 the ab-
sence of long-run cointegration between the aDtD and the sovereign risk indicator.
Therefore, we tested for Granger-causality in first differences of the variables, with
no error-correction term added (i. e., equations (7) and (8) with β = 0).

In Figures 3.3-3.4 we plot the evolution over time of the difference between FPE
(m, 0) and FPE (m, n) statistics in each case. Therefore, these graphs provide us
with a view of the dynamic bidirectional influence that exists between sovereign
and banking risks for each EMU country and constitute our indicator of causality
intensification based on time-varying Granger-causality analysis since it illustrates
the changes in the directions and magnitudes over time. In Figure 3.3 we present the
graphs corresponding to the five peripheral EMU countries included in the sample
(Greece, Ireland, Italy, Portugal and Spain), whilst Figure 3.4 displays the graphs
corresponding to the six central EMU countries in our sample (Austria, Belgium,
Finland, France, Germany and the Netherlands).

Note that if the difference is positive and statistically significant at the 1% level
in the case of, say, the banking to sovereign risk relationship, this indicates the

15We also used values of six and eight observations. The results are broadly in line with those
obtained for the 4-quarterly windows and are therefore not presented in the interests of space; they
are available from the authors upon request.

16Again, the results are not presented for reasons of space, but are available from the authors
upon request.
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Figure 3.3: Time-varying causality between sovereign and banking risk in EMU pe-
ripheral countries, 2005:Q2-2013:Q3
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(c) Italy
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(d) Greece
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(e) Spain

Note: We plot the differences between the FPE obtained when estimating sovereign spread series
using only the information contained in past sovereign spread series and the FPE obtained also
using the information contained in past aDtD series (Banks→ Sovereign) and the differences

between FPE obtained when estimating the aDtD series using only the information contain in past
aDtD series and the FPE obtained using also the information contained in past sovereign spread

series (Sovereign→ Banks). We associate causality intensification from country banking risk
towards sovereign risk with those episodes where the difference Banks→ Sovereign (left axis) is

positive and statistically significant at the 1% level, and causality intensification from sovereign risk
towards country banking risk with those episodes where the difference Sovereign→ Banks (right

axis) is positive and statistically significant at the 1% level.

existence of a significant, transitory increase in the Granger-causality relationship
running from country banking risk towards sovereign risk.

3.6 Results

In order to examine the time-varying behavior of causality between the two risks,
we follow the Bank for International Settlements (2009), and divide the entire time
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3.6 Results

Figure 3.4: Time-varying causality between sovereign and banking risk in EMU
core countries, 2005:Q2-2013:Q3
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(b) Belgium
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(c) The Netherlands
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(d) Austria
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(e) Finland
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(f) Germany

Note: We plot the differences between the FPE obtained when estimating sovereign spread series
using only the information contained in past sovereign spread series and the FPE obtained also
using the information contained in past aDtD series (Banks→ Sovereign) and the differences

between FPE obtained when estimating the aDtD series using only the information contain in past
aDtD series and the FPE obtained using also the information contained in past sovereign spread

series (Sovereign→ Banks). We associate causality intensification from country banking risk
towards sovereign risk with those episodes where the difference Banks→ Sovereign (left axis) is

positive and statistically significant at the 1% level, and causality intensification from sovereign risk
towards country banking risk with those episodes where the difference Sovereign→ Banks (right

axis) is positive and statistically significant at the 1% level.

span (2005:Q2 to 2013:Q3)17 into eight stages (stages 2 to 7 correspond to Bank
for International Settlements (2009) stages 1 to 6). The first three stages before the
Lehman collapse are considered as pre-crisis periods while the rest are classified
as crisis periods. Table 3.1-3.2 reports the episodes of causality intensification,
directionality and the involved countries.

We also search for episodes of causality intensification between banks and sovereigns

17Note that our most parsimonious model is specified as an autoregressive model of order one
[AR(1)] in differences and therefore we lose two observations at the beginning of the sample.
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3 Sovereigns and banks in the euro area: a tale of two crises

Table 3.1: Evolution of episodes of causality intensification: Pre-crisis period

Stages Contagion Direction Peripheral Central

First Yes Sovereign to Spain (2005:Q4) Austria (2005:Q4)
(2005:Q2-2007:Q2) banks Spain (2006:Q3) Austria (2007:Q2)

Ireland (2007:Q2) Belgium (2005:Q3)
Portugal (2005:Q3) Finland (2005:Q2)

Finland (2005:Q3)
Netherlands (2007:Q1)

No Banks to - -
sovereign

Second No Sovereign to - -
(2007:Q3-2008:Q1) banks

No Banks to - -
sovereign

Third No Sovereign to - -
(2008:Q2-2008:Q3) banks

Yes Banks to - Germany (2008:Q2)
sovereign Germany (2008:Q3)

using the important domestic banks in each individual country. For this purpose,
we classified all banks into systemically important bank (SIB) and other national
bank based on the list of global or domestic SIBs prepared by European Central
Bank, Bank for International Settlements and Federal Reserve. Countries for which
no SIB exist, we took the biggest bank in terms of total asset. Table 3.3 list the
banks considered for this analysis while Figure 3.5 and 3.6 exhibit the time-varying
causality between sovereign and SIBs risk in EMU peripheral and central countries,
respectively and Table 3.4 present the detected episodes of causality intensification.

For the ease of understanding directionality with major market events, Figure 3.7
and 3.8 document the major crisis events for different EMU countries together with
major policy actions coordinated at EU level. The interested reader may browse
through Figures 3.7 and 3.8 to find evidence for particular countries or for concrete
policy measures of her/his special interest and the respective detected causality in-
tensification episodes in Tables 3.1, 3.2 and 3.4.18

18Note that, even though the results of the cointegration tests reject a long-run relationship be-
tween sovereign and banking risks for the countries under study, we do find evidence of causality
intensification episodes between them, suggesting that each risk series contains useful information
that is not present in the other which can help to explain the short-run evolution of the latter.
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3.6 Results

Table 3.2: Evolution of episodes of causality intensification: Crisis period

Stages Contagion Direction Peripheral Central

Fourth No Sovereign to - -
(2008:Q4 - 2009:Q1) banks

Yes Banks to - Austria (2009:Q1)
sovereigns Finland (2008:Q4)

Finland (2009:Q1)
Netherlands (2009:Q1)

Fifth Yes Sovereign to Spain (2009:Q3) -
(2009:Q2 - 2009:Q3) banks Italy (2009:Q3)

Yes Banks to - France (2009:Q2)
sovereigns France (2009:Q3)

Netherlands (2009:Q3)

Sixth Yes Sovereign to Spain (2009:Q4) Austria (2010:Q3)
(2009:Q4 - 2011:Q3) banks Italy (2009:Q4) Austria (2011:Q1)

Italy (2010:Q4) Austria (2011:Q2)
Portugal (2009:Q4) Belgium (2011:Q1)

Finland (2010:Q3)
Netherlands (2011:Q3)

Yes Banks to Spain (2011:Q1) Austria (2011:Q2)
sovereigns Greece (2011:Q3) France (2011:Q3)

Ireland (2011:Q3)
Italy (2011:Q3)
Portugal (2011:Q3)

Seventh Yes Sovereign to Spain (2012:Q2) Netherlands (2011:Q4)
(2011:Q4 - 2012:Q2) banks

Yes Banks to Greece (2012:Q1) Austria (2012:Q1)
sovereigns Ireland (2011:Q4) France (2011:Q4)

Italy (2011:Q4) Netherlands (2012:Q2)
Italy (2012:Q1)
Portugal (2012:Q2)

Eighth Yes Sovereign to Italy (2013:Q1) Finland (2012:Q4)
(2012:Q3 - 2013:Q3) banks Finland (2013:Q1)

Yes Banks to Spain (2013:Q1) France (2012:Q4)
sovereigns Spain (2013:Q2) Netherlands (2012:Q3)

Portugal (2012:Q3) Netherlands (2013:Q2)

3.6.1 Pre-crisis stages

The first stage, which ran from 2005:Q2 to 2007:Q2, was the period of relative sta-
bility before the beginning of the global financial crisis. The second stage began in
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3 Sovereigns and banks in the euro area: a tale of two crises

Table 3.3: List of SIBs in individual countries

Country Name

Austria Erste Group Bank AG
Belgium Dexia
Germany Deutsche Bank AG
Germany Commerzbank AG
Spain Banco Bilbao Vizcaya Argentaria SA
Spain Banco Santander SA
Finland Pohjola Bank plc - Pohjola Pankki Oyj
France Crédit Agricole S.A.
France Société Générale
France BNP Paribas
Greece National Bank of Greece SA
Ireland Allied Irish Banks plc
Italy UniCredit SpA
The Netherlands ING Groep NV
Portugal Banco Comercial Português

2007:Q3 and ends in 2008:Q1. Starting from June 2007, losses from subprime mort-
gages began to expose large-scale vulnerabilities in US financial system. This was
the first period of the crisis, characterized by concerns over losses on US subprime
mortgage loans which escalated into widespread financial stress (on 9 August 2007,
the turmoil spread to the interbank markets). The sharp rise in the defaults rates
revealed the excessive exuberance in the housing market. The securitization market
froze while the confidence in funding markets was eroded. The crisis spread rapidly
through the worldwide financial market and severe stress were observed around the
globe. In brief, what initially appeared to be a problem affecting only a small part
of the US financial system quickly spread more widely, including European Banks.

The third stage ran from 2008:Q2 to 2008:Q3. During this period, after a short
respite following the takeover of Bear Stearns on 16 March 2008, financial asset
prices came under renewed pressure. The liquidity crisis started turning into a sol-
vency crisis and governments started to take explicit rescue measures directed to-
wards financial institutions. In September, Lehman Brothers collapsed which sent a
shockwave to the entire financial system, leading to an acute shortage in the funding
market, sharp rise in risk aversion and complete mistrust among financial players.
A distinctive feature of the period up to mid-September was an increased investor
focus on signs that the US recession had spilled over to other major economies, trig-
gering a synchronized economic downturn (indeed, the euro area officially entered
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3.6 Results

Figure 3.5: Time-varying causality between sovereign and SIBs in EMU peripheral
countries, 2005:Q2-2013:Q3
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(a) Portugal
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(b) Ireland
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(c) Italy
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(d) Greece
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(e) Spain

Note: We plot the differences between the FPE obtained when estimating sovereign spread series
using only the information contained in past sovereign spread series and the FPE obtained also

using the information contained in past DtDs series for SIBs (SIBs→ Sovereign) and the
differences between FPE obtained when estimating the aDtD series for SIBs using only the

information contain in past aDtD series and the FPE obtained using also the information contained
in past sovereign spread series (Sovereign→ SIBs). We associate causality intensification from

SIBs risk towards sovereign risk with those episodes where the difference SIBs→ Sovereign (left
axis) is positive and statistically significant at the 1% level, and causality intensification from

sovereign risk towards SIBs risk with those episodes where the difference Sovereign→ SIBs (right
axis) is positive and statistically significant at the 1% level.

recession in the last quarter of 2008 when its GDP fell 2.1%).

Some important observations can be drawn from Figures 3.3-3.6 and Tables 3.1
and 3.4. Table 3.1 shows that during the first stage, before the financial crisis,
causality intensification mainly took place from sovereigns to banks. We find ev-
idence of at least one episode of causality intensification in this direction in seven
out of the eleven cases studied, the exceptions being Greece, Italy, France and Ger-
many. It is noticeable that these episodes are mainly concentrated in the second
semester of 2005 and in the first semester of 2007, coinciding with a period of eco-
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3 Sovereigns and banks in the euro area: a tale of two crises

Figure 3.6: Time-varying causality between sovereign and SIBs in EMU core coun-
tries, 2005:Q2-2013:Q3
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(a) France
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(b) Belgium
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(c) The Netherlands
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(d) Austria
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(e) Finland
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(f) Germany

Note: We plot the differences between the FPE obtained when estimating sovereign spread series
using only the information contained in past sovereign spread series and the FPE obtained also

using the information contained in past DtDs series for SIBs (SIBs→ Sovereign) and the
differences between FPE obtained when estimating the aDtD series for SIBs using only the

information contain in past aDtD series and the FPE obtained using also the information contained
in past sovereign spread series (Sovereign→ SIBs). We associate causality intensification from

SIBs risk towards sovereign risk with those episodes where the difference SIBs→ Sovereign (left
axis) is positive and statistically significant at the 1% level, and causality intensification from

sovereign risk towards SIBs risk with those episodes where the difference Sovereign→ SIBs (right
axis) is positive and statistically significant at the 1% level.

nomic stagnation in EMU countries in the first case and with the beginning of a
downturn in GDP growth from 2007 in the euro area, which after peaking in the last
quarter of 2006 (3.7%) began to decrease until it reached negative values at the end
of 2008.

In stage 2 not a single contagion episode is detected while in stage 3, only two
episodes of causality intensification, from banks to sovereigns though, are detected
in Germany, confirming that the deterioration of Germany’s banking system af-
ter the US subprime crisis resulted in a sovereign risk increase. When analyzing
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3.6 Results

Figure 3.7: Country wise major crisis events
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IE − Govt guarantee all deposits/debts of Irish banks
GR − Change in government − Georges Papandreou

GR − Public deficit exceed 10% of GDP
GR − Downgraded by all rating agencies

GR − Govt unveils deficit reduction plans
GR − EU leaders announced financial assistance

GR − 10−year IR at 8.7%, financial assistance activated
GR − EMU−IMF−ECB to the rescue

IE − Govt cost of rescuing Bank higher than expected
IE − Fitch downgrades credit rating

IE − 10−year IR at 9%, financial assistance required
IE − EMU−IMF provided financial assistance

GR − IR on loans set to 5%, maturity to 7.5 years
GR − Agreement on €50bn privatisation plan

PT − Credit rating downgraded
PT − Request EC for financial assistance

GR − IMF threatened to stop disbursement
PT − European Council agrees on a financial assistance

PT − Moody’s downgraded credit rating to junk
IT − Govt adopts the austerity package

GR − Moody’s and S&P downgrade credit rating
IT − ECB reactivates SMP of Italian bonds

ES − ECB reactivates SMP of Spanish bonds
FR − Bank stocks slide on rumours of credit rating downgrade

IT − S&P downgrades credit rating
ES − Hit by a wave of rating downgrades
IT − Hit by a wave of rating downgrades

GR − Debt restructured
GR − Announces a referendum on the restructuring deal

GR − The referendum is called off
IT − Agrees to ad hoc monitoring by EU−IMF

GR − Change in government − Lucas Papademos
IT − Change in government − Mario Monti

ES − Change in government − Mariano Rajoy
IT − Yield curve sky−rocketed and inverted

ES − Yield curve sky−rocketed
IT − Comprehensive measures to bring finances on track

ES − Deficit exceeded 8%, new austerity measures
AT − Rating downgraded by S&P
FR − Rating downgraded by S&P
IT − Rating downgraded by S&P

PT − Rating downgraded by S&P
ES − Rating downgraded by S&P

ES − New set of reform measures
GR − New round of austerity measures

GR − Informal agreement on second rescue package
ES − Govt announces a higher deficit target

GR − 2nd rescue package is formally approved
ES − New austerity measures introduced

ES − S&P lowers the rating of 16 Spanish banks
FR − Change in government − Francois Hollande
GR − Change in government − Antonis Samaras

ES − Government nationalize Bankia
ES − New measures to strengthen banking

ES − Bankia’s capital shortfall at €19bn
ES − Moody’s and S&P downgrade credit rating

ES − IMF estimates fragility in banking sector
ES − Request financial assistance to recapitalize banks

GR − Re−election
PT − Troika − Economic adjustment is on track
ES − EfC granted an extra year for deficit reduction

ES − Govt proposes new austerity package
IE − Troika − Economic adjustment is on track

GR − Antonis Samaras − Govt committed to reforms
ES − Unveils new cuts − 2013 budget

PT − Got an extra year to cut deficit
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Source: ECB, Brugels and authors’ calculation. EC: European Council; SGP: Stability and Growth
Pact; EfC: Ecofin council; IMF: international Monetary Fund; EU: European Union; Govt: Govern-
ment; EUC: European Commission; IR: Interest Rate; EFSF: European Financial Stability Facility;
ESM: European Stability Mechanism; SMP: Secondary Market Purchase; LTRO: Longer-term refi-
nancing operations.
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Figure 3.8: Major policy actions at EU level

2006 2008 2010 2012

Subprime/Interbank market seize
Lehman collapse/EU interbank markets seize
ECB announces liquidity support to EU banks

EUC adopts the EU Recovery Plan
EFSF introduced

Pan EU stress test published
EUC presented the “six−pack”

ESM set up
EFSF and ESM fully effective

ESM Treaty is signed by euro area member states
2nd pan−EU stress test made public

EU decided new crisis measures
S&P downgrades US credit rating

Widespread deterioration of in financing conditions
Agreement on the “six−pack” legislation
Mario Dragi  − the new President of ECB

EFSF firepower multiplied
Cannes G20 meeting − focus on EU reforms

EUC proposes the so−called "two−pack"
Central banks liquidity support until Feb 2013

EU decides a new treaty−based “fiscal compact”
ECB provides measures − 2 LTROs

The six−pack enters into force
1st 36−month LTRO (489.2 billion/523 banks)

New ESM treaty signed
2nd 36−month LTRO (529.5 billion/800 banks)

Signed treaty on Stability, Convergence and Governance
EFSF/ESM lending ceiling increased to €700bn

EUC adopts new framework for full integration
Mario Draghi − “whatever it takes to preserve the euro”

ECB introduces OMT programme
EUC − Single supervisory mechanism and banking union
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Source: ECB, Brugels and authors’ calculation. EC: European Council; SGP: Stability and Growth
Pact; EfC: Ecofin council; IMF: international Monetary Fund; EU: European Union; Govt: Govern-
ment; EUC: European Commission; IR: Interest Rate; EFSF: European Financial Stability Facility;
ESM: European Stability Mechanism; SMP: Secondary Market Purchase; LTRO: Longer-term refi-
nancing operations.
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Table 3.4: Evolution of episodes of causality intensification between SIBs and
sovereign risk.

Stages Contagion Direction Peripheral Central

First Yes Sovereign to Ireland (2007:Q2) Germany (2005:Q2)
(2005:Q2-2007:Q2) systemic banks Germany (2007:Q1)

No Systemic banks - -
to sovereign

Second Yes Sovereign to Spain (2008:Q1) France (2007:Q3)
(2007:Q3-2008:Q1) systemic banks

No Systemic banks - -
to sovereign

Third No Sovereign to - -
(2008:Q2-2008:Q3) systemic banks

No Systemic banks - -
to sovereign

Fourth No Sovereign to - -
(2008:Q4 - 2009:Q1) systemic banks

Yes Systemic banks - Austria (2009:Q1)
to sovereign Finland (2009:Q1)

Fifth No Sovereign to - -
(2009:Q2 - 2009:Q3) systemic banks

Yes Systemic banks - Finland (2009:Q2)
to sovereign

Sixth No Sovereign to - -
(2009:Q4 - 2011:Q3) systemic banks

Yes Systemic banks Greece (2011:Q3) Austria (2009:Q4)
to sovereign Austria (2010:Q1)

France (2011:Q3)

Seventh No Sovereign to - -
(2011:Q4 - 2012:Q2) systemic banks

Yes Systemic banks Greece (2011:Q4) France (2012:Q1)
to sovereign Italy (2012:Q1)

Eighth Yes Sovereign to - Finland (2012:Q3)
(2012:Q3 - 2013:Q3) systemic banks Finland (2012:Q4)

Finland (2013:Q1)
No Systemic banks - -

to sovereign

65



3 Sovereigns and banks in the euro area: a tale of two crises

causality intensification between SIBs and sovereigns risk before Lehman Collapse
(Table 3.4), we do find episodes of contagion running from sovereigns to SIBs in
two peripheral (Ireland and Spain) and two central countries (Germany and France).

3.6.2 Crisis stages

Stage 4: The collapse of Lehman Brothers in mid-September 2008 defined the be-
ginning of the fourth stage, which ended in 2009:Q1. This stage of the crisis was
marked by concerns about a deepening of the global recession and the repercussions
of the Lehman Brothers bankruptcy, since the balance sheets of banks all around the
globe indicated exposure to their assets. Therefore, policy action was implemented
on an international scale as governments sought to support market functioning and
to cushion the blow of rapid economic contraction. In the European context, the
ECB announced liquidity to support European Banks (in September 2008 the Irish
government already guaranteed all the deposits/debts of the country’s banks), while
the European Commission adopted the European Recovery Plan and allowed gov-
ernments to implement measures to bailout banks.

Following the collapse of Lehman Brothers, fears of losses in the European banks
which were more exposed to US assets triggered episodes of causality intensifica-
tion from banks to sovereigns, mostly in central EMU countries. Indeed, we detect
episodes of causality intensification in this direction in Austria, Finland and the
Netherlands (see Table 3.2) and as it is shown in Table 3.4, in the case of Austria
and Finland, the causality intensification episodes might be triggered by their SIBs.
These results might indicate that central EMU markets were hit more by the interna-
tional financial crisis than peripheral markets. This finding is in accordance with the
results presented in Table 3.5 indicating governments’ commitments to supporting
the banking system during the period October 2008-May 2010 and showing that in
mid-2010 they were clearly higher in central than in peripheral countries (with the
exception of Ireland). In particular, the government commitment to bail out banks
in the three countries above mentioned was between 29% and 52% of their GDP at
the end of 2008.

Stage 5: It started in 2009:Q2, when the first signs of recovery appeared and
global uncertainty receded (announcements by central banks concerning balance
sheet expansions, and the range and the amount of assets to be purchased, led to
significant relief in the financial markets) and ends in 2009:Q3 just before the newly
elected Greek government announced that the country’s budget deficit was much
larger than previously reported, marking the beginning of the sovereign debt crisis
in Europe. Signs of recovery were noted as well as an atmosphere of some relief in
the financial markets.
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The group of countries which intervened at the earliest stages of the crisis by tak-
ing bulk of the losses associated with bailout (i.e. Austria, Germany and Ireland) or
choose to nationalize banks (e.g., Belgium) saw a sharp reduction in the direction
of risk transfer from banks to sovereign. However, Spain whose economy observed
a serious slump (Spanish GDP fell 4.0% and 2.6%, in 2009:Q3 and 2009:Q4 re-
spectively) jointly with Italy saw a sudden rise in risk transfers from sovereign on
banks (Table 3.2). There may also have been some pressure from governments on
banks within their jurisdiction to buy their domestic debt. Indeed, at the end of
2011, the home share of all Spanish and Italian banks’ sovereign exposure was 81%
and 50%, respectively. This may have broadened concerns about their exposure to
bad assets and may have fed speculation about their solvency. As a further step, it
might be interesting to fully analyze the econometric link between the timing and
level of government guarantees and the occurrences of events impacting the finan-
cial needs of the economy. Besides, episodes of causality intensification from banks
to sovereigns in this stage were detected in only three central countries. France and
the Netherlands if we use the average banking risk indicator for the whole coun-
try (Table 3.2) and Finland when using the risk indicator corresponding to its SIBs
(Table 3.4).

Stage 6: The sixth stage began in 2009:Q4 and ended in 2011:Q3. This pe-
riod was marked by concerns about European sovereign debt market’s stability
due to fears that Greece’s debt crisis would spread to EMU peripheral countries.
During this period rescue packages were put in place in Greece (May 2010), Ire-
land (November 2010) and Portugal (April 2011). The sharp increase in sovereign
spreads of euro-area countries with respect to Germany after the explosion of the
Greek crisis was due to a combination of deteriorating macroeconomic and fiscal
fundamentals and to some form of financial contagion. Indeed, a crisis in one coun-
try can lead to reassessment of objectively unchanged fundamentals in other coun-
tries. This is what some authors (Goldstein (1998)) call ‘wake-up call’ contagion
since it leads market participants aware of existing problems or risks they failed to
see before.

It is noticeable that during this period, in which concerns about European sovereign
debt crisis transmission were at their peak and rescue packages were put in place,
Table 3.2 shows that episodes of causality intensification from sovereigns to banks
started rising gradually in most peripheral and central countries. Episodes of causal-
ity intensification from banks to sovereigns were identified in all peripheral and two
central countries (Austria and France). These findings suggest the following ideas:
(1) In Portugal and Italy, causality intensification from the sovereign to the bank-
ing sector can be easily understood, since the main source of vulnerability in those
countries was concentrated in the public sector itself. Moreover, Portuguese and
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Italian banks held the equivalent of 23% and 21% of their countries’ GDP in the
form of domestic bonds which, as we stated above, might have fed speculation re-
garding their solvency; (2) The sudden drop in investor confidence induced fears of
contagion in all euro area countries and led to ‘flight-to-safety’ investments, which
increased the demand for the German bund and also caused a sharp rise in yield
spreads of EMU central countries. This increase in risk in the sovereign sector may
have been transmitted to their banking sectors;19 (3) Not only in Ireland (where
banks’ debt-to-GDP was close to 450% at the end of 2012), but also in Portugal,
Spain, Italy and Greece the high leverage registered in the banking sector (194%,
150%, 110% and 100% of their GDP respectively, at the end of 2012) may have
increased tensions in their already vulnerable and distressed public sector. More-
over, when looking at Table 3.4, we detect episodes of risk transfer from SIBs to
sovereigns in Greece, Austria and France. It must be noticed that the episodes de-
tected in 2011:Q3 in Greece and France are also detected when analyzing causality
running from the average bank risk indicator for the whole country.

Stage 7: The seventh stage of the crisis, which began in 2011:Q4 when Mario
Dragi replaced Jean-Claude Trichet as President of the European Central Bank and
ended in 2012:Q2, was still a period of high turmoil in European markets. Italy
was in the middle of a political crisis and the main rating agencies lowered the
ratings not only of peripheral countries, but also of Austria and France. In this
context of financial distress and huge liquidity problems, the European Central Bank
responded forcefully by implementing (along with other central banks) nonstandard
monetary policies, i.e., policies beyond setting the refinancing rate. In particular,
the ECB’s principal means of intervention were the so-called long term refinancing
operations (LTRO). In November 2011 and March 2012, the ECB allotted to banks
an amount close to 500 billion Euros for a three-year period. However, in March
2012 the second rescue package to Greece was approved and in June 2012 Spain
requested financial assistance to recapitalizes its banking sector.

During the seventh stage, coinciding with the nonstandard monetary policies im-
plemented by the ECB (two LTRO) to support the banking system, episodes of
causality intensification from banks to sovereigns (see Table 3.2) were found mainly
in peripheral countries (Greece, Ireland, Italy and Portugal). Recall that in spring
2011, the three program countries (Greece, Ireland and Portugal) made up more

19The role of investors’ risk aversion is revealed by the reaction of yields on highly rated
sovereign securities. In fact, yields of bonds issued by countries with solid fiscal fundamentals,
such as Austria, Finland and the Netherlands, also rose vis-a-vis the German bund. These countries
maintained their triple-A ratings and therefore the surge in their yields cannot be explained by in-
creased credit risk. Since the intensification of the financial crisis in September 2008, flight-to-safety
tendencies have increased demand for the bund, affecting all euro area countries’ sovereign spreads,
including those for Austria, Finland and the Netherlands (see European Central Bank, 2014).
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than 50% of total liquidity provided through both the main refinancing operations
(MRO) and the LTRO windows - although some episodes were also detected in this
direction in Austria, France and the Netherlands. These results are reinforced in the
analysis presented in Table 3.4.

However, it is also noticeable that in Spain, a country that requested financial
assistance to recapitalizes its banking sector in June 2012, one episode of causality
intensification from the sovereign to the banking sector was identified just after the
rescue (2012:Q3). This result suggests that in the Spanish case, even though the
country only requested assistance for its financial sector, the sovereign risk was
clearly transferred to the banking sector.

Stage 8: Finally, the last stage of the crisis began in 2012:Q3 after Mario Draghi’s
statement on July 26 that ‘within our mandate, the ECB is ready to do whatever it
takes to preserve the euro. And believe me, it will be enough,’ which had a healing
effect on markets, and finished at the end of the sample period in 2013:Q3. It is
important to remark that after July’s statement, on September 6 the ECB introduced
the Outright Monetary Transactions (OMT) program. The program had two key
elements. First, under the OMT, the ECB could purchase government bonds of a
given country, focusing on maturities between 1 and 3 years, and with no ex-ante
quantitative limits. Second, a country had to apply for the OMT in which case
it would also have to undertake a set of fiscal adjustments. That is, the program
involved conditionality. The ECB action implied an important reduction of rede-
nomination risk. Therefore, as some authors have pointed out (see Angelini et al.
(2014)), commitments by the ECB or the government to never redenominate, such
as the OMT, have proved to be effective. Indeed, Angelini et al. (2014) present
empirical evidence that suggest that OMT announcements decreased bond yields in
peripheral countries. In this context, despite the healing effects of Mario Draghi’s
words and OMT announcements on financial markets, some episodes of causality
intensification were still found from sovereigns to banks in Italy and Finland (in
the latter country, their SIBs were the main recipients of the risk, see Table 3.4)
and from banks to sovereigns (Portugal, Spain, France and the Netherlands). We
should keep in mind that, although turbulence in financial markets fell sharply, the
economic recession entered its second dip during this period. Thus, as Shambaugh
(2012) mentioned, not only did the problems of weak banks and high sovereign debt
reinforce each other, but were both exacerbated by weak economic growth.

3.6.3 Pre-crisis vs crisis period: In comparison

From early 2005 until the collapse of Lehman Brothers, 77% of the total episodes
of causality intensification detected were from sovereigns to banks, whereas after
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the last quarter of 2008, coinciding with the beginning of the financial crisis and
the implementation of government measures to support financial institutions, the
direction of causality intensification underwent a change. In this second sub-period
the majority of the episodes of causality intensification (around 63% of the total) ran
from banks to sovereigns: specifically, in the cases of France, Greece, and Ireland
(where episodes of causality intensification were detected only in this direction),
and Portugal and the Netherlands (where they accounted for more than 70% of the
total episodes). Conversely, in Belgium and Finland causality intensification was
mainly identified from sovereigns to banks, whilst in Spain, Italy and Austria there
were similar numbers of episodes of causality intensification in both directions.

Germany represents an exception since we find two episodes of contagion from
bank to sovereigns in the first sub-period, at the end of stage 3 (2008:Q2 and
2008:Q3), while not a single contagion episode is detected in any other stage or
direction. In our opinion, the immunity of German bunds to the weakness of Ger-
man banking sector might be explained by the specific form of its government inter-
ventions to bailout financial institutions or the stability of German government rev-
enues (see Eschenbach and Schuknecht (2002)). In addition, it is important to keep
in mind that the sudden drop in investor confidence that followed the crisis led to
‘flight-to-safety’ investments, increasing the demand for the German bund in times
of distress. These results are corroborated when analyzing causality intensification
between SIBs and sovereign risk in each of the eleven countries in the sample. In
the pre-crisis period (stages 1 to 3) all the detected episodes run from sovereigns to
SIBs; whilst in the crisis period (stages 4 to 8) 77% of the total detected episodes of
causality intensification run from SIBs to sovereigns.

3.7 Concluding remarks

Based on our selection of bank and sovereign risk indicators at country level in
eleven of the countries that have belonged to the EMU since its inception (only
Luxembourg is excluded from the analysis), we applied a dynamic approach to test-
ing for sudden and transitory increases in Granger-causality linkages to investigate
the possible existence of causality intensification. Our direct analysis of the data al-
lowed us to detect, trace and quantify the directional linkages. To contextualize the
empirical results, we followed the Bank for International Settlements (2009) and
divide the entire time span (2005:Q2 to 2013:Q3) into eight stages.

In the first three stages, from early 2005 until the collapse of Lehman Brothers,
more than 77% of the total episodes of causality intensification detected were from
sovereigns to banks, corresponding with a period of economic stagnation in EMU
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countries or with the beginning of a downturn in GDP growth in the euro area. Af-
ter the last quarter of 2008, coinciding with the beginning of the financial crisis
and the implementation of government measures to support financial institutions,
the direction of the causality intensification underwent a change. In this second
sub-period (stages four to eight), the majority of the episodes (around 63% of the
total) ran from banks to sovereigns, notable cases being France, Greece, Ireland
(only episodes of causality intensification in this direction were detected), Portu-
gal and the Netherlands (where they account for more than 70% of the episodes).
These results reinforces the idea that banks were the source of market turbulence,
possibly reflecting the substantial government measures adopted at that time to sup-
port the domestic banking sectors that in turn adversely affected the fiscal position
of sovereigns. Conversely, in Belgium and Finland causality intensification was
mainly from sovereigns to banks, indicating that banks suffered from the deteriorat-
ing values of their sovereign bond holdings as well as higher funding costs. Finally,
for Spain, Italy and Austria, we detected similar numbers of episodes of causal-
ity intensification in both directions, pointing to an adverse feedback loop between
sovereigns and banks with shocks propagating from one to each other. These results
are validated when analyzing causality intensification between SIBs and sovereign
risk in each of the eleven countries in the sample, although only 16% of the de-
tected episodes of contagion between banking and sovereign risk corresponds to
SIBs. These findings might suggest that most of the risk transfer episodes are not
related with SIBs and the strong emphasis placed on SIBs for detecting and moni-
toring systemic risk and financial system stability should be carefully reassessed.

We do find empirical evidence supporting the direct two-way negative feedback
between the banking and sovereign CDS market of the Eurozone countries for the
period of 2009-2011 in line with Acharya et al. (2014) and Alter and Beyer (2014).
However our results differ from those of Alter and Schüler (2012) who using CDS
spreads find that before the government rescue interventions contagion spills over
from the banking sector to the sovereign market, whereas after the interventions
sovereign CDS spreads largely determine the price of banks’ CDS series. In line
with the results obtained by Dieckmann and Plank (2011), we also find evidence for
a private-to-public risk transfer in countries with government interventions. Using
different risk indicators and empirical methodology, we still find evidence support-
ing: (i) Spillovers heightening during 2008 and more recently in 2011-12; and (ii)
From 2008 contagion primarily went from banks to sovereigns but the direction re-
versed in 2011-12 in the course of the sovereign debt crisis, as obtained in Gross
and Kok (2013).

In view of the encouraging results of the present study, we are planning to extend
the research to explore the determinants of causality intensification based on the
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country specific bailout strategies employed to address the stress in individual EMU
countries (see Stolz and Wedow (2010)). As the country specific fiscal support
and banking regulation creates market distortions, we can also explore the role of
banking union in disentangling the risk of EMU banks and their governments in
influencing the risk patterns (Belke (2013), Belke and Gros (2015) and Breuss et al.
(2015)).
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4 Incorporating creditors’ seniority
into contingent claim models:
Application to peripheral euro
area countries

SUMMARY

This paper highlights the role of multilateral creditors (i.e., the ECB, IMF, ESM etc.)
and their preferred creditor status in explaining the sovereign default risk of periph-
eral euro area (EA) countries. Incorporating lessons from sovereign debt crises in
general, and from the Greek debt restructuring in particular, we define the priority
structure of sovereigns’ creditors that is most relevant for peripheral EA countries
in severe crisis episodes. This new priority structure of creditors, together with
the contingent claims methodology, is then used to derive a set of sovereign credit
risk indicators. In particular, the sovereign distance-to-default indicator, proposed
in this paper (which includes both accounting metrics and market-based measures)
aims to isolate sovereign credit risk by using information from the public sector bal-
ance sheets to build it up. Analysing and comparing it with traditional market-based
measures of sovereign risk suggests that the measurement and predictive ability of
credit risk measures can be vastly improved if we account for the changing compo-
sition of sovereigns’ balance sheet risk based on creditors’ seniority.

Keywords: Sovereign default risk, peripheral euro area countries, contingent claims,
distance-to-default
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4.1 Introduction

The global financial crisis, which began in the US in 2007, and the subsequent Eu-
ropean sovereign debt crises of late 2009 have increased the need to understand
and measure the sovereign credit risk of euro area (EA) countries. Understanding
the nature of this risk is of paramount importance given the ever increasing size of
the public debt in EA. However, empirical researchers find it difficult to reconcile
the evolution of traditional market-based measures of sovereign risk in EA coun-
tries with their economic fundamentals (see De Grauwe (2012), De Grauwe and Ji
(2013), Favero and Missale (2012), Aizenman et al. (2013), Beirne and Fratzscher
(2013), among others). Also relevant is the feature unique to the EA according
to which, unlike emerging countries or other developed economies, individual EA
countries have no control over the currency in which their debt is denominated.
This loss of control over their own currency and increased dependence on a com-
mon central bank (the European Central Bank (ECB)) makes countries fragile and
vulnerable to changing market sentiments (see De Grauwe (2012)).

In this paper, we show that, if properly accounted for, an important element -
the total debt held by multilateral creditors1- can reconcile some of the differences
and improve the effectiveness of sovereign risk measures. Given the nature of the
rescue and bail-out strategies, more and more debt is concentrating in the hands of
multilateral institutions that are likely to have ‘senior status’2 in case of insolvency.
To incorporate this, we propose a modified contingent claims model that takes into
account the creditors’ seniority, as observed in the sovereign debt restructuring of
the past and integrates the lessons learned from the recent Greek debt restructuring,
in order to derive a new set of sovereign credit risk indicators.

Why another sovereign credit risk indicator? Sovereign credit risk indicators are
measures of governments’ ability to repay their debt. In the context of EA, which
has recently faced a fierce sovereign debt crisis, the choice of the optimal indicator
is crucial. The amount of credit risk measured by these indicators may directly
affect the behaviour of financial market participants when diversifying the risk of
their global debt portfolios and may have major implications on financial stability.
Moreover, they have a key role in determining the financing costs of the public
sector since higher perceived risk implies higher long-term domestic interest rates,
which in turn increase debt servicing costs and future government deficits.

Yet, according to the empirical literature, the traditional market-based sovereign

1The ECB, the European Financial Stability Facility (EFSF), the European Stability Mechanism
(ESM), the International Monetary Fund (IMF), the European Investment Bank (EIB), etc.

2‘Senior status’ means that the preferred lender is the first to recover its money in case of in-
solvency. The subordinated creditor, or junior creditor, on the other hand, receives only what is left
after senior claim holders have been repaid
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credit risk indicators (sovereign yield spreads, credit default swap (CDS) spreads
and credit ratings) in times of crisis are mainly driven by factors other than the fis-
cal stance (see Fontana and Scheicher (2016)). The most commonly used measures
of sovereign credit risk are CDS contracts. However, CDS contracts that reference
sovereign bonds are only a small part of the sovereign debt market in EA ($3 trillion
notional sovereign CDS outstanding at end-June 2012, compared with $50 trillion
of government debt outstanding at end-2011: International Monetary Fund (2013)).
Moreover, these contracts are thinly traded and for most countries their market price
data has only been reliable since end 2007. The data on sovereign yield spreads
and CDS are also prone to political interference; for example, in the recent Eu-
ropean sovereign debt crisis, the authorities banned naked/uncovered purchases of
sovereign CDS based on EA countries (International Monetary Fund (2013)). For
some countries, the ECB provided price support to sovereign bonds in both primary
and secondary markets. This aggravates the issue of liquidity and relevance. Thus,
CDS and yield spreads are no longer indicative of what investors think about the
credit risk but reflect more a mix of default risk expectations and forecasts of rescue
measures. This is yet another instance of Goodhart’s Law - ‘a variable that becomes
a policy target soon loses its reliability as an objective indicator’ (Goodhart (1975a),
Goodhart (1975b)). Studies examining the determinants of credit rating also sug-
gest the pro-cyclical nature of credit ratings and their inadequate treatment of the
domestic fiscal stance (see Soudis (2016)).

Moreover, since most sovereign debt contracts offer no explicit seniority to par-
ticular groups of creditors, the sovereign credit risk measures do not differentiate
between the bond holdings of multilateral creditors (like the ECB, IMF, ESM, etc.)
to those of a private investor. However, in a survey analysis, Steinkamp and West-
ermann (2014) showed that almost 90% of the market participants expect at least
one of the multilateral’ creditors holding to be senior to private investors. These
authors also document the reactions of rating agencies, which justified their down-
grades explicitly pointing to the seniority issue. The Greek debt restructuring in
2012 also validated this differentiation in which we observe asymmetrical losses
across creditors and across debt instruments based on the seniority of creditors and
maturity of different bonds (see, e.g., Zettelmeyer et al. (2013)). This trancheing of
the sovereign default risk for creditors based on their seniority pushes the credit risk
measures gradually towards the riskiness of junior claim holders.

Against this background, this chapter presents a new framework to measure and
analyse sovereign credit risk in currency union countries using the structural model
of Merton (1974), which was extended towards sovereign credit risk by Gapen et al.
(2005). We exploit the observed market prices and market participants behaviour in
sovereign debt restructuring, to build a credit risk indicator that incorporates this in

81



4 Incorporating creditors’ seniority into contingent claim models

credit risk measurement. Therefore, the main purpose of this paper, is to show how
modern contingent claims analysis (CCA) can be modified and used to measure and
analyse risk stemming from the public sector balance sheet, allowing the calculation
of an indicator that measures sovereigns’ distance-to-default (DtD). Estimating
risk using an approach of this kind has a long tradition in modern financial theory
but has only been applied to gauge sovereign risk in the case of emerging countries.

Why CCA? Taking stock of the rapid advances in the growing literature on mea-
suring sovereign credit risk, our own assessment is that CCA offers the best pos-
sibility for incorporating the seniority structure of creditors in an already existing
theoretical model. It is a theory grounded, market-based approach to analyse and
measure the credit risk of a legal entity (firm or sovereign). The basic approach
rests on the generalization of the option pricing theory pioneered by Black and Sc-
holes (1973) and Merton (1974). The principle underlying the model is that if the
liabilities of a legal entity have different priority (e.g., senior and junior), then the
junior claims can be modelled as a call option on the asset value of the legal en-
tity with senior claims as the strike price. The idea also gives legitimacy to current
bankruptcy proceedings, in which the bankrupt entity formally surrenders its as-
sets to its creditors and sale proceedings are divided among creditors based on the
priority structure of liabilities.

CCA methodology is commonly called the “Merton Model.” It was first adapted
and utilized commercially by the KMV Corporation (Crosbie and Bohn (2003)) and
is now firmly established as the theoretical basis for several applied models that are
used to measure and evaluate credit risk for firms and emerging market sovereigns
(see Bharath and Shumway (2008), European Central Bank (2012), Saldias (2013),
Gray and Jobst (2010), Gray et al. (2010), Gray and Malone (2008), Gray et al.
(2007), Gray and Walsh (2008), Harada and Ito (2008) and Harada et al. (2010)).

This paper is an extension of the existing CCA - based methodology for countries
which are members of a monetary union (EA) and lack the ability to inflate away its
debt in a distressed situation. To the best of our knowledge, this is the first paper to
examine the application of CCA - based methodology for monetary union countries,
and describes in detail a novel framework for measuring the sovereign credit risk.
Based on creditors’ seniority, we define a unique priority structure of debt holders
and incorporate it into the theoretical model to calculate the credit risk for peripheral
EA countries. Furthermore, this paper also contributes to the existing literature by
comparing the proposed indicator with the traditional vulnerability indicators.

Our results suggest that the addition of this idiosyncratic component for individ-
ual sovereigns which is primarily linked to the sectoral distribution of their creditors,
especially the debt held by multilateral creditors increases the information content
of the sovereign credit risk measure. As most sovereign debt contracts offer no
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explicit seniority to a particular group of creditors, the existing sovereign risk mea-
sures increasingly reflect the risk for the junior claim holders and create a bias in all
market-based credit risk measures. Once corrected, the new risk indicators are less
correlated across countries, than the traditional market-based credit risk indicators
(i.e., CDS spreads, sovereign yield spreads and credit ratings). Even though they
share a highly correlated underlying factor linked to global risk and uncertainty,
their weight diminishes in times of crisis. They also show better predictive ability
and causal linkages with other sovereign risk measures.

The paper is organized as follows. Section 4.2 provides a review of the empirical
literature on the main drivers of the traditional sovereign credit risk indicators. In
Section 4.3, we give a conceptual overview of the Merton model, with an explana-
tion of the basic features of the quantitative model. This is followed by a discussion
of the challenges facing the direct application of this model to the EA setting. We
then show how this model can be modified and used to quantify the credit risk for
EA countries. Section 4.5 enumerates the databases used and the practical consid-
erations in sovereign credit risk calculations. In section 4.6, we illustrate the ap-
plication of our modified model to the actual data of EA countries, namely Greece,
Ireland, Italy, Portugal, and Spain for the period 2000-2016. Section 4.7 explores in
details the actual and potential implications of this framework for sovereign credit
risk management. Finally, Section 4.8 offers some concluding remarks.

4.2 Literature review on traditional sovereign credit
risk measures

The sovereign debt crisis in Europe, which began in late 2009, revived the literature
on EA sovereign yield spread drivers and has attributed increasing importance to
uncertainty and variables reflecting investment confidence and perceptions for the
upcoming economic activity (see, among others, Georgoutsos and Migiakis (2013)
or Beirne and Fratzscher (2013)). Many authors have also stressed the importance
of other fundamental variables beyond the country’s fiscal position to explain yield
spread behaviour after the outbreak of the crisis (Allen et al. (2011) or Acharya
et al. (2014), to name a few). In particular, Gomez-Puig et al. (2014) empirically
investigate the determinants of EA sovereign bond yield spreads with respect to the
German bund from January 1999 to December 2012, using panel data techniques
and examining the role of a very exhaustive set of potential drivers. Their results
stress that the rise in sovereign risk during the crisis can only partially be explained
by the evolution of local macroeconomic variables. Specifically, they find that the
relevance of the variables that measure global market sentiment increased during the
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crisis, especially in peripheral EA countries. These results have been corroborated
by many other authors. Aristei and Martelli (2014), who also investigate sovereign
spreads drivers in ten EA countries during the 2000-2012 period, show that prox-
ies of consumer and market sentiment and expectations strongly affect spreads be-
haviour, especially during the crisis. Silvapulle et al. (2016), whose analysis focuses
on peripheral EA countries during the 1999-2013 period, find that market sentiment
variables (the stock returns or the VIX index, among them) had a significant im-
pact on bond yield spreads in the crisis period. Boysen-Hogrefe (2017) argue that,
since the announcement of the outright monetary transactions program (OMT), the
debt-to-GDP ratio has become less relevant as a determinant for government bond
spreads, while financial markets have become more concerned about the willing-
ness and capability to cooperate with the institutions that conduct the adjustment
programs. Finally, the analysis of Paniagua et al. (2017) also provides empirical
evidence suggesting that not only fiscal indebtedness, but also a shift in global risk
aversion and the worsening of other fundamentals, have played a significant role in
explaining the evolution of long term spreads in peripheral EA countries.

The nature of sovereign credit risk using CDS data has been studied by Longstaff
et al. (2011) for a sample of 26 developed and emerging countries during the 2000-
2010 period by conducting a principal component analysis of the changes in sovereign
CDS. Their results show that sovereign credit risk measured by CDS spreads tends
present much higher correlations across countries than equity index returns for the
same countries, due to the dependence of sovereign credit spreads on a common
set of global market factors. Specifically, they find that a single principal compo-
nent accounts for 64% of the variation in sovereign credit spreads. Badaoui et al.
(2013) also try to isolate default risk from the sovereign risk premium in a sample
of emerging market countries during the period 2005-2010; their decomposition ex-
ercise puts forward the idea that the increase in CDS spreads observed during the
crisis period was mainly due to a surge in liquidity rather than to an increase in the
default intensity. Broto and Perez-Quiros (2015), who analyse the sovereign CDS
spreads of ten OECD countries with a dynamic factor model, conclude that although
the CDS premium contains highly relevant information on sovereign risk, it must be
previously corrected by the portion of the premium related to overall risk aversion
and qualified by the contagion effects that may be present in it. Blommestein and
Qia (2016) also find that contagion from the global financial market is an important
factor affecting the pricing of CDS spreads in their sample of peripheral EA coun-
tries. Another interesting result is that, in contrast to previous studies which focused
on pre-crisis periods, Blommestein and Qia (2016) find that domestic and economic
financial developments have little impact on sovereign credit risk in Greece, Ireland,
Portugal and Spain during the crisis. The causality is in fact the other way round:
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sovereign credit risk significantly affects domestic economic and financial develop-
ments in crisis times. Fabozzi and Tsu (2016) introduce a novel technique of factor
decomposition (independent component analysis) to investigate the behaviour of
EA sovereign CDS spreads during the debt crisis. Their results identify three im-
portant factors: the risk associated with the peripheral countries, the global risk,
and the EA common risk. They also show how the main source of risk changes
over time: in 2009, it was the global factor, in 2010 the peripheral factor, and finally
in 2012 the EA common factor. Finally, Aizenman et al. (2013) and Rubia et al.
(2016) agree that if sovereign CDS spreads are wrongly assumed to solely reflect
default risk, the severity of the underlying market conditions may be substantially
overestimated, particularly during periods of distress. Specifically, according to Ru-
bia et al. (2016) the case of peripheral EA countries in the midst of the debt crisis
might illustrate this point accurately, since sovereign CDS contracts were traded at
prices that were too high to reflect solely the credit default risk premium.

Finally, credit rating agencies (CRA) have played a prominent role in the recent
financial crisis. They assign a credit rating to sovereign and private sector borrow-
ers which indicates the probability of their failing to fulfil their obligations in their
debt issues. Specifically, understanding the dynamics of sovereign credit ratings is
highly relevant given their implications for capital flows and their strong link with
private ratings. Despite their importance, the CRA do not provide enough detail
about the ratings’ determinants or their rating procedures (Mora (2006)), in spite
of some recent regulatory initiatives to improve transparency. Some empirical lit-
erature has examined the main determinants of ratings and most papers state that
CRA do not adjust adequately to domestic indicators. For instance, Soudis (2016),
who applies the extreme bounds analysis technique to approximately 30 factors
proposed by the literature as determinants of the ratings, finds that variables such as
rule of law, openness to economic flows, central bank independence, and market-
friendly policies are more robustly correlated with the ratings than foreign reserves,
fiscal deficit, sovereign bond yields, and economic growth. Likewise, Boumparis
and Panagiotidis (2017), who examine ratings determinants for EA countries during
the 2002-2015 period, find that economic policy uncertainty impacts negatively on
credit rating, especially in the lower rated countries. In other words, the creditwor-
thiness of low rated countries takes a much bigger ‘hit’ than that of high rated coun-
tries when uncertainty rises. Other authors conclude that there is a certain amount of
lag in the agencies’ response to domestic variables and the debate revolves around
the procyclical or sticky nature of ratings. Some authors (Ferri et al. (1999) and
Monfort (2000), among them) point out that ratings are procyclical, meaning that
in downgrade phases CRA are oversensitive to fundamentals and this, in turn, con-
tributes to exacerbating the existing crisis. Other authors, such as Mora (2006) state
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that ratings are sticky rather than procyclical (they are adjusted only when there is
a sufficiently large divergence between predicted and assigned ratings). More re-
cently, Broto and Molina (2016) present mixed conclusions, as the reaction of the
agency to macroeconomic developments differs during downgrade and upgrade pe-
riods: downgrade phases would have a procyclical nature, with a certain amount of
lag, whereas upgrade periods would tend to be sticky.

All in all, the existing empirical literature on the determinants of traditional
sovereign credit risk measures (bond yield spreads, CDS and ratings) suggests that
those indicators are driven by factors other than the fiscal position, especially in
times of crisis. In other words, since they are market based indicators and do not
solely reflect default risk, they may substantially overestimate the difficulties of
governments in repaying their debt, especially in periods of distress. In this context,
the sovereign DtD indicator proposed in this paper - which includes both account-
ing metrics and market-based measures - aims to isolate sovereign credit risk by
using information from the public sector balance sheets to build it up.

4.3 An overview of CCA

Consider a legal entity (firm, bank or sovereign) whose capital structure consists
of only two types of liabilities (both due at time T ), differing only in terms of
their seniority.3 For simplicity let’s call them - senior and junior claims. Also,
assume that the entity promises to pay a fixed amount S to the senior creditors, and
the remainder to the junior creditors. Therefore at maturity T , if the total value
of assets of the entity is A, then the pay-off for the senior claim holder ‘PS’ will
be, PS = min{S,A}, while the pay-off for the junior claim holder ‘PJ ’ will be
PJ =max{A−S,0}.

This pay-off for the junior creditors is analogically similar to the pay-off for
the buyer of a typical call option. For a given strike price K, the pay-off for the
buyer of the call option depends on the firm’s equity price E, and is given by
PC = max{E −K,0}, where E is the firm’s equity value at the maturity of the
option. CCA exploits this analogy and the fundamental relationships between the
value of an entity’s assets and the dependent contingent claim (the call option). The
junior claims are modelled as an implicit call option on the value of the entity’s as-
sets while considering the senior claims as the strike price. So if the entity’s future
senior claims are known and its junior claims are tradable in the marketplace, then

3By seniority, we mean that the senior creditors are the first to recover their money in case of
insolvency while the junior creditor receives only what is left once the senior creditors have been
paid.
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CCA uses this information to derive the value of the entity’s asset (A) and asset
volatility (σA). The methodology is well established in the literature (see Black and
Scholes (1973), Merton (1974, 1977), Gray et al. (2007), European Central Bank
(2012), Saldias (2013), Gray and Jobst (2010), Gray et al. (2010), Gray and Malone
(2008), Gray and Walsh (2008)). For a detailed presentation, please refer to Gray
et al. (2007).

Distress occurs when the market value of an entity’s assets declines relative to
its contractual obligations (S in this case) or when asset volatility increases such
that the value of assets becomes highly uncertain and the probability of the value
falling below the contractual obligation increases. Default occurs when the value
of an entity’s assets falls below its contractual obligation known as the ‘default
point’ in the literature. One way to define this concept is through the calculation of
“Distance-to-default (DtD)” which is defined as the number of standard deviation
the entity’s asset value is away from its contractual obligation (see Chapter 2).

Distance− to−default (DtD(t)) =
A(t)−S
A(t)σA(t)

(4.1)

An alternate way is to define a risk-adjusted Distance-to-default (DtDRA) as the
distance between the expected future value of the entity’s asset and the default point.

DtDRA(t) =
log(A(t)

S ) + (r−0.5σ2A)(T − t)
σA
√
T − t

(4.2)

Here r denotes the risk-free rate. If substituted in the normal cumulative density
function, we can calculate the probability of default (PD(t)) as,

PD(t) = P [A(t)≤D] = Φ(−DtDRA(t)) (4.3)

Conceptually there is not much difference between these risk indicators. The
level and variation vary numerically but the change always points in the same di-
rection for the entity’s health. Given this, from now on, we will document all our
analysis based on the DtD calculated using equation 4.1.

4.3.1 Application of CCA balance-sheet approach for firms

A firm is an economic organization in which a team of people coordinates their
skills in order to produce goods and services. The typical liability structure of a
firm has two basic components. The first is debt contracts to borrow money for
a fixed period of time in the form of loans and bonds, and their holders (creditors)
have to be repaid irrespective of whether the firm is successful. The second is equity
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contracts to borrow money with no promise of repayment. Repayment is conditional
on whether the firm succeeds. If it is successful, the equity holders (shareholders)
receive a part of the profit.

A formal insolvency regime for corporate debt restructuring sets out, in general
terms, how these different types of claimants on a distressed firm will be treated in
a restructuring process and establishes the order of payment in the event of outright
liquidation. These rules tell a firm’s creditors/shareholders where their claims stand
in the pecking order. As the contracts suggest, the bankruptcy laws consider debt
holders as senior claimants compared to shareholders. Debt gets paid first, and
whatever remains is paid to the shareholders. As shareholder claims are junior
compared to creditors, the value of the firm’s equity can be modelled as a call option
on its assets in which the outstanding debt is considered as the strike price. If the
firm is publicly traded then CCA can use their debt and equity price data to derive
a set of credit risk indicators.

However, in practice, the application of CCA for a firm is quite challenging. A
firm’s liability structure usually involves debt and equities of many different kinds
with different priorities. The levels and amounts of contractual liabilities due are
relatively easy to determine from the balance sheet information but they are spread
across time, based on the debt maturity profile. This makes defining the exact dis-
tress barrier (the strike price in the case of a call option) extremely difficult. Based
on the time horizon of interest, different distress barriers can be defined which can
be combinations of the contractual obligations which are due in the coming years.
An extensive survey of the literature suggests that for corporate credit risk mea-
surement, the distress barrier is calculated as the sum of short-term debt, interest
payments due within a year, and 50% of the long-term debt (see Singh et al. (2015)).

Evidence from the universe of corporate defaults also indicates that the market
value of a firm’s assets can sometimes trade below its contractual liabilities for a
significant period of time. This is most often the case when the majority of lia-
bilities are long-term, allowing the firm to continue servicing debt payments while
undertaking steps to improve its financial health. Another possible explanation can
be investors’ faith in the firm’s long-term sustainability and recovery. Therefore, in
estimating corporate default risk, the value of assets that triggers a distress is as-
sumed to lie somewhere in between the book value of total liabilities and short-term
liabilities.
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4.3.2 Application of CCA balance-sheet approach for emerging
market sovereigns

In order to apply the CCA for emerging countries, we must first understand the lia-
bility structure of the emerging market sovereigns. For the systematic presentation,
Table 4.1 shows a simplified version of the sovereign accounting balance sheet.4

On the asset side, Foreign reserves measure the net international reserves of the
public sector. Net fiscal asset is the present value of the primary fiscal surplus over
time (the present value of fiscal surplus minus interest payments) while Other public
assets include the government’s equity in public enterprises.

On the liability side, Base money is a liability of the monetary authorities and
consists of the total currency in circulation and bank reserves (required bank re-
serves, excess reserves, vault cash). Local-currency debt of the government and
monetary authorities are the total government-issued debt held outside the monetary
authorities and the government. Foreign-currency debt is the part of the sovereign
debt which is denominated in foreign currency. It is usually held by foreigners.
Guarantees compose the implicit or explicit financial guarantees provided by the
government to banks, financial institutions or contingent pension/social obligations.

Table 4.1: Accounting balance sheet for the sovereign (combined government and
monetary authorities)

Assets Liabilities

- Foreign reserves - Base money
- Net fiscal assets - Local currency debt
- Other public assets - Foreign currency debt

- Guarantee

CCA ignores the asset side of the balance sheet and works only with the liability
side. It circumvents the problems of assessing the market value of all sovereign
assets by estimating sovereign asset value and volatility indirectly with information
on observable values of the liability side of the balance sheet.5 Since liabilities

4This section borrows heavily from Gray et al. (2007).
5The problem can also be approached from the asset side of the sovereign balance sheet. Foreign

reserves can be directly measured. For the Net fiscal assets, a reasonable value can be estimated by
discounting all future expected cash flow (such as primary surplus) with an appropriate discount
rate. Other public assets value can be determined from the observed market prices of all or part
of the assets. This can be a market price quote, direct observation, bid-ask quote or other similar
direct measures. In the case of illiquid securities for which no direct market price is available, a
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4 Incorporating creditors’ seniority into contingent claim models

are claims on current and future assets, this approach yields an ‘implied’ estimate
for a sovereign’s assets - value and volatility. The collective view of many market
participants is incorporated in the observable market prices of liabilities, and the
change in the market price of these liabilities determines the volatility.6

The sovereign balance sheet has two liabilities (foreign and local currency debt)
whose value can be derived from sovereign assets and can be valued as contingent
claims. However, seniority is not defined by legal status, as in the case of corporate
liabilities, and must be inferred from observed government behaviour The emerging
countries debt default and restructuring experiences of the last four decades suggest
that governments often make strenuous efforts to remain current on their foreign-
currency debt. These efforts effectively make foreign currency debt senior to do-
mestic currency debt when governments show flexibility in issuing, repurchasing,
and restructuring (see Eichengreen et al. (2002) and Sims (1999)).7

Thus, sovereign local currency debt can be modelled as an implicit call option
on a sovereign’s asset value. The market value of local currency debt and its price
volatility is then used to derive the implied market value and volatility of sovereign
assets. While the promised payments, or distress barrier, are known with a fair
degree of certainty over a time horizon based on the maturity profile of foreign
currency debt, the literature defines the “distress barrier” as the present value of the
promised payments on foreign-currency debt (see Gray et al. (2007)). Sovereign
distress occurs when the sovereign assets are insufficient to cover the promised
payments on the foreign-currency debt.

Note that the probability of sovereign distress is higher when a bigger fraction
of debt is denominated in a foreign currency, or when most of the foreign currency

comparable or adjustable comparable security can be used as a proxy. Different expected future
scenarios can then be generated to gauge the individual asset volatility (a procedure very similar to
Debt Sustainability Analysis used by World Bank and IMF). The sovereign asset volatility can then
be computed by aggregating the volatility of the individual assets using a weighting function.

The method looks straightforward but in fact is very difficult to apply. The tradable financial assets
have direct or comparable observable market prices, but the implicit assets are extremely difficult
to measure as this requires projecting the future cash flows, deciding the appropriate discount rate,
and determining all the relevant components that underlie the cash flow projections for tangible and
intangible items included in the asset value estimation. For example, determining the present value
of the net fiscal asset requires estimates of future economic performance, a political commitment
to a variety of programs including social security and other entitlement programs, and the use of
an appropriate discount rate. Estimates for the value of other assets like the value of the public
sector monopoly on money issuance run into similar problems. Furthermore, it is unclear how asset
volatility should be best measured under this method.

6This approach implicitly assumes that market participants’ views on prices incorporate
forward-looking information about a sovereign’s future economic prospects. This does not imply
that the market is always right about its assessment of sovereign risk, but that it reflects the best
available collective forecast of the expectations of market participants.

7Note that the underlying reason for this flexibility is the unlimited capacity of governments to
print their own currency.

90



4.4 The modified approach: Application to EA countries

liabilities are short-term (rollover risk is high). Sovereigns can also sometimes trade
below their contractual liabilities for a significant period of time if most of the lia-
bilities are long-term, if most of the debt is denominated in the domestic currency
or if the expected future fiscal position looks bright (higher implicit asset value).

4.4 The modified approach: Application to EA
countries

4.4.1 Why is there a need for modification?

The most prominent feature of the EA is that, unlike emerging countries or other
developed economies (e.g., US, UK, and Japan), individual EA countries are part
of a monetary union. As part of the union, they do not have the possibility to
inflate/dilute local currency debt in a distress situation before defaulting on foreign
currency debt (for a detailed discussion, see De Grauwe (2012), Cochrane (2005)
and Kopf (2012)). This effectively makes all EA sovereign debt ‘foreign currency’
debt, since their own central banks cannot print the currency in which their debt is
denominated. Thus a case cannot be made that foreign currency debt holders are
senior to local currency debt holders.

Also under the current institutional arrangement in the EA, the assets and liabil-
ities of the monetary authority (the ECB) are independent of the sovereigns. In a
practical sense, the monetary authority is just another lender to the sovereigns. The
standard government view that credit from monetary authorities is the most junior
obligation breaks down, and failing to honour this commitment can have serious
consequences. This also exposes EA governments to the bouts of fear and distrust
in the ECB’s function as the lender of last resort. These fears can trigger a liquidity
crisis, which can easily turn into a solvency crisis; higher interest rates and wors-
ening debt dynamics can be self-fulfilling and sovereigns can effectively end up in
default.

4.4.2 Discussion on the seniority of EA sovereigns’ liabilities

The loss of control over domestic currency for EA countries, however, does not
place all the creditors of an EA sovereign on a par with each other. To assess
the seniority status of different actors and their precise place in the pecking or-
der, we study the central episode of the European debt crisis - the restructuring
and near-elimination of Greece’s sovereign bonds held by private investors, com-
prising a face value of more than 100% of Greek GDP in March/April 2012 - to-
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gether with the debt restructuring experience of multitude of emerging countries
(see Roubini and Setser (2004)). Generally, government bonds come with a pari
passu clause. However, the history of default and restructuring experiences in the
context of sovereign lending makes it unclear what pari passu really means (see
Weidemaier et al. (2013)).

There is surprisingly little de jure evidence that multilateral lenders are indeed
senior to other creditors. It is primarily a convention and follows from the idea
that, in future crises, this lender of last resort may be needed again in order to
borrow further resources.8 For instance, the IMF, which has proven its seniority in
the financial crises of the past decades, is de jure not senior - it awards its credit
lines without any corresponding clauses in its contracts or institutional by-laws.
Nevertheless, its seniority is widely accepted and has never been challenged in the
course of the financial crisis, by any of the creditors. Bilateral official creditors have
also respected the IMF’s’ privilege position. Indeed, the historical willingness of
bilateral creditors to restructure their claims in order to ensure payment to the IMF
has been central to the idea of the fund’s preferential status. Even during the Greek
debt restructuring, the most favourable treatment achieved by other institutional
lenders were on a par with the treatment of the IMF. This makes the IMF de facto
the most clearly senior lender of all (see Martha (1990), Steinkamp and Westermann
(2014) and Roubini and Setser (2004)).

Other multilateral lending facilities like the first Greek loan facility, the tempo-
rary rescue fund (EFSF), the permanent rescue fund (ESM) and the Target2 balances
are de jure not senior, although they constitute multilateral claims of institutions -
the Eurogroup or the Eurosystem of Central Banks - which are widely accepted as
preferred creditors. A sovereign’s desire to maintain its future access to emergency
financing and a good working relationship with the other governments that provide
this is a powerful incentive to follow the convention of paying multilateral credi-
tors even if it defaults on its other debts. Sometimes the lending clauses explicitly
give them preferred creditor status, junior only to the IMF loan. Target2 balances
already enforced their senior status in the case of the Greek private sector involve-
ment (PSI) in 2012, sanctioning this market belief (for details, refer to Sinn and
Wollmershäuser (2012) and Whelan (2013)).

The most challenging task is to classify the holdings of the ECB. The ECB be-
came an important creditor of countries in crisis via its Securities Markets Pro-
gramme (SMP), collateralized lending to financial institutions and, later, the Out-
right Monetary Transactions (OMT) in order to stabilize sovereign bond yields in
secondary markets. As all government bonds bought in the open (secondary) market

8Kletzer and Wright (2000) show in a formal analysis that this reason is actually sufficient and
that no external enforcement is required.

92



4.4 The modified approach: Application to EA countries

contain the same legal clauses, it became unclear how these bonds would be treated
in case of restructuring. In the case of OMT, the ECB explicitly acknowledged that
it accepts the same priority as other private creditors in accordance with the terms
of those bonds. However, accepting pari passu treatment did not mean that the
ECB was open to participating in voluntary debt restructuring, such as the Greek
PSI in February/March 2012. The Greek debt restructuring proposal excluded the
bond holdings of the ECB (the single largest holder by far, with 42.7 billion euros
(16.3%) of debt holding), other national central banks (5% of the total) and the Eu-
ropean Investment Bank (EIB) (for further details, refer to Zettelmeyer et al. (2013)
and Steinkamp and Westermann (2014)). So even if de jure the preferred creditor
status of multilateral lenders is often ambiguous, their seniority is widely accepted
by market participants.

Another interesting group of creditors is the domestic deposit-taking corporations
(the banks). Markets believe that governments implicitly or explicitly undertake to
honour the liabilities of too-important-to-fail banks.9 In many cases, we can think
of these guarantees to too-important-to-fail banks as senior claims. The reason for
this is that a sovereign’s creditworthiness depends heavily on the creditworthiness of
its domestic banks. A deterioration in the creditworthiness of banks, as perceived by
the market, can drastically increase the sovereign’s contingent liabilities. This may
cause a the government’s own creditworthiness to deteriorate. Since the asset side of
the bank’s balance sheet typically consists of substantial holdings of domestic gov-
ernment debts, a deterioration in the government’s creditworthiness can cause huge
losses in its banks’ portfolios. Sovereign fiscal strains can also impact banks’ fund-
ing conditions since government securities are typically used as collateral to obtain
short-term funding in debt markets.10 Thus a self-fulfilling vicious loop develops in
which deterioration in banks’ health can increase the sovereign’s contingent liability
and fiscal strain which in turn has a negative impact on the banks’ health.

Banks are also locked into a long-term relationship with the government. During
times of crisis, domestic banks in fiscally stressed countries increase their holdings

9Grande et al. (2013) show that these guarantees help reduce risk premium on banks’ liabilities
and that their effect is proportional to the sovereign’s creditworthiness. Implicit guarantees are harder
to measure, but Angelini et al. (2011) and Schich and Lindh (2012) provide suggestive evidence that
they may be among the reasons why on average large banks borrow at a discount.

10For example, in repo markets, a fall in the price of the sovereign bond can trigger margin calls
or increase the haircut requirements, thus reducing the liquidity that can be obtained via a given
nominal amount of sovereign paper. In an extreme scenario, a sovereign’s rating downgrade below
investment grade status disqualify it as collateral in funding operations, or as investments suitable
for certain categories of investors such as pension and insurance funds.

Sovereign ratings also represent a ceiling for the ratings assigned to all other domestic borrowers.
Increasing sovereign stress can lead to a ratings downgrade for a sovereign as well as its domestic
banks, which in turn will increase the funding cost for banks.
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of domestic sovereign debt considerably relative to foreign banks. This effect is
stronger for state-owned banks and for banks with low initial holdings of domestic
sovereign debt. This practice complies with the moral suasion argument11 where
banks choose to respond to pressure from their government on the understanding
that current favours will be reciprocated in the future (for the presentation of the
idea, refer to Horvitz and Ward (1987). Ongena et al. (2016) provide evidence of
this behaviour during the European sovereign debt crisis.). This entails a natural col-
lusion between two parties that have an equal interest, and so governments have an
incentive to bail-out certain creditors more than others. Further uses of the bailout
funds also indicate the priority banks receive over any other credit institution.

In summary, past experiences, survey responses and credit rating agencies’ de-
cisions have all suggested that a certain group of creditors are de facto senior to
other market creditors (preferred creditor status), even if this is not formalized de
jure. The large increase in the share of sovereign debt holding by these senior de
facto creditors in the peripheral EA countries total debt outstanding and its observed
co-movement with the interest rate spreads (refer to Figure 4 in Steinkamp and
Westermann (2014)) makes the question addressed in this paper extremely timely
and policy relevant. As a result, we focus here on the de facto rather than de jure
classification.

4.4.3 Classification of creditors according to their place of
residence and their institutional characteristics

We start our analysis here with the classification of different sovereign creditors and
propose a hierarchy structure based on the institutional classification of creditors.
We classify all creditors according to their place of residence and their institutional
characteristics. We define the institutional unit as an economic entity that is capable,
in its own right, of owning assets, incurring liabilities, and engaging in economic ac-
tivities and in transactions with other entities. We follow the guidelines established
by the World Bank (WB) and the International Monetary Fund (IMF) in bringing
together detailed public sector debt data of high-income countries (Quarterly Public
Sector Debt Statistics (QPSD)). Specifically, the guidelines classify creditors into
two broad categories: domestic and external.

Domestic creditors are re-classified further into the following five categories: (a)

11The term moral suasion originally refers to an appeal to ‘morality’ or ‘patriotic duty’ to induce
behaviour by the persuaded agency that is not necessary profit-maximizing for it. This appeal can
be combined with a threat of a more repressive regime, as in the case of banking - intensified super-
vision, a revocation of banking license, or limited access to central bank funding (Horvitz and Ward
(1987)).
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Domestic central bank; (b) Deposit-taking corporations except the central bank,
comprising all resident public deposit-taking corporations, except the central bank,
that are controlled by general government units or other public corporations; (c)
Other financial corporations consisting of all resident financial corporations, ex-
cept public deposit-taking corporations, controlled by general government units or
other public corporations; (d) Non-financial corporations, i.e., corporations whose
principal activity is the production of market goods or nonfinancial services12; and
(e) Households and non-profit institutions serving households. The external credi-
tors are classified into: (a) Multilateral creditors - the ECB, EFSF/ESM, IMF, EIB,
etc.; (2) Other national central banks within the EU; (c) Other non-resident financial
corporations; and (d) Other non-residents.

4.4.4 Application to EA

Based on the discussion in the previous section, we define the priority structure of
sovereign debt based on creditors’ location and institutional classification, as shown
in Table 4.2 (in decreasing order of priority).13

4.5 Data and methodology

4.5.1 Data description

In this subsection, we enumerate the datasets used in building our sovereign distance-
to-default (DtD) - an alternative indicator of sovereign credit risk.

1. Risk-free interest rate: We consider the 10-year benchmark German bund
yields as the risk-free rate (Source: Bloomberg).14

2. Market value of sovereign debt: We use the Quarterly Public Sector Debt
Statistics (QPSD) database, developed jointly by the WB and the IMF, which
brings together detailed public sector debt data from selected developing and
high-income countries. It disseminates public sector debt data at the quarterly

12All resident non-financial corporations controlled by general government units or public cor-
porations that are part of the public non-financial corporations subsector.

13Another way to classify the priority structure of sovereign liabilities could be based on the laws
under which the contractual agreement is signed. Debt agreements signed under foreign jurisdiction
would have a higher priority than debt agreements signed under domestic law, as governments during
the time of crisis can change the terms of the agreement by a legislative fiat. But due to limited data
accessibility, we prefer not to use this classification.

14Note that German bond yield is not always the lowest in EMU countries but during the time-
frame of our study this was usually the case. We also used US government 10-year bond yields as
risk-free rate and our results are robust to both these specifications.
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Table 4.2: Priority structure of sovereign liabilities

Senior claims

External creditor: Multilateral creditors outside the EU - the IMF, World Bank (EB), etc.
External creditor: Other multilateral creditors - the ECB, EFSF/ESM, EIB (the European
Investment Bank), etc.
External creditor: Other national central banks within the EU
Domestic creditor: Deposit-taking corporation

Junior claims

Domestic creditor: Domestic central bank
Domestic creditor: Other financial corporations
Domestic creditor: Non-financial corporations
Domestic creditor: Households and non-profit institutions serving households
External creditor: Financial corporations not elsewhere classified
External creditor: Other non-residents

frequency. A detailed user guide is available at the Task Force on Financial
Statistics website. We use this database to download the following items: (1)
Gross PSD, General Gov., All maturities, Debt Securities, Market value, Na-
tional Currency; (2) Gross PSD, General Gov., All maturities, Debt securities,
Nominal Value, National Currency; (3) Gross PSD, General Gov., Long-term,
With payment due in more than one year, Debt securities, Nominal Value, Na-
tional Currency; (4) Gross PSD, General Gov., Long-term, With payment due
in one year or less, Debt securities, Nominal Value, National Currency; and
(5) Gross PSD, General Gov., Short-term, Debt securities, Nominal Value,
National Currency. Except for Greece, we have the market value of all out-
standing debt securities issued by the general government at the quarterly fre-
quency. For the case of Greece, we use the nominal value. Figure 4.1 shows
the evolution of gross general government debt as a percentage of GDP with
sovereign DtD indices for individual countries.

3. Volatility of sovereign debt: We use data from the National Securities Mar-
ket Commission (Comisión Nacional del Mercado de Valores (CNMV)), the
agency responsible for the financial regulation of the securities markets in
Spain. These are daily data on bond market volatility which is calculated
as the annualized standard deviation of daily changes in 40-day sovereign
bond prices. The quarterly value is then computed as the average of the last
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Figure 4.1: DtD vs Gross debt-to-GDP
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(c) Ireland
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5
10

15
20

D
is

ta
nc

e−
to

−
D

ef
au

lt

2000 Q1 2003 Q1 2006 Q1 2009 Q1 2012 Q1 2015 Q1

5
10

15
20

60
80

10
0

12
0

14
0

M
ar

ke
t v

al
ue

 o
f o

ut
st

an
di

ng
 d

eb
t s

ec
ur

iti
es

 (
in

 b
ill

io
n 

E
ur

os
)Distance−to−default

Outstanding debt securities (in billion Euros)

(e) Portugal

Notes: The figure shows the evolution of general government gross debt as a percentage of GDP
with sovereign DtD indices for individual peripheral EA countries.
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three months daily volatility.15 Figure 4.2 shows the evolution of bond price
volatility with sovereign DtD indices for individual countries.

4. Sectoral sovereign bond holdings: We use the cross-country sectoral sovereign
bond holdings data developed in Merler and Pisani-Ferry (2012) (available at
Bruegel website) which gathers publicly available data provided by national
authorities on a country-by-country basis for 12 countries (Belgium, Finland,
France, Germany, Greece, Ireland, Italy, Netherlands, Portugal, Spain, UK
and US). It provides a sectoral breakdown of sovereign debt holders based on
a systematic and standardized re-classification of all creditors into five cate-
gories - banks, central banks, public institutions, other resident sectors and
non-resident holders. For most of the countries the data go back to the late
1990s and are mostly recorded at the quarterly frequency. Figure 4.3 plots the
evolution of non-resident holding of general government debt with sovereign
DtD indices for individual countries.

4.5.2 Methodology

Based on our discussion in Section 5.3, we consider the priority structure of credi-
tors shown in Table 4.2. However, the best available public data on sectoral classi-
fication of all creditors (the Bruegel dataset) classifies them in the following cate-
gories: (1) Resident banks; (2) Central bank; (3) Other public institutions; (4) Other
residents; and (5) Non-residents. Notice that under this classification all external
creditors are classified under the common heading of Non-resident debt holders.
This limitation implies that we cannot separate out the debt holding of multilateral
creditors with the rest of the non-resident holders, which restricts our understanding
of the dynamic implications of the redistribution of sovereign debt among the exter-
nal debt holders. Since we do not have exactly the same classification of creditors,
we consider the value of the senior claims as the sum of the market value of all
non-resident debt holdings (external) and resident bank holdings.

Our assumption here is that during the time of stress, the offloading/selling by
other non-resident will be reflected in the market volatility. Also, the net buyers will
be the multilateral creditors (like ECB, IMF, ESM etc.) or the domestic banks which
will be reflected in the increased holding of the senior claimant (see Battistini et al.

15To check the robustness of our results, we also calculate the volatility of sovereign debt using
the 10-year benchmark sovereign bond yield daily data (Source: Bloomberg) and calculate the daily
bond prices and daily returns. We use different specifications for coupon payments (zero coupon,
1%, 2% and 4% coupon rate at the half-yearly/annual frequency). The quarterly volatility is then
calculated as the standard deviation of daily returns (in that quarter) and is then annualized. These
different specifications only scale the level of DtD and our main results are robust to all these
specifications.
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Figure 4.2: DtD vs Bond price volatility
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(c) Ireland

0
10

20
30

40

2000 Q1 2003 Q1 2006 Q1 2009 Q1 2012 Q1 2015 Q1

D
is

ta
nc

e−
to

−
D

ef
au

lt

0
10

20
30

40

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

B
on

d 
pr

ic
e 

vo
la

til
ity

Distance−to−default
Bond price volatility

(d) Greece
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(e) Portugal

Note: The figure shows the evolution of sovereign’s bond price volatility with sovereign DtD
indices for individual peripheral EA countries.
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Figure 4.3: DtD vs Non-resident holding of government debt
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(a) Italy
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(b) Spain
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(c) Ireland
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(d) Greece
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(e) Portugal

Note: The figure shows the evolution of the share of non-resident debt holding of general
government gross debt with sovereign DtD indices for individual peripheral EA countries.
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(2013), Acharya and Steffen (2015)). We also see that some of these debt buyers
in the times of crisis are distressed debt hedge funds which were paid in full during
the Greek debt restructuring (Zettelmeyer et al. (2013), Steinkamp and Westermann
(2014)). So our assumption regarding the priority of non-resident debt holders is
not far from reality.

We calculate a quarterly time series of the sovereign DtD for Greece, Ireland,
Italy, Portugal and Spain. To this end, we use the market value of sovereign debt in
the hands of junior creditors as the equity value. The value of junior claims is cal-
culated by multiplying the market value of the sovereign’s total debt as provided by
the QPSD database together with the fraction of the total debt in the hands of junior
creditors. The volatility of the sovereign bond price as provided by the CNMV is
taken as the direct measure of the junior claim volatility. To calculate the default
barrier, we use three other alternative specifications - (1) the sum of the general gov-
ernment’s short-term debt and long-term debt where the payment is due in one year
or less in nominal terms16; (2) the sum of part one and 50% of the long-term debt
where payment is due in more than one year in nominal terms; and (3) the sum of
debt holdings to all external debt holders in nominal terms - to check the robustness
of our results.17 Once the equity value, equity volatility and distress barriers are
calculated, we use the procedure as documented in Gray et al. (2007) to calculate
the quarterly time series of sovereign DtD for individual EA countries.

4.6 Stylized facts

Our focus is on five EA member states that have experienced a sovereign debt crisis:
Greece, Italy, Ireland, Spain, and Portugal. Table 4.3 provides summary informa-
tion for the sovereign DtD indicators. The measurement does not include units of
account as it represents the number of standard deviation the sovereign’s asset value
is away from its distress barrier. The average value of the sovereign DtDs ranges
widely across countries: the lowest average is 10.78 for Portugal, and the highest
is 19.01 for Italy. Both the standard deviations and the minimum-maximum values
indicate that there is a significant time-series variation in the sovereign DtD in-
dices. For example, in the cases of Greece and Ireland, it ranges from 0.92 to 42.09
and 3.76 to 35.22 respectively. We also observe consistently low DtD numbers for
Portugal.

16Note that we are using nominal value in place of market value. This is because the QPSD
statistics do not provide the market value of short and long-term debt for individual countries.

17Our results are robust to all these alternative specifications. However, to save space, we docu-
ment results only on the basis of the first one.
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4 Incorporating creditors’ seniority into contingent claim models

Table 4.3: Descriptive statistics for sovereign Distance-to-Default (DtD) indicators

Standard Standard
Mean Deviation Minimum Median Maximum Skewness Kurtosis Error N

Spain 18.23 6.42 5.23 17.75 32.78 0.08 -0.77 0.78 67
Greece 15.07 10.48 0.92 16.54 42.09 0.24 -1.11 1.28 67
Ireland 18.92 7.16 3.76 18.55 35.22 -0.19 -0.52 0.92 61
Italy 19.01 6.61 5.73 19.34 34.64 -0.05 -0.55 0.81 67
Portugal 10.78 5.45 2.66 10.92 23.93 0.62 -0.34 0.91 36

Notes: The table reports summary statistics for the quarterly sovereign DtD index for the period
2000Q1 to 2016Q3 (except for Portugal and Ireland). For Portugal, the series starts at 2007Q4,
while for Ireland the series begins at 2001Q3.

4.6.1 Commonalities within sovereign DtD indices

To study the commonality in sovereign DtD indices, we first compute the correla-
tions matrix of sovereign DtD levels. Since the time series of observations are not
always of equal length, the correlation between each pair of countries is based on the
periods for which the data overlap. The correlations matrix is shown in Table 4.4.
All the correlations are positive and half of the pairwise correlations (Spain-Ireland,
Spain-Italy, Spain-Portugal, Greece-Italy, and Greece-Portugal) are very large. In
fact, half of all correlations are in excess of 80%. The highest correlation 0.94 is ob-
served between Italy and Spain. The average pairwise correlation is slightly above
0.75 and Spain shows the highest average pairwise correlation just above 0.86.

Table 4.4: Correlations among sovereign DtD indicators

Spain Greece Ireland Italy Portugal

Spain 1.00 0.90 0.78 0.94 0.82
Greece 0.90 1.00 0.62 0.84 0.84
Ireland 0.78 0.62 1.00 0.65 0.44
Italy 0.94 0.84 0.65 1.00 0.70
Portugal 0.82 0.84 0.44 0.70 1.00

Notes: This table reports Pearson correlations among the
quarterly sovereign DtD indices for the 2000Q1 to 2016Q3
period. All correlations are statistically significant at 1%
confidence level.
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To check whether the correlations have increased during the crisis period,18 we
divide the sample period into two parts - (a) 2000 to 2007 as the pre-crisis period,
and (b) 2008-2016 as the crisis period. We re-calculate the pairwise correlation
for the 2000-2007 pre-crisis period as well as the 2008-2016 period encompassing
the sovereign debt crisis (Table 4.5). We observe large differences in the average
correlations. The average correlation is about 94% for the pre-crisis period, and it
falls to 56% for the crisis period. We find the biggest drop in average correlation
for Ireland - from 0.94 to 0.32 and a similar but less intense drop for Greece -
from 0.94 to 0.50. The largest drop is between the Ireland-Greece pair, where it
fell to 0.06 from 0.95 pre-crisis. This provides suggestive evidence of an increase
in idiosyncratic components in the sovereign credit risk measure. All correlations
are still positive but, the magnitude of the pair-wise correlation has been reduced
drastically for individual pairs.

Table 4.5: Correlations among individual sovereign DtD indicators

2000-2007 2008-2016
Spain Greece Ireland Italy Portugal Spain Greece Ireland Italy Portugal

Spain 1.00 0.92 0.92 0.94 - 1.00 0.61 0.52 0.89 0.80
Greece 0.92 1.00 0.95 0.94 - 0.61 1.00 0.06 0.55 0.82
Ireland 0.92 0.95 1.00 0.96 - 0.52 0.06 1.00 0.27 0.41
Italy 0.94 0.94 0.96 1.00 - 0.89 0.55 0.27 1.00 0.68
Portugal - - - - - 0.80 0.82 0.41 0.68 1.00

Notes: The table reports Pearson correlations between the quarterly sovereign DtD indices for the
2000Q1 to 2016Q3 period. All correlations are statistically significant at 1% confidence level. The
pre-crisis period excludes Portugal because the sovereign DtD for this country is available only
from 2007Q4 onwards.

4.6.2 Commonalities and differences with regard to other
sovereign risk measures

In this section, we study the commonalities and differences among the various
sovereign credit risk measures. In particular, we conduct the principal components
analysis of the sovereign DtD and contrast the results with other credit risk mea-
sures. However, we need to be selective because a large number of credit risk indi-

18As discussed by Longstaff et al. (2011), Ang and Bekaert (2002), and others, there is a tendency
for correlations in financial markets to increase during crisis episodes.
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4 Incorporating creditors’ seniority into contingent claim models

cators are available in the marketplace. We narrow our analysis to sovereign yield
spreads, CDSs and the credit ratings.

To calculate yield spreads for individual countries, we use the Maastricht criterion
bond yields (the long-term interest rates). These are the rates used as a convergence
criterion for the EMU, based on the Maastricht Treaty. The series relates to interest
rates for long-term government bonds denominated in national currencies. The data
are based on central government bond yields on the secondary market, gross of tax,
with a residual maturity of around 10 years, collected from Eurostat. Yield spreads
are calculated as the difference between the ten-year benchmark sovereign bond
yield of each individual country and that of Germany. Figure 4.4 shows the country-
wise evolution of sovereign DtD and yield spreads. As can be seen, the sovereign
DtD and yield spreads mirror each other for all countries in our sample. However,
in the cases of Greece and Ireland, the level of DtD remains at dangerously low
levels even when the level of yield spreads suggests otherwise.

We use five-year benchmark sovereign CDS daily mid-quotes from Datastream
as the second measure of the sovereign credit risk. These data are available from
2007Q4 until 2016Q3. Following previous studies, we focus on the 5-year maturity,
as these contracts are regarded as the most liquid in the market. Figure 4.5 show
the country-wise evolution of the sovereign DtD index together with the 5-year
benchmark sovereign CDS spreads for peripheral EA countries. Except for Greece,
the CDS spreads have fallen drastically for all countries, though it remains higher
than its pre-crisis level. The sovereign DtD reflects the same trend but shows far
higher variation than the CDS spreads. Among the reasons for this variation are
the fluctuations in bond market volatility, which are more pronounced in the case of
smaller countries.

Finally, for credit ratings, we follow Blanco (2001) and build a credit rating vari-
able (RAT) averaging the ratings assigned to sovereign debt by Standard & Poor’s,
Moody’s and Fitch. Using data compiled from Bloomberg, 21 different categories
are considered. The first category is made up of the highest-rated debts, while the
twenty-first category includes the lowest-rated debts. Therefore, by construction,
the higher the value of RAT, the worse the rating categories. Figure 4.6 shows the
country-wise evolution of the sovereign DtD index together with the credit rat-
ing for each peripheral EA country. The plot suggests that credit ratings show less
frequent and extreme movements compared with other sovereign risk measures.
Sovereign DtD matches the trend of credit ratings, but shows far higher volatility.

Table 4.6 provides summary information for CDS, yield spreads and credit rat-
ings which are selected here for comparison.
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Figure 4.4: Sovereign DtD vs sovereign yield spreads
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(a) Italy
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(b) Spain
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(c) Ireland
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(d) Greece
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(e) Portugal

Note: Yield spreads are based on the Maastricht criterion bond yields (long-term interest rates) data
provided by Eurostat. These are the rates used as a convergence criterion for the EMU, based on the
Maastricht Treaty. The series relates to interest rates for long-term government bonds denominated

in national currencies. The data are based on central government bond yields on the secondary
market, gross of tax, with a residual maturity of around 10 years. Yield spreads are calculated as the
difference between ten-year benchmark sovereign bond yield of each individual country and that of

Germany.
105



4 Incorporating creditors’ seniority into contingent claim models

Figure 4.5: Sovereign DtD vs 5-year benchmark sovereign CDS spreads
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(b) Spain
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(c) Ireland
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(d) Greece
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(e) Portugal

Note: The five-year benchmark sovereign CDS spreads data are available starting from 2007Q4.
The Greek CDS spreads post the 2012 Greek debt restructuring experience are not reliable. Source:

Datastream.
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Figure 4.6: Sovereign DtD vs sovereign credit rating
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(b) Spain
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(c) Ireland
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(d) Greece
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(e) Portugal

Note: Credit ratings data are built by averaging the ratings assigned to sovereign debt by Standard
& Poor’s, Moody’s and Fitch. Using data compiled from Bloomberg, 21 different categories are
considered. The first category is made up of highest-rated debts whereas the twenty first includes

the lowest-rated debts.
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Table 4.6: Descriptive statistics for other comparable sovereign risk indicators

Standard Standard
Mean Deviation Minimum Median Maximum Skewness Kurtosis Error N

Part I: Five-year sovereign Credit Default Swap (CDS) spreads

Spain 140.77 100.98 18.79 91.3 402.16 0.95 -0.14 16.83 36
Greece 8200.64 7102.17 20.32 13180.66 14904.36 -0.15 -1.98 1183.7 36
Ireland 227.23 226.1 33.09 138.7 841.86 1.16 0.11 39.97 32
Italy 148.36 100.2 19.58 108.91 415.01 1.22 0.63 16.7 36
Portugal 318.58 313.06 28.99 215.7 1170.3 1.49 1.16 52.92 35

Part II: Sovereign yield spreads

Spain 1.06 1.28 0.01 0.37 5.29 1.37 1.08 0.16 67
Greece 4.53 5.87 0.15 0.87 26.52 1.52 2.03 0.72 67
Ireland 1.38 2.01 -0.04 0.39 8.54 1.81 2.44 0.25 67
Italy 1.13 1.16 0.14 0.59 4.88 1.48 1.52 0.14 67
Portugal 2.04 2.81 0 0.56 11.18 1.76 2.41 0.34 67

Part III: Credit ratings

Spain 3.64 3.34 1 1.67 9.67 0.91 -1.04 0.41 67
Greece 10.01 5.44 5 6.00 19.33 0.61 -1.50 0.66 67
Ireland 3.58 3.25 1 1.00 9.00 0.64 -1.38 0.40 67
Italy 5.06 2.27 3 4.00 9.00 0.88 -1.05 0.28 67
Portugal 6.47 4.57 3 3.33 15.00 0.84 -1.02 0.56 67

Notes: Part I of the table reports summary statistics for the quarterly average five-year sovereign CDS spreads for the
period 2007Q4 to 2016Q3. CDS spreads are measured in basis points (Source: Bloomberg). Part II reports summary
statistics for the quarterly sovereign yield spreads for the period 2001Q1 to 2016Q3. The yield spreads are measured in
percentage terms (Source: Eurostat). Part III of the table reports summary statistics for the quarterly average sovereign
credit rating indicators for the 2000Q1 to 2016Q3 period. The rating is the average of sovereign credit rating available
from S&P’s, Moody’s and Fitch rating agencies (Source: Bloomberg).

Correlations among sovereign risk measures

In this section, we compute the correlations between sovereign DtD and traditional
measures of credit risk for individual peripheral EA countries. Since the time se-
ries of observations are not always of equal length for all indicators, we select the
longest continuous period for which the data overlap. This period turns out to be
2008Q4 to 2016Q3. Table 4.7 shows the correlation results for individual countries.
As can be seen, most of the pairwise correlations are large and all of them are nega-
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tive. In fact, they are all between -0.5 and -0.8. The average correlation for Ireland
is the highest at -0.76, while the lowest is for Greece at -0.62. The magnitude of the
correlations is quite similar for CDS and yield spreads in almost all countries. These
results suggest a strong pattern of commonality in sovereign risk measures, except
for the credit rating excluding Greece. The low correlation between the DtD and
the rating may be explained by the fact that our index probably captures information
over and above the market-perceived credit worthiness of government bonds.

Table 4.7: Country-wise correlations among comparable sovereign risk indicators

Sovereign DtD
Spain Greece Ireland Italy Portugal

CDS spreads -0.69 -0.56 -0.77 -0.71 -0.71
Yield spreads -0.68 -0.68 -0.75 -0.71 -0.75
Credit rating -0.19 -0.78 0.18 -0.33 -0.44

Notes: This table reports the Pearson correlations among the
quarterly sovereign DtD with sovereign CDS and yield spreads
for individual peripheral EA countries under study. The sample
period is 2008Q4 to 2016Q3, the period for which we have the
CDS, yields, ratings and sovereign DtD data for all peripheral
EA countries. All correlations are statistically significant at 1%
confidence level. The results are robust to other correlation mea-
sures.

Principal component analysis

In search of a common underlying factor, we now turn to principal component anal-
ysis. Table 4.8 reports summary results for the 2008Q4-2016Q3 period.19 For com-
parison, we also report the principal components for sovereign CDS, yield spreads
and credit ratings. The results show that there is a strong commonality in the be-
haviour of all four indices, since the first two principal components explain roughly
90% of the variation for all risk measures. However, the explanatory power of the
first principal component registers its lowest values in the case of the sovereign
DtD (67.17%), while the highest values correspond to the credit ratings at 87.91%
followed by sovereign yield spreads at 83.30%.

To explore this further, Figure 4.7 plots the weighting vectors for the first three
principal components for sovereign DtD together with the other three risk mea-

19This is the period for which sovereign DtD is available for the peripheral EA countries under
study.
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Table 4.8: Principal component analysis result (2008Q4-2016Q3)

Principal Percentage Percentage Percentage Percentage
Component Explained Total Explained Total Explained Total Explained Total

Sovereign DtD CDS spreads Yield spreads Credit rating

First 67.17 67.17 70.19 70.19 83.30 83.30 87.91 87.91
Second 19.51 86.68 24.24 94.43 9.88 93.18 9.32 97.23
Third 9.92 96.59 3.80 98.23 3.79 96.97 2.07 99.30
Fourth 2.21 98.81 1.24 99.47 2.25 99.22 0.45 99.76

Notes: This table reports summary statistics for the principal components analysis of the sovereign
DtD, CDS, yield spreads and credit ratings for all peripheral EA countries. The sample period is
2008Q4 to 2016Q3, the period for which we have the CDS, yields, ratings and sovereign DtD data for
all peripheral EA countries.

sures. As shown, the first principal component consists of a roughly uniform weight-
ing of 0.5 (-0.5 in case of sovereign DtD) for all risk measures. We can think of
it as a parallel shift factor driven by global risk and uncertainty as suggested by
Longstaff et al. (2011). Also, the correlations between the first principal compo-
nent based on all four measures are roughly 74% which suggests that the principal
source of variation across all sovereign credit risk measures is the same. The second
principal component places substantial positive weights on Greece and a negative
weight on Ireland. This can be seen as a divergence between Ireland, Greece and
the rest of the peripheral countries.

4.7 Analysis

Taking stock of the commonality and differences with other credit risk measures,
here we try to understand the information content of the sovereign DtD indicators.
In this section, we also test the forward looking nature of sovereign DtD and its
predictive ability compared with other credit risk measures.

4.7.1 Correlations

In this subsection, we focus on the correlation among the proposed DtD indicator
and the three traditional measures of sovereign risk (yield spread, CDS and rating).
Following common practice, the examined co-movements are classified as follows.
If ρ(j), j ∈ (0,±1,±2,±3,±4) denotes the cross correlation between DtDt−j and
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4.7 Analysis

Figure 4.7: Principal components of sovereign DtD, CDS, yield spreads and credit
ratings
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Notes: The figure shows the weighting vectors for the first three principal components for the
sovereign DtD, CDS, yield spreads and credit ratings respectively for peripheral EA countries.
The sample period is 2008Q4 to 2016Q3. This is the period for which we have the CDS, yields,
ratings and sovereign DtD data for all countries.

Xt, we say that DtD co-moves in the same (opposite) direction of X if the maxi-
mum value of ρ is positive (negative) and not very close to zero. We also say that the
DtD indicator is leading, synchronous or lagging X as ρ(j) reaches a maximum for
j < 0, j = 0, j > 0. In particular, for 0.5≤ |ρ(j)|< 1, we use the adjective ‘strong’,
for 0.25≤ |ρ(j)|< 0.5 we use the adjective ‘weak’ and, when 0≤ |ρ(j)|< 0.25 we
say that the series are ‘not correlated’. The cut-off point of 0.25 was chosen because
it roughly corresponds to the null hypothesis that the correlation coefficient is zero
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4 Incorporating creditors’ seniority into contingent claim models

at 5% level of significance, given our sample size.20

In Table 4.9, each row displays the correlation coefficient between sovereign
DtD at different time lags (from -4 to +4) and the given sovereign risk indica-
tor. As can be seen in Part I, in three out of the five cases there is evidence of
a strong negative leading relationship between sovereign DtD and sovereign yield
spread (Greece, Ireland and Spain), while in the two remaining cases (Italy and Por-
tugal) we find strong negative synchronous association. Regarding the relationship
between sovereign DtD and sovereign CDS, in Part II, we detect a strong negative
leading association in all the countries under study, indicating that a deterioration
of the sovereign solvency (a reduction in DtD) increases the future perceived risk
of sovereign bonds. Finally, the evidence presented in Part III suggests a strong
negative leading relationship between sovereign DtD and sovereign rating for all
countries (i.e., a reduction in DtD generates a future increase in the interest rate
paid on government bonds as the market anticipates an increased risk). These re-
sults are very insightful since they suggest that although the correlation between the
four indices is very high, the DtD indicator seems to lead the evolution of the other
three, suggesting that our index may contain useful information for forecasting the
traditional indicators.

4.7.2 Granger-causality

The concept of Granger-causality, introduced by Granger (1969) and Sims (1972),
is widely used to ascertain the importance of the interaction between two series.
One variable is said to Granger-cause some other variable if past information about
the latter provides statistically significant information about the former that is not
present in its own past information. In this subsection we use vector autoregression
(VAR) models for establishing causal links between the proposed DtD indicator
and the traditional measures of sovereign risk. In particular, for each equation in
the VAR, we make use of the Wald test for the joint significance of each of the
other lagged endogenous variables in that equation. The resulting Wald statistics are
reported in Table 4.10 and reinforce the results obtained in the correlations analysis.

As can be seen, in the case of Ireland we find evidence of a bi-directional Granger-
causality relationship between DtD and yield spreads, while for the remaining
countries under study the results suggest a unidirectional Granger-causality run-
ning fromDtD to yield spread. Regarding the relationship between sovereignDtD
and sovereign CDS, our results suggest weak evidence (at 10%) of a unidirectional
Granger-causality relationship running from CDS to DtD in the case of Italy. Fi-

20The standard error is approximately T−1/2, T being the sample size (68 in our case). Thus two
standard errors would be 0.24.
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4.7 Analysis

Table 4.9: Correlation between sovereign DtD and sovereign yield spreads

Lag -4 -3 -2 -1 0 1 2 3 4

Part I: Correlation with sovereign yield spreads

Greece -0.7289 -0.7409 -0.7599 -0.7724 -0.7716 -0.7512 -0.7201 -0.6981 -0.6927
Ireland -0.6679 -0.7251 -0.7623 -0.7657 -0.7393 -0.6280 -0.5422 -0.4602 -0.3786
Italy -0.5164 -0.6118 -0.6232 -0.6822 -0.7498 -0.6902 -0.6353 -0.5909 -0.5417
Portugal -0.5203 -0.5787 -0.6675 -0.7550 -0.7840 -0.6832 -0.5967 -0.5275 -0.4514
Spain -0.6722 -0.7198 -0.7345 -0.7614 -0.7555 -0.7082 -0.6515 -0.6044 -0.5536

Part II: Correlation with sovereign CDS spreads

Greece -0.7275 -0.6885 -0.6764 -0.6653 -0.5832 -0.5863 -0.5096 -0.4327 -0.3557
Ireland -0.5723 -0.7095 -0.7801 -0.7777 -0.6488 -0.5579 -0.4330 -0.3167 -0.3167
Italy -0.2719 -0.3954 -0.4427 -0.5709 -0.5650 -0.5081 -0.3628 -0.2880 -0.1742
Portugal -0.4369 -0.5100 -0.5902 -0.6792 -0.642 -0.6125 -0.5281 -0.4148 -0.3163
Spain -0.3942 -0.4718 -0.5591 -0.6339 -0.5436 -0.5184 -0.3842 -0.2734 -0.1771

Part III: Correlation with sovereign credit rating

Greece -0.8697 -0.8597 -0.8492 -0.8341 -0.8191 -0.7924 -0.7593 -0.7399 -0.7384
Ireland -0.5833 -0.5378 -0.4896 -0.4188 -0.3550 -0.2896 -0.2359 -0.1893 -0.1342
Italy -0.6615 -0.6482 -0.6382 -0.6108 -0.6052 -0.5782 -0.5557 -0.5328 -0.5090
Portugal -0.8061 -0.8141 -0.7400 -0.6696 -0.5703 -0.4972 -0.4230 -0.3478 -0.2938
Spain -0.7160 -0.7032 -0.6650 -0.6247 -0.5905 -0.5491 -0.4961 -0.4425 -0.4097

Notes: Values in bold letters indicate the highest correlation coefficient for any given row.

nally, we find evidence of a bi-directional relationship between DtD to rating for
Greece, while for the remaining four countries we find statistically significant uni-
directional Granger-causality relationships running from DtD to rating. Summing
up, the results suggest causality from DtD to two traditional sovereign risk mea-
sures: yield spreads and credit rating, but not the other way around.

4.7.3 Generalized Impulse-Response Functions (GIRF)

In this subsection, we analyse the GIRF to further evaluate the relationship between
the proposed DtD indicator and the traditional measures of credit risk. Since the
Cholesky-factor identification may be sensitive to ordering, we make use of a gen-
eralized VAR decomposition (GVD), invariant to ordering, proposed by Koop et al.
(1996) and Pesaran and Shin (1998). GIFR traces out the responsiveness of the
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4 Incorporating creditors’ seniority into contingent claim models

Table 4.10: Granger causality test (Wald test probabilities)

Greece Ireland Italy Portugal Spain

Sovereign DtD −→ Yield spread 0.0593* 0.0234** 0.0021*** 0.0900* 0.0074***
Sovereign DtD −→ CDS spread 0.1438 0.1370 0.3036 0.7807 0.3318
Sovereign DtD −→ Credit Rating 0.0431** 0.0000*** 0.0156** 0.0000*** 0.0005***

Yield spread −→ Sovereign DtD 0.1638 0.0643* 0.6911 0.9803 0.2437
CDS spread −→ Sovereign DtD 0.5095 0.2589 0.0990* 0.3539 0.2720
Credit Rating −→ Sovereign DtD 0.0573* 0.8098 0.2499 0.5189 0.1370

Notes: The bold letters shows the statistically significant Granger causality linkages. The
***, **, and * stand for significant coefficient at the 1%, 5%, and 10% levels, respectively.

dependent variable in the VAR to shocks to each of the variables.
Figures 4.8 to 4.10 show the estimated GIRF to a one standard deviation shock,

which once again suggests the forward-looking nature of theDtD indicator. As can
be seen in Figure 4.8, in all five cases yield spreads respond negatively to shocks
in DtD, and in Italy and Portugal the negative response is progressively reduced
to zero. Turning to Figure 4.9, except for Spain and Italy, we observe a negative
response of CDS to DtD shocks that dies out and over time reaches zero. Interest-
ingly, for Greece this initial response is positive.

Finally, in relation to the GIRF for sovereign DtD and sovereign rating, for all
countries under study (Figure 4.10), we find a negative and increasing response of
rating to DtD shocks suggesting that an increase in DtD would result in a better
credit classification by the rating agencies. Nevertheless, in the case of Portugal
there is evidence of a minor reversion in the negative response after quarter four.
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4.7 Analysis

Figure 4.8: Generalized IRFs: Sovereign DtD and sovereign yield spread
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Figure 4.9: Generalized IRFs: Sovereign DtD and sovereign CDS spread
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Figure 4.10: Generalized IRFs: Sovereign DtD and sovereign credit rating

0 2 4 6 8−
3.

5
−

3.
0

−
2.

5
−

2.
0

−
1.

5
−

1.
0

−
0.

5
0.

0

0 2 4 6 8−
3.

5
−

3.
0

−
2.

5
−

2.
0

−
1.

5
−

1.
0

−
0.

5
0.

0

0 2 4 6 8−
3.

5
−

3.
0

−
2.

5
−

2.
0

−
1.

5
−

1.
0

−
0.

5
0.

0

0 2 4 6 8

−
1.

5
−

1.
0

−
0.

5
0.

0

0 2 4 6 8

−
1.

5
−

1.
0

−
0.

5
0.

0

0 2 4 6 8

−
1.

5
−

1.
0

−
0.

5
0.

0

1a. Greece (Response of DtD to Credit Rating) 1b. Greece (Response of Credit Rating to DtD)

0 2 4 6 8

−
2.

0
−

1.
5

−
1.

0
−

0.
5

0.
0

0.
5

0 2 4 6 8

−
2.

0
−

1.
5

−
1.

0
−

0.
5

0.
0

0.
5

0 2 4 6 8

−
2.

0
−

1.
5

−
1.

0
−

0.
5

0.
0

0.
5

0 2 4 6 8

−
1.

2
−

1.
0

−
0.

8
−

0.
6

−
0.

4
−

0.
2

0.
0

0 2 4 6 8

−
1.

2
−

1.
0

−
0.

8
−

0.
6

−
0.

4
−

0.
2

0.
0

0 2 4 6 8

−
1.

2
−

1.
0

−
0.

8
−

0.
6

−
0.

4
−

0.
2

0.
0

2a. Ireland (Response of DtD to Credit Rating) 2b. Ireland (Response of Credit Rating to DtD)

0 2 4 6 8

−
3

−
2

−
1

0

0 2 4 6 8

−
3

−
2

−
1

0

0 2 4 6 8

−
3

−
2

−
1

0

0 2 4 6 8

−
0.

7
−

0.
6

−
0.

5
−

0.
4

−
0.

3
−

0.
2

−
0.

1

0 2 4 6 8

−
0.

7
−

0.
6

−
0.

5
−

0.
4

−
0.

3
−

0.
2

−
0.

1

0 2 4 6 8

−
0.

7
−

0.
6

−
0.

5
−

0.
4

−
0.

3
−

0.
2

−
0.

1

3a. Italy (Response of DtD to Credit Rating) 3b. Italy (Response of Credit Rating to DtD)

0 2 4 6 8

−
2.

5
−

2.
0

−
1.

5
−

1.
0

−
0.

5
0.

0
0.

5

0 2 4 6 8

−
2.

5
−

2.
0

−
1.

5
−

1.
0

−
0.

5
0.

0
0.

5

0 2 4 6 8

−
2.

5
−

2.
0

−
1.

5
−

1.
0

−
0.

5
0.

0
0.

5

0 2 4 6 8

−
2.

0
−

1.
5

−
1.

0
−

0.
5

0.
0

0 2 4 6 8

−
2.

0
−

1.
5

−
1.

0
−

0.
5

0.
0

0 2 4 6 8

−
2.

0
−

1.
5

−
1.

0
−

0.
5

0.
0

4a. Portugal (Response of DtD to Credit Rating) 4b. Portugal (Response of Credit Rating to DtD)

0 2 4 6 8

−
1.

0
−

0.
5

0.
0

0.
5

0 2 4 6 8

−
1.

0
−

0.
5

0.
0

0.
5

0 2 4 6 8

−
1.

0
−

0.
5

0.
0

0.
5

0 2 4 6 8

−
1.

2
−

1.
0

−
0.

8
−

0.
6

−
0.

4
−

0.
2

0.
0

0 2 4 6 8

−
1.

2
−

1.
0

−
0.

8
−

0.
6

−
0.

4
−

0.
2

0.
0

0 2 4 6 8

−
1.

2
−

1.
0

−
0.

8
−

0.
6

−
0.

4
−

0.
2

0.
0

5a. Spain (Response of DtD to Credit Rating) 5b. Spain (Response of Credit Rating to DtD)

Notes: Standard error bands are computed using analytic respond standard errors.
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4 Incorporating creditors’ seniority into contingent claim models

4.7.4 Diebold-Yilmaz connectedness measure

In this subsection, we apply the Diebold-Yilmaz connectedness index methodology
(Diebold and Yilmaz (2009, 2012, 2014)) to the four sovereign risk indicators under
study. This connectedness measures is based on forecast error variance decomposi-
tions from vector auto-regressions (see Section 2.5.3). The variance decomposition
matrix gives us an intuitively appealing connectedness measure, that is the percent-
age of the future uncertainty in variable i resulting from the shocks in variable j.

The full-sample connectedness is presented in Table 5.12. The ijth entry of the
upper-left 4×4 submatrix gives the estimated ijth pair-wise directional connected-
ness contribution to the forecast error variance of risk indicator i from innovations
to risk indicator j. Hence, the off-diagonal column sums (labelled “Contribution
to others”) and row sums (labelled “Contribution from others”) give the total di-
rectional connectedness to all others from i and from all others to i respectively.
The bottom-most row (labelled “Net contribution from others”) gives the difference
in total directional connectedness (to-from). Finally, the bottom-right element (in
boldface) is total connectedness.

As can be seen, the diagonal elements (own connectedness) are among the largest
individual elements in the table, ranging from 31.37% (Yield spread) to 59.64%
(CDS) in the case of Greece, from 20.22% (Credit rating) to 63.32% (Yield spread)
in the case of Ireland, from 24.02% (Credit rating) to 44.30% (Yield spread) in the
case of Italy, from 38.21% (CDS) to 56.20% (Credit rating) in the case of Portu-
gal, and from 30.84% (Yield spread) to 59.47% (Credit rating) in the case of Spain.
Interestingly, the own connectedness measures are smaller than most of the total di-
rectional connectedness FROM others, reflecting that these indicators are relatively
dependent on each other. That is to say, shocks affecting a particular indicator
spread on the other indicators. The total connectedness of the sovereign risk indi-
cators varies between 53.82% in the case of Greece (indicating that 46.18% of the
variation is due to idiosyncratic shocks) to 63.59% in Italy (indicating that 36.41%
of the variation is due to idiosyncratic shocks). This result contrasts sharply with the
value of 78.3% obtained by Diebold and Yilmaz (2014) for the total connectedness
between US financial institutions and with the value of 97.2% found by Diebold and
Yilmaz (2012) for international financial markets. Our result is closer to the value of
54.23% found by Fernández-Rodríguez et al. (2016) for the EMU sovereign market
volatility.

Regarding the net (TO minus FROM) contribution, our results suggest that, in
the case of Greece, DtD and CDS are net receivers of shocks from the other two
sovereign risk indicators. For Ireland, we find that DtD and yield spreads are net
triggers of shocks, and in Italy, we observe that DtD and credit ratings are net
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Table 4.11: Country-wise net pairwise directional connectedness among sovereign
risk indicators

DtD CDS Yield Spread Credit Rating Contribution from others

DtD 45.71 5.40 20.76 28.12 54.29
CDS 1.62 59.64 20.07 18.67 40.36

Greece Yield Spread 11.90 11.64 31.37 45.08 68.63
Credit Rating 11.07 13.02 27.93 47.98 52.02
Contribution to others 34.97 33.51 68.67 65.69 Total Connectedness = 53.82
Net contribution -19.32 -6.85 0.04 13.68

DtD CDS Yield Spread Credit Rating Contribution from others

DtD 47.67 13.08 34.75 4.50 52.33
CDS 17.21 24.31 57.74 0.75 75.69

Ireland Yield Spread 23.69 12.57 63.32 0.42 36.68
Credit Rating 54.15 4.26 21.37 20.22 79.78
Contribution to others 66.60 55.17 64.26 21.90 Total Connectedness = 61.12
Net contribution 14.27 -20.53 27.58 -57.88

DtD CDS Yield Spread Credit Rating Contribution from others

DtD 39.84 25.93 30.25 3.98 60.16
CDS 16.87 37.47 41.06 4.60 62.53

Italy Yield Spread 18.67 35.43 44.30 1.61 55.70
Credit Rating 15.26 27.99 32.73 24.02 75.98
Contribution to others 56.04 70.45 70.14 29.79 Total Connectedness = 63.59
Net contribution -4.12 7.92 14.44 -46.19

DtD CDS Yield Spread Credit Rating Contribution from others

DtD 40.87 25.25 24.80 9.08 59.12
CDS 7.76 38.21 52.41 1.62 61.79

Portugal Yield Spread 10.89 36.32 50.05 2.74 49.95
Credit Rating 21.61 17.11 17.49 43.80 56.20
Contribution to others 49.61 67.31 65.42 23.47 Total Connectedness = 56.77
Net contribution -9.51 5.52 15.47 32.73

DtD CDS Yield Spread Credit Rating Contribution from others

DtD 38.42 24.08 27.56 9.94 61.58
CDS 17.32 34.22 31.26 17.21 65.78

Spain Yield Spread 17.49 31.56 30.84 20.11 69.16
Credit Rating 16.41 14.96 9.16 59.47 40.53
Contribution to others 57.14 67.35 68.79 44.28 Total Connectedness = 59.26
Net contribution -4.44 1.57 -0.37 3.74
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4 Incorporating creditors’ seniority into contingent claim models

receptors of shocks. In the case of Portugal, CDS and yield spread are found to be
net transmitters of shocks. Finally, in the case of Spain, our results indicate that
DtD and yield spread are net receivers of shocks.

So far, we have discussed the behaviour of the total connectedness and total net
directional connectedness measures for four sovereign credit indicators. However,
in order to gain further insights, we have also examined their net pairwise direc-
tional connectedness. Figure 5.10 displays the net pairwise directional connected-
ness among the sovereign risk indicators for each country under study. As can be
seen, yield spreads are the triggers in the connectedness relationships in all countries
except Spain, where CDS is the main transmitter of shocks. DtD is a net receiver
of shocks from all other indicators in the case of Greece, a receiver of shocks from
yield spreads and CDS in the case of Italy, Portugal and Spain, and a net propagator
of shocks to credit rating in all countries except Greece. Finally, credit rating is a
net receiver of shocks from the other three sovereign risk indicators in the cases of
Ireland, Italy and Portugal, and a net trigger of shocks to CDS in the cases of Greece
and Spain.

4.7.5 Regression analysis

Finally, in this last subsection, we empirically evaluate the relevance of the variables
that have been proposed in the recent theoretical and empirical literature as potential
drivers of sovereign risk. To this end, we use a data-based method for obtaining a
parsimonious representation of the data-generating process: the general-to-specific
approach (for detail, see Hendry (1995)). In this approach, the modeller specifies
an initial general model that adequately characterizes the empirical evidence within
his or her theoretical framework. Starting from a general unrestricted model that
captures the essential characteristics of the underlying dataset and contains all rel-
evant variables and sufficient lags, this general model is reduced in complexity by
eliminating statistically insignificant variables, checking the validity of the reduc-
tions at each stage to ensure the congruence of the finally selected model (see Faust
and Whiteman (1997)). This method has proved useful in practice for selecting
empirical economic models (see Hendry (2000)).

The dependent variables in our empirical analysis are the proposed DtD indi-
cator and the three traditional measures of sovereign risk (yield spread, CDS, and
rating). With regard to the independent variables (Table 4.12), we consider both
fundamental variables and market sentiment variables (see, e.g., Gomez-Puig et al.
(2014) and references within). Three of the fundamental variables are used to mea-
sure the country’s fiscal position; the government debt-to-GDP ratio (DEBT), the
government deficit-to-GDP (DEF) and the index of the fiscal stance (FSI) suggested
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4.7 Analysis

Figure 4.11: Country-wise net pairwise directional connectedness among sovereign
risk indicators

(a) Greece (b) Italy (c) Ireland

(d) Portugal (e) Spain

Notes: To reflect the intensity of the relationship, we use black, red and blue links for very strong,
medium and weak intensity. For each country, we first order the computed net directional

connectedness values from the highest to the smallest and find the two points that divide the
ordered distribution into three parts, each containing a third of the population.
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by Polito and Wickens (2011, 2012). An increase in DEF and DEBT would signal
an intensification in the sovereign risk, while a rise in the FSI would indicate a need
for higher fiscal consolidation to achieve a pre-specified debt target at any future
time horizon, and therefore would have a positive relationship with sovereign risk.
Moreover, the inflation rate (INF) is used as a proxy of the appreciation of the real
exchange rate and, thus, the country’s loss of competitiveness. A rise in inflation
represents a deterioration of competitiveness; therefore, it should increase sovereign
risk. The same sign is expected for the unemployment rate (U) which proxies the
country’s growth potential, while a negative effect might be expected between an
increase in the current account balance-to-GDP (CAC) and the sovereign risk.

Turning to the market sentiment variables, we used the implied volatility in the
Standard and Poor’s 500 index options (VIX) and a synthetic measure of financial
market uncertainty in the EA (FMU) as indicators of uncertainty in the global fi-
nancial and EA financial markets. We also consider the index of economic policy
uncertainty (EPU), built by Baker et al. (2013), to assess whether policy uncertainty
has influenced sovereign risk, and a country-level index of financial stress (CLIFS)
to evaluate the degree of financial stress in national financial markets. A positive
sign is expected for their respective coefficients. Finally, the consumer confidence
indicator is used to gauge economic agents’ perceptions of future economic activ-
ity. It seems reasonable to expect a negative relationship between this and sovereign
risk, since an increase in consumer confidence may lead to a rise in investor confi-
dence in the economy’s potential for growth.

Tables 4.13-4.16 reports the empirical results. As can be seen, all explanatory
variables turn out to be significant and their signs are in accordance with the lit-
erature.21 An important result of these regression analyses is that, while market
sentiment variables seem to play a dominant role in determining traditional mea-
sures of sovereign risk, macroeconomic fundamentals are identified as the main
drivers of sovereign risk, as measured by the proposed DtD indicator. These re-
sults suggest that the DtD indicator isolates the fundamental and fiscal situation of
the country better than the other three risk indicators, which are influenced much
more by market sentiment and uncertainty.

In order to gauge the predictive power of our basic model and to assess how
each explanatory variable contributes to the explanation of the dependent variable,
we perform stochastic dynamic simulations. Table 4.17 reports the results for each
sovereign risk indicator under study. Column 2 represents the actual values of the
dependent variables averaged over the period of the analysis, while column 3 shows
the averaged predicted values. The remaining columns present the contribution of

21Recall that, by construction, a reduction in DtD indicates an increase in sovereign risk.
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4.7 Analysis

Table 4.12: Variables that measure macroeconomic fundamentals and market
sentiments

Variables that measure macroeconomic fundamentals
Variable Description Source

Net position towards
the rest of the world
(CAC)

Current-account-balance-to-GDP OECD

Growth potential (U) Unemployment rate Eurostat
Competitiveness
(INF)

Inflation rate. Quarterly average of HICP monthly
interannual rate of growth

Eurostat

Fiscal position
(DEF)

Government deficit-to-GDP Eurostat

Public debt (DEBT) Government debt-to-GDP Eurostat
Index of the Fiscal
stance (IFS)

This indicator compares a target level of the debt-
GDP ratio at a given point in the future with a fore-
cast based on the government budget constraint. It
was created by Polito and Wickens (2011, 2012)

Provided by Polito and
Wickens for the 1999-
2011 period and updated
by the authors

Variables that measure market sentiment
Variable Description Source

Index of economic
policy uncertainty
(EPU)

This index reflects the frequency of newspaper
references to policy uncertainty and was built by
Baker et al. (2013)

http://www.policyuncertainty.com

Consumer confi-
dence indicator
(CCI)

This index is built by the European Commission
which conducts regular harmonised surveys of
consumers in each country

European Commission
(DG ECFIN)

Global risk (VIX) A measure of implied volatility of the Standard &
Poor’s 500 Index

www.cboe.com

Country-Level Index
of Financial Stress
(CLIFS)

A composite indicator proposed by Duprey et al.
(2017)

European Central Bank

Financial market un-
certainty (FMU)

A synthetic measure of financial market uncer-
tainty in the EA, calculated from bond mar-
kets, equity markets and the exchange rate (ECB
(2016))

European Central Bank

the explanatory variables across countries. As can be seen, our results suggest that
while macroeconomic fundamentals are the main drivers of sovereign risk measured
by the proposed DtD indicator (explaining an average of 88.42%), market senti-
ment variables are identified as the key determinants of the traditional measures of
credit risk (contributing to explain, on average, 75.05% of the CDS risk indicator in
the sample, 61.80% of the yield spreads and 62.89% of the credit ratings).
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Table 4.13: Regression results - Sovereign DtDs as dependent variable

Greece Ireland Italy Portugal Spain

Constant -39.845 33.5087 -198.6146 -92.7164 -15.3592
(-2.1545) (15.9688) (-2.6483) (-2.7918) (-2.2581)

CCI 0.0992
(1.8844)

CLIFS -18.4588 -21.9271 -41.824
(-3.2603) (-5.6606) (-6.0840)

FSI -86.2261 -184.583 -101.4647 -29.8149
(-3.4593) (-2.3736) (-2.5296) (-7.5091)

EPU -0.0564 -0.0325
(-2.9011) (-3.1594)

DEF -0.1614
(-2.7778)

DEBT -0.1267 -0.1136 -0.1883 -0.1661 0.2216
(-3.4674) (-5.3969) (-2.7243) (-2.8143) (3.7751)

INF -0.9317 -2.1948 -16963 -0.8108
(-2.2956) (-3.0293) (-5.3509) (-1.9978)

Adjusted R2 0.8177 0.6974 0.6522 0.7728 0.7115
DW Test 2.2196 2.1451 2.2685 2.2091 2.2731
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Table 4.14: Regression results - Sovereign CDS as dependent variable

Greece Ireland Italy Portugal Spain

Constant 1056.2241 3329.7553 789.7618 4636.6751 1116.8771
(2.8330) (2.7541) (4.7277) (3.7058) (2.3506)

CCI 288.8605 33.1086 43.5238 9.6179
(4.8956) (2.6371) (2.9516) (2.4939)

VIX 146.7042 7.7496 6.2819
(2.8256) (2.7088) (2.8521)

CLIFS 4476.9251 763.4245 1089.3973 984.0513
(2.6372) (2.7691) (2.7163) (4.3163)

FMU 76.9658
(2.7486)

FSI 1633.6370 106.5221
(3.6631) (4.3729)

EPU 2.9454
(3.4151)

DEBT 13.1096 2.2288 1.5962 4.4881
(3.5413) (3.7286) (2.7650) (4.1051)

INF 1596.7260 50.2957 97.4861
(4.2451) (3.5624) (3.6849)

Adjusted R2 0.8595 0.7721 0.7836 0.7551 0.7551
DW Test 2.2237 2.2178 2.2422 2.232 2.2271
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Table 4.15: Regression results - Sovereign yield spreads as dependent variable

Greece Ireland Italy Portugal Spain

Constant 3.4359 5.6094 89.217 4.0921
(3.4312) (5.1998) (4.5158) (3.124)

CCI -0.0308 0.8185
(-3.9038) (-2.7399)

VIX 0.2513 0.026 0.2304 0.0963
(3.1691) (2.7820) (2.7747) (4.2712)

CLIFS 20.3810 2.2155 2.1031 12.4637 7.2661
(3.6375) (2.7941) (2.7661) (3.4600) (3.2550)

FMU 0.6990 0.2438
(2.8123) (2.7362)

FSI 9.9387 0.1389 2.1032 37.7502 1.0803
(3.4181) (3.9837) (2.8121) (4.3383) (3.5735)

EPU 0.0934 0.0156
(3.4131) (3.7134)

DEF 0.0262
(-2.9370)

DEBT 0.0579 0.025 0.2549 0.0068
(2.7892) (3.1542) (3.1112) (2.7653)

INF 0.6181 0.2608
(2.3593) (2.8981)

Adjusted R2 0.7963 0.6715 0.7589 0.7154 0.847
DW Test 2.2712 2.2246 2.2137 2.2142 2.205
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Table 4.16: Regression results - Sovereign credit ratings as dependent variable

Greece Ireland Italy Portugal Spain

Constant 8.0092 1.9588 87.9446 83.0416
(3.5636) (3.3996) (5.5008) (5.6072)

CCI -0.0232 -0.0258 -0.0708 -0.0751
(-1.9934) (-3.8802) (-2.1954) (-3.2737)

VIX 0.0856 0.0161 0.0221 0.0202 0.0532
(2.7640) (2.7541) (2.8178) (2.8086) (2.9683)

CLIFS 7.1819 3.3777 1.4153 8.9597 8.5063
(3.5540) (3.2121) (2.7448) (3.4548) (3.8129)

FSI 67.995 58.0251
(3.4965) (3.5573)

EPU 0.0177 0.0057
(3.0587) (2.0121)

DEBT 0.1369 0.067 0.0286 0.3945 0.1627
(3.0109) (2.9817) (2.8517) (3.0699) (3.7364)

INF 0.1944
(2.7352)

Adjusted R2 0.8081 0.8432 0.8314 0.8458 0.8374
DW Test 2.2239 2.2716 2.2766 2.1798 2.7612
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Table 4.17: Predictive power and relative contributions of the explanatory variables

Panel I: Sovereign DtD model Aggregate contribution (%)

Country Actual Predicted Individual Contributions (%) Macroeconomic Market
DtD DtD CCI CLIFS FSI EPU DEF DEBT INF fundamentals sentiment

Greece 15.07 15.04 0 3.47 79.12 0 0 17.42 0 96.53 3.47
Ireland 13.39 13.36 0 35.30 0 0 6.04 49.05 9.60 64.70 35.30
Italy 18.75 18.69 3.13 0 84.35 2.45 0 8.42 1.66 94.43 5.57
Portugal 10.78 10.73 0 5.26 78.00 0 0 14.96 1.77 94.74 5.26
Spain 17.57 17.51 0 0 55.86 8.30 0 31.88 3.97 91.70 8.30

Panel II: Sovereign CDS model Aggregate contribution (%)

Country Actual Predicted Individual Contributions (%) Macroeconomic Market
CDS CDS CCI VIX CLIFS FMU FSI EPU DEBT INF fundamentals sentiment

Greece 8200.64 8185.88 79.42 10.11 3.65 0 0 0 0 6.81 6.81 93.19
Ireland 261.63 258.97 51.02 3.73 0 1.12 16.46 0 27.67 0 44.13 54.75
Italy 148.36 146.88 0 0 15.48 0 0 44.61 33.86 6.06 39.91 60.09
Portugal 318.58 315.77 88.79 0 4.07 0 0 0 4.25 2.89 7.14 92.86
Spain 140.77 139.22 54.32 8.73 11.32 0 4.09 0 21.53 0 25.63 74.37

Panel III: Sovereign yield spread model Aggregate contribution (%)

Country Actual Predicted Individual Contributions (%) Macroeconomic Market
yield spread yield spread CCI VIX CLIFS FMU FSI EPU DEF DEBT INF fundamentals sentiment

Greece 4.53 4.53 0 13.12 9.22 0 21.96 32.97 0 19.18 3.55 44.70 55.30
Ireland 1.53 1.52 0 0 59.61 10.61 13.37 0 16.40 0 0 29.78 70.22
Italy 1.13 1.11 31.64 6.81 2.96 0.49 0 21.86 0 36.24 0 36.24 63.76
Portugal 2.04 2.02 41.53 16.72 0.87 0 26.18 0 0 14.71 0 40.89 59.11
Spain 1.06 1.04 0 40.73 19.86 0 18.68 0 0 8.66 12.06 39.41 60.59

Panel IV: Sovereign credit ratings model Aggregate contribution (%)

Country Actual Predicted Individual Contributions (%) Macroeconomic Market
credit rating credit rating CCI VIX CLIFS FSI EPU DEF DEBT INF fundamentals sentiment

Greece 10.01 9.91 42.27 4.35 3.16 0 6.09 0 44.12 0 44.12 55.88
Ireland 3.35 3.29 67.01 1.73 4.26 0 6.42 0 20.57 0 20.57 79.43
Italy 5.06 5.01 0 26.27 9.01 45.91 18.81 0 0 0 45.91 54.09
Portugal 6.46 6.40 38.51 2.65 0.67 36.43 21.74 0 0 0 36.43 63.57
Spain 3.77 3.77 25.75 3.95 4.25 0 27.54 0 36.97 1.53 38.50 61.50

Notes: The results are obtained based on the models presented in Table 4.13 to 4.16.
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4.8 Concluding remarks

Based on the theory and practice of modern contingent claims methodology, this
paper proposes a modified contingent claims model that incorporates the priority
structure of creditors in measuring sovereign credit risk for euro area peripheral
countries. These new risk indicators model an important element - the total debt
held by multilateral creditors (i.e., the ECB, IMF, ESM etc.), which provides addi-
tional information and helps to reconcile the country’s credit risk with its underlying
economic fundamentals.

By analysing the behaviour and fluctuations of sovereign DtD, our results show
that the new credit risk indicator is less correlated across countries than the existing
market based credit risk indicators (i.e., CDS spreads, sovereign yield spreads and
credit ratings). Even though they share a highly correlated underlying factor linked
with global risk and uncertainty, its weight diminishes in times of crisis. Sovereign
DtD shows better predictive ability (1-4 quarters) and very high correlations for
most of the peripheral EA countries. The Granger causality test reveals the direction
of causality running from sovereign DtDs to yield spreads and credit ratings (and
not the other way round), suggesting better information content.

Generalized VAR also provides evidence of the additional information content
of the proposed sovereign risk indicator in explaining the traditional ones when ac-
counting for dynamic interrelationships between them. When analysing the con-
nectedness between the sovereign risk indicators using the framework proposed
by Diebold and Yilmaz (2012, 2014), we found system-wide values ranging from
53.82% in the case of Greece to 63.59% in Italy. Finally, the regression analysis
suggests that macroeconomic fundamentals are the main drivers of sovereign risk
measured by the proposed sovereign DtD indicator, while market sentiment vari-
ables are the key determinants of the traditional measures of credit risk.

Our results show that the alternative sovereign credit risk measure proposed has
a meaningful signalling power in assessing sovereign vulnerabilities, suggesting a
potential role in the policy makers’ tool box for monitoring risks and vulnerabili-
ties. This is relevant given the recent trend among policy makers to give a greater
focus to financial stability analysis, financial system resilience, crisis prevention,
and management.

There are several natural extensions to our analysis. Policies aimed at reducing
sovereign risk should be explored in detail in future work. Going forward, the DtD
framework could be extended beyond the sovereign context. In addition, given the
flexibility of this framework, the financial sector and sovereign risk analysis could
be integrated with macro-financial feedbacks in order to design monetary and fiscal
policies.
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5 Revisiting the sovereign-bank
linkages: Evidence from
contingent claims analysis

SUMMARY

We analyse the interconnection between the sovereign and banking sector credit risk
in the peripheral euro area countries over the 2004Q4-2013Q2 period. Applying the
contingent claims methodology, we build indicators of sovereign and bank risk and
assess their interconnection in comparison with existing market-based indicators of
bank and sovereign distress. We use three different statistical measures of inter-
connection based on principal components analysis, Granger causality network and
Diebold-Yilmaz’s connectedness index. The empirical results show strong connect-
edness and co-movement between country-level banking and sovereign risk indica-
tors. However, we find evidence of bi-directional bank-sovereign causal linkages
only for Spain during the European sovereign debt crisis period. For the late crisis
period, we find weak interconnection and more divergence across the various risk
indicators. Our findings also suggest that secondary and derivatives market indices
are more driven by common underlying factors than are contingent claim based risk
measures.

Keywords: sovereign risk, bank risk, sovereign-bank nexus, contingent claims
JEL Code: G13, G21, G33, H63
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(2018). The robustness of the sovereign-bank interconnection: Evidence from con-
tingent claims analysis, Institut de Recerca en Economia Aplicada (IREA) Working
Papers, 2018/04. Universitat de Barcelona.
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“At the present stage of development in Economics it is probably an advantage
to have different groups looking at the same problem from different viewpoints, so
that their conclusions can be compared and possibly then form the basis for a new
compressive model”

Granger (1990)

5.1 Introduction

The European sovereign debt crisis, which started in late 2009, raised serious con-
cerns about the negative feedback loop between sovereign and bank credit risk.
The risk was especially pronounced in peripheral euro area countries, where banks
and sovereign CDS spreads started to follow each other very closely. One reason
for this increased interconnection was the fear of the development of vicious cycle
in which sovereign fragility would jeopardize the asset side of the banks’ balance
sheet. In turn, bank distress would increase the explicit and implicit bail-out costs
for sovereigns, which would endanger public finances and raise questions about
their debt sustainability (see Farhi and Tirole (2017), Acharya et al. (2014), Alter
and Schüler (2012) among others).

However, there exist some irreconcilable differences between empirical researchers
regarding the underlying nature of the sovereign-banking nexus observed. Compar-
ing the sovereign risk of the UK and Spain, De Grauwe (2012) notes the higher
default risk premium on government bonds in Spain than in the UK, even though
the UK faces less favorable sovereign debt and deficit dynamics and a comparable
banking sector risk. De Grauwe argues that this difference in the evaluation of the
sovereign default risks is related to the fact that Spain belongs to a monetary union,
while the UK does not and therefore has control over the currency in which it issues
its debt. This loss of control over the currency makes euro area countries and banks
equally dependent on the European Central Bank in times of crisis, thus increasing
the linkages between banks and sovereign risk.

Another plausible reason is the ‘wake-up call’ hypothesis (Goldstein (1998)),
according to which a crisis alerts international investors to the need to reassess the
creditworthiness of all borrowers. This makes market participants price the same
fundamentals differently over time. Comparing the drivers of sovereign risk for 31
advanced and emerging countries, Beirne and Fratzscher (2013) show sharp rises
in the sensitivity of financial markets to fundamentals as the main explanation for
the rise in sovereign risk between 2008 and 2011, not only for euro area countries
but globally. They also note the substantial and sustained differences in the pricing
of fundamentals for sovereign risk among euro area peripheral countries before and
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during the crisis (see also Gómez-Puig et al. (2014)), suggesting the presence of
multiple equilibria in this relationship.

In this paper we try to broaden our understanding of the sovereign-bank link-
ages by statistically assessing the contagion and amplification mechanisms, with-
out taking a clear stand on the causes of the increasing/decreasing interconnection;
we are more concerned with the identification of bi-directional linkages between
the sovereign and the banking sector and with quantifying the magnitude of that
spillover from one part of the system to another and its resulting impact. Our aim is
to review the results presented in Chapter 3 since our primary credit risk indicator
is the contingent claim model-based distance-to-default (DtD) measure for banks
and sovereigns (this measure was only used for banks in Chapter 3). However, to
check the robustness of our results, we use two other banking and sovereign risk in-
dicators based on the secondary market (sovereign yield spreads and banking sector
equity returns) and the derivatives market (banking sector average CDS spreads and
sovereign CDS spreads).

In addition, we also use three different econometric techniques to uncover the
underlying interconnection structure in the data and apply them to the quarterly
bank and sovereign risk indicators. The econometric techniques we use are: prin-
cipal component analysis, pairwise Granger causality, and Diebold and Yilmaz’s
connectedness index. Principal component analysis is used to analyze the inter-
relationships between the sovereign and the banking sector and to explain these
variables in terms of a smaller number of variables with a minimum loss of informa-
tion. Pairwise Granger causality is applied to identify and quantify the bidirectional
bank-sovereign network linkages. Finally, the framework proposed by Diebold and
Yilmaz (2009, 2012, 2014) is used to examine the directional spillovers emanat-
ing from each market. Due to data restrictions, our sample spans the period from
2004Q4 to 2013Q2 (i.e., 35 observations) - including four years of the pre-crisis
period as well as the peak of the European sovereign debt crisis episode.1

While acknowledging the achievements of various studies that identify the sources
of systemic risk, we have nonetheless detected a gap in the literature. First, by incor-
porating the role of multilateral creditors to measure sovereign risk using publicly
available data, we try to fill this gap within the framework of the existing theoreti-
cal models. Secondly, we quantify the magnitude and direction of interconnection
between banking and sovereign risk measures using three alternative risk indicators
to provide robust evidence to support or refute previous findings. The idea of inter-
connection here is not directly related to any grand unifying theory. We assess the
interconnection using a variety of statistical measures without imposing any restric-

1Since our sample ends in 2013Q2, we will not be able to disentangle the effect of the European
Central Bank’s (ECB’s) actions on the sovereign-bank interconnection.
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tion on the dynamics. An exhaustive summary of all plausible reasons for direct
and indirect interconnection are presented in Section 5.3.

Our results suggest that the banking and sovereign credit risk are highly intercon-
nected during the time period we study. Also, there is clear evidence of an increas-
ing role of idiosyncratic risk factors driving the evolution of all the risk indices in
the post-crisis period, thus supporting the claims by Beirne and Fratzscher (2013).
Country-wise analysis of time-varying bi-directional Granger causal linkages sug-
gest the development of bank-sovereign doom loop only in Spain during the Euro-
pean sovereign debt crisis period. This result is in line with the findings of Singh
et al. (2016) where a two-way negative feedback between banks and sovereign risk
was also detected using sovereign yield spreads and banking sector average DtD
data. The analyses based on Diebold-Yilmaz’s connectedness index suggest that
increased risk is being driven away from market-based indices to DtD indicators,
suggesting that contingent claim basedDtD indices capture the balance-sheet based
uncertainty and vulnerabilities more precisely.

The rest of the paper is organized as follows. In Section 5.2 we provide a simple
framework for an overview of the idea of interconnection. Section 5.3 explains the
channels via which interconnections arise between sovereign and bank risk with a
brief review of the related literature. Section 5.4 describes the credit risk indicators
used in our empirical analysis of the interconnections. Section 5.5 explains the
econometric methodology used to assess the interconnections between the bank and
sovereign risk indicators. Section 5.6 presents the empirical findings, whilst Section
5.7 offers some concluding remarks.

5.2 Interconnection between sovereign and banking
institutions: A simple conceptual framework

Let us start with a simple conceptual framework to understand the idea of inter-
connection. Figure 5.1 shows the stylized balance sheet of a financial institution
and its direct inter-linkages with the sovereign balance sheet. The figure is purely
schematic and is not intended to indicate the relative magnitudes of the various parts
of the balance sheet. Bank A has three categories of assets - (1) Treasury securi-
ties: the banks’ total exposure to all treasury securities issued by various sovereigns.
Generally, a large part of treasury securities consists of the securities issued by the
domestic sovereign (here sovereign A), where the bank is based (home bias); (2)
Loans to the real economy: exposures outside the financial network, consisting of
claims on non-financial entities, such as mortgages and commercial loans; and (3)
Claims on other banks: in-network assets claim on other banks, including the inter-
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bank loans and exposures through derivatives.

Figure 5.1: Direct linkages between sovereign and financial institutions
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The bank’s liabilities include obligations to depositors, other financial entities
and bank’s equity holders. Bank deposits in most countries are guaranteed by de-
posit insurance corporations (either public or private). The interbank obligations
arise as a mechanism for banks to manage their liquidity risk and perform maturity
transformation. This network serves as a risk-sharing mechanism for banks. How-
ever, some of these links become vulnerable in times of crisis and work as channels
via which problems are amplified within the network. Bank equity is the owner’s
capital and is of great interest to regulators. It is kind of skin-in-the-game of pro-
moters and shareholders of the bank. The sovereign liabilities consist of - Treasury
securities issued by the sovereign and explicit/implicit guarantees provided by the
government on domestic banks’ liabilities.

5.2.1 Why does financial interconnection arise? Channels of
interconnection

ConsiderN financial institutions indexed by iwhich are distributed acrossM coun-
tries indexed by j (M <N ). Consider a financial institution i, having a risk expo-
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sure xi, based in country j. Assume that fractions αij (j ∈ 1,2, ..,M) of this expo-
sure are directly concerned with the credit worthiness of various countries. Then the
home sovereign exposure (home bias) in i’s portfolio will be given by αijxi, while
the total sovereign exposure will be (∑

M
j=1αij)xi.

2 Home exposure is extremely
important in assessing the health of the banks’ assets. Higher home bias will make
banking sector assets extremely sensitive to government health. On the other hand,
the high foreign sovereign exposure will diversify the sovereign risk exposure for
banks but will provide the incentive for governments to collude if there is a loom-
ing threat of bank failure. If the fate of a country’s banks is strongly intertwined
with the health of a neighbouring country, this country will be more supportive of
any external interventions to support its neighbour. This may have been the case in
the Greek bailout, since there was some exposure to Greece, especially within the
German and French banking sectors (Ardagna and Caselli (2014)).

Another factor in the banks’ exposure concerns the risk factors idiosyncratic to i.
These are risk exposure which is direct exposure of banks to their home country’s
real sector. Let’s denote by βi the fraction of total bank exposure idiosyncratic to i.
The idiosyncratic exposure of institution i will then be given by βixi. The sum of
idiosyncratic exposure of all banks based in country j, ∑i∈j βixi will be the amount
of credit available in country j. If the amount of available credit contracts, the
government might have to step in (we might observe higher unemployment) thus
placing a strain on government finances. The government has a choice to bail out
either the banks or the real sector directly.

The last factor in the bank exposure is the in-network assets. These are direct
‘links’ among financial institutions, for instance, interbank loans or derivatives,
given by the N ×N matrix B, whose elements bik denote how much bank i is
exposed to bank k.

Note that, the sum of the individual component of bank i’s exposure will equal to
1. Mathematically,

M

∑
j=1

αij +βi +
N

∑
k=1,k 6=i

bik = 1

Similarly, the total exposure of banks to sovereign j (Ej) will be given by

Ej =
N

∑
i=1

αijxi

Assuming that the returns on the sovereign exposure, idiosyncratic factor and in-
network assets for bank i are ρs + εs, ρi + εi and ρn + εn respectively, where ρs,

2The total foreign sovereign exposure will be given by (∑n∈M,n6=j αin)xi.
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ρi and ρn are constants, while εs, εi and εn are independently distributed random
variables with zero mean. We can define the benchmark payoff π̂i as what i would
receive and we can write it in general as π̂i(ρs,ρi,ρn, εs, εi, εn). For illustration, a
simple specification could be:

π̂i = (ρs + εs)
M

∑
j=1

αijxi + (ρi + εi)βixi + (ρn + εn)
N

∑
k=1,k 6=i

bikxi

However, since the fate of countries j and bank i are intertwined and i also de-
pends on a system of financial institutions via interlinked claims, its actual pay-off
differs from π̂i in case of crisis. In the following section, we review the literature of
models explaining the reasons for this variation.

5.3 Literature: Direct and indirect linkages between
sovereigns and banks

5.3.1 Sovereign-bank linkage

A review of the channels through which sovereign risk can affect bank risk (and
vice versa) was widely presented in Section 3.1. Based on those linkages, some
authors have described the development of a “diabolic loop” as the major cause of
the crisis in euro area countries. European banks, encouraged by the absence of
any regulatory discrimination between bonds, held an excessive part of their own
national debt (see Figure 2.2b), which fed speculation on the banks’ solvency. In
turn, sovereigns were in constant danger of having to rescue their own banks, which,
combined with the uncertainty regarding the fiscal support they would receive from
their European partners, increased the riskiness of their bonds (see Brunnermeier
et al. (2011) and Reichlin (2013)). Hence, in times of crisis, banks and sovereign
default risk start moving in locksteps (see Figure 5.2). In addition, although Sec-
tion 3.2 summarizes the literature focused on the joint dynamics between sovereign
and bank risk, some recent contributions should be added to that literature review:
De Marco and Macchiavelli (2016), Ongena et al. (2016), Altavilla et al. (2016),
Kallestrup et al. (2016) and Horváth et al. (2015).

De Marco and Macchiavelli (2016) and Horváth et al. (2015) show that the
bank-sovereign nexus was strongly driven by the moral suasion according to which
government-owned banks or banks with politicians on their boards of directors dis-
played higher home bias and purchased more domestic sovereign debt than did
privately-owned banks throughout the 2010-2013 period. They also find the moral
suasion to be stronger in countries under stress and where sovereign debt is risky.
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Figure 5.2: Banking sector average CDS spreads vs Sovereign CDS spreads
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(a) Spain
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(b) Greece
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(c) Ireland
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(d) Italy
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(e) Portugal

Using propriety data on banks’ monthly securities holdings, Ongena et al. (2016)
also show that in times of crisis, European banks in fiscally stressed countries in-
crease their holdings of domestic sovereign bonds in months with relatively high
domestic sovereign bond issuance. The effect was also stronger for state-owned
banks. Investigating monthly data for 226 European banks from 2007 to 2015,
Altavilla et al. (2016) show that the publicly owned, recently bailed out and less
strongly capitalized banks reacted to sovereign stress by increasing their domestic
sovereign holdings more than other banks, suggesting that their choices were af-
fected both by moral suasion and by yield-seeking. Their exposures significantly
amplified the transmission of risk from the sovereign and its impact on lending.

By constructing a simple risk-weighted measure of foreign exposures of banking
systems in 17 countries, Kallestrup et al. (2016) show that the foreign asset hold-
ings of the largest banks are an important determinant not only of their own CDS
premiums but also of the CDS premium of the sovereign in which the banks reside.
Thus, banks’ foreign sovereign debt holdings not only impact the banks’ own credit
risk but also transfer the risk partially to their own sovereigns. The exact opposite is
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also observed. Studying the relation between bank stock returns from EU countries
and the returns on sovereign CDS of peripheral countries for 2010 to 2012, Bel-
tratti and Stulz (2015) found the relationship to be negative. Using days with tail
sovereign CDS returns of peripheral countries to identify the effects of shocks to the
cost of borrowing of these countries on EU banks from other countries, they found
that the CDS tail return has a greater effect on banks with greater exposure to the
country experiencing that return, but it also has an impact on banks that were not
exposed. More pervasive shocks to peripheral countries have a stronger impact on
the returns of banks from countries that experience no shock more than do shocks
to small individual peripheral countries.

5.3.2 Bank-bank linkage

Direct bank linkages arise from the network of bi-directional claims that banks hold
against each other (as shown in Figure 5.1). These network connections usually
have positive effects as they diversify the risk exposure of individual banks. How-
ever, they also open channels through which negative shocks can spread throughout
the system. The rest of this subsection explains the channels via which negative
shocks propagate in our current financial system.

i. DIRECT LOSS SPILLOVERS THROUGH DEFAULT: Imagine an entity that has
sold guarantees in the form of Credit Default Swaps and reneges on its con-
tractual obligation at the payment date. In this case, the default of this entity
can bring down all its counterparties, causing cascading losses and collapses
throughout the financial system (e.g., the case of AIG in the summer of 2008).
Eisenberg and Noe (2001) provided the basic network model that became the
backdrop for much subsequent work on contagion in financial networks.

ii. MARK-TO-MARKET LOSS: Losses in the financial network can spread from
one node to another through changes in the market value of underlying assets.
When market prices drop, financial intermediaries need to liquidate their assets
in order to meet funding and collateral constraints. These new sales amplify
the downturn, leading to further sales, and so on, leading to a self-reinforcing
liquidity crisis. Allen and Gale (2004), Brunnermeier and Pedersen (2009) and
Diamond and Rajan (2005) present different mechanisms via which this can
affect market conditions.

iii. FUNDING RUN: When short-term funding becomes scarce, the financial insti-
tutions which have high dependence on short-term funding find it extremely

147



5 Revisiting the sovereign-bank linkages: Evidence from contingent claims analysis

difficult to rapidly adjust to the new situation. This creates fear among mar-
ket participants who start to hoard excess liquidity as a precautionary measure,
leading to further liquidity shortage - as happened during the days following the
Lehman bankruptcy. Heider et al. (2015) provide evidence of interbank market
freeze during the 2008 financial crisis while Acharya et al. (2011) does so for
the case of repo markets.

iv. INFORMATION CONTAGION: A disclosure by one bank regarding its assets
may lead creditors to make inferences about the assets held by other banks,
producing “information contagion.” If one bank is forced to sell illiquid assets
and in so doing drives down the price of these assets, then other banks hold-
ing similar assets incur fire-sale externalities through the price drop (see Chen
(1999), Acharya and Yorulmazer (2008b), Aghion et al. (2000) and Acharya
and Thakor (2016)).

v. CONTAGION THROUGH CORRELATION: Shock outside a particular asset class
can force banks to sell their most liquid securities in order to raise cash quickly.
This transfers the negative shock from a less liquid asset class to highly liquid
market securities. Other market participants observing this sale can join in the
sell-off, and this pattern can continue for a few days. Khandani and Lo (2011)
document this rapid deleveraging for quant hedge funds in August 2008. Note
that these are not conventional fire sale, as the assets sold are highly liquid.

vi. COMMON EXPOSURE: Banks expose themselves to the same risk by investing
in similar assets. This may be due to the negative externalities arising from the
failure of another bank (see Acharya and Yorulmazer (2008b); Acharya (2009))
or the herding behaviour generated by the financial regulations as shown in
Farhi and Tirole (2012) and Acharya and Yorulmazer (2008a).

5.3.3 Sovereign-sovereign linkage

Sovereigns are not directly linked to each other. However, in times of crisis, they
do coordinate and support each other by providing foreign currency credit lines to
central banks in order to mitigate tensions arising in the foreign currency markets.
Sovereigns implicitly guarantee these foreign currency loans. An indirect way in
which sovereigns might be connected is the ‘wake-up call’ hypothesis suggested by
Goldstein (1998). Since financial markets become more sensitive to market funda-
mentals in times of crisis, the system moves to a new equilibrium where the same
risk is priced differently (see Beirne and Fratzscher (2013)).
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5.4 Bank and sovereign risk indicators: Data and
preliminary analysis

To measure the vulnerability of banks and sovereigns, we use the contingent claims
literature and derive a set of credit risk indicators. To validate our results, we com-
pare them with other market-based indicators of bank and sovereign risks. The
variables and data sources are summarized in Table 5.1.

Table 5.1: Description of variables

Variable Description Frequency Source

BankDtD Banks average DtD based on the DtD of a sample of banks
headquartered in each country. For the list of banks used in
the calculation and for the detailed methodology, please refer
to Chapter 2.

Quarterly Author’s calculation

SovDtD Sovereign DtD. For detailed methodology, please refer to Ch-
pater 4.

Quarterly Author’s calculation

BankCDS Banks average CDS based on 5Y bank CDS (on senior unse-
cured bonds) of all banks headquartered in a particular country
for which CDS data is available in Datastream. For a complete
list of bank, please refer to Table 5.2.

Quarterly Datastream

SovCDS 5Y benchmark CDS spreads for individual countries. Quarterly Datastream
BankEQU Banking sector equity index based on the average returns of all

publicly traded banks in each individual country. For detailed
calculation, please refer to Chapter 2.

Quarterly Datastream

SovSPR Difference between the 10 year benchmark yield of a country
over Germany.

Quarterly Eurostat

5.4.1 Banking sector risk measures

To assess the banking sector risk in each individual country, we use three different
bank risk measures. Two of them are standard market-based measures, while the
third one is based on both market and balance sheet based information. The rest of
the subsection enumerates them in greater detail.

1. Banking sector average DtD (BankDtD)

To assess the banking sector risk in each EMU country, we use the country-wise
banking sector aDtD indicator developed in Chapter 2. aDtD can be interpreted
as the number of standard deviations the asset value of the banking sector in each
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5 Revisiting the sovereign-bank linkages: Evidence from contingent claims analysis

country is away from its default barrier. The closer it is to zero, the closer the
banking sector is to distress.

2. Banks average CDS spreads (BankCDS)

Based on the derivatives market, we use bank CDS daily mid-quotes from Datas-
tream for the five peripheral euro area economies, namely Greece, Ireland, Italy,
Portugal, and Spain. The data are available from 2007Q4 until 2013Q2. Follow-
ing previous studies, we focus on the 5-year maturity for senior unsecured debt, as
these contracts are regarded as the most liquid in the market. The time series of
bank CDS spreads for each country was created by averaging individual bank CDS
spreads at the country level. We have an overall sample of 25 banks spread across
the five countries for which CDS data were available in Datastream (see Table 5.2).

3. Banks equity index based on average returns (BankEQU )

Based on the secondary market, we use the country-wise banking sector equity in-
dex. The index is based on average logarithmic returns of all publicly traded bank-
ing firms’ headquarters in a particular country. The detailed calculation methodol-
ogy is explained in Chapter 2. All indices are normalized to 100 (at the beginning
of the last quarter in 2004) for all countries.3

Commonality and differences among banking sector risk measures

Our sample contains Greek, Irish, Italian, Portuguese and Spanish banks. We use
quarterly data from 2004-Q4 to 2013-Q2 (i.e., T = 35 observations). Table 5.3
provides summary statistics of all banking sector credit risk measures. The mean
BankDtD ranges from 2.35 for Greece to 4.58 for Spain. The highest variation is
observed for Portugal and Ireland, whereas Greece shows a consistently low level.
The median values for Greece and Ireland are 1.87 and 1.75, reflecting the precari-
ous banking conditions in these countries for our time period of study.

The mean value of BankCDS for individual countries are lowest in case of
Italy (1.48%) and highest in case of Greece (9.64%). We also observe extremely
high values for Greece (24%), Ireland (20%) and Portugal (13.65%). These peaks
coincide the period when the banking crisis was at its highest point (as in the case
of Ireland) or when the sovereign government in these countries lost market access
for issuing new government bonds (as in Greece and Portugal). Also noteworthy

3Note that the methodology creates an upward bias in the returns indices due to bank failures,
and must be interpreted carefully. All the result documented in this paper are based on this unbal-
anced panel. However, our results are robust to the balanced panel of banks where we only consider
banks for which data is available for the entire period.
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Table 5.2: List of banks with CDS spreads available in Datastream (by country)

Country Bank name ISIN

Greece National Bank of Greece SA GRS003003019
Greece Eurobank Ergasias SA GRS323003004
Greece Alpha Bank AE GRS015013006
Ireland Depfa Bank Plc IE0072559994*
Ireland Irish Bank Resolution Corp. Ltd. IE00B06H8J93*
Ireland Permanent TSB Plc IE0004678656*
Ireland Bank of Ireland IE0030606259
Ireland Allied Irish Banks plc IE0000197834
Italy UniCredit SpA IT0004781412
Italy Intesa Sanpaolo IT0000072618
Italy Banca Monte dei Paschi di Siena SpA IT0001334587
Italy Unione di Banche Italiane Scpa IT0003487029
Italy Banco Popolare Società Cooperativa IT0004231566
Italy Mediobanca SpA IT0000062957
Italy Banca Popolare di Milano SCaRL IT0000064482
Portugal Banco Comercial Português, SA PTBCP0AM0007
Portugal Banco Espirito Santo SA PTBES0AM0007
Portugal Banco BPI SA PTBPI0AM0004
Spain Banco Bilbao Vizcaya Argentaria SA ES0113211835
Spain Banco Santander SA ES0113900J37
Spain Caixabank, SA ES0140609019
Spain Banco de Sabadell SA ES0113860A34
Spain Banco Popular Espanol SA ES0113790226
Spain Caja de Ahorros del Mediterraneo ES0114400007
Spain Bankinter SA ES0113679I37

Notes: ISIN stands for the International Securities Identification Number. An asterisk (*) indicates
companies delisted during the study period. SIFI is indicated in italics (based on Bank of Interna-
tional Settlements G-SIBs as of November 2014).

is the fact that Irish banks’ CDS spreads before the crisis were negligible and then
shot up within a very short period of time during the crisis. If we compare this
with the BankEQU , we find a similar trend for Ireland. The BankEQU for Spain
and Greece also shows huge gains before the crisis compared with Ireland, Italy, and
Portugal. Post-crisis, however, the Irish and Greek banking sectors show continuous
sign of stress with very low index values.

To study the commonality in different banking sector risk indicators, we com-
pute the cross-country correlations matrix for each alternative indicator. Since the
time series of observations are not always of equal length, the correlation between
each pair of banking sector risk indicators is based on the common sample. The
correlations matrices are shown in Table 5.4. To evaluate these results, we use the
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Table 5.3: Summary statistics of banking sector risk measures

Country Mean Standard Minimum Median Maximum Skewness Kurtosis SE N
Deviation

Average banking sector Distance-to-default measure (BankDtD)

Spain 4.58 1.80 2.00 4.42 8.50 0.41 -0.90 0.30 35
Greece 2.35 1.22 0.81 1.87 5.28 0.61 -0.89 0.21 35
Ireland 2.69 2.08 0.49 1.75 7.51 0.87 -0.70 0.35 35
Italy 4.20 1.52 1.96 3.89 7.72 0.26 -1.01 0.26 35
Portugal 3.96 2.06 1.45 3.21 9.58 0.90 -0.07 0.35 35

Average banking sector credit default swap (CDS) spreads (BankCDS)

Spain 300.94 157.74 41.99 288.76 549.46 0.11 -1.30 32.89 23
Greece 964.18 757.44 152.05 841.43 2400.79 0.60 -1.05 161.49 22
Ireland 515.82 584.15 6.80 340.70 2025.05 1.05 -0.01 98.74 35
Italy 148.74 155.76 12.87 85.43 493.92 1.03 -0.36 26.33 35
Portugal 306.98 383.41 14.48 99.28 1365.38 1.20 0.23 64.81 35

Average banking sector equity index level (BankEQU )

Spain 257.71 78.91 100.00 243.67 404.41 0.01 -0.64 13.34 35
Greece 188.69 137.56 15.52 154.56 512.95 0.68 -0.51 23.25 35
Ireland 101.39 63.93 6.72 123.86 188.40 -0.31 -1.53 10.81 35
Italy 128.82 42.73 67.26 120.04 219.96 0.48 -0.82 7.22 35
Portugal 145.61 61.90 49.91 125.87 271.27 0.59 -0.61 10.46 35

Notes: The BankDtD is a measure the number of standard deviations the banking sector assets are away
from its default barrier. Hence, by construction, this is unitless. BankCDS are measured in basis points.
BankEQU are unitless and are in levels.

adjective ‘strong’ for estimated values included in the interval (2c,1], the adjective
‘weak’ for estimated values included in the interval (c,2c], and when the estimated
values are included in the interval (0,c], we say that the series is ‘not correlated’.
The cut-off point c is chosen because it roughly corresponds to the null hypothesis
that the correlation coefficient is zero at 5% level of significance.4

As can be seen, there is evidence of a strong positive correlation between the
BankDtD indicators. Regarding the BankCDS, we also find a strong positive

4The standard error is approximately T−1/2, T being the sample size. In our case, T = 35 for
BankDtD and BankEQU and T = 22 for BankCDS. Thus the two standard errors would be
0.34 and 0.43 respectively.
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Table 5.4: Correlations between banking sector risk measures

ES GR IR IT PT ES GR IR IT PT ES GR IR IT PT

BankDtD BankCDS BankEQU

ES 1 0.72 0.86 0.75 0.73 1 0.92 0.82 0.94 0.90 1 0.65 -0.34 0.37 0.44
GR 0.72 1 0.84 0.81 0.88 0.92 1 0.73 0.95 0.94 0.65 1 0.05 0.87 0.62
IR 0.86 0.84 1 0.78 0.77 0.82 0.73 1 0.80 0.91 -0.34 0.05 1 0.26 0.38
IT 0.75 0.81 0.78 1 0.84 0.94 0.95 0.80 1 0.91 0.37 0.87 0.26 1 0.67
PT 0.73 0.88 0.77 0.84 1 0.90 0.94 0.91 0.91 1 0.44 0.62 0.38 0.67 1

correlation, except for the case of Ireland with Greece. Finally, and in relation to
the BankEQU , we observe a strong positive association between Greece and Italy,
a weak positive correlation in Spain with Greece, Italy, and Portugal, in Portugal
with Greece and Ireland, and between Portugal and Italy. There is no significant
evidence of a correlation between Ireland and Greece, Spain or Italy. The highest
pair-wise correlations are between BankCDS indices followed by BankDtD and
BankEQU . The average pair-wise correlations are above 0.85 for BankCDS
which comes down to 0.78 for BankDtD. However, the pair-wise correlation in
case of BankEQU is extremely low. We even find a negative correlation between
the Spanish and Irish BankEQU .

5.4.2 Sovereign risk measures

To assess the sovereign credit risk, we also use three different risk measures. Our
primary measure of credit risk is the sovereign DtD indicator built in Singh et al.
(2018). We also use sovereign yield spreads (based on secondary capital market)
and sovereign CDS spreads (from the derivative market). The rest of the section
describes the sovereign credit risk measures in detail.

1. Sovereign distance-to-default (SovDtD)

As has been said, the country-wise sovereign DtD (SovDtD) indicator developed
in Chapter 4 is our fundamental measure to assess sovereign risk in each country.
SovDtD can be interpreted as the number of standard deviation the sovereign’s
assets value are away from its debt obligations. The closer it is to zero, the closer the
sovereign is to distress. Figure 5.3 shows the evolution of SovDtD and BankDtD
for each country considered in our analysis.
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Figure 5.3: Banking sector average DtD (BankDtD) vs Sovereign DtD (SovDtD)
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(a) Spain
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(b) Greece
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(c) Ireland
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(d) Italy
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(e) Portugal

2. Sovereign CDS spreads (SovCDS)

We use five-year benchmark sovereign CDS daily mid-quotes from Datastream as
the second measure of sovereign credit risk (SovCDS). These data are available
starting at 2007Q4. Following previous studies we focus on the 5-year maturity, as
these contracts are regarded as the most liquid in the market. Figure 5.2 shows the
evolution of SovCDS and BankCDS for each country considered in our analysis.

3. Sovereign yield spreads (SovSPR)

To calculate yield spreads for individual countries (SovSPR), we use the Maas-
tricht criterion bond yields (the long-term interest rates). These are the rates used
as a convergence criterion for the European Economic and Monetary Union (EMU)
countries, based on the Maastricht Treaty. The series relates to interest rates on
long-term government bonds denominated in national currencies. The data are
based on central government bond yields on the secondary market, gross of tax,
with a residual maturity of around 10 years. Yield spreads are calculated as the
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difference between the ten-year benchmark sovereign bond yield of each individ-
ual country and that of Germany. Figure 5.4 shows the evolution of SovSPR and
BankEQU for each country considered in our analysis.

Figure 5.4: Banking sector equity index (BankEQU ) vs Sovereign yield spreads
(SovSPR)
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(b) Greece
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(c) Ireland
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(d) Italy
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(e) Portugal

Commonality and differences among sovereign credit risk measures

Our sample contains Greece, Ireland, Italy, Portugal and Spain and we use quar-
terly data from 2004-Q4 to 2013-Q2. Table 5.5 provides summary statistics of all
sovereign credit risk measures. The mean SovDtD ranges from 10.94 for Portu-
gal to 18.88 for Italy. The highest variation is observed for Ireland and the lowest
for Portugal. A closer look at the data shows consistently low values for Portugal,
suggesting its vulnerability for our entire period of study. The minimum value is
observed for Greece at 1.43.

Comparing this with SovCDS, we find similar trends. If we look at the minimum
values for Spain (0.19%), Greece (0.20%), Italy (0.20%) and Portugal (0.29%), it
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Table 5.5: Summary statistics of sovereign risk measures

Country Mean Standard Minimum Median Maximum Skewness Kurtosis SE N
Deviation

Sovereign Distance-to-default measure

Spain 17.72 7.36 5.23 17.52 32.38 0.03 -1.28 1.24 35
Greece 14.39 10.12 1.43 14.25 31.85 0.11 -1.59 1.71 35
Ireland 17.38 8.47 3.76 16.71 35.22 0.18 -1.04 1.43 35
Italy 18.88 7.54 5.73 20.25 31.39 -0.30 -1.13 1.27 35
Portugal 10.94 6.67 2.66 9.15 23.93 0.49 -1.21 1.39 23

Five year benchmark Sovereign credit default swap (CDS) spreads

Spain 171.86 112.55 18.79 175.41 402.16 0.37 -1.02 23.47 23
Greece 4411.58 6219.48 20.32 794.91 14904.36 0.93 -1.05 1296.85 23
Ireland 345.35 226.63 125.28 271.33 841.86 0.64 -1.03 51.99 19
Italy 168.87 118.58 19.58 141.86 415.01 0.69 -0.77 24.73 23
Portugal 386.25 375.76 28.99 286.05 1170.3 0.89 -0.66 80.11 22

Sovereign yield spreads over Germany

Spain 1.37 1.57 0.01 0.67 5.29 0.87 -0.64 0.27 35
Greece 5.60 7.16 0.19 1.86 26.52 1.21 0.40 1.21 35
Ireland 2.19 2.49 -0.04 1.52 8.54 0.91 -0.41 0.42 35
Italy 1.43 1.40 0.14 0.85 4.88 1.03 -0.23 0.24 35
Portugal 2.76 3.52 0.00 0.77 11.18 1.15 -0.04 0.59 35

suggests that before the crisis financial markets priced the default risk of all pe-
ripheral sovereign on a par with other central European countries. However, with
the advent of the sovereign debt crisis, Greece, Portugal, and Ireland show consis-
tently high CDS spreads (7.94%, 2.86%, and 2.71% respectively) compared with
Spain and Italy. For Greece, Ireland, and Portugal, we observe huge spikes in CDS
spreads coinciding with there loss of market access. For Greece, since it formally
restructured its sovereign debt in 2012, we find consistently high values. Looking
at yield spreads, we find very low levels for countries before the crisis (Ireland has
negative yield spreads for some periods). However, during the crisis, the levels shot
up for Greece (26.51%) and Portugal (11.18%) creating a vicious loop in which
high debt cost made the debt unsustainable, thus increasing the cost of debt further.
We see a similar trend for Spain (5.29%) and Italy (4.88%), but with a less dramatic
increase in yield spreads.
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5.4 Bank and sovereign risk indicators: Data and preliminary analysis

To study the commonality between the different sovereign risk measures under
study, we compute the cross-country correlations matrix for each alternative indi-
cator. Since the time series of the observations are not always of equal length, the
correlation between each sovereign risk indicator is based on the common sample.
The correlations matrices are shown in Table 5.6. As above, we use the adjective
‘strong’ for estimated values included in the interval (2c,1], the adjective ‘weak’
for estimated values included in the interval (c,2c] and, when the estimated values
are included in the interval (0,c], we say that the series is ‘not correlated’. The
cut-off point c is chosen because it roughly corresponds to the null hypothesis that
the correlation coefficient is zero at 5% level of significance.5As can be seen, we
find evidence of a strong positive correlation between the SovDtD indicators in
all cases except Italy with Greece and Ireland and Portugal with Ireland and Italy,
where we detect high but weak positive correlations. Turning to the SovCDS, we
observe a strong and high positive correlation between Italy and Spain, but a weak
positive correlation for all other cases except for the pair Greece and Ireland, where
no significant correlation is found. Finally, and with respect to the SovSPR, we
observe a strong positive association in all cases.

Table 5.6: Correlations between different sovereign risk measures

ES GR IR IT PT ES GR IR IT PT ES GR IR IT PT

SovDtD SovCDS SovSPR

ES 1 0.92 0.87 0.93 0.87 1 0.73 0.65 0.95 0.89 1 0.96 0.80 0.96 0.91
GR 0.92 1 0.87 0.81 0.91 0.73 1 0.03 0.73 0.55 0.96 1 0.85 0.94 0.96
IR 0.87 0.87 1 0.75 0.70 0.65 0.03 1 0.58 0.82 0.80 0.85 1 0.79 0.88
IT 0.93 0.81 0.75 1 0.71 0.95 0.73 0.58 1 0.89 0.96 0.94 0.79 1 0.93
PT 0.87 0.91 0.70 0.71 1 0.89 0.55 0.82 0.89 1 0.91 0.96 0.88 0.93 1

5.4.3 Cross-correlations between sovereign and banking sector
risk

To study the commonality between sovereign and banking sector risk indicators, we
compute the cross-country correlations matrix for each peripheral euro area country
under study. Since the time series of observations are not always of equal length, the

5In our case, T = 19 for SovCDS, T = 23 for SovDtD and T = 35 for SovSPR. Thus the
two standard errors would be 0.46, 0.43 and 0.34 respectively.
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5 Revisiting the sovereign-bank linkages: Evidence from contingent claims analysis

correlation between each sovereign risk indicator is based on the common sample.
The correlations matrices are shown in Table 5.7.6 Focusing only on the association
between the bank and sovereign indicators, we find evidence of a weak negative
correlation between BankDtD and SovCDS and SovSPR in all countries except
Spain, where no significant correlation between them is found. There is also evi-
dence of strong negative (Italy and Spain) or high but weak negative correlation (in
the remaining countries) between BankEQU and SovCDS.

In the case of Greece, we also observe strong positive correlations betweenBank-
CDS and SovSPR and between BankEQU and SovCDS, Italy and Spain, as
well as a high but weak positive correlation between BankCDS and SovCDS and
betweenBankDtD and SovDtD and a high but weak negative correlation between
BankEQU and SovSPR. For Ireland, we also observe a strong positive correla-
tion between BankCDS and SovCDS and a weak positive correlation between
BankDtD and SovDtD and between BankCDS and SovSPR, while no signif-
icant correlation is found between BankEQU and either SovDtD or SovSPR.
In the case of Italy, we also detect strong positive correlations between BankCDS
and both SovCDS and SovSPR, as well as a high but weak positive correlation be-
tween BankDtD and SovDtD and between SovDtD and SovSPR, and a strong
negative correlation between BankEQU and SovSPR. Finally, for Spain, we
also observe a strong positive correlation between BankCDS and both SovCDS
and SovSPR and a strong negative correlation between BankEQU and SovSPR,
while no significant correlation is found between BankDtD and either SovCDS
or SovDtD or SovSPR.

5.5 Methodology: Assessing interconnection

We use several econometric techniques to assess the interconnection between the
banking sector and sovereign credit risk indicators without modelling the details of
the entire network structure. We show that just by including the banks and sovereign
credit risk indicators, one can disentangle the inherent contagiousness and vulner-
ability of the interdependent structure. We use three different sets of indicators for
comparison. BankDtD and SovDtD are our primary indicators. The detailed
presentation of our results is based on these primary indicators which take into ac-

6Once again, we use the adjective ‘strong’ for estimated values included in the interval (2c,1],
the adjective ‘weak’ for estimated values included in the interval (c,2c] and, when the estimated
values are included in the interval (0,c], we say that the series is ‘not correlated’. The cut-off point
c is chosen because it roughly corresponds to the null hypothesis that the correlation coefficient is
zero at 5% level of significance. In our case, T = 22 for Greece, T = 19 for Ireland and T = 23 for
Italy, Portugal, and Spain. Thus the two standard errors would be 0.43, 0.46 and 0.42, respectively.
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Table 5.7: Country-wise cross-correlations between sovereign and banking risk
indicators

Greece BankDtD BankCDS BankEQU SovCDS SovDtD SovSPR

BankDtD 1 -0.83 0.84 -0.69 0.81 -0.77
BankCDS -0.83 1 -0.8 0.72 -0.81 0.95
BankEQU 0.84 -0.8 1 -0.69 0.92 -0.78
SovCDS -0.69 0.72 -0.69 1 -0.63 0.69
SovDtD 0.81 -0.81 0.92 -0.63 1 -0.8
SovSPR -0.77 0.95 -0.78 0.69 -0.8 1

Ireland BankDtD BankCDS BankEQU SovCDS SovDtD SovSPR

BankDtD 1 0.03 0.67 -0.19 0.5 -0.05
BankCDS 0.03 1 0.3 0.91 -0.59 0.9
BankEQU 0.67 0.3 1 0.18 0.21 0.15
SovCDS -0.19 0.91 0.18 1 -0.72 0.92
SovDtD 0.5 -0.59 0.21 -0.72 1 -0.67
SovSPR -0.05 0.9 0.15 0.92 -0.67 1

Italy BankDtD BankCDS BankEQU SovCDS SovDtD SovSPR

BankDtD 1 -0.43 0.42 -0.47 0.61 -0.44
BankCDS -0.43 1 -0.83 0.96 -0.84 0.98
BankEQU 0.42 -0.83 1 -0.83 0.72 -0.84
SovCDS -0.47 0.96 -0.83 1 -0.83 0.97
SovDtD 0.61 -0.84 0.72 -0.83 1 -0.82
SovSPR -0.44 0.98 -0.84 0.97 -0.82 1

Portugal BankDtD BankCDS BankEQU SovCDS SovDtD SovSPR

BankDtD 1 -0.49 0.24 -0.54 0.47 -0.55
BankCDS -0.49 1 -0.58 0.97 -0.8 0.97
BankEQU 0.24 -0.58 1 -0.62 0.46 -0.54
SovCDS -0.54 0.97 -0.62 1 -0.78 0.98
SovDtD 0.47 -0.8 0.46 -0.78 1 -0.82
SovSPR -0.55 0.97 -0.54 0.98 -0.82 1

Spain BankDtD BankCDS BankEQU SovCDS SovDtD SovSPR

BankDtD 1 0.01 0.06 0.04 0.2 0.09
BankCDS 0.01 1 -0.9 0.96 -0.88 0.94
BankEQU 0.06 -0.9 1 -0.88 0.82 -0.88
SovCDS 0.04 0.96 -0.88 1 -0.84 0.96
SovDtD 0.2 -0.88 0.82 -0.84 1 -0.82
SovSPR 0.09 0.94 -0.88 0.96 -0.82 1

count both the market and balance sheet based information. For comparison, we use
secondary market indicators - SovSPR and BankEQU , together with derivative
markets measures - SovCDS and BankCDS - for each individual country. An in-
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5 Revisiting the sovereign-bank linkages: Evidence from contingent claims analysis

crease in interdependence across all markets will be considered as a robust estimate
of our interconnection measures.

5.5.1 Principal component analysis

To measure the commonality among the sovereign and banking sector credit risk in-
dices, we use Principal Component Analysis (PCA), a technique in which the credit
risk of all institutions (individual sovereigns and their banking sector) is decom-
posed into orthogonal factors of decreasing explanatory power (refer to Muirhead
(1982) for detailed exposition). We follow Billio et al. (2012). More formally, letCi

be the credit risk of institution i, i= 1,2,3, ..,N . Let E[Ci] = µi and V ar[Ci] = σi,
then the variance of the system σS will be,

σ2S =
N

∑
i=1

N

∑
j=1

σiσjE[RiRj ]

where, Rk is the standardized credit risk of institution k given by Rk ≡ (Ck−
µk)/σk for k = i, j. We now introduce N zero-mean uncorrelated variables ζk for
which,

E[ζkζl] =

λk, if k = l

0, if k 6= l

and all the higher order co-movements are equal to those of Ri’s, where λk is the
k-th eigenvalue. We express the Ri’s as a linear combination of the ζk’s

Ri =
N

∑
k=1

Likζk

where Lik represents the factor loadings for ζk for an institution i. Thus, we have

E[RiRj ] =
N

∑
k=1

N

∑
l=1

LikLjlE[ζk, ζl] =
N

∑
k=1

LikLjkλk

σ2S =
N

∑
i=1

N

∑
j=1

N

∑
k=1

σiσjLikLjkλk

PCA yields the decomposition of the variance-covariance matrix of the credit risk
measures into the orthogonal matrix of loadings L (eigenvectors of the correlation
matrix) and the diagonal matrix of eigenvalues Λ. Usually, the first few eigenvalues
(denoted by n) explain most of the variation of the system. This subset captures a
larger proportion of variations when a majority of credit risk indices move together,
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as is often associated with stress episodes. Therefore, periods in which few prin-
cipal components (PCs) explains more than a fraction H of the total variation are
indicative of the increase in interconnection.

To classify periods of increasing interdependence, we define Ω = ∑
N
k=1λk and

ω = ∑
n
k=1λk as the total risk of the system and the risk associated with the first n

PC respectively. The ratio of the two above values can be defined as “Cumulative
Risk Fraction (CRF)" to capture the periods of increased interconnection:

CRF =
ω

Ω

When the system is highly interconnected, a small number n ofN principal com-
ponents can explain most of the variation in the system. By examining the time
variation in the magnitudes of CRF, we will be able to detect increasing correla-
tions between institutions, i.e., increased linkages and integration as well as simi-
larities in risk exposures, which can contribute to systemic risk. We also compute a
matrix which calculates the proportion of the variance in each original variable Ci

accounted for by the first n factor, which is given by the sum of the squared factor
loadings.

5.5.2 Granger causality

In this subsection, we apply two measures of interconnection based on linear Granger
causality tests to quantify the magnitude and directionality of linkages between
banking and sovereign risk indicators: a static and a dynamic measure. The de-
tailed methodology used in both cases is widely explained in Section 3.5.

Following the methodology, we first establish the directionality of Granger causal
linkage. Then following Billio et al. (2012), we define the following measure of
causality:

Y →X =

1, if Y Granger causes X

0, otherwise

and define Y → Y ≡ 0. This measure is then used to define the network-based
measure of interconnection between the N banking and sovereign risk indicators.
We define the Degree of Granger Causality (DGC) for a risk indicator as the fraction
of statistically significant Granger-causality linkages with the rest (N − 1) of the
risk indicators. For example, if the banking sector risk indicator of Italy Granger
causes m other risk indicators in our sample, then DGC = (m/(N −1)).
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5 Revisiting the sovereign-bank linkages: Evidence from contingent claims analysis

5.5.3 Diebold-Yilmaz’s connectedness measure

To explore further the systemic underlying component among various credit risk
indices, we use the VAR (vector auto regression) methodology based measure of
connectedness proposed in Diebold and Yilmaz (2009, 2012, 2014). For the detailed
calculation methodology, please refer to Section 2.5.3.

5.6 Empirical results

5.6.1 Principal components analysis (PCA)

To measure the commonality between sovereign and banking sector credit risk in-
dices, we apply the PCA methodology as discussed in Section 5.5. However, since
PCA seeks to maximize the variance and so is sensitive to scale differences in the
variables, we first normalize the data and work with correlations rather than covari-
ance between the original variables. The explanatory power of the first three PCs
are shown in Figure 5.5. The graph suggests that, on average, the first three PCs
explain more than 90% of the total variation of DtD risk indices at all time periods,
but the importance of individual component varies drastically across time.

Figure 5.5: PCA of the normalized indices of sovereign and banking sector credit
risk for peripheral euro area countries (2007Q1-2013Q2)
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Notes: The figure plots the Cumulative Risk Fraction based on PCA of quarterly sovereign and
banking sector credit risk indices based on ten quarter rolling window estimates. The yellow, red

and blue areas correspond to the fraction of total variance explained by the first, the second and the
third principal component respectively. The horizontal lines represent the same fraction using

full-sample estimates.

The first principal component is very dynamic and captures between 43% to 93%
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of the variation in credit risk. Starting from a low level of roughly 45%, it starts to
increase rapidly in 2008. We see a very rapid increase in the first half of 2008, fol-
lowed by a gradual upward movement till the second quarter of 2009. We observe
the highest interconnection between indices in 2009-Q2, when the first PC accounts
for roughly 93% of the total variation. This period coincides with the adverse mar-
ket development across the global financial markets encompassing both the Lehman
Brothers and the AIG defaults, followed by the bailout of the six main Irish banks.
Very soon afterwards, Greece declared the true nature of its fiscal deficits. From
beginning 2009-Q3, the explanatory power of the first PC started to come down,
falling as low as 49% by the end of 2011. In the last ten quarters, it has stabilized
around 57% with minor variations. However, note that this level is roughly 12%
points higher than its pre-crisis level.

We see a similar trend in the second and third PCs. Most of the gains in the
explanatory power of the first PC came from an equal reduction in the explanatory
power of second and third PCs. The cumulative explanatory power also increased
for the first three component in times of the global financial crisis and together
they were able to explain roughly 97% of the variation at the peak of the crisis.
Table 5.8 tabulates the percentage variation explained by the first three PCs for the
full sample, pre-crisis period and crisis period. The choice of pre-crisis and crisis
period is exogenous based on previous studies. As can be seen, the first and second
components show better explanatory power in the pre-crisis period and explain 90%
of the total variation compared with the crisis period (72%). The results are in-line
with the findings of Beirne and Fratzscher (2013), who showed that idiosyncratic
differences in the economic fundamentals explain a substantially higher share of the
movements and cross-country differences in sovereign risk post-2008 crisis than in
the pre-crisis period.

Table 5.8: Principal component analysis results

Principal Percentage Percentage Percentage
Component Explained Total Explained Total Explained Total

Full sample Pre-crisis period Crisis period
(2004Q4-2008Q3) (2008Q4-2013Q2)

First 0.7932 0.7932 0.7226 0.7226 0.5101 0.5101
Second 0.0833 0.8766 0.1744 0.8970 0.2128 0.7229
Third 0.0472 0.9238 0.0491 0.9462 0.1302 0.8531
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Table 5.9 documents the proportion of the variance in each original variable
credit risk index accounted for by the first three factors (calculated as the sum of
the squared factor loadings). Comparing the pre-crisis and crisis period, we note
that the first PC explained around 10 percent of the variance of each index in the
pre-crisis period with very low variation within and across country indices (9% and
13%). However, estimates from the crisis period suggest huge variation (1% to
19%) during the crisis period. We find a very similar pattern of variation for the
second PC as well. This provides additional evidence of decreasing interconnection
in the crisis period.

Comparison with CDS and Yield-Returns

Comparing this with SovCDS and BankCDS, we observe that CDS spreads are
driven across the board with a large underlying factor. On average, the first PC
drives more than 80% of the variation. However, since late 2012, the role of the first
PC has decreased and the role of the second PC has grown. This provides suggestive
evidence of the increasing role of country fundamentals in credit risk measures in
the post-crisis landscape. The trend is also very similar to what we observe in the
case of DtD, in which increasing higher weight are given to the second and third
PC in total variation. Looking at the interconnection (Part II: Table 5.9),7 the crisis
period estimates suggest increasing variation across countries in the explanatory
power of first three PCs. This divergence is especially pronounced for Ireland and
Greece compared with the rest of the countries in our sample.

For PCA results based on SovSPR and BankEQU , we observe multiple peaks
in the explanatory power of the first PC. The first peak is observed in the second
half of 2009 (coinciding with the confirmation of irregularities in the Greek public
finance statistics) while the second peak coincided with the increasing spreads for
Spain and Italy in the second half of 2011 and early 2012. The explanatory power of
the first PC rises from roughly 60% to 90% at the peaks. The gain in its explanatory
power comes at the expense of the second PC, providing suggestive evidence that
these indices are extremely prone to market sentiment. Results based on intercon-
nection (Part III: Table 5.9), suggest that in the pre-crisis period, the explanatory
power for the first three PCs is quite consistent across countries. However, in the
post-crisis period, we observe high variations, especially for Irish sovereign yield
and the Portuguese banking sector.

7Due to data limitations, we have PCA results for sovereign and banking sector CDS spreads
for the crisis period only.
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Table 5.9: Connectedness based on principal component analysis

Part I: Based on SovDtD and BankDtD
Full-sample Pre-crisis Crisis period

(2004Q4-2008Q3) (2008Q4-2013Q2)

PC-1 PC-1:2 PC-1:3 PC-1 PC-1:2 PC-1:3 PC-1 PC-1:2 PC-1:3

BankDtD - Spain 0.09 0.40 0.42 0.11 0.22 0.35 0.01 0.27 0.27
SovDtD - Spain 0.12 0.23 0.23 0.13 0.19 0.19 0.18 0.19 0.24
BankDtD - Greece 0.12 0.12 0.14 0.09 0.24 0.27 0.19 0.22 0.23
SovDtD - Greece 0.12 0.20 0.27 0.12 0.26 0.27 0.13 0.14 0.33
BankDtD - Ireland 0.11 0.28 0.36 0.11 0.18 0.47 0.02 0.39 0.44
SovDtD - Ireland 0.11 0.13 0.44 0.12 0.25 0.26 0.02 0.31 0.52
BankDtD - Italy 0.11 0.14 0.46 0.13 0.18 0.18 0.09 0.11 0.53
SovDtD - Italy 0.10 0.35 0.42 0.10 0.30 0.30 0.19 0.19 0.19
BankDtD - Portugal 0.11 0.13 0.26 0.09 0.18 0.71 0.17 0.17 0.24

Part II: Based on SovCDS and BankCDS
Full-sample Pre-crisis Crisis period

(2004Q4-2008Q3) (2008Q4-2013Q2)

PC-1 PC-1:2 PC-1:3 PC-1 PC-1:2 PC-1:3 PC-1 PC-1:2 PC-1:3

BankCDS - Spain - - - - - - 0.12 0.12 0.26
SovCDS - Spain - - - - - - 0.12 0.13 0.14
BankCDS - Greece - - - - - - 0.12 0.13 0.17
SovCDS - Greece - - - - - - 0.05 0.40 0.54
BankCDS - Ireland - - - - - - 0.07 0.27 0.65
SovCDS - Ireland - - - - - - 0.07 0.36 0.36
BankCDS -Italy - - - - - - 0.11 0.18 0.18
SovCDS -Italy - - - - - - 0.11 0.14 0.28
BankCDS - Portugal - - - - - - 0.12 0.15 0.16
SovCDS - Portugal - - - - - - 0.11 0.13 0.25

Part III: Based on SovSPR and BankEQU
Full-sample Pre-crisis Crisis period

(2004Q4-2008Q3) (2008Q4-2013Q2)

PC-1 PC-1:2 PC-1:3 PC-1 PC-1:2 PC-1:3 PC-1 PC-1:2 PC-1:3

BankEQU - Spain 0.01 0.58 0.58 0.12 0.18 0.26 0.12 0.15 0.25
SovSPR - Spain 0.14 0.15 0.20 0.14 0.17 0.17 0.13 0.13 0.14
BankEQU - Greece 0.11 0.23 0.24 0.10 0.20 0.33 0.12 0.14 0.19
SovSPR - Greece 0.14 0.16 0.19 0.13 0.17 0.33 0.12 0.16 0.16
BankEQU - Ireland 0.00 0.13 0.68 0.03 0.26 0.52 0.09 0.23 0.23
SovSPR - Ireland 0.12 0.20 0.21 0.15 0.16 0.19 0.05 0.32 0.62
BankEQU - Italy 0.12 0.14 0.19 0.02 0.28 0.37 0.11 0.18 0.25
SovSPR - Italy 0.14 0.15 0.20 0.14 0.16 0.30 0.13 0.13 0.14
BankEQU - Portugal 0.07 0.11 0.33 0.03 0.27 0.31 0.02 0.40 0.83
SovSPR - Portugal 0.14 0.16 0.19 0.15 0.15 0.21 0.12 0.17 0.20

Notes: The table documents the proportion of the variance of each individual credit risk index accounted for by the
first one, two and three principal component (cumulative) for the full sample, pre-crisis and crisis period respectively.
BankDtD and SovDtD represent the average banking sector and sovereign credit risk based on contingent claims
analysis as documented in Section 3. The sovereign credit risk of Portugal is only available starting 2007Q3 and so is
not included in the calculation. For the sake of comparison, the crisis periods also exclude the Portuguese sovereign
credit risk in PCA calculation. BankCDS and SovCDS represent the average banking sector CDS and sovereign
CDS as observed in the market. The CDS data for the full sample starts at 2008Q4. Therefore for CDS, we report
PCA analysis only for the crisis period. BankEQU and SovSPR represents the average returns based banking
sector index and sovereign yield spreads as documented in Section 3.
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Figure 5.6: PCA based on alternative sovereign and banking sector risk indices for
peripheral euro area countries
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(a) Based on SovCDS and BankCDS (2011Q1-
2013Q2)
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(b) Based on SovSPR and BankEQU (2007Q1-
2013Q2)

Notes: Figure (a) plots the Cumulative Risk Fraction based on PCA of quarterly sovereign and aver-
age banking sector CDS indices based on ten quarter rolling window estimates. Figure (b) plots the
Cumulative Risk Fraction based on PCA of quarterly sovereign yield spreads and banking sector eq-
uity index based on ten quarter rolling window estimates. The yellow, red and blue areas correspond
to the fraction of total variance explained by the first, the second and the third principal component
respectively. The horizontal lines represent the same fraction using full-sample estimates.

5.6.2 Interconnection based on Granger causality

Static Granger-causal relationships

Regarding the cross-country Granger causality linkages between the sovereign and
bank risk indicators, Table 5.10 presents the computed degrees of Granger causality
(DGC). Referring to the DtD indicators, our results for the whole sample suggest
that the percentage of statistically significant Granger-causality relationships with
the rest of risk indicators ranges from 0 in the cases of BankDtD in Italy and
Spain to 44% and 33% for BankDtD in Portugal and Greece respectively. As
for the SovDtD, the cases of Greece and Portugal stand out (both with a DGC of
22%). When evaluating the DGC before and during the crisis, in all cases there is a
reduction except for the SovDtD in Greece, Italy, and Portugal.

Turning to the CDS risk indicator, our results for the whole sample indicate a
greater degree of Granger causality than with the DtD indicator (except for the cases
of SovCDS in Greece and Spain), with values ranging from 11% for BankCDS
in Spain and SovCDS in Portugal to 44% for both BankCDS and SovCDS in
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Table 5.10: Degree of Granger causality (DGC) based on static Granger causality
linkages

Between BankDtD and SovDtD indices
Full sample Pre-crisis Crisis

(2004Q4-2013Q2) (2004Q4-2008Q3) (2008Q4-2013Q2)

BankDtD - Spain 0.00 0.13 0.11
SovDtD - Spain 0.11 0.00 0.00
BankDtD - Greece 0.33 0.13 0.11
SovDtD - Greece 0.22 0.00 0.11
BankDtD - Ireland 0.11 0.13 0.00
SovDtD - Ireland 0.11 0.00 0.00
BankDtD - Italy 0.00 0.25 0.00
SovDtD - Italy 0.11 0.00 0.11
BankDtD - Portugal 0.44 0.50 0.00
SovDtD - Portugal 0.22 0.00 0.22

Between BankCDS and SovCDS indices
Full sample Pre-crisis Crisis

(2004Q4-2013Q2) (2004Q4-2008Q3) (2008Q4-2013Q2)

BankCDS - Italy 0.22 - 0.11
SovCDS - Italy 0.33 - 0.33
BankCDS - Spain 0.11 - 0.11
SovCDS - Spain 0.00 - 0.00
BankCDS - Greece 0.33 - 0.33
SovCDS - Greece 0.00 - 0.00
BankCDS - Ireland 0.44 - 0.22
SovCDS - Ireland 0.44 - 0.44
BankCDS - Portugal 0.44 - 0.22
SovCDS - Portugal 0.11 - 0.11

Between SovSPR and BankEQU indices
Full sample Pre-crisis Crisis

(2004Q4-2013Q2) (2004Q4-2008Q3) (2008Q4-2013Q2)

BankEQU - Spain 0.11 0.67 0.00
SovSPR - Spain 0.00 0.44 0.33
BankEQU - Greece 0.00 0.67 0.00
SovSPR - Greece 0.11 0.00 0.11
BankEQU - Ireland 0.11 0.56 0.22
SovSPR - Ireland 0.44 0.44 0.33
BankEQU - Italy 0.11 0.44 0.00
SovSPR - Italy 0.00 0.00 0.22
BankEQU - Portugal 0.00 0.56 0.00
SovSPR - Portugal 0.33 0.00 0.56

Notes: The numbers represent the Degree of Granger causality (DGC) as discussed in Section 5.2
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Ireland and for BankCDS in Portugal. Due to limited data availability, we cannot
assess the DGC before the crisis, but the results for the crisis period are similar to
those in the whole sample, except in the cases of the BankCDS in Italy, Ireland,
and Portugal, where reductions are recorded.

Finally, with reference to SovSPR and BankEQU , for the whole sample we
find a decrease in the DGC with respect to the DtD indicators in the cases of
SovSPR in Greece, Italy and Portugal, and for BankEQU in Spain and SovSPR
in Italy, Portugal and Spain. When considering the possible variation of the DGC
before and during the crisis, we detect a decline in the cases of SovSPR in Ireland
and Spain and BankEQU in Greece, Ireland, and Portugal.

Dynamic Granger causality linkages

As explained in Section 3.5.1, since the presence and intensity of Granger-causality
may vary over time, we also adopt a dynamic analysis to detect episodes of sig-
nificant short-run abrupt increase in the causal linkages and associated episodes of
Granger-causality intensification with episodes of contagion.8

To summarize, in Figures 5.7, 5.8 and 5.9 we plot the evolution over time of
the difference between FPE(m,0) and FPE(m,n) statistics for each individual
country based on different risk measures. These graphs provide us with a view
of the dynamic bi-directional influence between sovereign and banking risks for
each peripheral euro country and constitute our indicator of causality intensification
based on time-varying Granger-causality analysis, since it illustrates the changes in
the directions and magnitudes over time. In Table 5.11 we summarize the causality
intensification episodes for our full sample period. Note that if the difference is
positive and statistically significant at the 1% level in the case of, say, the banking
to sovereign risk relationship, this indicates the existence of a significant, transitory
increase in the Granger-causality relationship running from country banking risk
towards sovereign risk. Note that in the cases of the banking sector equity index
and sovereign yield spreads, we do not detect any causality intensification episodes,
either from bank to sovereign or from sovereign to bank.

Looking at dynamic Granger causality usingDtD data for the case of Greece, we
find no evidence of bank-sovereign linkages. We observe complete de-linkage in
banking and sovereign stress from the very beginning of our sample period. These
results are supported by the evidence of the sovereign yield spread and bank eq-
uity index data, where we observe a similar trend. The results of the CDS spreads

8Using the framework for grading the strength of the Granger-causality relationship proposed by
Atukeren (2005), we obtain the same classification of episodes of intensification. Atukeren (2005)’s
framework uses Poskitt and Tremayne (2013)’s posterior odds ratio test and Jeffreys (1961)’s
Bayesian concept of grades of evidence.
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5.6 Empirical results

Figure 5.7: Bi-directional bank-sovereign linkages using dynamic Granger causal-
ity (based on BankDtD and SovDtD indices)
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(c) Italy
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(d) Portugal
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(e) Spain

Notes: The blue dotted line represents dynamic Granger causality from sovereign to banks and that
the solid red line represents dynamic Granger causality from banks to sovereign.

suggest bank-sovereign linkages developing in late 2011 and early 2012, coinciding
with the beginning of Greek debt restructuring episode.

In the case of Ireland, we see growing Granger causal linkage from banks to the
sovereign in late 2007 and early 2008. However, in late 2008, we see a sudden
reversal with a sharp drop in the interconnection between banks and the sovereign.
Given the sudden nature of market events in Ireland, we find no supporting evidence
of risk transfer from banks to the sovereign, even with yield spread and bank eq-
uity index data. For the late 2011 period, we detect a renewed development of the
sovereign to bank nexus in CDS spread data. For Italy, in the pre-crisis period, we
find no directional linkages; however, from mid-2009, we see the development of
uni-directional linkages from sovereign to banks with multiple peaks in late 2009
and early 2011. The CDS spread based analysis shows no such linkages. Yield
spread and banks equity index data suggest complete de-linkage between banks and
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5 Revisiting the sovereign-bank linkages: Evidence from contingent claims analysis

Figure 5.8: Bi-directional bank-sovereign linkages using dynamic Granger causal-
ity (based on SovCDS and BankCDS indices)

2006 2008 2010 2012−
1.

5e
+

07
−

5.
0e

+
06

0.
0e

+
00

5.
0e

+
06

1.
0e

+
07

1.
5e

+
07

−
1.

5e
+

07
−

5.
0e

+
06

0.
0e

+
00

5.
0e

+
06

1.
0e

+
07

1.
5e

+
07

−
5e

+
05

0e
+

00
5e

+
05

P
re

−
cr

is
is

 p
er

io
d

C
ris

is
 p

er
io

d

C
en

tr
al

 b
an

k 
in

te
rv

en
tio

ns
 p

er
io

d

(a) Greece

2006 2008 2010 2012

−
15

00
00

−
50

00
0

0
50

00
0

10
00

00
15

00
00

−
15

00
00

−
50

00
0

0
50

00
0

10
00

00
15

00
00

−
5e

+
05

0e
+

00
5e

+
05

P
re

−
cr

is
is

 p
er

io
d

C
ris

is
 p

er
io

d

C
en

tr
al

 b
an

k 
in

te
rv

en
tio

ns
 p

er
io

d
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(c) Italy
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(e) Spain

Notes: The blue dotted line represents dynamic Granger causality from sovereign to banks and that
the solid red line represents dynamic Granger causality from banks to sovereign.

sovereign risk.

As we have serious data limitations in case of Portugal, our analysis using DtD
starts only from the beginning of the global financial crisis. We observe high uni-
directional risk transfer from sovereign to banks in late 2008 and mid-2011. The
analysis based on CDS spreads suggests the existence of bi-directional linkages in
late 2010 and early 2011. The analysis based on yield spreads and bank equity index
suggests no linkages for the entire period. For the case of Spain, the DtD analysis
shows episodes of risk transfer from banks to the sovereign in late 2009 and early
2010 periods; while, from early 2011, we see evidence of risk trasfer from sovereign
to banks. So, for the period 2010Q2-2012Q1, they support the existence of doom
loop between sovereign and banks. Analysis based on CDS spreads also provide
evidence (although weaker) regarding the development of bi-directional sovereign-
bank linkages in 2012Q3. Finally, the yield spread and bank equity index based
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5.6 Empirical results

Figure 5.9: Bi-directional bank-sovereign linkages using dynamic Granger causal-
ity (based on SovSPR and BankEQU indices)
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(b) Ireland
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(c) Italy
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(e) Spain

Notes: The blue dotted line represents dynamic Granger causality from sovereign to banks and that
the solid red line represents dynamic Granger causality from banks to sovereign.

analysis suggests no linkages between banks and sovereign risks.

Table 5.11 shows episodes of causality intensification and allows to compare re-
sults across different risk indices. We find that the analysis based on DtD indi-
cates episodes of causality intensification in both directions for Spain pointing to
an adverse feedback loop between sovereigns and banks and corroborating, for this
country, the findings of Singh et al. (2016), where a two-way negative feedback be-
tween sovereign and banks was also detected using SovSPR and BankDtD data.
However, in the case of Portugal and Italy, we only find evidence of unidirectional
risk transfer from sovereign to banks.

Analyses based on CDS spreads suggest a risk transfer mainly from banks to
sovereigns for Greece, Portugal, and Spain mainly in late 2010 and early 2011.
Only in the case of Ireland do we find evidence of risk transfer from sovereigns to
banks (2010Q3). The yield spreads and bank equity returns data support the absence
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5 Revisiting the sovereign-bank linkages: Evidence from contingent claims analysis

Table 5.11: Episodes of causality intensification

Based on BankDtD and SovDtD
Period Banks to Sovereign Sovereign to Banks

2008Q3 Portugal
2009Q4 Spain
2010Q3 Italy
2011Q2 Spain

Based on BankCDS and SovCDS
Period Banks to Sovereign Sovereign to Banks

2010Q3 Ireland
2010Q4 Portugal
2011Q1 Portugal
2011Q3 Greece
2011Q4 Greece
2012Q4 Spain

Based on BankEQU and SovSPR
Period Banks to Sovereign Sovereign to Banks

Notes: This table shows the episodes of Granger-causality intensification (contagion) and the cor-
responding time period for the peripheral euro area countries. We do not detect any episodes of
short-term causality intensification for analysis with sovereign yield spreads and banking sector eq-
uity indices.

of linkages between banks and sovereigns.

5.6.3 Diebold-Yilmaz’s connectedness index

In this subsection, we apply Diebold-Yilmaz’s methodology for assessing connect-
edness (Diebold and Yilmaz (2009, 2012, 2014)) among various banking and sovereign
risk indicators under study. These connectedness measures are based on forecast er-
ror variance decompositions from vector auto-regressions. The variance decompo-
sition matrix gives us an intuitively appealing connectedness measure, that is, what
percentage of the future uncertainty in variable i results from the shocks in variable
j.

The full-sample connectedness are presented in Table 5.12. The ijth entry of the
upper-left 6×6 submatrix gives the estimated ijth pair-wise directional connected-
ness contribution to the forecast error variance of risk indicator i from innovations
to risk indicator j. Hence, the off-diagonal column sums (labelled “Contribution
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to others”) and row sums (labelled “Contribution from others”) give the total direc-
tional connectedness to all others from i and from all others to i respectively. The
bottom row (labelled “Net contribution from others”) gives the difference in total
directional connectedness (to-from). Finally, the bottom-right element (in boldface)
is total connectedness.

As can be seen, the diagonal elements (own connectedness) are among the largest
individual elements in the table, ranging from 18.83% (SovCDS) to 59.64% (Sov-
SPR) in the case of Greece, from 14.86% (BankCDS) to 48.88% (BankEQU )
in the case of Ireland, from 21.55% (BankEQU ) to 40.89% (BankDtD) in the
case of Italy, from 20.71% (BankEQU ) to 44.95% (SovDtD) in the case of Por-
tugal, and from 14.76% (BankCDS) to 29.81% (SovSPR) in the case of Spain.
Interestingly, the own connectedness is smaller than most of the total directional
connectedness FROM others, reflecting that these indicators are relatively depen-
dent on each other; that is to say, shocks that affect a particular indicator spread on
the other indicators.

The total connectedness of the sovereign risk indicators varies between 67.45%
in the case of Ireland (indicating that 32.55% of the variation is due to idiosyncratic
shocks) to 78.42% in Spain (suggesting that 21.58% of the variation is due to id-
iosyncratic shocks). This result is in line with the value of 78.30% obtained by
Diebold and Yilmaz (2014) for the total connectedness between US financial insti-
tutions, but lower than the value of 97.2% found by Diebold and Yilmaz (2012) for
international financial markets.

Figure 5.10 plots the country-wise net directional connectedness between var-
ious risk indices. The plots suggest that, in the case of Greece, SovSPR and
BankCDS are net triggers of shocks while SovDtD and BankEQU are net dif-
fusers of shocks. For Ireland, we find that SovDtD and BankDtD are net re-
ceivers of shocks and for Italy, SovDtD, BankDtD, and BankEQU . In the case
of Portugal, the sovereign risk indicators (SovCDS and SovSPR) are found to be
net transmitters of shocks while SovDtD, BankCDS, and BankEQU are net re-
ceivers. Finally, in the case of Spain, our results indicate that SovDtD, BankDtD,
and BankCDS are net diffusers of shocks.

Comparing across countries, SovDtDs and BankDtD show the least connect-
edness with other sovereign and bank risk indicators respectively. This may be
suggestive evidence of the different information content of these indicators based
on sovereign and bank balance sheet information. All risk measures are well con-
nected in each individual country in our study, suggesting the presence of a common
underlying factor. SovSPD turns out to be the best connected among all sovereign
and bank risk indices. SovDtD and BankDtD are net receivers in each country,
suggesting that the increased risk is being driven away from market-based uncer-
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Table 5.12: Total connectedness between banking and sovereign risk indicators

Contribution
Spain SovDtD SovCDS SovSPR BankDtD BankCDS BankEQU from others

SovDtD 14.88 21.66 23.52 11.49 11.53 16.93 85.12
SovCDS 11.86 27.52 28.52 4.42 12.69 14.99 72.48
SovSPR 11.92 27.35 29.81 4.64 12.41 13.88 70.19
BankDtD 10.08 16.14 23.08 21.20 15.67 13.82 78.80
BankCDS 10.54 24.49 27.58 8.48 14.76 14.15 85.24
BankEQU 15.53 22.85 20.91 8.41 10.98 21.33 78.67
Contribution to others 80.11 80.35 80.57 63.84 81.09 77.58
Net contribution -5.01 7.86 10.38 -14.96 -4.16 -1.10 Total = 78.42

Contribution
Greece SovDtD SovCDS SovSPR BankDtD BankCDS BankEQU from others

SovDtD 24.65 8.73 20.63 8.01 12.18 25.79 75.35
SovCDS 0.98 18.83 22.54 25.09 31.70 0.86 81.17
SovSPR 3.64 13.00 43.06 11.33 21.05 7.92 56.94
BankDtD 5.41 19.25 19.81 26.72 26.81 2.01 73.28
BankCDS 4.07 6.95 52.30 11.69 19.97 5.01 80.03
BankEQU 19.04 4.85 33.02 4.61 8.83 29.65 70.35
Contribution to others 57.34 73.70 77.50 69.45 83.43 58.38
Net contribution -18.01 -7.46 20.56 -3.83 3.40 -11.97 Total = 72.85

Contribution
Ireland SovDtD SovCDS SovSPR BankDtD BankCDS BankEQU from others

SovDtD 34.41 26.39 22.58 6.00 2.34 8.29 65.59
SovCDS 12.35 29.92 28.53 14.25 3.77 11.18 70.08
SovSPR 13.48 16.34 31.79 3.18 17.01 18.20 68.21
BankDtD 4.01 23.13 15.79 35.44 7.33 14.28 64.56
BankCDS 8.55 20.25 29.97 8.45 14.86 17.93 85.14
BankEQU 0.27 3.63 24.23 1.86 21.13 48.88 51.12
Contribution to others 52.92 75.00 79.21 48.76 77.64 58.84
Net contribution -12.68 4.91 11.00 -15.79 -7.50 7.72 Total = 67.45

Contribution
Italy SovDtD SovCDS SovSPR BankDtD BankCDS BankEQU from others

SovDtD 22.67 16.37 16.08 9.96 16.88 18.04 77.33
SovCDS 7.94 24.17 24.63 3.22 24.94 15.09 75.83
SovSPR 9.26 23.69 24.90 2.40 24.68 15.06 75.10
BankDtD 20.32 6.91 5.09 40.89 7.04 19.75 59.11
BankCDS 8.61 23.95 24.83 2.52 25.00 15.08 75.00
BankEQU 14.48 18.60 17.31 9.30 18.76 21.55 78.45
Contribution to others 72.77 78.74 77.93 40.13 78.69 79.39
Net contribution -4.55 2.91 2.84 -18.99 3.69 0.94 Total = 73.47

Contribution
Portugal SovDtD SovCDS SovSPR BankDtD BankCDS BankEQU from others

SovDtD 44.95 14.36 11.51 7.33 6.49 15.37 55.05
SovCDS 11.43 22.06 27.31 17.72 15.28 6.21 77.94
SovSPR 14.30 21.36 26.52 16.61 14.76 6.45 73.48
BankDtD 5.39 23.37 23.13 32.27 7.45 8.39 67.73
BankCDS 20.81 16.46 20.06 9.96 25.44 7.27 74.56
BankEQU 12.86 21.68 18.88 14.69 11.78 20.11 79.89
Contribution to others 59.04 81.51 79.19 67.26 68.67 68.48
Net contribution 3.98 3.57 5.71 -0.46 -5.89 -11.41 Total = 71.44
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Figure 5.10: Country-wise net pairwise directional connectedness between
sovereign and banking sector risk indicators
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Notes: To reflect the intensity of the relationship, we use black, red and blue links for very strong,
medium and weak intensity respectively. For each country, we first order the computed net

directional connectedness values from the highest to the lowest and find the two points that divide
the ordered distribution into three parts, each containing a third of the population. SovDTD,

SovCDS, and SovSPR stand for sovereign DtD, CDS and yield spread respectively. BankDtD,
BankCDS, and BankEQU stand for banking sector average DtD, average CDS and average

returns based equity index respectively.
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tainty to the idiosyncratic risk factors based on the sovereign and banking sectors
balance sheet vulnerabilities.

5.7 Concluding remarks

To understand the nature of the sovereign-bank nexus, in this paper we assess
the interconnections and their time-varying nature for peripheral euro-area coun-
tries. Firstly, we discuss the nature of these interconnections and the reasons for
increasing/decreasing linkages. We then propose three different econometric tech-
niques based on principal component analysis, Granger-causality tests and Diebold-
Yilmaz’s connectedness indices in order to quantify the directional intensity of the
interdependence between banking and sovereign risk measures. Our primary credit
risk indicator is a contingent claim model-based distance-to-default measure for
banks and sovereigns. However, for comparison, we use two other banking and
sovereign risk indicators based on the secondary market (sovereign yield spreads
and banking sector equity return) and the derivatives market (banking sector aver-
age CDS spreads and sovereign CDS spreads).

Our results suggest strong connectedness and co-movement between country-
level banking and sovereign risk indicators. We also find evidence of an increasing
role of idiosyncratic risk factors driving the evolution of all risk indices in the post-
crisis period, thus supporting the claims by Beirne and Fratzscher (2013) that the
sensitivity of financial market participants to fundamental differences increased dur-
ing the crisis. Country-wise analysis of time-varying bi-directional linkages using
dynamic Granger-causality suggests the development of a bank-sovereign doom
loop in Spain corroborating for this country the findings of Singh et al. (2016).
An analysis based on Diebold-Yilmaz’s connectedness index shows the continuous
presence of SovDtD and BankDtD as net receivers of shocks, suggesting that the
increased risk is being driven away from market-based uncertainty to the idiosyn-
cratic risk factors, which are better captured by the contingent claim based DtD
indices.

In view of the robust evidence of the bank-sovereign nexus in peripheral euro-
area countries, we plan to extend our research with an examination of the determi-
nants of increasing/decreasing linkages based on different channels of interconnec-
tion, as discussed in Section 5.3. As membership of the monetary union can have a
considerable influence on the banks’ and sovereign credit risk in euro-area countries
(see De Grauwe (2012); De Grauwe and Ji (2013), we will explore the role of fiscal
support, central bank interventions and banking union in the sovereign-bank nexus.
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6 Concluding remarks

This dissertation comprising four essays specifically focuses on the banking and
sovereign credit risk measurement and their linkages across time. I strongly feel that
the key issue for research-based policymaking is measurement. Regulators around
the world look for tools to monitor the build-up of risks, to analyse and quantify the
negative externalities imposed by different market participants or various transmis-
sion channels on the entire system. Beginning at Chapter 2, I used balance sheet
information together with market data to derive a set of bank credit risk measures, to
assess banks’ riskiness and interconnectedness across countries. However, where I
fail is how to link the measures produced by these tools to regulatory interventions:
observing the important role that smaller banks have in the build-up of country-level
risk does not translate directly into a clear policy response. Linking risk estimates
to well-defined policy objectives would be my focus in future research.

Chapter 4 shifts the attention from banks to sovereigns’ risk measure in euro area
countries. For the first time, developed countries’ “no default” assumption was chal-
lenged during the Greek debt restructuring of 2012. In this chapter, I argued that
the historical development and the evolving institutional setting in the euro area
makes sovereigns increasingly similar to firms. The EU policy initiatives in the last
couple of years, like the upcoming banking union, the single bank resolution mech-
anism, and the common unemployment benefit schemes, are all leading towards rule
based sovereign debt restructuring mechanism in future, where sovereigns’ will be
allowed to default and restructure their debt independently without impairing their
domestic banks. In this scenario, we highlight the role of multilateral creditors
(i.e., the ECB, IMF, ESM etc.) and their preferred creditor status in explaining the
sovereign credit risk of peripheral euro area countries. Incorporating lessons from
sovereign debt crises in general, and from the Greek debt restructuring in particular,
I define the priority structure of sovereigns’ creditors that will be relevant for pe-
ripheral euro area countries in severe crisis episodes. This new priority structure of
creditors, together with the contingent claims methodology, is then used to derive a
set of sovereign credit risk indicators.

Chapter 3 and 5 of this thesis are focussed on statistical measures of interconnec-
tion, where I connect my findings with the historical narration of bank-sovereign
nexus observed during the European sovereign debt crisis. Since the channels via
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6 Concluding remarks

which these shocks propagate within a network is quite complex and not fully under-
stood at the theoretical level, we shy away from identifying the vulnerable/central
institutions or the prominent channels, which were responsible for the propagation
of shocks within the financial network. However, going forward, I would like to un-
derstand and quantify from a practical standpoint, the contagiousness of particular
institution or a specific channel.

I believe that this work makes several important contributions to the literature
of banking and sovereign credit risk measurement and raises a number of interest-
ing questions that can hopefully be addressed in future research. Euro area is at a
cross-road where building further institutions towards a more integrated monetary
union will challenge its federal structure. Greater understanding is required about
the build-up of bank and sovereign risk and their interconnection, especially for
countries which are part of a currency union. Default, delisting, recapitalization,
or nationalization of weak and failing financial institutions does not automatically
make the whole financial system more stable or resilient. A lack of credible risk
measures must not be considered as a sign of financial stability.
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