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Chapter 1

Introduction

The ongoing global financial crisis that was triggered by the bubble in the US housing
market led to the collapse of the American financial system and stagnation in the real
sector of the US economy. Although the crisis originated locally, it spread virulently
and had a negative impact on the world financial markets and the world economy as

a whole. It is thus considered the most serious downturn since the Great Depression.

After the US, the crisis hit especially hard the European economy since it is par-
ticularly linked to the American financial system. First, the Eurozone peripheral
countries such as Portugal, Ireland, Italy, Greece and Spain (often referred to as PI-
IGS) experienced high turbulence and a sharp rise in their sovereign debt. Even core
Eurozone countries such as France and Germany became involved because of their
excessive exposure to PIIGS. Eventually, all of PIIGS apart from Italy were bailed
out by the EU and the IMF. Later, as a result of the Greek debt haircut, to which
Cypriot banks had high exposure, and downgrading of the Cypriot economy to the
junk status by international rating agencies, the Cypriot government was unable to
refund its state expenses and also asked for a bailout package. Finally, currently
investors doubt the creditworthiness of Slovenia and believe that it would be the next

Eurozone country to need a bailout against a default.

Thus, a locally originated US crisis has grown into a full sovereign debt crisis. A
natural question that immediately arises is why an initially country-specific shock
spread so quickly around the globe like a contagious disease. Indeed, a medical
metaphor such as contagion became a common feature of the functioning of financial
markets. Financial disturbances appear to be among the most difficult problems for

policymakers to deal with. In view of the fact that more and more countries are
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getting affected by the current crisis, an interest in research on contagion has gained
momentum. Our research was initiated when the revealing of the real economic
situation in Greece at the end of 2009 shook financial markets. We were impatient to
know how the crisis would be evolving, whether there would be contagion from Greece
to other Eurozone (or beyond the Eurozone) countries and, if so, which countries
would be the next weakest links and would pose the highest danger. Policymakers
also needed this information in order to take necessary actions. Thus, in our research
we were motivated to investigate the possibilities and directions of contagion, whereas

the explanation of why the crisis occurred would require a different kind of research.

Contagion is a term that derives from epidemiology. According to Webster’s dictio-
nary, contagion is defined as “a disease that can be communicated rapidly through
direct or indirect contact”. However, despite many studies on this topic, there exists
no definition on which all researchers agree, and each author decides individually

which operational definition of contagion to use in a particular study.

Broadly speaking, there are two different approaches to empirically investigate finan-
cial contagion: statistical and structural. The statistical approach studies changes
in co-movements of asset prices, sovereign spreads, capital flows and rates of return.
Under this approach, contagion is usually measured as a marked increase in correla-
tions between selected time series during “crisis” times relative to correlations in some
“tranquil” period. This type of contagion is often said to be caused by “irrational” phe-
nomena such as financial panic, herd behavior, loss of confidence and increases in risk
aversion. In contrast, the structural approach allows to investigate structural charac-
teristics of the system that are represented by various interlinkages between units. It
is thus possible to stress test such a system by means of numerical simulations and
track contagion round by round as well as measure systemic losses.! Naturally, both
statistical and structural approach have their limitations and, therefore, should be
considered as complementary rather than mutually-exclusive in studying contagion

phenomena.

The thesis consists of five chapters. This introduction of the thesis (chapter one) is
followed by chapter two, three and four that provide different insights from our origi-

nal research on the early developments of the European sovereign debt crisis. Chapter

!'However, some researchers argue that the transmission of shocks via real or financial linkages
constitutes normal interdependence rather than contagion (e.g., Masson (1998)). According to them,
“pure” contagion should be referred only to changes in the perception of market players and their
attitudes towards risk.
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five offers a concluding summary. In order to provide a deeper insight on contagion
risks in the current financial crisis, this thesis aims to investigate the possibilities of
contagion using both approaches mentioned above. Thus, the statistical approach
is applied in the second and the third chapter, and the structural approach is used
in the fourth chapter. Besides, contagion is studied at two levels: first, we examine
contagion risks developing between sovereigns and then we investigate its possible

spread from sovereigns to banking institutions.

The second and the third chapter update and extend the joint work with Mateusz
Gatkowski? “Eurozone Sovereign Contagion: Evidence from the CDS Market (2005-
2010)”.3 These chapters analyze the dynamics of the credit default swap (CDS)
market of the main protagonists of the European sovereign debt crisis - Portugal,
Ireland, Italy, Greece and Spain (PIIGS) - as well as of some core countries such as
France, Germany and the UK that have a high exposure to the debt of PIIGS. In
order to explain the long-term dynamics of the CDS market of PIIGS and core EU
countries, in these chapters we carry out our analysis for an extended time period

spanning from August 2005 until September 2010.

There are several reasons to focus on credit risk instruments such as CDSs. First,
credit default swaps are a crucial part of the modern financial system and now play
a central role in the credit market. CDS spreads can serve as a proxy for the default
probability of a counterparty on which a CDS contract is written. Observing co-
movements of CDS spreads of different countries can help to understand how the
market estimates correlations of their default probabilities and also the direction
of future defaults. Besides, some researchers argue that CDSs reflect changes in the
credit risk more accurately and quickly than bond spreads (e.g., Blanco et al. (2005)).
Nevertheless, as any instrument, credit default swaps have their drawbacks. Their
main drawback is that apart from reflecting the financial state of the bond issuer,
growing CDS spreads can be accompanied by rating downgrades and falls in stock
prices and, eventually, trigger a default of the bond obligor. Thus, in the view of the
escalating European sovereign debt crisis, many researchers and policymakers have

seen credit default swaps as one of the main factors spreading financial contagion.

On the basis of multiple sources of data, the second chapter reveals interesting facts

on interrelations between PIIGS, France, Germany and the UK as well as tracks

2University of Essex, Centre for Computational Finance and Economic Agents.
3See Kalbaska and Gatkowski (2012).
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changes in daily correlations between their CDS spreads in order to identify con-
tagion phenomena. The analysis of the Datastream and the Depository Trust and
Clearance Corporation (DTCC) data on CDS spreads and the Bank for International
Settlements (BIS) data on cross-border exposures provides evidence that suggests
the possibility of a two-tier structure of contagion in the European sovereign debt cri-
sis, when problems emerging on the peripheries of the European economy first could
spread between PIIGS, and then a collective influence of PIIGS could create a distress
at the core of the EU. Thus, at the onset of the sovereign crisis in 2010 investors ac-
tively reacted to problems of Greece and protected themselves from possible adverse
effects that can spread to Germany, France and the UK from the periphery. The data
also show that the sovereign risk mainly concentrates in Europe and that banking

systems of core countries are highly exposed to PIIGS.

Since contagion is often defined by increased correlations, we study changes in cor-
relations between CDS premia of the above mentioned countries by means of the
Exponentially Weighted Moving Average (EWMA) model. The results show that
correlations increased already after the credit crunch in August 2007. They con-
tinued growing further after the collapse of Lehman Brothers and peaked with the

escalation of the European sovereign debt crisis.

In order to identify, whether an increase in correlations was statistically significant
and hence can be explained by contagion phenomena rather than by normal inter-
dependencies between CDS markets, we perform a regression analysis. We test for
contagion four different periods in the data: the period after the “credit crunch”; the
period after the Lehman Brothers collapse; the period following the increase in the
sovereign risk in Europe and the period shortly before the EU-IMF Greek bailout in
May 2010. Our results confirm the presence of several waves of contagion effects that
account for changes in correlations between CDS spreads. First, the US subprime
mortgage crisis passed some risk in the banking system to sovereigns. Then the per-
sistent transfer of the costs of the financial sector bailout to sovereigns resulted in
high debts and deficits in the Eurozone and thus created a new wave of contagion in
November 2009. After that, the further deteriorating situation in Greece in March -
April 2010 unnerved financial markets even more and, eventually, led to the bailout

of Greece and other Eurozone countries.

The third chapter analyzes more in-depth relationships between CDS markets of PI-

IGS, France, Germany and the UK and provides further evidence on their interactions
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by investigating patterns of causality before and after the crisis as well as the most
dangerous and vulnerable players. We find that causality patterns change in the crisis
period compared to the pre-crisis period. Thus, Granger-causality intensifies between
CDS markets, which suggests that contagion strongly influenced the CDS price dy-
namics in the crisis period. Moreover, the test confirms that the Greek CDS market

can cause changes in CDS markets of Ireland, Portugal and Spain.

By means of the impulse-response function analysis, we find out how long a shock
introduced into the system may persist and which influence it has on the countries
that are not directly affected by the shock. In general, the effect of the shock lasts
for around 15 days and after that the whole system converges to the initial state.
Regarding PIIGS, the system responds the most to a shock in the Spanish and Irish
CDS market, whereas the response to a shock in CDSs of Italy and Greece is weaker,
especially for France, Germany and the UK. The Italian CDS market seems to have

a stronger response to shocks than other countries’ CDSs.

Since a VAR model requires a sufficient number of observations in order to determine
causality, we use the method of adjusted correlations proposed by Boyer et al. (1999)
and Forbes and Rigobon (2002) to investigate the relationship between CDS spreads
around the Greek bailout in May 2010. The results confirm that during that period
core EU countries display higher correlations and hence higher triggering potential
than Greece and other PIIGS. Thus, around the Greek bailout core countries” CDS
markets became more important than the CDS market of Greece since investors
seemed to base their decisions on the probability of a bailout and the willingness
of the core to rescue Greece. The results also suggest that Portugal is the most

vulnerable and the UK is the most immune country in the sample.

The fourth chapter is devoted to the analysis of contagion from sovereigns to bank-
ing systems of other countries that are connected via direct cross-border linkages.
Banking sector stability is very important since banks flood the whole economy with
liquidity. In 2011 financial markets witnessed the spread of tensions not only to other
sovereigns but also to banks because of investors’ fears that European banks have
too extensive exposure to sovereign bonds of PIIGS. Thus, drawing on the work of
Degryse et al. (2010) and Chan-Lau (2010), we track changes in the banking system

sensitivity to cross-border contagion over the period of 2006-2011.

Even though our main focus is on the potential spread of contagion in Europe, we

consider a wider range of countries in our sample in order to account for all potential
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linkages. Thus, the study is performed on the basis of the BIS data on cross-border
exposures and the Bankscope data on Tier 1 capital of 20 banking systems (Australia,
Austria, Belgium, Canada, Finland, France, Germany, Greece, India, Ireland, Italy,
Japan, the Netherlands, Portugal, Spain, Sweden, Switzerland, Turkey, the UK and
the US). The data that we use inform about the exposures of the national banking
system in one country to all sectors (bank, non-bank and public sector) in another
country. Besides, we use a dataset on an ultimate risk basis that provides a more
accurate picture of banks’ true exposures as they are adjusted for risk mitigants such
as guarantees and collateral. We use a stress testing technique - the Furfine algorithm
- that allows to track potential contagion paths and assess the associated capital losses

of national banking systems.

Since the European sovereign debt crisis took a decisive turn at the end of 2009, mar-
kets started looking at its main protagonists - PIIGS - with a lot of anxiety. However,
unexpectedly, the analysis of the data shows that a single failure among PIIGS could
be absorbed by the network in 2011. Nevertheless, multiple initial failures (especially
combinations including Italy and/or Spain) could be more dangerous. The simulation
results reveal that the resilience of banking systems to contagion risks tends to im-
prove over the years. It could be due to the retrenchment of capital flows around the
world and the recapitalization of banking systems in the wake of the global financial
crisis. The most systemically important countries are those of the US, the UK, France
and Germany. The results also show that banking systems of the US, Turkey and
Finland are completely immune to contagion effects. At the same time, there exist
considerable risks for Switzerland and Ireland as their banking systems default also

with high recovery rates.

Chapter five provides a concluding summary, discusses several limitations of our study

and gives possible directions for further research.



Chapter 2

Identification of Contagion and its

Phases in the European Sovereign
Credit Default Swap Market

Abstract

This chapter analyzes the dynamics of the credit default swap (CDS) market of Portugal,
Ireland, Italy, Greece, Spain (PIIGS), France, Germany and the UK for the period of 2005-
2010. The study is performed on the basis of the Datastream and DTCC data on CDS
spreads and the BIS data on cross-border exposures. The analysis of the data shows that
the sovereign risk mainly concentrates in the EU countries. Besides, German, French and
British banks are highly exposed to PIIGS. Thus, problems that emerge on the peripheries
of the European economy may create a distress at the core of the EU. In order to study
the dynamic relationship between CDS spreads, we conduct the Exponentially Weighted
Moving Average (EWMA) correlation analysis. The results reveal that there were several
waves of contagion. The estimated correlations increased significantly already after the
“credit crunch”, which confirms the role of the US subprime mortgage crisis in triggering
the sovereign default risk in Europe.

Keywords: credit default swaps, sovereign risk, contagion, PIIGS

JEL Classification: E44, F34, G01, G15, H63

2.1 Introduction

The global financial crisis led to the demise of several global banks and institutions.
Some of the banks that were “protagonists” of the crisis were so called “too big and

too interconnected to fail” (Markose et al. (2010)). Therefore, states all over the
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world “sponsored” them by taking on the risk in the banking system and for some
time they contained it. Yet, insolvencies that marked the crisis were passed on to
sovereign states because of their excessive debt issue to save the financial industry.

Thus, the global financial crisis has grown into a full sovereign debt crisis.

This chapter studies the dynamics of the credit default swap (CDS) market of Portu-
gal, Ireland, Italy, Greece and Spain (PIIGS) as well as of France, Germany and the
UK (so called “core” countries) since their banks bought a large share of the debt of
PIIGS. CDS spreads are a good data source to test for contagion as they can serve
as a proxy for the default probability of a counterparty on which a CDS contract is
written. Observing co-movements of CDS spreads of different countries can help to
understand how the market estimates correlations of their default probabilities and
also the direction of future defaults. In order to explain the long-term dynamics of
the CDS market of PIIGS and core EU countries, the analysis is carried out on an ex-
tended time period spanning from August 2005, well before the global financial crisis,
until September 2010. To be able to capture the phenomenon of contagion quantita-
tively, we use a very restrictive definition suggested by the World Bank. It assumes
that contagion occurs when correlations between CDS spreads increase during “crisis

times” relative to correlations during “tranquil times”.

We contribute to the empirical literature in several ways. Firstly, we use the multiple
sources of data. The Datastream, DTCC! and BIS? data analysis shows that investors
protected themselves from possible adverse effects that the current sovereign debt
crisis can have on Germany, France and the UK. We also find that the sovereign risk
mainly concentrates in the European Union. Besides, the banking systems of core
countries are highly exposed to PIIGS. Thus, there could be a two-tier structure of
contagion, i.e., problems that emerge on the peripheries of the European economy

could create a distress at the core of the EU.

Secondly, in order to have a more complete picture of the situation in the CDS
market, we study the dynamic relationship between CDS spreads over a long period
of time. We test for contagion four different periods in the data, i.e., the period after
the “credit crunch”; the period after the Lehman Brothers collapse; the period after
the sovereign risk increased in Europe and the period shortly before the EU-IMF

Greek bailout in May 2010. We find that there were several waves of contagion and

!Data are weekly published on the DTCC (Depository Trust and Clearance Corporation) website.
?Data on the amount of bank exposures are taken from the Bank for International Settlements.
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correlations increased already after the credit crunch in August 2007. It confirms the

role of the US subprime crisis in triggering the sovereign default risk in Europe.

The rest of the chapter is organized as follows. Section 2.2 reviews the main the-
oretical foundations and empirical measurement of contagion. Section 2.3 analyzes
the Datastream and DTCC data on credit default swaps and the BIS data on cross-
border exposures. Section 2.4 describes the econometric technique and discusses the

empirical results. The last section concludes.

2.2 Financial Contagion: Theoretical Foundations
and Empirical Measurement

In the literature there is a considerable amount of ambiguity concerning the precise
definition of contagion and how it should be measured. There exists no theoretical or
empirical definition on which researchers agree. The classification of contagion sug-
gested by the World Bank distinguishes between three definitions: broad, restrictive

and very restrictive.

In a broad definition, contagion is referred to as a “cross-country transmission of
shocks or general cross-country spillover effects”. This definition assumes that con-
tagion can be caused by any type of linkages between countries (fundamental and
non-fundamental). According to a restrictive definition, “contagion is a transmission
of shocks to other countries beyond any fundamental links or common shocks”. Con-
tagion in this sense can be caused by “irrational” phenomena (e.g., financial panic,
herd behavior, etc.). A wvery restrictive definition of financial contagion does not
acknowledge fundamental linkages either. It assumes that “contagion occurs when
cross-country correlations increase during “crisis times” relative to correlations dur-
ing “tranquil times”. This definition allows a feasible econometric measurement of

contagion, and we follow it in our study.

Thus, there are different theories proposed as an explanation for the occurrence of
contagion effects. According to Dornbusch et al. (2000), depending on the reason of
the transmission of shocks, it is possible to distinguish two main types of contagion.
The first type is so called “fundamentals-based contagion” that refers to co-movements
in asset prices as a result of normal interdependencies between markets. Among fun-

damental factors there can be common global shocks, that can trigger crises in several
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countries simultaneously, and a local economic shock that can transmit across borders
through trade and financial linkages. However, most of the literature distinguishes
fundamental linkages from contagion (e.g., Kaminsky and Reinhart (2000), Dornbusch
et al. (2000), Edwards (2000)). Besides, Masson (1998) argues that the transmission
of shocks via real or financial linkages should not be referred to as contagion but

rather as normal interdependence.

The second type of contagion is often called “irrational” and implies the transmission
of financial crises as a result of the behavior of investors and changes in their attitudes
towards risk rather than macroeconomic fundamentals. Thus, “irrational contagion”
is normally associated with panic, herd behavior, loss of confidence and increases in
risk aversion, even though these events are more likely to occur when fundamentals

are weak.

Nevertheless, there are at least three reasons for which investors’ behavior should not
necessarily be considered irrational but rather individually rational. First, Calvo and
Mendoza (2000) show that information asymmetries and high fixed costs required
for gathering and processing country-specific information make investors imitate the
behavior of other investors instead of collecting country-specific information on their
own. Besides, highly diversified investors have lower incentives to learn about in-
dividual countries than investors with few diversification opportunities. Therefore,
diversification may exacerbate herd behavior by making investors more sensitive to
market news or rumours. Similarly, Pasquariello (2007) examines how heterogeneity
of private information may induce financial contagion. Using a model of multi-asset
trading, the author shows that financial contagion can still be an equilibrium outcome
when speculators receive heterogeneous fundamental information. Second, investors’
behavior can be determined by changes in their expectations of what others would do
(Diamond and Dybvig (1983)). For instance, it is rational for investors to withdraw
funds if the funding pool is limited and if they expect that other depositors would
do the same. In a similar vein, after hitting one country the liquidity crisis can hit
another country if investors see it as being the last eligible for support from a lim-
ited fund sponsored by international lenders of last resort. One more explanation for
investors’ behavior lies in high reputation costs bared by them. Sometimes investors
may refrain from acting first and thus prefer to follow the “crowd” in order to avoid

the risk of taking a wrong decision, which can damage their reputation.

The literature on empirical tests for the existence of financial contagion is very broad.

Excellent surveys can be found in Pericoli and Sbracia (2003), Dungey et al. (2005)
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and Pesaran and Pick (2007). In order to measure contagion, researchers have often
used data on stock market returns, interest rates, exchange rates, bond and CDS
spreads. However, there is no unifying framework of testing for contagion during
financial crises. Instead, a broad range of different methodologies has been developed.
This, as argued by Dungey et al. (2005), by no means makes the assessment of

contagion easier.

Empirical tests based on correlation coefficients of asset prices are the most popular.
In this category evidence of contagion is confirmed by a marked increase in correlations
between markets of different countries (World Bank’s very restrictive definition). The
method used in this chapter is related to this category of tests. The main advantage
of the correlation approach is that it provides a straightforward framework to test for
contagion by simply comparing cross-market correlation coefficients after a shock or
crises with coefficients during a relatively stable period. Another advantage is that
this approach allows to distinguish investors’ behavior from alternative explanations of
how contagion emerges and transmits across markets. Indeed, rapid changes in cross-
market correlations can only occur due to factors unrelated to fundamentals since
fundamentals cannot change instantly. However, Forbes and Rigobon (2002) suggest
that in order to measure financial contagion correctly, it is necessary to control for
general volatility rising during financial crises since its simultaneous rise could be just

due to normal interdependencies between markets.

Based on the approach of Forbes and Rigobon (2002), Andenmatten and Brill (2011)
perform a bivariate test for contagion in 39 industrialized and emerging countries to
examine whether correlations of sovereign CDS spreads increased significantly with
the onset of the Greek debt crisis in October 2009. The authors conclude that Euro-
pean countries experienced both contagion and interdependence. Similarly, Anderson
(2011) investigates contagion and excess correlations in daily corporate CDS spreads
during the 2007-2009 credit crisis. The author detects that only a small fraction of
the increase in correlations can be explained by changes in fundamental factors that
determine credit risk. Instead, he finds convincing evidence that the default risk pre-
mium was the main factor that amplified correlations. Liquidity risk played a smaller
role, whereas counterparty risk did not appear to influence correlations. Bhanot et al.
(2012) examine whether the sovereign debt crisis in Greece led to contagion to the
sovereign bond markets of Portugal, Ireland, Italy and Spain. The authors reveal a

significant increase in unconditional correlations between yield spreads of Greece and
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other markets during the crisis. However, after they account for time-varying volatil-
ity and changes in fundamental factors, they find no evidence of contagion from
Greece to other PIIGS since conditional correlations of their yield spreads actually

decreased during the crisis period.

There are also other tests for financial contagion. For instance, Mink and Haan (2012)
use an event study approach to examine the impact of news about the economic situ-
ation in Greece and news about its bailout on bank stock prices in 2010. The authors
find that only news about the Greek bailout has a significant effect on bank stock
prices, whereas news about the situation in Greece does not lead to abnormal returns.
At the same time, sovereign bond prices of Portugal, Ireland, and Spain are sensitive
to both types of news. Missio and Watzka (2011) estimate a dynamic conditional cor-
relation model to assess whether during the European sovereign debt crisis there were
contagion effects or, instead, tensions between countries spread due to fundamentals.
The authors find evidence for contagion within the Euro Area. They also reveal that
news about Greek ratings downgrades generates contagion to Portugal and Spain,
whereas some of the countries (Italy and Belgium) remain unaffected. Caporin et al.
(2012) evaluate the extent of contagion in the Eurozone credit default swaps by using
a reduced-form approach based on quantile regressions. The authors show that the
propagation of shocks in Europe’s CDSs has been remarkably constant for the period
of 2008-2011, even though a significant part of the sample periphery countries has
been extremely affected by their sovereign debt and fiscal situations. Furthermore,
from the analysis of bond data they find that the intensity of the propagation of
shocks in the pre-crisis (2003-2006) and the post-Lehman (2008-2011) periods even

reduced.

Brutti and Saure (2012) use the narrative approach in order to assess the role of
financial linkages in the transmission of sovereign risk in the Euro crisis. The authors
conclude that bank exposures to sovereign debt constitute a significant transmission
channel, whereas bank-to-bank lending does not appear to matter for the transmission
of sovereign risk. The authors also find that “a 10-percent decrease in the exposure
to Greek debt reduces, on average, the transmission rate of sovereign risk by 9.4
percent”. Metiu (2012) investigates sovereign risk contagion in the Eurozone between
2008 and 2012. The author elaborates on a canonical model of contagion proposed
by Pesaran and Pick (2007) and finds significant cross-border contagion since the
outbreak of the global financial crisis. Gentile and Giordano (2012) test for contagion

in Euro area countries during the Lehman default and sovereign debt crisis. Using
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a three-steps Granger causality /Vector error correction model applied to sovereign
bond spreads and stock returns, the authors find that causality patterns have changed
during the “crisis” period compared to the pre-crisis “tranquil” period. Their results
also highlight that Germany and Spain have a leading role in spreading contagion
in the sovereign bond market, whereas Italy shows a high degree of vulnerability.
The results of Gomez-Puig and Sosvilla-Rivero (2011) also indicate that the causality
relationships between bond yields of PIIGS have been significantly reinforced during

the crisis in sovereign debt markets, providing evidence for contagion between them.

There also exists a vast empirical literature on systemic risk, which is closely related
to contagion since systemic risk usually refers to situations where multiple financial
institutions fail as a result of a common shock or a contagion process (Allen et al.
(2010)). A comprehensive summary of research on this topic can be found in the
Global Financial Stability Report of the International Monetary Fund (April 2009)
as well as in the Financial Stability Report of the European Central Bank (December
and June 2010).3

One of the approaches to measure systemic risk is the network analysis that consid-
ers the financial system as an interconnected network of financial institutions. This
approach usually uses detailed information about mutual interbank exposures. Al-
though it faces some problems of data availability, especially on an international level,
and accounts for only direct interlinkages between banks, its main advantage is that
results can be clearly assigned to one specific channel of shock transmission. However,
from a financial stability and risk management perspective, it may be equally impor-
tant to assess direct and indirect financial linkages. Thus, Adrian and Brunnermeier
(2008) developed a co-risk approach that uses market data (e.g., CDS spreads, bond
spreads, equity returns), which, under the assumption of market efficiency, should
convey information on both direct and indirect linkages across financial institutions.
By means of quantile regressions, this approach allows to measure the value at risk of
one institution in distress conditional on another institution (or the whole financial
system) being in distress. One more approach that uses market data is a distress de-
pendence matrix developed by Segoviano and Goodhart (2009). The authors generate
a multivariate distribution describing asset price movements of different institutions.
From this multivariate distribution, they derive pairwise conditional probabilities of

distress. Thus, the approach permits to calculate the probability of one institution

3See International Monetary Fund (2009), European Central Bank (2010a), European Central
Bank (2010b).
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falling into distress conditional on the probability of another institution being in dis-
tress. Furthermore, Giesecke and Kim (2009) developed a default intensity model to
measure the probability of failures of a large fraction of financial institutions due to
both direct and indirect systemic linkages. Although each of these four approaches
to measure systemic risk has its limitations, together they represent a set of valuable

surveillance tools.

2.3 Analysis of the Data

2.3.1 Credit Default Swap Market

A credit default swap is a bilateral financial instrument that allows lenders to pass
on the risk that a borrower will default. A CDS contract is privately negotiated and
remains in force till the maturity date* or the occurrence of a credit event®, whichever
is first. Figure 2.1 sets out the structure of a CDS contract. A reference entity A
issues bonds to borrow the money. B lends to A by buying her bonds. At the same
time, B buys a CDS contract from the insurer C in order to insure herself against
the risk of default of A. B pays to C periodic premia and gets the payment from C
if A defaults. Thus, higher CDS spreads indicate growing market expectations of a
default on the underlying debt with a jump to a default spike at the time of the credit

event. CDS spreads are quoted in basis points.

Research on CDSs has important implications for better understanding of sovereign
risk behavior. There are several reasons to focus on the CDS market. First, credit
default swaps now play a central role in the credit market. CDSs express market views
on the expected loss in case of default of a bond issuer, whereas banks use CDSs for
hedging purposes. Second, relatively high liquidity in the default swap market makes
CDS spreads a fairly good measure of default and recovery risk compared to spreads
on bonds. Moreover, the increasing harmonization of CDS contracts allows for a more

direct comparison of cross-country default risk.

Nevertheless, as any instrument, credit default swaps have their drawbacks. Their

main drawback is that apart from reflecting the financial state of the bond issuer,

4Usual CDS contract maturities are one, two, five and ten years. However, in mature markets
trading is highly concentrated on five-year contracts.

5Most contracts cover four types of credit events: bankruptcy, failure to pay, repudiation and
material restructuring of debt.
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Figure 2.1: Structure of a credit default swap contract
Source: own elaboration based on Markose et al. (2010).

growing CDS spreads can be accompanied by rating downgrades and falls in stock

prices and, eventually, trigger a default of the bond obligor.

The Datastream data are gathered on five-year CDS contracts issued on the bonds
of nine sovereigns: Portugal, Ireland, Italy, Greece, Spain, France, Germany, the UK
and the US. The dataset under study spans from the period of August 2005 until
September 2010.° Table 2.3 in the Appendix presents some descriptive statistics of
the data.

The first turmoil on credit derivatives markets took place in August 2007. Considering
the availability of the data for the UK and the US, Figure 2.2 shows the paths of CDS

spreads since December 2007. It is possible to identify four phases.

Between December 2007 and September 2008 the CDS spreads of different countries
were growing simultaneously, even though the range remained rather narrow. Be-
tween October 2008 and March 2009 the market was undergoing the consequences
of the collapse of one of the largest American investment banks - Lehman Brothers.
CDS spreads widened considerably since the problems in the banking sector started
spreading to sovereigns. Between April and September 2009 CDS spreads were nar-
rowing in response to the taxpayer bailout that subsidized the risk. Nevertheless, bad
debts of banks led to the rise of the sovereign risk, and since November 2009 CDS

SHowever, the data for the UK and the US are available from 13/11/2007 and 13/12/2007,
respectively.
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Figure 2.2: CDS spreads of PIIGS, France, Germany, the UK and the US for Decem-
ber 2007 - September 2010

Source: own elaboration based on the Datastream data.

spreads were steadily growing again. In March 2010, they jumped to very high levels,

and we observe a significant differentiation between countries.

In order to investigate the behavior of the CDS market at the beginning of the Eu-
ropean sovereign debt crisis, Figure 2.3 presents the movements of CDS spreads for
PIIGS, France, Germany, the UK and the US from March to September 2010. We
can clearly see that during that period investors were uncertain about the ability of
Greece to repay its debt since the Greek CDS spreads surged in April 2010. How-
ever, investors continued valuing the riskiness of the Greek debt at a high level even
after the first bailout of Greece in May 2010, as the price of the Greek CDSs started
growing again and peaked at the end of June 2010. The pattern of Italian, Spanish,
Portuguese and Irish CDS spreads is similar to that of Greek, but the amplitude of
movements is smaller. Moreover, since August 2010, with the Irish debt becoming
more and more at risk, we can see a clear rising trend for the Irish and Portuguese
CDS markets.

For core European countries the behavior of CDS spreads was not uniform. Thus, for
Germany spreads returned to the previous values, for France they doubled, whereas
the price of the UK CDS spreads considerably dropped. This may suggest that
investors did not worry much about the influence of the Greek problems on Germany

and the UK, whereas they seemed to anticipate some negative changes in France
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Figure 2.3: CDS spreads of PIIGS, core EU countries and the US for March - Septem-
ber 2010

Source: own elaboration based on the Datastream data.

because of the turmoil in PIIGS. At the same time, for the US no major changes are

observed.

The gross notional (GrossN) value of CDS contracts informs about the size of the
CDS market. This value reflects the sum of all CDS contracts bought (or sold).
Figure 2.4 shows that the GrossN rose for all PIIGS with the largest value recorded
on Italy and Spain and the smallest value on Ireland and Portugal. The GrossN for
core EU economies grew much stronger with the largest value recorded on Germany

and France. The GrossN for the American CDS market almost did not change.

2 Gross notional for PI1GS 2 Gross notional for core
o
S 300 2 90
@ @ g
250
M 70 -
—_— G ot - o=
200 reece 60 Y ’_J" === France
~ [Y
- Portugal 50 [ ow==2 - —— Germany
------ Ireland 40 UK
100 f=rememmm——— S il ftaly 30 — -Us
f . mm t s == s wm= ¢ . === . . == === Spain 20
50 . I . — o ==
............................................... 10 — e — .
0 - - . 0 - . -
01/03/2010  01/05/2010 ~ 01/07/2010  01/09/2010 01/03/2010  01/05/2010  01/07/2010  01/09/2010

Figure 2.4: Gross notional of CDS contracts of PIIGS, core EU countries and the US
for March - September 2010, USD eq.

Source: own elaboration based on the DTCC data.

Figure 2.5 presents the sum of the net notional (NetN) positions of banks that hold
CDSs on the underlying sovereign debt. NetN is the sum of the net protection bought
by net buyers (or equivalently sold by net sellers). When NetN values grow it means
that the positions of the market players are more unbalanced and investors increase
their exposure to the CDS market. On the contrary, falling NetN values indicate that

investors try to hedge more their positions.
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Figure 2.5: Net notional of CDS contracts of PIIGS, core EU countries and the US
for March - September 2010, USD eq.

Source: own elaboration based on the DTCC data.

For Greece, Portugal and Ireland the NetN fell by 16%, 15% and 13%, correspond-
ingly, after the first bailout decision in May 2010; whereas for Italy and Spain it first
fell and then started increasing again. For France, Germany and the UK there is a
clear growing trend for the NetN, which ranged between 23% and 33%, whereas for

the US again there were no considerable changes.

Thus, it can be observed that the problems of Greece triggered a surge in the CDS
market activity of almost all of the countries under analysis. However, there are some

differences between PIIGS, core European countries and the US.

Firstly, it is possible to observe the withdrawal from the excessive exposure of PIIGS
to one another since the net notional for these countries fell, while the gross notional
increased. This may suggest that market players tried to hedge their open positions

on the market by buying reverse contracts.

Secondly, investors buy/sell more protection on core EU players. Even though be-
tween March and September 2010 CDS spreads significantly increased only on France,
there was a big market demand not only for the French CDS contracts, but also the
German and the UK CDSs since investors wanted to insure the debt that they hold.
This led to an increase in the net notional along with a fairly strong rise in the gross

notional value.

Thirdly, the American CDS market was not significantly affected by the Greek prob-
lems — there was no major increase in spreads and gross and net notional values as a

result of the turmoil in Greece.
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2.3.2 Cross-border Exposures

The BIS data on cross-border exposures show how much a banking system in one
country is exposed to all sectors (bank, non-bank and public sector) in another coun-
try. Here the data are used on an ultimate risk basis (i.e., contractual lending net of

guarantees and collateral).
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Figure 2.6: Cross-border banking sector exposures to PIIGS and the UK

Source: own calculations based on the BIS data, end June 2010.

From Figure 2.6 it is seen that PIIGS hold the debt of one another. However, it
appears that the banking systems that are mostly exposed to them are those of
France, Germany and the UK. For instance, the joint claims of only these three
countries’ banking systems on Greece, Ireland, Italy, Portugal and Spain constitute
69%, 60%, 71%, 48% and 62% of total claims of 24 reporting countries, respectively.”
Moreover, Figure 2.8 in the Appendix demonstrates that almost all of the debt of
PIIGS is held by the European banks. Its share ranges from 82% for Ireland and
97% for Portugal. Yet, the distribution of debt is slightly different for the UK. Thus,

"The joint claims of French, German and British banks on Portugal are slightly lower than on
other PIIGS since Spanish banks are highly exposed to Portugal and hold 37% of total claims on it.
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French and German banks together hold only 27% of total claims on the UK, whereas
American banks bought 24% of the UK debt.

The above findings suggest that the problems of Greece could trigger contagion that
may affect not only other PIIGS but also core European countries since German,
French and British banks are highly exposed to PIIGS. Thus, already at the beginning
of the European sovereign debt crisis we could speak about the possibility of a two-
tier structure of contagion, when contagion from Greece first could spread between
PIIGS, and then a collective influence of PIIGS could create a distress at the core of
the EU.

Moreover, the current sovereign debt crisis seems to be entirely European since the
exposure of the American and other countries’ banking systems to PIIGS is not
particularly high. Besides, as it was noticed earlier, the American CDS market did
not significantly react to the problems of Greece. For this reason, the US is excluded

from the further analysis.

2.4 Technical Specifications and Empirical Findings

Since the data on CDS premia have a unit root, we perform our analysis by using
transformed ! variables:

z; = log(s,) — log(s_,), (2.1)
where s! is the CDS spread of country 4, i = 1,...8 in period ¢ and z! represents log

returns.

2.4.1 EWMA Correlations

In order to estimate correlations of daily CDS spreads between countries, we use
the Exponentially Weighted Moving Average (EWMA) model. The main idea of the
EWMA is that the moving average is calculated by weighting components with an
exponential factor. Recent values are of higher importance in the EWMA scheme.
Thus, the further the data point is from the time for which the average is calculated,

the less influence it has on its value.

According to J.P. Morgan (1996), the EWMA model has important advantages over

the traditional forecasting method that relies on moving averages with fixed, equal
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weights (i.e., the simple moving average (SMA) model). Firstly, in the EWMA scheme
volatility and correlations react faster to shocks in the market since the latest obser-
vations have more weight than data in the distant past. Secondly, following a shock,
volatility and correlations decline exponentially as the weight of the shock observa-
tion falls. In contrast, the SMA model often registers high volatility and correlations
for several months after the shock and hence provides a less realistic measure of the

situation in the market.

Moreover, several studies (e.g., Lopez and Walter (2000) and Ferreira and Lopez
(2005)) suggest that models based on the EWMA perform quite well and can be used
instead of other more complex methods. Furthermore, Gex and Coudert (2010) show
that there is very little difference between the EWMA and Dynamic Conditional Cor-
relation Generalized Autoregressive Conditional Heteroskedasticity (DCC-GARCH)

models.

When the number of periods tends towards infinity the EWMA conditional correla-

tions and EWMA variance can be expressed in the following autoregressive form:

J

.. gji_ i Ny
(=N DT g (2.2)
01101
o7 = (1= Na_; + \o7y, (2.3)

where 7 is a triggering country; j is a given country in the sample; z! and xi are
the log first differences of CDS premia of country ¢ and country j; A is a parameter
between 0 and 1; o; is the EWMA standard deviations of z;.

The parameter A (the decay factor) is a key parameter in the EWMA model as it
affects the decay of weights. The parameter should be such as to minimize the root
mean squared errors (RMSE) of forecasts. The estimation method for A is suggested
by J.P. Morgan (1996)® with the following procedure:

1. Compute log returns for each CDS in the sample.

8J.P. Morgan’s result is A = 0.94.
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2. Initialize Ay and compute the EWMA variance for each CDS at each date using
Ao (unique A for the whole sample). The problem is to compute recursively
variance on the first date. The solution is to use the squared return on day one
as a proxy for the variance on day two. This has a drawback that variance has
to stabilize before converging to proper values. Thus, computations for the first

few weeks should be disregarded.

3. Compute the forecasting error using the root mean squared errors for each CDS

in the sample.

4. Minimize the sum of RMSE using A as a parameter.

For this study A is equal to 0.939.

Figure 2.7 and Appendix Figure 2.9 present EWMA correlations between CDS spreads
for the whole studied period. First data points were omitted in order to let coefficients
converge to the right level. From the figures it is clear that the lowest correlations
were observed before the “credit crunch” that occurred in August 2007.° This fact
is also confirmed by Table 2.1 that presents average correlations for each of the four
considered periods: before the “credit crunch”; after the “credit crunch”, after the

Lehman Brothers collapse and after the sovereign risk increased.

Table 2.1 also shows that after the “credit crunch” correlations increased for almost
all of the pairs.'® However, the European Central Bank saved the banks that were in-
fected by the American “disease”, and thus Europe survived the “credit crunch”. Nev-
ertheless, after the Lehman Brothers collapse in September 2008 correlations clearly
spiked again. This could possibly be explained by the high costs of the financial sector

bailout that transferred to sovereign risk.

Since November 2009, when sovereign risk increased, correlations between CDS mar-
kets were growing further for most of the pairs. Moreover, Table 2.1 shows that
on average correlations between CDS markets of the peripheral countries were higher
than their correlations with the CDSs of core EU countries. Thus, between November
2009 and September 2010 the pairs Portugal-Spain, Portugal-Ireland, Portugal-Italy,

Italy-Ireland, Italy-Spain, Ireland-Spain were correlated the most. At the same time,

9Since the data for the UK are available from November 2007, its correlation with other sovereigns
is shown as a straight line before this date.
However, France and Germany were correlated quite highly even before the “credit crunch”.
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Figure 2.7: EWMA correlations between CDS spreads of Greece and other sovereigns

Source: own calculations based on the Datastream data.

Greece-Germany, Greece-France, Greece-UK, Ireland-Germany, UK-Germany, UK-

France demonstrated slightly lower correlations.

It is also interesting to notice from the last two columns in Table 2.1 that the German
CDS market was the most correlated with the CDS market of France and the UK
at the beginning of April 2010.' Around that period these core EU countries were
taking a decision whether or not to bailout Greece. At the same time, correlations of
the pairs Greece-Portugal, Italy-Ireland, Portugal-Ireland, Ireland-Spain and Ireland-
Germany reached their maximum values in May - June 2010. This may suggest that
after the first bailout of Greece markets did not come down immediately and remained

nervous for some time.

2.4.2 Regression Estimation

Following the calculation of the EWMA correlations, we are interested to check
whether there was contagion in the CDS market. For this reason, we verify if cor-

relations increased significantly during the crisis. As in Gex and Coudert (2010)

"1The maximum value of CDS spreads for the pairs France-Germany and UK-Germany was
recorded on 06,/04,/2010 and 09/04/2010, respectively.
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and Chiang et al. (2007), we estimate regressions by linking the EWMA conditional

correlations (p;) to their lagged values and different crisis dummy variables:

Pt = Q) + Q1Pt—1 + OéQDtn + &4, (24)

where ¢; is normally distributed error term and D, is a dummy variable for the
specified crisis period (D; has the value of 1 during the crisis period and 0 before the

crisis).

Using various dummy variables allows us to identify, which of the periods is the most

significantly represented as a crisis period in the data. We test four hypothesis:

1. D} =1 after 13.11.2007, D} = 0 elsewhere;
2. D7 =1 after 12.09.2008, D7 = 0 elsewhere;
3. D} =1 after 02.11.2009, D? = 0 elsewhere;

4. D} =1 after 15.04.2010, D} = 0 elsewhere.

The first dummy represents a hypothesis that the crisis started after the “credit
crunch” in August 2007.'2 The second dummy states that the crisis began after the
Lehman Brothers collapse. The third dummy assumes that the crisis period started
when sovereign risk increased in November 2009. The fourth dummy states that the
crisis was initiated shortly before the EU-IMF bailout of Greece in May 2010.

The R? coefficient for all regressions that we estimated with OLS methods remains
above 90%. The coefficient for the lagged endogenous variable is always significant

and close to one — this corresponds to the high value of A that we used.!3

The most interesting result is the behavior of dummy variables as their statistical
significance confirms the contagion effect. Table 2.2 shows that D3 and D, are the
most significant (in 10 and 12 out of 28 experiments, respectively). D; is significant
in six cases, whereas D is significant in eight cases. Hence, we can say that the
period, when the sovereign risk increased, and the period before the EU-IMF bailout

of Greece are the most significantly represented as crisis periods in the data.

12Gince the data for all the sovereigns start from 13.11.2007, this date is used as a starting point
for D}.
13By definition of moving averages EWMA correlations are strongly autocorrelated.
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Table 2.2: Coefficients for dummy variables in EWMA

Correlation pair Dy Do D3 Dy
Greece-Ttaly
coefficient 0.0005 -0.0009  0.0042*** 0.0019*
t-statistics 0.6892 -1.0786 3.701 1.7929
p-value 0.4908 0.2809 0.0002 0.0732
Greece-Portugal
coefficient -6.4383 0.0002 -0.0011 0.0021**
t-statistics -0.9598 0.3128 -0.6973 2.3591
p-value 0.3373 0.7544 0.4857 0.0184
Greece-UK
coefficient 0.0003 0.0031*** 0.0009 0.0049***
t-statistics 0.3276 4.244 1.1368 6.8496
p-value 0.7432 0.00002 0.2558 1.0206e-11
Greece-France
coefficient 0.0002 0.0024*  0.0031*** 0.0002
t-statistics 0.194 1.8876 3.0124 0.2764
p-value 0.8462 0.0592 0.0026 0.7823
Ttaly-Ireland
coeflicient 0.005%**  0.006%**  0.003***  0.0032%**
t-statistics 4.5967 2.9771 3.8381 3.2644
p-value 4.598¢-06 0.0029 0.0001 0.0011
Italy-Spain
coefficient 0.0025 0.0029 0.0025** 0.0019*
t-statistics 1.5164 1.1413 2.0061 1.6745
p-value 0.1296 0.2539 0.045 0.0942
Italy-Germany
coefficient 0.0073%** 0.001 0.0026***  0.0049***
t-statistics 6.1582 1.3293 4.7622 2.6043
p-value 9.1e-10 0.1839 2.07e-06 0.0093
Portugal-Ireland
coefficient 0.0002 0.001 0.0019**  0.0063***
t-statistics 0.1403 0.9704 2.2573 3.1898
p-value 0.885 0.332 0.0241 0.0014
Portugal-France
coefficient 0.0007 0.004*** 0.0016 0.0028***
t-statistics 0.8817 4.7806 0.7659 3.77
p-value 0.3781 1.89¢-06 0.4439 0.0002
Portugal-Germany
coefficient 0.0006 0.004*** 0.0031* 0.0012
t-statistics 0.5963 2.779 1.7184 1.4538
p-value 0.5511 0.0055 0.0859 0.1462

Ireland-France
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Table 2.2: continued

Correlation pair D Do D5 Dy
coeflicient 0.0034***  0.0025***  0.0047***  0.0027***
t-statistics 4.2802 4.126 6.4777 4.3173

p-value 1.97e-05 3.86e-05 1.21e-10 1.68e-05
Ireland-Germany
coefficient 0.0041***  0.0059***  0.0026***  (0.0048***
t-statistics 3.4738 5.8321 4.1873 6.9951
p-value 0.0005 6.502¢-09 2.96e-05 3.75e-12
Spain-Germany
coeflicient 0.0029***  0.0035***  (0.0039*** 0.0011*
t-statistics 4.3113 4.4781 3.5753 1.9049
p-value 1.71e-05 8.02e-06 0.0004 0.057
UK-France
coefficient 0.0035*** 0.0012 0.001 0.0018***
t-statistics 3.4128 1.0828 0.9313 2.6491
p-value 0.0007 0.279 0.3518 0.0081

Note: *p<0.1, **p<0.05,***p<0.01.

Source: own calculations based on the Datastream data.

Thus, taking into account 28 experiments pursued for each dummy variable, it is
possible to draw a conclusion that there were several waves of contagion defined in
terms of an increase in conditional correlations.'* Firstly, the US subprime mortgage
crisis played its role in passing on the risk in the banking system to sovereigns.
Nevertheless, PIIGS and core EU countries survived the “credit crunch” and the
default of the financial giants like Lehman Brothers. Secondly, the persistent transfer
of the costs of the financial sector bailout to sovereigns resulted in high debts and
deficits in Europe and thus created a new wave of contagion in November 2009.
Thirdly, the further deteriorating situation in Greece in March - April 2010 made
financial markets extremely nervous and finally led to the EU-IMF bailout first of
Greece, then of Ireland, Portugal and Spain and recently of Cyprus.

M Correlations increased significantly by less than 1 %.
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2.5 Concluding Remarks

This chapter tracked changes in correlations between CDS spreads of PIIGS, France,
Germany and the UK. The analysis was performed on the basis of the Datastream and
DTCC data on CDS spreads and the BIS data on cross-border exposures. In order to
explain the long-term dynamics of CDS markets of these countries, the analysis was
carried out on the extended time period spanning from August 2005, well before the

global financial crisis, until September 2010.

The analysis of the data showed that investors protected themselves from possible
adverse effects that the current sovereign debt crisis can have on Germany, France
and the UK. We also found that the sovereign risk mainly concentrates in the EU
countries and that core countries are heavily exposed to PIIGS. Therefore, it emerged
that contagion was possible already at the beginning of the European sovereign debt
crisis, when initially only Greece was affected. Besides, we could speak of a two-tier
structure of contagion, when first contagion could spread between PIIGS, and then a

collective influence of PIIGS could impair strong and safe core European sovereigns.

Since contagion is often characterized by increasing correlations, the EWMA corre-
lation analysis was conducted. Changes in correlations between CDS premia of the
countries were studied for four different periods: after the “credit crunch” in August
2007, after the Lehman Brothers collapse, after the sovereign risk increased in Europe
in November 2009 and shortly before the EU-IMF Greek bailout in May 2010. We
found that the period, when the sovereign risk increased, and the period before the
EU-IMF bailout of Greece are the most significantly represented as crisis periods in
the data. Moreover, there were several waves of contagion. The estimated EWMA
correlations increased significantly already after the “credit crunch”, which confirms

the role of the US subprime mortgage crisis in triggering the sovereign default risk.

Both descriptive and model-based evidence point to the fact that the European CDS
market encountered more turbulence during the crisis period than before. No doubt,
the US subprime mortgage crisis played its role in triggering the sovereign default
risk. Nevertheless, financial stability in the Eurozone was also undermined by the
specific features of its institutional setup. Being left with no room for manoeuvre
in setting their monetary and fiscal policy, Eurozone countries had to compete by

adjusting their labor markets. Since historically core EU countries had higher real
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wages and stronger social policies, they managed to shrink their unit labor costs bet-
ter (with Germany in the lead) than the periphery. As a result, the core accumulated
current account surpluses and dominated trade and capital flows in the Eurozone,
whereas PIIGS experienced significant erosion of competitiveness leading to substan-
tial current account deficits. These deficits were financed from abroad primarily in
the form of lending by core Eurozone banks that laid the grounds for the excessive
indebtedness of periphery to the core (Lapavitsas et al. (2010a) and Lapavitsas et al.
(2010b)).

Accordingly, PIIGS had to deal with large fiscal imbalances already before the crisis.
However, the weaknesses of the EU monetary and fiscal integration became even more
apparent following the onset of the financial crisis as the situation in the triplet of
current account deficit, budget deficit and debt to GDP ratio of PIIGS aggravated
further. Since credit default swaps are written on government bonds, the CDS market
quickly reacted to a significant deterioration in domestic fiscal metrics of PIIGS with
wider and more diverse spreads. However, markets reappraised the risks not only
for PIIGS, but also for core EU economies, as the Eurozone countries are highly
integrated economically and financially (via national banking systems). This resulted

in higher correlations between CDS markets in the Eurozone during the crisis period.

In order to have a more complete picture on the situation in the European sovereign
CDS market, it would also be interesting to investigate possible directions of contagion
between sovereigns. Therefore, in the next chapter we will study causal relationships
between CDS markets of PIIGS, France, Germany and the UK as well as examine

their vulnerability and triggering power.
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2.6 Appendix

Table 2.3: Descriptive statistics of CDS spreads (13.12.2007-30.09.2010)

| Greece Italy Portugal Ireland  Spain UK France  Germany Us

Mean 254.44 101.65 111.28 151.5 99.06  61.71 39.1 29.09 33.97

Max 1125.81 244.7 461.32 489.77  274.58 175 99.97 91.85 100

Min 20.2 20.2 17.7 12.6 17 7.3 6.5 4.5 5.8
Standard deviation 259.47 56.72 96.5 103.32 64.38  37.65 25.45 18.53 20.14

Skewness 1.48 0.41 1.5 0.5 0.93 0.31 0.48 0.72 0.8
Kurtosis 1 -0.92 1.29 -0.02 0.05 -0.33 -0.93 0.73 0.66

Note: since the data for the US are available from 13/12/2007, the descriptive statistics are calculated
for the period starting from this date.
Source: own calculations based on the Datastream data.

Claims on Ireland Claims on Italy Claims on Greece

Others
6%

Claims on Spain Claims on Portugal Claims on the UK

Others
3%

Figure 2.8: Cross-border exposure of European banks to PIIGS and the UK

Source: own calculations based on the BIS data, end June 2010.

30



Chapter 2. Identification of Contagion and its Phases in the Furopean Sovereign
Credit Default Swap Market

Correlation: "ltaly" ,"France" Correlation: "Greece" ,"Germany"
0.5} 1 05
or 1 or
-0.54 - - - - - - - -0.54 - - - - - - -

5
Aug05 Apr06 Dec06 Sep07 May08 Jan09 Sep09 JunlO Aug05 Apr06 Dec06 Sep07 May08 Jan09 Sep09 JunlO

Correlation: "Italy" ,"Portugal” Correlation: "ltaly" ,"Ireland"

T T T T T T 1

05f 1 05
or 1 or

i

054 L L L L L L L 050 L R R R R R R
Aug05 Apr06 Dec06 Sep07 May08 Jan09 Sep09 JunlO Aug05 Apr06 Dec06 Sep07 May08 Jan09 Sep09 JunlO

Correlation: "ltaly" ,"Spain” Correlation: "ltaly" ,"UK"

1 T T T T T T T 1 T T

T T T T T

0.5

0
Aug05 Apr06 Dec06 Sep07 May08 Jan09 Sep09 JunlO

0.5
Aug05 Apr06 Dec06 Sep07 May08 Jan09 Sep09 JunlO

Correlation: "Portugal” ,"Germany" Correlation: "ltaly" ,"Germany"

05f 1 05}
of 1 of
-05L : : : : - . - -050 . . . - - - -

5
Aug05 Apr06 Dec06 Sep07 May08 Jan09 Sep09 JunlO Apr06 Dec06 Sep07 May08 Jan09 Sep09 JunlO

Correlation: "Portugal” ,"Ireland" Correlation: "Portugal” ,"Spain"

1 T T T T T T T 1 T T T T T T T
051 051

of or

_O'iuéos Ap;Oe De‘c06 Se;;07 Ma;/OS Jar;OQ Se{)OQ Jur;10 h 'Auiqos Ap;'06 DeéOG Se;)07 Ma;IOS Jar;OQ Se;‘JOQ Jur;lo
Correlation: "Portugal” ,"UK" Correlation: "Portugal” ,"France"

1 T T T T T T T 1 T T T T T T T
051 0.5t

of or

Apr06

Dec06 Sep07 May08 Jan09 Sep09

Jun10

0.5 +
Aug05 Apr06

Dec06 Sep07

May08 Jan09 Sep09

Junl0




Chapter 2. Identification of Contagion and its Phases in the Furopean Sovereign
Credit Default Swap Market

Correlation: "Spain” ,"France" Correlation: “Ireland" ,"Spain"
051 1 0.5 1
or 1 or 1
—0.5L . . . . . . . _os5L . . . . . . .
Aug05 Apr06 Dec06 Sep07 May08 Jan09 Sep09 JuniO Aug05 Apr06 Dec06 Sep07 May08 Jan09 Sep09 Junl0
Correlation: "Ireland" ,"UK" Correlation: “Ireland" ,"France"
0.5F 1
051 1 or 1
05} 1
0 . . . . L . . . . . . .
Aug05 Apr06 Dec06 Sep07 May08 Jan09 Sep09 JunlO Aug05 Apr06 Dec06 Sep07 May08 Jan09 Sep09 JunlO
Correlation: “Ireland" ,"Germany" Correlation: "Spain" ,"UK"
1 T T T T T T T
051 1 1
or g ]
050 L L L L R R R _os5Le R R R R R R R
Aug05 Apr06 Dec06 Sep07 May08 Jan09 Sep09 JunlO Aug05 Apr06 Dec06 Sep07 May08 Jan09 Sep09 JunlO
Carrelation: "UK" "France® Coarralation: "Spain”™ " Garmany”
08 - - - — TR 1 . : : : :
W —
0.6 : e
0.5
0.4
0z (1] or
0 M s !
Augds AprlE Dec08 Sepdy May(8 JanD9 Sep09 Junil “Rugds Apr06 Dac0S Sep07 May08 JanD9 Sep09 Junid
Carralation: "Franca” ,"Gammany” Carralation: "UK" "Germany”
AU 4 N ""'-\.\l o S A
05 'v_,z \.__I .'/ | oy WL
RN WAL 0.5
a |4 )
—a5tY o - — v
| -0.5
Augds Apri6 DecO6 Sap07 May08 Jand9 Sep0d Jumio Augds Apr06 DecOS Sep0T May0B Janda Sep0d Junid

Figure 2.9: EWMA correlations between CDS spreads

Source: own calculations based on the Datastream data.
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Chapter 3

Sovereign Contagion: Relationships
between CDS Markets of PIIGS,
France, Germany and the UK

Abstract

This chapter investigates possibilities of contagion between CDS markets of PIIGS, France,
Germany and the UK on the basis of the Datastream data for 2005-2010. In order to
identify a causal relationship and its strength between CDS markets, we construct a vector
autoregressive (VAR) model. The first part of the VAR analysis - the Granger-causality test -
reveals an increase in cross-country interdependencies during the crisis period compared with
the pre-crisis period. Besides, the Portuguese and German CDS market spread contagion
to the highest number of other countries’ CDSs. The second part of the VAR analysis -
the impulse-response (IR) function - shows that among PIIGS CDS markets of Spain and
Ireland have the biggest impact, whereas the Italian CDS market responds to shocks the
most. Moreover, the reaction to a turbulence in each of PIIGS is higher for the rest of
PIIGS than for France, Germany and the UK. To examine the relationship between CDS
markets around the Greek bailout, we conduct the adjusted correlation analysis. Its results
confirm that Greece and other PIIGS (even Spain and Italy) have lower potential to trigger
contagion than core EU countries. Besides, Portugal is the most vulnerable country in the
sample, whereas the UK is the most immune to shocks.

Keywords: credit default swaps, sovereign risk, contagion, PIIGS

JEL Classification: E44, F34, G01, G15, H63

3.1 Introduction

The series of events that occurred in the aftermath of the US subprime mortgage crisis

made Europe strongly distressed. First, Greece became unable to repay its debt and
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eventually was bailed out by the EU and the IMF. Then, Greek problems fostered
the fear about the fate of other European economies, especially heavily indebted
countries such as Portugal, Ireland, Italy and Spain that along with Greece are often
referred to as PIIGS. Eventually, the EU and the IMF agreed on bailout packages for
Ireland, Portugal, Spain and even Cyprus and one more bailout package for Greece.
Nevertheless, these bailouts do not make the risk disappear but simply transfer it to
the governments and taxpayers of other European countries. As a result of problems
in PIIGS in May 2010, which for the first time seriously tested the Eurozone since its
start in 1999, the VIX index! lifted to the highest levels since the financial outbreak

after the Lehman Brothers collapse.
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Figure 3.1: The VIX index

Source: own elaboration based on the data from the Chicago Board Options Exchange.

In trying to recover from the crisis and recession that followed, along with providing
numerous rescue packages, European authorities implemented austerity policies. The
introduction of austerity measures was largely supported by the findings of Reinhart
and Rogoff (2010) stating that countries with debt-to-GDP ratios above 90 percent
have a slightly negative average growth rate. However, a recent paper by Hern-
don et al. (2013), in which the authors replicate the results of Reinhart and Rogoff
(2010), has revealed that selective exclusion of available data, coding errors and un-
conventional weighting of summary statistics lead to inaccurate representation of the

relationship between public debt and GDP growth for 20 advanced economies. After

VIX is the symbol for the Chicago Board Options Exchange Volatility Index. Often referred to
as the fear index’, it represents one measure of the market’s expectation of the volatility of S&P
500 index options over the next 30 day period. It is not backed by anything and positions held are
merely a prediction of the future. A high value corresponds to a more volatile market.

34



Chapter 3. Sovereign Contagion: Relationships between CDS Markets of PIIGS,
France, Germany and the UK

correcting for these errors, Herndon et al. (2013) have found no clear evidence support-
ing the claim that countries would consistently experience a sharp decline in economic
growth once public debt levels exceed 90 percent of GDP. Instead, they reveal that
the relationship between public debt levels and GDP growth varies substantially by
country and over time. Besides, a recent Caritas Europa study by Leahy et al. (2013)
has concluded that austerity measures in PIIGS are not working, and that an alter-
native solution needs to be found. All this seems to lead policymakers to reassess
the austerity agenda in Europe since recently there has been a shift in the Eurozone
policy of austerity. Even though, budget cuts have not been abandoned completely,
it seems they stopped being the priority. Currently, European officials choose to pay
more attention to ongoing recession and increasing unemployment rather than to debt
and deficits.

The aim of this study is to examine sovereign risks and possibilities of financial
contagion between CDS markets of PIIGS, France, Germany and the UK. Two major
studies on the sovereign CDS market were performed by Longstaff et al. (2011) and
Pan and Singleton (2008), however, they were not focused on Eurozone countries.
Recently, as a result of the rapidly worsening situation in the Eurozone, the focus has
changed dramatically, and a number of empirical papers has addressed the issues of

the sovereign risk in the Euro area.

One strand of the recent empirical literature focuses on the joint dynamics between
the sovereign and bank CDS market. Thus, Bruyckere et al. (2012) investigate conta-
gion between the bank risk and sovereign risk in Europe over the period of 2006-2011
and find that various contagion channels are at work. The authors conclude that
banks with a weak capital and/or funding position are particularly vulnerable to
risk spillovers, whereas at the country level, the debt ratio is the most important
driver of contagion. They also suggest that breaking the link between banks and
their sovereigns should be a priority. Alter and Schuler (2011) study the relationship
between sovereign CDSs of seven EU countries and CDSs of their banks. The au-
thors 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 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 insignificance in the

long run. Dieckmann and Plank (2011) also find evidence for a private-to-public risk
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transfer in the countries with government interventions. Moreover, the authors argue
that this transfer is larger for the European Monetary Union (EMU) countries that

are more sensitive to the health of the financial system than non-EMU states.

Ejsing and Lemke (2009) examine co-movements between 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 decrease in 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. Likewise, Acharya et al. (2011) find empirical evidence for the direct
two-way feedback between the banking and sovereign CDS market of the Eurozone
countries for the period of 2007-2011.

Another strand of the recent empirical literature investigates the relationship between
the sovereign CDS and bond market. Fontana and Scheicher (2010) identify the main
determinants of bond and CDS spreads of ten Euro area countries and explain which
factors drive the heterogeneity in pricing between the two markets. The authors
suggest that ‘flight to liquidity’ effects and limits to arbitrage may explain why CDS
spreads exceed bond spreads. They also show that common factors are the main
reason for the repricing of sovereign credit risk. Similarly, Delatte et al. (2011) use
a non-linear approach to analyze the influence of CDS premia on underlying bond
spreads for PIIGS and five core European countries. The authors conclude that CDS
spreads are a better indicator of the probability of default during the periods of
turmoil. O’Kane (2012) studies the relationship between the price of the Eurozone
sovereign CDS and bond market during the Eurozone debt crisis of 2009-2011. The
author examines whether CDS spreads cause (in a Granger sense) changes in bond
spreads or vice-versa. He finds evidence for a Granger causal relationship with a one
day lag from CDSs to bonds for Greece and Spain, the reverse relationship for France

and Italy and a feedback relationship for Ireland and Portugal.

Furthermore, there are studies that investigate the relationship between the sovereign
CDS market and economic fundamentals. Thus, Aizenman et al. (2011) compare the
market pricing of CDSs in the Eurozone (and PIIGS in particular) and the pricing
of risk in the rest of the world. They find evidence that in 2010 CDSs of PIIGS are
priced much higher than CDSs of other countries with similar fundamentals. As a
possible interpretation the authors suggest negative expectations of the market about

future fundamentals of PIIGS and their exchange rate inflexibility.
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Thus, the research to date has largely tended to focus either on interactions between
the sovereign CDS market and the financial sector or on the joint dynamics between
the CDS and bond markets. However, far too little attention has been paid to the
discussion of a possible shock transmission between sovereigns. A paper by Manasse
and Zavalloni (2013) is a recent contribution in which the authors study European
sovereign CDS spreads by estimating an econometric model with time varying param-
eters for the period of 2006-2012. They find that, unlike the US subprime crisis which
affected many European sovereigns, the Greek crisis is largely a matter concerning
the Eurozone. The authors also detect remarkable differences in vulnerability to con-
tagion within the Eurozone. Thus, their findings state that core Eurozone members
are less vulnerable to contagion, possibly due to a safe-heaven effect, than peripheral

countries.

In order to shed more light on possibilities of financial contagion between sovereigns
at the beginning of the European sovereign debt crisis, we apply two econometric
methods. Firstly, to be able to identify a causal relationship and its strength be-
tween CDS markets, we construct a VAR model. Thus, the Granger-causality test
reveals that cross-country interdependencies increased after the global financial cri-
sis as compared to the pre-crisis period. Besides, the Portuguese and German CDS
market Granger-cause the highest number of other countries” CDSs. The second part
of the VAR analysis - the impulse-response (IR) function - shows that among PIIGS
CDS markets of Spain and Ireland have the biggest impact on the European CDS
market, whereas the Italian CDS market responds to shocks the most. Moreover, the
reaction to a turbulence in each of PIIGS is higher for the rest of PIIGS than for
France, Germany and the UK. Secondly, in order to investigate the relationship be-
tween CDS spreads of the studied countries around the Greek bailout in May 2010, we
conduct the adjusted correlation analysis. Its results confirm that Greece and other
PIIGS have lower potential to trigger contagion than core EU countries. Besides,

Portugal is the most vulnerable, whereas the UK is the most immune to shocks.

The rest of the chapter is organized as follows. Section 3.2 reviews the applied esti-
mation techniques and discusses the empirical results. Section 3.3 offers a concluding

summary.
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3.2 Estimation Methodology and Results

3.2.1 VAR Analysis of CDS Spreads

In this chapter we continue using the Datastream data on five-year CDS contracts
issued on bonds of PIIGS, France, Germany and the UK for the period of 2005-2010.
In order to identify a causal relationship and its strength between CDS markets of the
studied countries, we construct a vector autoregressive (VAR)? model and apply the
Granger-causality test. The key advantage of this framework is that it allows direct
identification of spillovers since estimated parameters indicate the extent to which
shocks in one country cause (in a Grange sense) shocks in another country. We also
analyze impulse-response functions in order to find out how long a shock introduced
into the system may persist, and which influence it has on the countries that are not
directly affected by the shock. The analysis of VAR to assess financial spillovers was
applied by Bacao et al. (2012), Galesi and Sgherri (2009), Gray (2009), Khalid and
Kawai (2003), Sander and Kleimeier (2003), etc.

3.2.1.1 Granger-causality Test

The main idea of the Granger-causality test is the assumption that if one variable
causes the other, it should help to predict it by increasing the accuracy of forecasts.

In mathematical terms, it is said that y fails to Granger-cause x if:

MSE [E ($t+5 | Ty, L1, )] = MSE [E ($t+s | Ty, L1, "'7ytayt—17 )] (31)

In order to test for the existence of Granger-causality, we need to estimate an autore-

gressive model with lag p:
Ty = 0+ Q11 + Qoo + ... + Qply—p + Prlp—1 + PoYi—o + .. + Bp—p + ¢ (3.2)
and then do an F-test of the null hypothesis: Hy: 81 =82 = ... = 3, =0

If coefficients by y are not statistically significant, it means that y does not bring any

new information into forecasting of x and thus is not Granger-causing x.

2A classic handbook on time series analysis including VAR models is Hamilton (1994).
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In order to see changes in the existence of causality between CDS markets of different
sovereigns, we investigate two periods: a pre-crisis period (August 18, 2005 — August

15, 2007)® and a crisis period (November 14, 2007 — September 29, 2010).

One of the important issues in constructing a VAR model is a proper choice of the lag
length. Some researchers choose it arbitrarily allowing just enough lags to ensure that
the residuals are white noise but maintaining the precision of estimates. There are
also some procedures that determine the appropriate lag length such as the Akaike
information criteria (AIC), the Schwartz information criteria (SIC) and the likelihood
ratio (LR) test. We find that the LR test is inconclusive for the studied VAR model,
whereas the AIC and SIC tests find different optimal lag lengths to be employed.
Table 3.6 in the Appendix presents the results of the AIC and SIC tests. The ideal
lag length is the minimization of the AIC and SIC functions. We believe that just one
lag suggested by the SIC test may not be enough to investigate causal relationships
between CDS spreads over long periods.* Therefore, we use the lag length suggested
by the AIC test, i.e., three lags for the period before the crisis and six lags for the

period after the crisis.

Tables 3.1 and 3.2 present the results of the Granger-causality test for the pre-crisis
and crisis period, respectively. Probabilities greater than 0.1 are referred to as “NaN”
since our inferences are drawn on the basis of a 90% confidence level. In that way
patterns of causality are easier to spot. The format of the output is such that columns

reflect the Granger-causal impact of the column-variable on the row-variable.

Figure 3.2 emerges from Tables 3.1 and 3.2. We identify 13 cross-country causations
in the pre-crisis period. There are three interesting findings here. Firstly, changes in
the Greek CDS market cause changes in CDS markets of other Southern European
countries (e.g., Portugal and Spain), whereas CDSs of Greece are not Granger-caused
by CDSs of any other country. It can thus be suggested that the Greek CDS market
could be the source of problems even before the crisis started. Secondly, CDSs of
Spain affect CDSs of Portugal but with no reciprocal effect. Thirdly, in the pre-crisis
period there is a significant interdependence between CDS markets of France and

Germany.

3Since the data for the UK are available only for the period after November 2007, the Granger-
causality test for the pre-crisis period was performed without the UK.

4Stock and Watson (2007) also recommend to choose the model suggested by the AIC rather
than the SIC test. They argue that including more parameters is better than omitting significant
parameters.
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Portugal \ Germany ’ Germany

Pre-crisis period Crisis period

Figure 3.2: Granger-causality relationship for the pre-crisis and crisis period

Source: own elaboration based on Table 3.1 and Table 3.2.

In the crisis period interdependencies between countries increased compared with the
pre-crisis period (27 statistically significant casual relationships versus 13 before). It
is interesting to note that during the crisis changes in CDS spreads of Greece affect
not only CDS markets of Portugal and Spain as in the pre-crisis period, but also
CDSs of Ireland. As in the pre-crisis period, the CDS market of Ireland Granger-
causes only CDSs of core EU countries (but now with the reciprocal effect of France
and Germany). Unexpectedly, changes in Irish CDSs do not cause changes in CDS
markets of other PIIGS and only CDSs of Portugal and Greece have a significant
causal effect on the Irish CDS market.

What is surprising is that among PIIGS the Portuguese CDS market Granger-causes
changes in CDS spreads of all the countries in the sample apart from France and
Germany. CDS spreads of Spain cause changes in Italian, Portuguese and French
CDS spreads. Besides, in contrast to the pre-crisis period, the test for the crisis
period reveals Granger-causality between CDS spreads of Portugal and Spain in both

directions.?

Among core EU countries the German CDS market exerts the highest impact and

Granger-causes CDSs of all the countries apart from Italy and Portugal. The CDS

5According to the Bank for International Settlements, one-third of the Portuguese debt is held
by the Spanish banking system.
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market of France affects only CDSs of Ireland and Germany, which along with Spain
and the UK Granger-cause the French CDS market. CDSs of the UK have a significant
effect on CDSs of Spain, France and Germany with the reciprocal effect of the German
CDS market on the UK. CDSs of the UK are also affected by some of PIIGS (e.g.,

Italy, Portugal and Ireland).

3.2.1.2 Impulse-Response Function

The impulse-response (IR) analysis is often combined with Granger-causality. It
shows the strength of the response of the variables in the model at time ¢ +n to a
shock introduced to a particular variable at time . The IR analysis can be informative
in terms of understanding which CDS market has the biggest impact on CDS markets

of the countries in the sample and when the impact lasts the longest.

The idea of impulse responses can be introduced mathematically by a stationary
K-dimensional VAR(p) model:

Yt = Alytfl + ...+ Apytfp + Uy, (33)

where p is the number of lags; K is the number of sovereigns in the sample; y, is a (K X
1) vector of dependent variables; A;(j = 1...p) are (K x K) matrices of coeflicients;
u; is a (K x 1) error term with u, ~ (0, >_,), where > = {0y,4,j=1,2.., K}.
When the above process is represented as a moving average process, forecast error

impulse responses ¢4 are obtained:

Ye = U + QrUs—1 + Patly—o + ..., (3.4)
where \
Ge =Y bujA; s=1,2.. (3.5)
j=1
b0 = I (3.6)

If we introduce a shock to the system by setting the j* variable to a unit and the
0

1
remaining variables to zero (for example, if j = 2, then yo = | . | ), then ¢, represents
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the response of the whole system in the s period to a shock introduced to the j**

variable.b

The main disadvantage of the above approach is the assumption that we introduce a
shock only to one variable at a time. This assumption disregards possible correlations
between shocks in variables. Thus, there arises a problem of how to isolate the effect
of a shock on a variable of interest from the influence of all other shocks. The most
common procedure to solve this problem is the orthogonalisation of the covariance
matrix of the error terms. By orthogonalisation we obtain a new matrix, which has
zero non-diagonal elements and thus solves the problem of the correlation of errors
between variables. As a result, a (K x 1) vector of the orthogonalised IR function of
a unit shock to the j equation at time ¢ on y at time ¢ + n can be represented in

the following way:

Yi(n) = ¢pPej, n=0,1,2.., (3.7)

where ¢,, is the n'* forecast error impulse response; P is a (K x K) lower triangular

matrix; e; is a (K x 1) selection vector with unity as its j™ element and zeros elsewhere.

Nevertheless, simple orthogonalisation” is sensitive to the ordering of variables. By
construction, the first variable of the system explains other variables, therefore, one
should choose the variable that is least influenced by the set of the remaining variables.
However, in a highly interconnected system of CDS markets it is very difficult to

conclude a priori which CDS market is least influenced by other CDS markets.

To address the issue of the ordering of variables, we use a generalized impulse-response
function (GIRF) developed by Pesaran and Shin (1998):

<¢%ﬂ') (%) n=0,1,2.. (3.8)

It is a (K x 1) vector of the (unscaled) generalized impulse response to a shock in the
J™ equation at time ¢ on y;,,. If to set the shock in the j* variable to 6; = ,/7;;,
then the scaled GIRF shows the effect of this shock on the expected value of y;,:

Yi(n) = aj_j%@lZej, n=0,1,2.. (3.9)

6Forecast error impulse responses are thoroughly studied in Liietkepohl (2005).
"More on the orthogonalisation of the IR function can be found in Wang (2009) and Hans (1998).
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The GIRF is invariant to changes in the ordering of variables and takes into account
correlations between different shocks. Another interesting feature of the GIRF is
that it is equivalent to the orthogonalised IR function for the first equation in the
VAR. This permits to estimate generalized impulse responses wg (n) by calculating

orthogonalised impulse responses 1/13’(71) with each variable as a leading one.
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Figure 3.3: GIRF after shocks in Ireland and Spain

Source: own calculations based on the Datastream data.

Figures 3.3, 3.4, 3.5 and 3.6 present the results of the GIRF for the crisis period
(November 14, 2007 — September 29, 2010). We use six lags as in the Granger-
causality test performed for the crisis period. We introduce a positive shock of one

standard deviation to the spread of CDSs of each country and observe changes in basis
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Figure 3.4: GIRF after shocks in Portugal and Italy

Source: own calculations based on the Datastream data.

points. The positive shock to CDS spreads means an increase in the risk of default on
the sovereign debt. Besides, the shock is not independent and hits the whole system
according to correlations between CDS spreads of the studied countries. In general,
we observe that the effect of the shock lasts for around 15 days, and after that the

whole system converges to the initial state.

Regarding PIIGS, it is apparent from the figures that the system responds the most
to a shock in the Spanish and Irish CDS market (in comparison to similar shocks in
other PIIGS). Moreover, a shock in Irish CDSs results in the highest turbulence in
CDS markets of the core, especially Germany. A shock in Spain causes a turmoil in
CDS spreads of PIIGS with slightly lower effect on CDSs of core countries. Similarly,
a shock in the Portuguese CDS market results in a relatively strong response for

PIIGS and a rather weak response for the core, which is also confirmed by the results
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Figure 3.5: GIRF after shocks in Greece and the UK

Source: own calculations based on the Datastream data.

— UK
France
Germany

of the Granger-causality test for Portugal in the crisis period (Figure 3.2). At the
same time, the impulse response to a shock in CDS markets of Italy and Greece seems

to be weaker, especially for France, Germany and the UK (Figures 3.4 and 3.5).

Considering core countries, the figures show that the system responds strongly also

to a shock in the French and German CDS market, which is natural if to take into

account the size of these economies. Besides, the response to a shock in the French

CDS market is the largest. It affects CDSs of the UK, Italy and Ireland the most.

that in France and Germany.®

Interestingly, the response to a shock in the UK CDS market is slightly weaker than

8 An exception is Italian CDSs that change by more than 0.015 basis points in response to a shock
in the UK CDS market.
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Figure 3.6: GIRF after shocks in Germany and France

Source: own calculations based on the Datastream data.

As to the degree of the reaction to shocks, we observe that the Italian CDS market

has a stronger response to shocks than other countries’” CDS markets. Thus, Italian

CDSs are especially vulnerable to shocks in Germany and the UK. Another interesting

finding is that the reaction to a turbulence in each of PIIGS is higher for the rest of
PIIGS than for France, Germany and the UK. In general, CDS markets of the core

are more responsive to shocks in other core countries than to shocks in PIIGS.

A robustness test of the results on Granger-causality and impulse responses shows

that the existence and the direction of causality as well as the strength and the

persistence of responses are very sensitive to changes in the number of lags in the

VAR model. However, general patterns and relative differences in the behavior of the

examined CDS markets seem to hold.
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3.2.2 Adjusted Correlations of CDS Spreads Around the Greek
Bailout

The Granger-causality test and the IR analysis are informative in studying the rela-
tionship between CDS markets of the countries in the sample. However, a VAR model
requires a sufficient number of observations in order to determine causality. Therefore,
in the VAR model, we considered a longer crisis period that spans from the credit
crunch in August 2007 through the sovereign debt crisis until September 2010. Since
problems of Greece in March-April 2010 made financial markets extremely nervous,
it is also important to have a closer look at the relationship between CDS markets
just around the period of the Greek bailout in May 2010.

The unconditional Pearson correlation coefficient increases automatically with a surge
in volatility during crisis times and, therefore, can provide misleading results.” Boyer
et al. (1999) and Forbes and Rigobon (2002) suggested the adjustment that considers

changes in volatility:

p“=p

ot K
p“ﬂl—f)él , (3.10)

Cov(X,Y)

oo is a Pearson coefficient that is calculated for each pair of sovereigns

X and Y (it is assumed that sovereign X is a trigger); a}%zand ag’f are the variance

where p =

of CDS spreads of the triggering sovereign before the crisis and during the crisis,

respectively.

Equation 3.10 shows that the conditional correlation coefficient can increase because
of the change in the underlying relationship between sovereigns and/or because of the
change in volatility. Since our primary interest lies in the increase in the relationship
itself, correlation coefficients need to be controlled for volatility. Thus, adjusted

correlations are derived from Equation 3.10:

D=

02

. o 2
P =p" |1+ (7 — DA =) (3.11)
Ox

9Discussion on this can be found in Kat (2003).
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pA% can be interpreted as the correlation coefficient adjusted for the bias resulting
from an increase in the volatility of CDS spreads during the crisis period. It is a
coefficient conditional on one of the countries in a correlated pair being in distress (in

crisis).

Corsetti et al. (2005) criticized this method of the coefficient adjustment. They
showed that if the data generating process includes a common factor (e.g., interest
rates or the oil price increase), the adjustment also should depend on the common
factor. However, we use the adjustment on the time series between August 2009
and September 2010 and hence eliminate the possible influence of the US subprime
mortgage crisis of 2007-2008 on the European sovereign debt crisis in our further

analysis.

Table 3.3 presents the variance of CDS spreads before and during the crisis. The
variance before the crisis 0')7%2 is calculated on the time series between August and
October 2009 when the volatility and CDS spreads were quite low.!® The variance
during the crisis 0)0(2 is calculated for two samples: the period before the Greek
bailout (November 2009 — April 2010) and the period after the Greek bailout (May —
September 2010)."" Table 3.3 shows that during the crisis (especially after the bailout

of Greece) the variance increased more for PIIGS than for core European countries.

Table 3.3: Variance before and during crisis

Period ‘ Greece Italy Portugal Ireland Spain UK France Germany
Before crisis 0.0006 0.0009 0.0011 0.0007 0.0008  0.001 0.0014 0.0019
Duri Before bailout 0.004 0.002 0.004 0.002 0.003  0.001 0.002 0.003
uring
After bailout 0.004 0.005 0.007 0.004 0.005  0.002 0.002 0.002

Source: own calculations based on the Datastream data.

Unadjusted correlation coefficients between CDS spreads before and after the Greek
bailout are reported in Tables 3.7 and 3.8 in the Appendix. Tables 3.4 and 3.5 show
that correlation coefficients adjusted for increased volatility between CDS spreads
before and after the Greek bailout are considerably lower. Unlike the tables with
unadjusted coefficients, Tables 3.4 and 3.5 are not symmetric because the value of
the correlation depends on a sovereign in distress. For example, in Table 3.4 the
correlation between CDS spreads of Greece and Italy is equal to 0.408 if Greece is a

triggering country and 0.617 if it is Italy.

10We use a short reference period to adjust coefficients since Dungey and Zhumabekova (2001)
warn that long reference periods may bias the results.

10On May 2, 2010 Eurozone finance ministers approved a 110-billion-euro loan package for Greece
over three years, with 80 billion euros coming from the bloc and the rest from the IMF.

20



Chapter 3. Sovereign Contagion: Relationships between CDS Markets of PIIGS,
France, Germany and the UK

Table 3.4: Adjusted correlations before the Greek bailout

Country ‘ Greece Italy Portugal Ireland Spain UK France Germany Pn
Greece 1 0.617 0.543 0.633 0.527  0.576 0.573 0.563 4.033
Italy 0.408 1 0.651 0.615 0.72 0.743 0.688 0.66 4.485
Portugal 0.429 0.741 1 0.657 0.708  0.655 0.666 0.668 4.524
Ireland 0.461 0.656 0.603 1 0.585  0.595 0.546 0.58 4.026
Spain 0.413 0.8 0.707 0.639 1 0.698 0.626 0.646 4.53
UK 0.295 0.65 0.46 0.455 0.504 1 0.621 0.65 3.636
France 0.329 0.637 0.518 0.454 0.478 0.668 1 0.791 3.876
Germany 0.29 0.565 0.477 0.445 0.457  0.654 0.755 1 3.643
p1 2.625 4.667 3.96 3.898 3.979 4.59 4.475 4.558

Source: own calculations based on the Datastream data.

Table 3.5: Adjusted correlations after the Greek bailout

Country ‘ Greece Italy Portugal Ireland Spain UK France Germany ‘ Pn
Greece 1 0.427 0.554 0.488 0.451  0.483 0.625 0.58 3.608
Italy 0.391 1 0.549 0.648 0.639  0.649 0.705 0.761 4.342
Portugal 0.527 0.562 1 0.678 0.604 0.623 0.692 0.696 4.383
Ireland 0.435 0.632 0.65 1 0.666  0.634 0.698 0.735 4.45
Spain 0.431 0.658 0.609 0.699 1 0.591 0.678 0.75 4.416
UK 0.273 0.438 0.403 0.439 0.371 1 0.652 0.7 3.276
France 0.34 0.446 0.421 0.454 0.403  0.602 1 0.803 3.468
Germany 0.271 0.457 0.38 0.444 0.428  0.601 0.762 1 3.343
p1 2.67 3.621 3.565 3.85 3.562  4.183 4.812 5.025

Source: own calculations based on the Datastream data.

p1 is a triggering potential of each sovereign. It is the sum over rows excluding
the sovereign for which the value is calculated (i.e., the sum over rows minus one).
It represents the vulnerability of all sovereigns in the sample to the column sovereign
being in distress. p, is a vulnerability of each sovereign to a joint trigger of all
other sovereigns. It is the sum over columns excluding the country for which the value
is calculated (i.e., the sum over columns minus one). It represents the vulnerability
of each sovereign to all other sovereigns being in distress (each column sovereign at
a time). If p, is higher than p; for a sovereign, it means that this sovereign is more
fragile to the joint trigger of other sovereigns than other sovereigns are fragile to the

trigger of this particular sovereign.

What is drawing attention is that France, Germany and the UK are highly correlated
to other sovereigns and would rather trigger them than would be triggered by any
other sovereign. The same is true for Italy but only before the Greek bailout since

after the Greek bailout it becomes more vulnerable to shocks from other countries.
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Figure 3.7: Triggering potential of CDS markets before and after the Greek bailout
Source: own elaboration based on Table 3.4, Table 3.5 and Appendix Table 3.9.

At the same time, both before and after the Greek bailout Greece, Italy, Portugal,
Spain and Ireland show smaller correlations to other sovereigns. They are more fragile
to worsening situations in other countries under analysis and would be triggered by

some other country rather than would trigger any sovereign themselves.

Figure 3.7 displays the triggering potential of each sovereign p; against its GDP.
GDP serves as a proxy for the relative economic size and strength of each country
in the sample. Thus, Table 3.9 in the Appendix suggests that Germany is the pow-
erhouse of Europe followed by France, the UK and Italy.!? Besides, both before and
after the Greek bailout the triggering potential of Germany, France and the UK was
considerably higher than that of PIIGS. Moreover, correlations of CDS markets of
Germany and France with CDS markets of other sovereigns grew further after the
Greek bailout. A possible explanation for this might be that these countries were the

main sponsors of the Greek debt.

Ireland had the highest triggering potential among PIIGS after the Greek bailout.
It may be due to the unprecedented help of its government to the banking sector in
September 2010. This pushed the Irish budget deficit up to around a third of GDP
and later led to its EU-IMF bailout in November 2010. The triggering potential of
Italy before the Greek bailout was as high as that of core European countries but
it dropped after the bailout to the levels of Spain and Portugal. Surprisingly, both
before and after the Greek bailout Greece had the lowest triggering potential among
countries in the sample. This result may possibly be explained by the fact that once

it became obvious that the Greek crisis is the European Union crisis, the CDS market

12The ranking of countries may be different depending on which method to measure GDP is used.
In this study we use the GDP statistics based on the current exchange rate method as it offers better
indications of a country’s relative economic strength.
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Figure 3.8: Vulnerability of CDS markets before and after the Greek bailout
Source: own elaboration based on Table 3.4, Table 3.5 and Appendix Table 3.9.

of Greece stopped being the only cause of problems in the European CDS market.
At the same time, CDS markets of core EU countries became more important since
the decisions of investors were mainly based on the probability of a bailout and the

willingness of the core to rescue Greece.

Overall, with the exception of Greece, each of PIIGS has a triggering potential of a
similar strength. However, taking into consideration GDP levels it should be borne
in mind that Italy and Spain are much bigger economies than Greece, Ireland and

Portugal and thus may pose a greater threat to the EU in case of default.

Figure 3.8 displays the vulnerability of each country to a joint trigger p, against each
country’s banking assets. Assets from the BIS data are presented in Table 3.9 in the
Appendix.!3 They serve as a proxy for the capacity of each country in the sample
to sustain the shock if it is triggered by any other sovereign. Here we observe the
opposite situation. Overall, in both periods PIIGS are more vulnerable to shocks
than core European countries. Besides, assets of PIIGS are considerably lower than

those of the core to be able to absorb the shock from other countries.

What is interesting is that both before and after the Greek bailout Greece was less
vulnerable than other PIIGS. Vulnerability of Ireland before the bailout was at the
same level as that of Greece but Ireland’s assets are considerably higher. Nevertheless,
after the Greek bailout Ireland became more vulnerable. The most vulnerable country
in the sample is Portugal, which is both susceptible to shocks and has low assets to

absorb them if it is triggered.

13We use the BIS data from March 2010 for the analysis before the Greek bailout and June 2010
for the analysis after the Greek bailout.
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Among core European countries France is the most vulnerable; whereas the UK has
the highest assets (with London being one of the world’s largest financial centers),

which makes it the least vulnerable to shocks.

Thus, the adjusted correlation analysis confirms that core EU countries (Germany,
France and the UK) have both high potential to trigger other sovereigns and extensive
assets to sustain the shock if they are triggered by other countries. On the contrary,
Greece and other PIIGS (even Spain and Italy) have lower triggering potential and
considerably lower assets to absorb the shock. Hence they are more fragile to the
worsening situation in other countries. The results also suggest that Portugal is the

most vulnerable and the UK is the least vulnerable country in the sample.

3.3 Concluding Remarks

This chapter examined possibilities of contagion between CDS markets of PIIGS,
France, Germany and the UK as well as revealed the most vulnerable and dangerous
players on the basis of the Datastream data for 2005-2010. In order to identify a causal
relationship and its strength between CDS markets, we constructed a VAR model.
The first part of the VAR analysis - the Granger-causality test - revealed a huge rise in
cross-country interdependencies after the global financial crisis as compared with the
pre-crisis period. Besides, the Portuguese and German CDS market Granger-cause
the highest number of other countries’ CDSs. The second part of the VAR analysis -
the impulse-response function - showed that among PIIGS CDS markets of Spain and
Ireland have the biggest impact, whereas the Italian CDS market responds to shocks
the most. Furthermore, the reaction to a turbulence in each of PIIGS is higher for
the rest of PIIGS than for France, Germany and the UK. In general, CDS markets
of the core are more responsive to shocks in other core countries than to shocks in
PIIGS.

In order to have a closer look at the behavior of the CDS market before and after the
first bailout of Greece in May 2010, we conducted the adjusted correlation analysis.
It confirmed that in both periods Greece and other PIIGS (even Spain and Italy)
have lower potential to trigger contagion than core EU countries (Germany, France,
the UK). Besides, Portugal is the most vulnerable country in the sample, whereas the

UK is the most immune to shocks.
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It should be borne in mind that the empirical results presented in this chapter con-
sidered changes that occurred only in the CDS market. This means that there could
be other channels through which contagion could spread. Moreover, the analysis was
performed only on the time series until September 2010. Since the situation in the
European CDS market is constantly changing, it would also be interesting to look at
the behavior of the CDS market of the studied countries after that period. Further-
more, the analysis can be easily extended to a larger set of European Union countries
(for instance, new EU members) and thus the findings of this chapter leave room for

future research.

Though informative, the applied methods are insufficient to clearly answer the ques-
tion which country would be the next weakest link in case of default of some country.
However, we believe that the use of the network approach may further clarify the
issue. Thus, in the next chapter we will conduct stress tests on the financial network
among sovereigns interconnected according to their debt relationships. Stress tests
will help to track contagion round by round as well as calculate systemic losses as a

result of a particular credit event.
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3.4 Appendix

Table 3.6: AIC and SIC test
Pre-crisis Crisis
Lags
AIC SIC AIC SIC

1 -1.5554 -1.5315 -3.7896 -3.7564
2 -1.5554 -1.5108 -3.7933 -3.7305
3 -1.5604 -1.4950 -3.7936 -3.7013
4 -1.5578 -1.4716 -3.7984 -3.6765
5 -1.5565 -1.4496 -3.7912 -3.6399
6 -1.5524 -1.4247 -3.7998 -3.6189
7 -1.5470 -1.3986 -3.7940 -3.5837
8 -1.5391 -1.3700 -3.7896 -3.5498
9 -1.5326 -1.3428 -3.7863 -3.5171
10 -1.5259 -1.3154 -3.7799 -3.4813
11 -1.5208 -1.2897 -3.7819 -3.4539
12 -1.5153 -1.2635 -3.7779 -3.4205
13 -1.5090 -1.2367 -3.7714 -3.3847
14 -1.5022 -1.2093 -3.7661 -3.3500
15 -1.4973 -1.1838 -3.7596 -3.3142
16 -1.4923 -1.1583 -3.7551 -3.2803
17 -1.4898 -1.1353 -3.7562 -3.2522
18 -1.4857 -1.1107 -3.7476 -3.2143
19 -1.4792 -1.0837 -3.7406 -3.1781
20 -1.4779 -1.0620 -3.7341 -3.1424

Note: the results of the tests are presented in the format 1.0e+004. Values in bold correspond to
the minimum of the AIC and SIC function.

Source: own calculations based on the Datastream data.

Table 3.7: Unadjusted correlations before the Greek bailout
Country ‘ Greece Italy Portugal Ireland Spain UK France Germany

Greece 1 0.762 0.781 0.807 0.767 0.632 0.676 0.623
Ttaly 0.762 1 0.856 0.794 0.895 0.789 0.779 0.716
Portugal 0.781 0.856 1 0.825 0.888 0.708 0.76 0.724
Ireland 0.807 0.794 0.825 1 0.812 0.65 0.649 0.64
Spain 0.767 0.895 0.888 0.812 1 0.748 0.725 0.704
UK 0.632 0.789 0.708 0.65 0.748 1 0.72 0.707
France 0.676 0.779 0.76 0.649 0.725 0.72 1 0.834
Germany 0.623 0.716 0.724 0.64 0.704 0.707 0.834 1
Source: own calculations based on the Datastream data.
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Table 3.8: Unadjusted correlations after the Greek bailout

Country ‘ Greece Italy Portugal Ireland Spain UK France Germany

Greece 1 0.756 0.86 0.795 0.792 0.611 0.701 0.607
Italy 0.756 1 0.857 0.894 0.905 0.766 0.773 0.782
Portugal 0.86 0.857 1 0.908 0.889  0.744 0.761 0.721
Ireland 0.795 0.894 0.908 1 0.917  0.753 0.767 0.758
Spain 0.792 0.905 0.889 0.917 1 0.716 0.749 0.773
UK 0.611 0.766 0.744 0.753 0.716 1 0.725 0.724
France 0.701 0.773 0.761 0.767 0.749  0.725 1 0.822
Germany 0.607 0.782 0.721 0.758 0.773  0.724 0.822 1

Source: own calculations based on the Datastream data.

Table 3.9: GDP and banking assets of sovereigns

Assets, USD mn
Country | GDP 2010, USD bn
March 2010 June 2010

Greece 305.415 235,350 207,738
Italy 2,055.11 1,056,344 905,586
Portugal 229.336 269,183 227,069
Ireland 204.261 1,097,931 998,128
Spain 1,409.95 1,011,585 875,951
UK 2,247.46 4,741,546 4,701,859
France 2,582.53 1,752,296 1,631,062
Germany 3,315.64 1,635,649 1,665,882

Sources: World Economic Outlook Database of the IMF; BIS statistics.
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Chapter 4

From Sovereigns to Banks: Evidence
on Cross-border Contagion

Abstract

This chapter analyzes the evolution of the banking system sensitivity to cross-border con-
tagion over the period of 2006-2011. The study is performed on the basis of the BIS data
on cross-border exposures and the Bankscope data on Tier 1 capital of 20 banking systems
(Australia, Austria, Belgium, Canada, Finland, France, Germany, Greece, India, Ireland,
Italy, Japan, the Netherlands, Portugal, Spain, Sweden, Switzerland, Turkey, the UK and
the US). Since the European sovereign debt crisis took a decisive turn at the end of 2009,
markets started looking at its main protagonists - so called PIIGS (Portugal, Ireland, Italy,
Greece and Spain) - with a lot of anxiety. However, unexpectedly, the analysis of the data
shows that a single failure among PIIGS could be absorbed by the network in 2011. Never-
theless, multiple initial failures (especially combinations including Italy and/or Spain) could
be more dangerous. The simulation results reveal that the resilience of banking systems to
contagion risks tends to improve over the years. The most systemically important countries
are those of the US, the UK, France and Germany. Besides, a shock to the US is capable
of destroying the UK banking system already in the first round, whereas the UK would not
lead to the failure of the US banking system even after all rounds of contagion. The results
also show that the banking systems of the US, Turkey and Finland are completely immune
to contagion effects. At the same time, there exist considerable risks for Switzerland and
Ireland as their banking systems default also with high recovery rates.

JEL classification: F34, F37, G01, G15, G21

Keywords: contagion, Furfine algorithm, stress testing, PIIGS
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4.1 Introduction

The US subprime mortgage crisis and the ensuing European sovereign debt crisis have
heightened the need for policymakers and regulators all over the world to look beyond
national borders to monitor systemic risk. As pointed out by Allen and Babus (2008),
network theory can assist in this matter as it allows to reveal dependencies between
financial institutions and assess the danger of a shock spreading through the whole

system via direct financial linkages.

A considerable amount of literature has been published on systemic risk and contagion
in financial networks. The theoretical underpinning is provided, among others, by
Allen and Gale (2000), Iori et al. (2006), Nier et al. (2007), Babus (2009), Gai and
Kapadia (2010), Martinez-Jaramillo et al. (2010), Acharya et al. (2010), Bolton and
Jeanne (2011).

A large part of the theoretical contribution focuses on the study of the effect of
various parameters and network structures on the resilience of the network to con-
tagion. Thus, Allen and Gale (2000) model contagion in the network formed by
four banks. The authors suggest that the likelihood of the propagation of financial
distress between network players is mainly determined by the nature of their inter-
connectedness. Thus, complete network structures, where all entities are connected
to each other, are more resilient to contagion as each entity bears a small share of
the shock. By contrast, in incomplete networks the losses of a distressed entity are
distributed between fewer connected players, which increases the impact of the shock
on each player. Iori et al. (2006) discuss a dual role of the interbank market: as an
insurer against liquidity shortages experienced by individual banks and as a source
of contagion spreading from a distressed bank to other banks. They show that in the
network with homogeneous banks the interbank market performs mainly the role of a
stabilizer of the system; whereas networks with heterogeneous banks are more prone

to knock-on defaults.

Nier et al. (2007) apply network theory to capture the generic relationship between
the level of systemic risk in the banking system and its key characteristics such as the
size of exposures, capital buffers, degree of connectivity and degree of concentration.
The authors conclude that the higher interbank exposures and the lower banks’ cap-
ital buffers, the more susceptible to contagion effects is the banking system. Besides,

more concentrated banking systems are exposed to larger systemic risks. Another
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important finding is that the degree of connectivity has a non-monotonic effect on
the resilience of a banking system to contagion. Thus, at first a small increase in con-
nectivity causes large contagion effects; however, the resilience to contagion improves
when connectivity reaches a certain point. Similarly, Babus (2009) shows that when
banks reach a certain connectivity threshold, they are capable of forming networks
resilient to contagion risks. Gai and Kapadia (2010) examine how the likelihood
of contagion and its potential impact vary with aggregate and idiosyncratic shocks,
changes in network structure and liquidity of the asset market. The authors suggest
that the financial market can be characterized by a robust-yet-fragile nature, i.e.,

contagion is rather an unlikely event, but can have devastating effects once it occurs.

There are also works that examine the implications of sovereign debt crises for the
banking sector. For instance, Bolton and Jeanne (2011) propose a sovereign debt
model, where, due to financial integration, banks of one country use the government
debt of another country as collateral in the interbank market. In an attempt to min-
imize their costs resulting from an individual country’s default, banks diversify their
portfolios but inevitably expose themselves to a higher systemic risk and contagion.
The authors show that in financially integrated economies, without fiscal integration,
the government debt is supplied inefficiently. Thus, the safest governments supply too
low amounts of the safe debt, whereas the riskiest economies issue too much of the
risky debt. According to the authors, the introduction of fiscal integration between

countries could eliminate these inefficiencies.

Furthermore, some works are devoted to the measurement of systemic risk.! Thus,
Martinez-Jaramillo et al. (2010) estimate the distribution of losses for the banking sys-
tem and distinguish between initial losses and contagion losses. Besides, the authors
propose a measure of fragility for the banking system and calculate it for different
years in order to track the vulnerability of the financial system over time. Acharya
et al. (2010) measure the contribution of each financial institution to systemic risk as
its systemic expected shortfall (SES), i.e., its propensity to be undercapitalized when
the system as a whole is undercapitalized. According to the authors, the higher the
level of institution’s leverage and the higher the expected losses during a crisis, the
larger is its SES. The authors argue that imposing a tax based on institution’s SES

can reduce its contribution to systemic risk. Furthermore, they show empirically that

Bisias et al. (2012) provide a survey of various quantitative measures of systemic risk to be used
in economics and finance.
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SES appears to be helpful in the prediction of the risks emerging in the system during

the recent global financial crisis.

Besides numerous theoretical contributions on systemic risk and financial contagion,
a large body of empirical literature has emerged on the topic. In some empirical
studies researchers compute network measures and track the evolution of network
properties over time. Thus, von Peter (2007) shows how network measures can be
used to identify the most important banking centers in the international banking
network. Likewise, Hattori and Suda (2007) compute various network measures and
find that the network of cross-border bank exposures became more interconnected over
time. Garratt et al. (2011) apply a network clustering technique to estimate how the
interconnectedness of 21 international banking groups affects the spread of systemic
risk in the network in 1985-2009. The authors find that the contagious capacity of
the international banking network was increasing during that period and peaked at
the time of the Lehman Brothers collapse. In a similar vein, Minoiu and Reyes (2011)
study the evolution of the global banking network of 184 countries over the period
of 1978-2009 and document that the network was relatively unstable. Besides, the
authors reveal structural breaks in the network indicators and reduced connectivity

between network players during and after systemic crises.

In recent years, there has been an increasing amount of literature that focused on
monitoring systemic risk within banking systems of individual countries. Examples
can be found in Boss et al. (2003) for Austria, Wells (2004) for the UK, Miiller (2006)
for Switzerland, van Lelyveld and Liedorp (2006) for the Netherlands, Degryse and
Nguyen (2007) for Belgium, Furfine (2009) for the US, Toivanen (2009) for Finland,
Rg rdam and Bech (2009) for Denmark, Canedo and Jaramillo (2009) for Mexico,
Krznar (2009) for Croatia, Mistrulli (2011) for Italy, Fungacova and Jakubik (2012)
for Russia, etc. Most papers in this strand have access to the data on interbank
exposures only on the aggregate basis. In order to know the actual structure of
bilateral exposures, the authors apply statistical methods (e.g., the maximum entropy
technique) assuming that bank lending is spread as evenly as possible. The majority
of papers finds that contagion appears to be a possible but rather an unlikely event.
Upper (2011) provides a critical overview of this literature and argues that it needs

to incorporate behavioral foundations in order to be more suitable for policy making.

Several attempts have been also undertaken to analyze cross-border linkages. Thus,
Cihak et al. (2011) and Schoenmaker and Wagner (2011) study costs and benefits of
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cross-border banking and argue that after a certain value gains from the increase in
cross-border linkages diminish and fragility increases. International Monetary Fund
(2011) distinguishes the main determinants of cross-border linkages and finds empir-
ically that geographical, historical and cultural factors account for their magnitude
the most. Espinosa-Vega and Solé (2010) and Chan-Lau (2010) illustrate how finan-
cial surveillance across borders can be analyzed with network methods. The authors
consider not only credit but also funding shocks and their joint realization at a par-
ticular point in time. Similarly, Degryse et al. (2010) study cross-border contagion
from triggering countries to banking systems of recipient countries in a multi-period

context (1999-2006).

So far, however, there has been relatively little discussion on the potential spread
of turbulence in sovereigns in the European sovereign debt crisis to banking systems
of other countries through banks’ foreign exposures to sovereign debt. Fears that
European banks have too extensive exposure to sovereign bonds issued by fiscally
weak PIIGS raised a lot of worries among investors that a sovereign default could
wipe out banks’ capital reserves and make unavoidable other bailouts. Indeed, in
2011 financial markets witnessed the spread of tensions not only to other sovereigns
but also to banks exposed to the sovereign debt of PIIGS. CGFS (2011) discusses the
main channels through which sovereign tensions propagate to the banking sector. The
authors stress that banks need to build up sufficient capital buffers in order to reduce
the risk of domestic and cross-border contagion. Blundell-Wignall and Slovik (2010)
carry out a study in which they conduct stress tests for 18 EU member countries.
The authors consider small trading book exposures of 91 European banks to sovereign

debt of other countries and find that most banks appear to be resilient.

In an attempt of contributing to this field, we track changes in the banking system
sensitivity to cross-border contagion over the period of 2006-2011. Our study differs
in several respects. Firstly, rather than using the Bank for International Settlements
(BIS) data on an immediate borrower basis, we use a dataset on an ultimate risk basis.
It provides a more accurate picture of banks’ true exposures as they are adjusted
for risk mitigants such as guarantees and collateral. Secondly, while most of the
studies attempt to capture contagion effects only for one-period snapshot, we take
into account the time dimension as suggested by Cihék (2007). We employ a six-year
horizon (2006-2011) to investigate how the resilience of banking systems to contagion

risk evolves over time.
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In this study we define contagion as a situation in which losses from claims to a de-
faulting country are capable of causing a failure of banking systems of other countries.
The definition of contagion is maintained mechanic to allow an easy assessment of

both direct and knock-on effects in the network.

Firstly, we present a set of stylized facts on cross-border activities of eight countries
(PIIGS, France, Germany and the UK). The data analysis shows that a single failure
among PIIGS is not sufficient to trigger the default of a banking system of another
country. However, multiple failures among PIIGS (especially combinations including

Italy and/or Spain) could be more dangerous.

Secondly, in order to account for all potential linkages, we use a simple model to
simulate contagion and amplification mechanisms affecting banks’ capital levels for
an extended sample of 20 countries (Australia, Austria, Belgium, Canada, Finland,
France, Germany, Greece, India, Ireland, Italy, Japan, the Netherlands, Portugal,
Spain, Sweden, Switzerland, Turkey, the UK and the US). To the best of our knowl-
edge, this is the first study that covers such a wide range of countries to examine
possibilities of contagion from sovereigns to banks in the current crisis. The simula-
tion results show that the resilience to contagion tends to improve over the years. The
US, the UK, France and Germany are the most important systemic players. Besides, a
shock to the US would transmit to the UK banking system already in the first round,
whereas the UK would not affect the US banks even after all rounds of contagion.
The banking systems of the US, Turkey and Finland seem to be completely immune
to contagion effects; whereas Switzerland and Ireland appear the most vulnerable

players as their banking systems default also with high recovery rates.

The rest of the chapter is organized as follows. Section 4.2 analyzes the BIS and
Bankscope data to draw some preliminary results. Section 4.3 describes the estimation
methodology - the Furfine algorithm. Section 4.4 discusses the results. The last

section concludes.

4.2 BIS and Bankscope Data Analysis

The data on consolidated foreign exposures were taken from the BIS consolidated

banking statistics that report lending by the headquartered banks and all their branches
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around the world on a consolidated basis (i.e. net of interoffice account).? The data
inform about the exposures of the national banking system in one country to all sec-
tors (bank, non-bank and public sector) in another country. Mcguire and Tarashev
(2008) and Weistroffer and Mobert (2010) show how to explore the BIS data most
effectively in order to monitor banking sector risks resulting from its cross-border

exposure.

In this study foreign exposures are used on an ultimate risk basis (i.e., contractual
lending net of guarantees, collateral and other credit risk transfers).®> These data
allocate claims to the country of ultimate risk (where the guarantor of a claim resides)
and may differ substantially from contractual lending (reported on an immediate risk

basis) as a result of risk mitigation.

In the face of the European sovereign debt crisis, our primary interest lies in the study
of cross-border contagion in Europe. For this reason, the preliminary data analysis is
done for the main protagonists of the Eurozone debt crisis - Portugal, Ireland, Italy,
Greece, Spain (PIIGS) and France, Germany and the UK (core countries) that have
a high exposure to PIIGS. The data on the ultimate risk basis are available since
March 2005 for all the countries apart from Ireland; therefore, the analysis covers the
period of 2006-2011.

Figure 4.1 demonstrates that the exposure of core banking systems to PIIGS has
been growing since March 2006 for two consecutive years. After that, especially
following the collapse of Lehman Brothers in September 2008, cross-border lending
started decreasing. At the beginning of 2010, for the first time since the Lehman
Brothers collapse, cross-border lending by banks rose again. Nevertheless, in the
second quarter of 2010 it dropped substantially implying the outflow of capital from

European economies toward more stable regions.

Figure 4.1 also shows that since 2008 PIIGS have been owing more to French banks
than to German and British banks. Interestingly, until December 2007 German banks
were leading in cross-border lending to PIIGS. However, since June 2008 their flows
to PIIGS started contracting more than those of French and British banks.

2BIS also provides locational banking statistics that report lending by all banks located in a given
country on a gross (unconsolidated) basis. However, it is impossible to measure national banking
systems’ exposure to individual countries on the basis of these statistics because of the residency
principal of their collection.

3German banks’ foreign claims vis-a-vis developed countries are available only on an immediate
borrower basis.

64



Chapter 4. From Sovereigns to Banks: Evidence on Cross-border Contagion

Exposure to PIIGS
1,000,000

900,000
800,000
700,000
600,000

200900 ——French banks
400,000

300,000 —— German banks
200,000 ——UK banks

100,000
0

© L 0 0 P& QO O N BN
ST S S S
S E SR IE IS

Figure 4.1: Foreign exposure of core banking sector to PIIGS in total (USD millions)

Source: own elaboration based on the BIS data.

Figure 4.2 reveals to which extent sovereigns and banking systems of other nations
are connected. It shows how much a banking sector in a particular country is owed
by each of PIIGS, France, Germany and the UK for December 2006-2011.4

Thus, the banking systems of three of the PIIGS - Greece, Ireland and Spain - are
most exposed to the UK debt, even though their exposure differs considerably in
absolute terms.® Interestingly, Greek banks lend more funds to core countries than
to other PIIGS. In contrast, Irish banks, apart from being exposed to core (mostly to
the UK), also hold high cross-border claims on Italy and Spain. Regarding Spanish
banks’ relationship with other PIIGS, they are most exposed to Portugal and least to
Greece. Portuguese banks are in return highly exposed to the Spanish debt, whereas

Italian banks hold the highest claims on Germany.

Figure 4.2 also presents the structure of core banking systems’ exposure. Thus, French
banks have the highest claims on Italy but are also extensively exposed to the UK,
Germany and Spain. At the same time, German banks are most of all owed by the
UK. The German banking sector also holds high claims on France, Spain, Italy and

Ireland. As for the UK, its banks are highly exposed to other core countries (more

4These dynamics could have been affected by cross-border mergers and acquisitions activities.
Thus, von Peter et al. (2006) point out that mergers contribute to the increase in local claims that
refer to claims of reporting banks’ foreign offices on residents of the country where these foreign offices
are located (N.B. local claims in local and foreign currencies along with cross-border claims form
foreign claims of a banking system). For example, in 2005 Italian UniCredit SpA (then UniCredito
Italiano) took over all of Germany’s HVB Group. In 2006 French BNP Paribas bought Italian Banca
Nazionale del Lavoro, whereas French Crédit Agricole gained about 72% of Greek Emporiki Bank.
In 2008 Spanish Santander bought British mortgage bank Alliance and Leicester (see Chin (2013)).

5The exposure of Spanish banks to the UK is more than 30 times higher than that of Greek
banks.
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Figure 4.2: Banking sector foreign exposure to PIIGS, France, Germany and the UK

(USD millions)

Source: own elaboration based on the BIS data.
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to France than to Germany). Regarding the exposure of the UK banking system to
PIIGS, it has a higher exposure to Ireland than to Spain and Italy. In other words,
the inability of Ireland to pay its debt would incur higher losses for the UK banks
than the non-payment of debt by other PIIGS.

The data on cross-border exposures allow to see how many losses would be incurred by
banking systems in case of the non-payment of debt by their counterparties. However,
in order to determine to which extent these losses can be absorbed, it is important

to consider capital levels of the exposed banking systems.

The data on Tier 1 capital were collected from Bankscope and are presented in Table
4.4 in the Appendix. In order to calculate the aggregate value, we considered the sum
of Tier 1 capital of all financial institutions® in the country (excluding the Central

bank) at the end of each year.

Aggregate Tier 1 capital
1,200,000 - ggreg P
1,000,000 1 o= France
—&— Germany
800,000 - —4&—Greece
600,000 1 —&— Ireland
—o—Italy
400,000 - O Portugal
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0 == < = N —

2006 2007 2008 2009 2010 2011

Figure 4.3: Tier 1 capital of banking systems of PIIGS, France, Germany and the
UK (USD millions.)

Source: own elaboration based on the Bankscope data.

Figure 4.3 displays the dynamics of the aggregate Tier 1 capital of banking systems
of PIIGS and core. Core countries maintain considerably higher capital levels (with
the UK in the lead) than PIIGS. Regarding PIIGS, Italy and Spain are capitalized
better than Ireland, Portugal and Greece, which is understandable given a bigger
size of their economies and hence larger banking sectors. The figure also shows that

the levels of Tier 1 capital have been changing over the years and in absolute terms

8For simplicity these financial institutions are later referred to as banks and include commercial
banks, savings banks, cooperative banks, real estate and mortgage banks, investment banks, Islamic
banks, specialized governmental credit institutions, bank holdings and holding companies, multi-
lateral governmental banks, micro-financing institutions, securities firms, private banking/asset
management companies, investment and trust corporations, finance companies, clearing and cus-
tody institutions, group finance companies.
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increased more for core than for PIIGS.” This fact could be explained by a growing
uncertainty over the future of PIIGS, which increased the necessity of the core to

recapitalize its banks.

Table 4.5 in the Appendix illustrates the ratio of foreign claims to Tier 1 capital of
PIIGS and core. Calculations are done for both total foreign claims (liabilities of all
counterparties) and the largest claim (counterparty with the largest liability) of each
banking system. Figure 4.4 emerges from this table and shows the ratio averaged over
time. The red line shows the situation when the ratio is equal to one (foreign claims
are equal to Tier 1 capital). Thus, the ratio below this line reflects total immunity
of the banking system of a country to external shocks and cross-border contagion. In
contrast, the ratio above the line means that there are insufficient funds in a country’s
banking system to absorb the losses from the non-payment of its total (the largest)

foreign claims.

Foreign claims/Tier 1 capital

-
N

-
o

O Total claims

Average ratio
[oe]

(2]

® Largest claim

=

N

Gr le It Pt Es Fr De Uk

Figure 4.4: Average ratio of foreign claims to Tier 1 capital of banking institutions
Note: country abbreviations: Gr=Greece, [e=Ireland, It=Italy, Pt=Portugal, Es=Spain, Fr=France,
De=Germany, Uk=United Kingdom.

Source: own calculations based on Table 4.5 in the Appendix.

On the whole, none of the banking systems is completely immune to cross-border
contagion since for all of them total foreign claims exceed the available funds of their
banking systems. Regarding PIIGS, the ratio is especially high for Irish banks (foreign
claims are almost ten times higher than the aggregate Tier 1 capital), whereas the
German banking system has the highest ratio among core countries. As for the ratio

with the largest claim, Italian and Portuguese banks have enough funds to cover the

"Banking systems of Greece, France and the UK are characterized by lower capital levels in
2011 compared to 2010. It could suggest that either there occurred the actual reduction of their
aggregate Tier 1 capital or that not all financial institutions of these banking systems provided their
information for 2011 at the time of download of the Bankscope data.
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losses from the non-payment of even their largest claim. On the contrary, Greek,
Spanish, French, German, the UK and especially Irish banks would not be able to
absorb the shock in case of default of their largest debtor.®

Figure 4.5 presents the ratio of claims to Tier 1 capital given the initial default of up
to four PIIGS in 2011. As before the red lines correspond to the case when ratios are
equal to one, i.e., claims to up to four defaulting PIIGS are equal to Tier 1 capital of

the banking systems exposed to them.

The figure shows that a default of one of PIIGS, even Spain and Italy, results in
ratios lower than one, which means that such a shock would be fully absorbed by
all banking systems of the countries under analysis. At the same time, a default of
some combinations of two PIIGS results in higher ratios, however, they still remain
at levels below the red lines. It is not surprising that the ratios are higher in case of
default of the pairs with Spain and/or Italy. For instance, a simultaneous default of
Greece and Spain would hardly be sustained by Portuguese banks, whereas a default

of Italy and Spain would put on edge the French banking system.

As to the combined default of three PIIGS, in several cases the ratio is very close or
equal to one. French and Portuguese banks again appear to be the most vulnerable.
For instance, losses from a simultaneous default of Greece, Ireland and Spain would
wipe out 98% of the Portuguese capital. Similarly, a default of Greece, Italy and Spain
would require all the capital of French banks and 92% of the capital of Portuguese

banks to cover their losses.

Regarding a simultaneous default of four PIIGS, the ratio appears above the red line
in several cases. It means that there could be cross-border contagion to some banking
systems already in the first round. For instance, the combination of defaulting Greece,
Ireland, Italy and Spain would be the most dangerous since it would cause contagion
to the French and Portuguese banking system in the first round and likely to German
banks in the second round. At the same time, a simultaneous default of Greece,
Ireland, Italy, Portugal and Greece, Ireland, Portugal, Spain would still be sustained

by banking systems of the remaining countries.

Finally, Figure 4.6 shows how dangerous a hypothetical simultaneous default of all

PIIGS would be for core countries’ banking systems. It is seen that while in 2010

8In most of the years, the largest debtor of Greece is Turkey; of Italy is Germany; of Portugal is
Spain; of Ireland and Spain is the UK; of France, Germany and the UK is the US.
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Figure 4.6: Ratio of foreign claims to all PIIGS to Tier 1 capital of France, Germany
and the UK
Note: country abbreviations: Fr=France, De=Germany, Uk=United Kingdom.

Source: own calculations based on the BIS and Bankscope data.

French and German banks are equally vulnerable to a default of all PIIGS, in 2011
the French banking system appears to be more fragile. Its ratio is above one and
much higher than that of Germany. It could be explained by the fact that French
banks have higher exposure to all PIIGS than German banks. As for the UK, its
banking system is completely immune to cross-border contagion from PIIGS. It could
be attributed to both the high capital of the UK banking system and its relatively

lower exposure to PIIGS in comparison with French and German banks.

4.3 Stress Testing Technique - Furfine Algorithm

Researchers applied various methods to assess financial contagion. We use a stress
testing technique that allows to track potential contagion paths and assess the asso-
ciated capital losses of national banking systems. Drawing on the work of Degryse
et al. (2010) and Chan-Lau (2010), we define contagion as a situation in which losses
from claims to a defaulting country are able to lead to the failure of a banking system
of another country. In practical terms, contagion occurs when the aggregate Tier 1
capital of at least one banking system in the network is insufficient to cover the losses
resulting from its counterparty’s failure to pay their foreign liabilities. Here, by losses
we mean the product of a loss given default (LGD?Y) and a banking system’s exposure

to a distressed foreign sovereign.

9The term LGD is used to define the percentage of exposure that cannot be recovered as a result
of bankruptcy. Thus, a 100%-LGD would refer to the worst case scenario with zero recovery rates.
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We exogenously trigger one sovereign at a time to find out how its failure affects
banking systems of other countries via direct effects (outright failures) and knock-
on effects (failures from chain reaction).!® The contagion process may stop already
after the first round if all banking systems have their aggregate Tier 1 capital higher
than the incurred losses. However, contagion may spread further if one or more
banking systems hold insufficient capital buffers to absorb the losses. In subsequent
rounds, the algorithm considers combined losses from the failure of all sovereigns that
occurred up to that point. The simulation is run round by round until the shock is
completely absorbed or until the capital of all banking systems is depleted by losses.
This contagion process is known as a Furfine algorithm (Furfine (1999)) and was
initially applied to the US interbank market. The algorithm for the transmission of

contagion across borders is presented in Figure 4.7.

Idiosyncratic failure of triggering
sovereign

Loss = LGD*exposure to
trigger

Add losses from Add losses from

-~
new defaults v new defaults
Next Tier 1 capital Next
d > sy round
LOCI Yes No
System T * + ? System
stable! collapse!
Yes Partial damage Yes :
No Ki Default of | No
| to banking banking system '
Any other system Any non-
sovereign defaulting
defaults in \  / sovereign in
this round? Domestic this round?
Partial loss to spillovers lead
sovereign to sovereign
default

Figure 4.7: Propagation of financial contagion across borders
Source: own elaboration based on Degryse et al. (2010).

An NxN matrix of foreign exposures is obtained directly from the BIS consolidated

banking statistics. In our analysis, we use gross exposures. Netting is not allowed

10Tn practice, however, several sovereigns can be hit by a shock simultaneously.
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since the data are reported at the aggregate level.*!
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2 is consolidated foreign claims of the banking system of country i on all

where z;;!
sectors (bank, non-bank and public sector) of country j (alternatively, z;; shows
liabilities of country j to the banking system of country ¢); N is the number of
countries in the sample (20 countries in our case); a; is total foreign claims of the
banking system of country ¢ on the rest of the countries; /; is total liabilities of country

j toward banking systems of the remaining countries.

Contagion occurs and the banking system of country i fails if:

Cl' — Zjil)\j@:cij < 0, (42)

where C; denotes the aggregate Tier 1 capital of the banking system ¢; A; is a dummy
variable (has the value 1 if country j defaults and is 0 otherwise); 6 represents the

level of LGD; z;; are the elements of matrix 4.1.

To conduct simulations round by round, we need to make some assumptions. First,
since the data on the exposure of banking systems are available only at the aggregate
level, we treat each banking system as a single institution. Second, our analysis takes

the initial shocks to countries as given, i.e., the probability of the initial failure is the

Since 2010 the BIS started providing the data also at the sectoral level, i.e., banking systems’
exposure to bank, non-bank and public sector, separately. Given the recent availability of these
data, we use the aggregate data on banks’ exposure, i.e., national banking system’s exposure to all
sectors (bank, non-bank and public sector) in another country.

12The diagonal elements of z;; are equal to zero since the BIS data do not show the exposure of
a national banking system to the debt of its own country. However, in practice, banks tend to buy
national sovereign debt. Thus, according to Blundell-Wignall and Slovik (2010), the exposure of
Greek banks to the Greek sovereign debt constitutes 226% of their aggregate Tier 1 capital.
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same for all the countries in the study. Third, losses from shocks directly affect the
aggregate banking capital of a country, while in practice they can also be deducted
from profit buffers. Fourth, to be able to run the Furfine algorithm for further rounds
of contagion, as in Degryse et al. (2010) it is assumed that the failure of the banking
system will eventually lead to the failure of the country through domestic spillovers.
Fifth, as long as the aggregate capital of the banking system is positive after the
shock, a country would remain solvent and thus would be able to fully meet its
financial liabilities. In other words, it is assumed that when some banks fail as a
result of the credit event, the surviving banks in the country take over their claims
and liabilities. Sixth, given the difficulty in determining the appropriate level of LGD,
we define it exogenously. We run simulations for four different values of the loss rate
(25%, 50%, 75% and 100%) and keep them constant over time, during all rounds of

contagion and across all countries.!

4.4 Simulation Results

As we mentioned earlier, our primary interest lies in the study of contagion in Eu-
rope. However, in order to account for all potential contagion paths, it is important
to have a full picture of the linkages that form a network. Therefore, following our
preliminary data analysis for eight countries (Portugal, Ireland, Italy, Greece, Spain
(PIIGS), France, Germany and the UK (core countries)), we run the algorithm for an
extended sample of 20 countries that report their data on banking systems’ exposure
on the ultimate risk basis. These reporting countries are Australia, Austria, Belgium,
Canada, Finland, France, Germany, Greece, India, Ireland, Italy, Japan, the Nether-
lands, Portugal, Spain, Sweden, Switzerland, Turkey, the UK and the US.'* Chile
was excluded from the analysis since the exposure of its banks to most of the coun-

tries is unknown. Besides, the data on the exposure of the Finnish banking system

13However, Memmel et al. (2011) warn that assuming a constant loss rate tends to underestimate
contagion risks and incurred losses for banking systems. The authors discuss other ways of deter-
mining LGD that may yield more precise results (stochastic and endogenous LGDs). In a similar
vein, Takeyama et al. (2011) derive LGD estimates for the UK banks on the basis of the data on
CDS spreads and probabilities of default calculated from stock option prices. The authors show that
LGD plays an important role in CDS pricing. Furthermore, they argue that LGD does not remain
constant in time and varies for different entities. Thus, the variability of LGD should be considered
in order to correctly determine credit risk from the CDS market.

141t is possible to study contagion also from non-reporting countries in the BIS statistics. However,
only the exposure of reporting countries’ banking systems to non-reporting countries is available;
while the data on the exposure of non-reporting countries’ banks are unknown. For this reason, we
do not include non-reporting countries in our analysis.
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are not available for 2006-2009. Thus, for this period Finland was considered only
as a potential triggering country, however, we cannot draw any conclusions on how
vulnerable Finnish banks were during 2006-2009. In a similar vein, Canadian banks’
vulnerability to contagion is unknown for 2006-2009 since we were unable to collect

the appropriate data on Tier 1 capital for this period.

In our simulations we consider two cases: 1. when a shock is absorbed by the capital
of all banks in the country and 2. when only large banks in the country are considered
as a cushion. Similar to Mistrulli (2011), we define a large bank as a bank with at
least $20 billion of total assets.

4.4.1 Stress Testing with All Banks as a Cushion

4.4.1.1 Extent of Contagion Effects

The first set of our analysis identifies the extent of contagion effects reflected in the
number of potential defaults, the main shock transmitters and the most vulnerable to
contagion banking systems. Results of the simulations for different levels of LGD are
presented in Table 4.7 in the Appendix. The table enlists only those countries that
would trigger contagion at least once during the studied period. Two figures were

extracted from this table.

Figure 4.8 shows changes in the number of outright (first-round) and total (all-round)
defaults as a result of contagion during 2006-2011. Interestingly, the contagious po-
tential of the network has been decreasing between 2006 and 2009. It could possibly
be explained by the retrenchment of capital flows around the world and by the recap-
italization of national banking systems in the aftermath of the global financial crisis.
However, at the end of 2009, with the escalation of the European sovereign debt cri-
sis, the number of potential defaults started growing again. Besides, the frequency of

failures increases with higher LGDs.

Figure 4.9 illustrates the main contagion propagators and the number of defaults
caused by them for each year and various levels of LGD. Thus, contagion could
be triggered at least once during the studied period by 12 out of 20 countries in
the examined network: Ireland, Italy, Spain, France, Germany, the UK, the US,

Belgium, Finland, the Netherlands, Japan and Turkey. However, there are noticeable
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Figure 4.8: Number of outright failures (left) and total defaults (right)
Note: The results are displayed with straight lines (dashed lines) for the case when all banks are
exposed to shocks (only large banks are exposed to shocks).

Source: own elaboration based on Tables 4.6 and 4.7 in the Appendix.

differences across triggering countries in the number of spillovers and the frequency

of their potential occurrence.

As can be seen from the figure, the number of triggering countries varies across the
years. For instance, with 100% LGD in 2006 and 2007 contagion could be triggered
by eleven and ten countries, respectively; whereas in 2010 only four and in 2011
only five countries would be contagious. The main propagators of spillovers are the
US and the UK. Thus, in 2011 with 100% of LGD a shock to the US is capable
of triggering contagion to up to 16 banking systems (with seven banking systems
defaulting already in the first round). The US appears to be contagious through the
whole period of time contemplated in this study and even with 25% of LGD. The
UK’s potential for contagion is also substantial, however, with 25% of a loss rate it is
capable of transmitting shocks only in 2006 and 2007. These findings on the systemic
importance of the UK and the US are consistent with the results of Chan-Lau (2010)
and Degryse et al. (2010).

Regarding core Eurozone countries, Germany and France seem to pose the highest
threat to the stability of the system. However, on average, a shock to them would
translate into a less frequent and lower number of failures than a shock to the US
and the UK. Interestingly, Germany is capable of triggering contagion more often
than France. Thus, with 100% LGD Germany appears to be contagious every year
except 2009, whereas France is dangerous only in 2006-2008. Belgium, Finland and
the Netherlands could trigger contagion to one banking system, but with no second-

round effects.

As to PIIGS, only Ireland, Italy and Spain are able to cause occasional contagion

effects. Ireland and Spain could transmit a shock up to 12 banking systems in 2006
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Figure 4.9: Number of induced failures by triggering countries (all banks exposed)

Source: own elaboration based on Table 4.6 in the Appendix.

but only with 100% LGD. Italy appears to be contagious both in 2006 and in 2007
leading to up to 13 defaults with 100% and 12 defaults with 75% of LGD. At the same
time, a shock to Portugal and Greece does not result in additional failures. Among

other triggers, Japan and Turkey could lead to a failure of one banking system.

Figure 4.10 depicts each country’s vulnerability level characterized by a number of
simulations, in which its banking system defaults. It is rather difficult to distinguish
the most vulnerable banking systems with 100% of LGD. However, by looking at
the results with lower levels of a loss rate, it is clear that there exist considerable
risks for Switzerland and Ireland. The Swiss banking system defaults through the
whole period even with 25% of LGD. Irish banks are also quite vulnerable as they are
affected at least twice with 25% of LGD. At the same time, banking systems of the
US, Turkey and Finland'® are completely immune to contagion effects occurring in
the studied network. We can also observe a rather low degree of contagion to Indian

and Greek banks, even though they are not completely resilient to shocks.!¢

Potential first-round and all-round contagion paths for the worst case scenario are

15The vulnerability of the Finnish and Canadian banking system is known only for 2010 and 2011.
6For example, in 2011 the Greek banking system is the most vulnerable in the network as its
aggregate Tier 1 capital is extremely low for that period.
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Figure 4.10: Vulnerability of countries (all banks exposed)

Source: own calculations based on the BIS and Bankscope data.

displayed in Figures 4.11 - 4.16. For each year grey boxes!'” of the figures show
triggering countries and corresponding banking systems vulnerable to contagion from
them. The left panel features first-round effects, whereas the right panel shows the

accumulated effects after all rounds of contagion.

1"Black boxes show additional contagion effects for the case when only large banks of a country
serve as a cushion.
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Figure 4.11: First-round defaults (left) and all-round defaults (right) in 2006

Note: black boxes show additional contagion effects for the case when only large banks serve as a

cushion.

Country abbreviations:
DE=Germany,

GR=Greece,

AU=Australia,
IN=India,

AT=Austria,

IE=Ireland,
ES=Spain, SE=Sweden, CH=Switzerland, TR=Turkey, UK=United Kingdom, US=United States.

BE=Belgium, CA=Canada,

IT=Italy, JP=Japan,

Source: own calculations based on the BIS and Bankscope data.
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Figure 4.12: First-round defaults (left) and all-round defaults (right) in 2007

Note: black boxes show additional contagion effects for the case when only large banks serve as a

cushion.

Country abbreviations:
DE=Germany,

GR=Greece,

AU=Australia,
IN=India,

AT=Austria,

IE=Ireland,
ES=Spain, SE=Sweden, CH=Switzerland, TR=Turkey, UK=United Kingdom, US=United States.

BE=Belgium, CA=Canada,

IT=Italy, JP=Japan,

Source: own calculations based on the BIS and Bankscope data.
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Figure 4.13: First-round defaults (left) and all-round defaults (right) in 2008

Note: black boxes show additional contagion effects for the case when only large banks serve as a

cushion.

Country abbreviations:
DE=Germany,

AU=Australia,
GR=Greece, IN=India,

AT=Austria,
IE=Ireland,

BE=Belgium, CA=Canada,
IT=Italy, JP=Japan,

NL=Netherlands,

FI=Finland, FR=France,
PT=Portugal,

ES=Spain, SE=Sweden, CH=Switzerland, TR=Turkey, UK=United Kingdom, US=United States.

Source: own calculations based on the BIS and Bankscope data.
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Figure 4.14: First-round defaults (left) and all-round defaults (right) in 2009

Note: black boxes show additional contagion effects for the case when only large banks serve as a

cushion.

Country abbreviations:
DE=Germany,

AU=Australia,
GR=Greece, IN=India,

AT=Austria,
IE=Ireland,

BE=Belgium, CA=Canada,
IT=Italy, JP=Japan,

NL=Netherlands,

FI=Finland, FR=France,
PT=Portugal,

ES=Spain, SE=Sweden, CH=Switzerland, TR=Turkey, UK=United Kingdom, US=United States.

Source: own calculations based on the BIS and Bankscope data.
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Figure 4.15: First-round defaults (left) and all-round defaults (right) in 2010
Note: black boxes show additional contagion effects for the case when only large banks serve as a

cushion.

Country abbreviations: AU=Australia, AT=Austria, BE=Belgium, CA=Canada, FI=Finland, FR=France,
DE=Germany, GR=Greece, IN=India, IE=Ireland, IT=Italy, JP=Japan, NL=Netherlands, PT=Portugal,
ES=Spain, SE=Sweden, CH=Switzerland, TR=Turkey, UK=United Kingdom, US=United States.

Source: own calculations based on the BIS and Bankscope data.
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Figure 4.16: First-round defaults (left) and all-round defaults (right) in 2011
Note: black boxes show additional contagion effects for the case when only large banks serve as a

cushion.

Country abbreviations: AU=Australia, AT=Austria, BE=Belgium, CA=Canada, FI=Finland,
FR=France, DE=Germany, GR=Greece, IN=India, IE=Ireland, IT=Italy, JP=Japan,
NL=Netherlands, PT=Portugal, ES=Spain, SE=Sweden, CH=Switzerland, TR=Turkey,
UK=United Kingdom, US=United States.

Source: own calculations based on the BIS and Bankscope data.
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The right panel of the figures clearly demonstrates that there can be distinguished
two groups of triggers in terms of their tendency to spread contagion after all rounds
have been accounted for. The first group is capable of spreading contagion to banking
systems of most of the countries in the studied network and is represented by Ireland,
Italy, Spain, France, Germany,'®* the UK and the US. Even though the frequency
of contagion from these countries differs substantially, in most of the cases when
contagion does occur, very few banking systems remain resilient after all rounds (e.g.,
the US, Turkish, Indian (apart from 2006) and Finnish banks). An interesting finding
is that a shock to the US is capable of depleting the capital of the UK banking system
already in the first round, whereas the UK would not lead to the failure of the US

banking system even after all rounds of contagion.

The second group of triggers is capable of spreading contagion effects only to one
particular banking system and is represented by Finland, the Netherlands, Belgium,
Turkey and Japan. Thus, a shock to Finland would put a burden on the Swedish
banking system through the whole period, however, there is no contagion in the
opposite direction - from Sweden to Finnish banks. Turkey would destroy the Greek
banking system in 2006, 2007 and 2011. The Netherlands is capable of spreading
contagion to Belgium banks in 2006 and 2007, and Belgium is contagious for the
Dutch banking system in 2007 and 2008. While the above contagion effects could be
explained in terms of the regional proximity of the countries, it is somewhat surprising

that a shock to Japan would put on edge the Swiss banking system in 2006 and 2007.

The left panel of the figures shows that banking systems of Belgium, the Netherlands,
Switzerland and Ireland are the most directly exposed to contagion during various
years. For instance, in 2006 Belgium banks default seven times in the first round, the
Dutch banking system is triggered five times and the Swiss and Irish banks experience
contagion four times in the first round. Interestingly, in 2011 along with the Dutch
and Swiss banking systems Greek banks also appear to be vulnerable to first-round
effects. Besides, in 2011 the Greek banking system seems to be the most fragile after
all rounds of contagion as four countries would be able to lead to its default - Turkey,

Germany, the UK and the US.

8However, in 2011 the potential of Germany to trigger contagion is limited to banking systems
of only two countries - the Netherlands in the first round and Greece in the second round.
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4.4.1.2 Losses of Capital

Following the identification of potential contagion paths, we devote the second set of
our analysis to the calculation of capital losses as a result of contagion. The capital
of a banking system may not be fully depleted as a result of a shock to another
country and, according to our definition, contagion would not occur. However, a
large share of the capital loss could substantially undermine the function of national
banks due to indirect effects (e.g., bank runs from depositors, downgrades of credit
ratings). Network analysis allows to measure to which extent shocks would damage
the system. Here we illustrate the highest possible impact of a shock with a maximum
loss rate of 100%.

Table 4.1 presents banking systems’ capital losses after all rounds of contagion for
2011. As expected, the US and the UK pose the highest threat to banking systems
of other countries. A shock to Germany would be highly dangerous for Italian banks
since it would destroy up to 92% of their capital. Besides, Germany could fail 75.4%
of the capital of French banks, while capital losses to German banks from a shock to
France would not exceed 36.4%. Another interesting finding is that a shock to Italy
would be suffered the most by the French banking system (67.7% of its Tier 1 capital
would be depleted).

At the same time, a shock to Greece, Portugal, Sweden and India would cause minor
losses to banks of other countries. For instance, the highest loss that a shock to Greece
would cause is to Portuguese banks (22.4% of Tier 1 capital) and French banks (9%).
A shock to Portugal would mostly affect Spanish banks and deplete 24.3% of their
capital, whereas a shock to Spain would destroy 63.8% of the capital of Portuguese
banks.

On the basis of Table 4.1 and similar tables for other years that are not presented
here we also estimate too-connected-to- fail (TCTF) risk and TCTF vulnerability
defined by Chan-Lau (2010). TCTF risk refers to the average capital loss induced by
the failure of a given country on banking systems of other countries, whereas TCTF
vulnerability measures the average capital loss suffered by the banking system due to

shocks in other countries.

Table 4.2 allows to compare TCTF risk of the countries against TCTF vulnerability

of their banking systems. Thus, it can be seen that for most of the countries the risk
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they pose is lower than the vulnerability of their banks to shocks (e.g., Australia,
Austria, Belgium, Canada, Finland, Greece, India, Japan, the Netherlands, Portugal,
Sweden and Switzerland). However, it is not surprising that for the UK, the US
and Germany the opposite is true, i.e., TCTF risk exceeds TCTF vulnerability. For
countries like France, Ireland, Italy, Spain and Turkey in some years the risk is higher,

while in other times vulnerability exceeds the risk.

The table also shows that the highest TCTF risk is posed by the UK, the US, Germany
and France, while the lowest risk is triggered by Sweden and India. As for TCTF
vulnerability, it is the lowest for the the US, Turkish and Indian banks. It is also quite
low for the UK and Greek banking systems, however, for Greek banks it increased
considerably in 2011. Among the most TCTF-vulnerable banking systems are those

of Switzerland, the Netherlands, Belgium, Sweden as well as France and Germany.

Following the calculation of capital losses caused by countries to banking systems on
a bilateral basis, in Table 4.3 we feature the share of total Tier 1 capital of the system
that could be failed by each potential trigger as a result of all contagion rounds.”
Figure 4.17 emerges from this table and presents the most characteristic results. It
is not surprising that a shock to the US, the UK, Germany and France would incur
the highest systemic losses. The US is capable of destroying up to 97% of total Tier
1 capital. The potential of the UK is also high but slightly lower than that of the US
(on average, the UK is able to destroy 78% of the systemic capital). Interestingly, in
2009 France experienced a large drop in its potential to fail capital (from 78.9% in
2008 to 19.1% in 2009), whereas Germany first showed a downward trend between
2007 and 2009 and then experienced an unexpected jump in its systemic importance
in 2010 (from 28.2% in 2009 to 57.2% in 2010).

Regarding PIIGS, both Ireland and Spain in 2006 and Italy in 2006 and 2007 have a
very high potential to destroy capital (more than 70%). However, later they followed
a downward trend and became less important systemic players. The potential of
Greece, Portugal, Sweden and India remains among the lowest through the whole

period.

Following Wells (2004), we finish our analysis by distinguishing five groups of affected
banking systems according to the percent of their capital losses: banking systems los-
ing 5-10%, 10-20%, 20-50%, 50-100% and 100% of their Tier 1 capital (i.e., defaulting).

9Calculations are done for total Tier 1 capital of banking systems of all the countries in the
network excluding the triggering sovereign.
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Table 4.3: Share of failed total capital excluding the trigger (100% LGD, all banks
exposed)

Country ‘ 2006 2007 2008 2009 2010 2011

Australia 9.2 10.6 7.5 7.5 7.2 7.1
Austria 4.3 6.8 6.1 4.7 3.6 3.4
Belgium 9.1 24.9 20.8 9.6 6.5 6.3
Canada 6.9 7.4 6.4 6.4 5.8 5.8
Finland 6.0 5.5 4.5 4.5 4.0 3.9
France 70.6 79.9 78.9 19.1 17.0 16.0
Germany 71.1 80.1 76.1 28.2 57.2 30.7
Greece 5.0 5.0 4.8 3.2 1.9 1.3
India 2.5 3.6 3.1 2.9 3.4 3.6
Ireland 72.2 15.2 12.2 9.3 6.2 5.6
Italy 73.2 80.2 20.6 18.1 12.3 10.3
Japan 21.5 22.3 14.4 13.0 13.5 13.2
Netherlands 22.3 23.6 14.1 11.1 10.2 10.4
Portugal 4.6 4.5 4.1 3.8 2.8 2.4
Spain 71.2 20.1 17.2 14.6 10.0 8.4
Sweden 3.2 3.0 2.3 2.2 2.0 1.8
Switzerland 6.9 6.6 5.4 5.0 4.4 4.7
Turkey 7.7 7.7 2.3 1.9 2.1 3.5
UK 68.1 78.4 74.6 87.8 80.4 79.7

Us 97.8 97.6 97.5 97.4 97.6 97.3

Source: own calculations based on the BIS and Bankscope data.
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Figure 4.17: Share of failed total capital with 100% LGD (all banks exposed)

Source: own elaboration based on Table 4.3.
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Figure 4.18: Number of banking systems grouped by the level of their capital losses
with 100% LGD (all banks exposed)

Source: own calculations based on the BIS and Bankscope data.

Figure 4.18 presents the dynamics of each group over time with 100% LGD. Thus,
the number of banking systems losing their entire Tier 1 capital has dropped consid-
erably from 2006 to 2009 and then slightly increased again. The number of banks
losing 50-100% has been also decreasing between 2006 and 2011. On the other hand,
the number of banking systems losing only 5-10% of their capital follows an upward
trend (with a slight decrease in 2010). Thus, in 2006-2008 there were more banking
systems whose capital was depleted by 100%, whereas in 2009-2011 the number of
banks losing only 5-10% prevails. All this suggests that the system seems to become

less vulnerable to cross-border contagion over time.

4.4.2 Stress Testing with Only Large Banks as a Cushion

In order to find out how contagion risk changes with capital buffers, we also conduct
stress tests for the case when Tier 1 capital of only large banking institutions of a
country is considered as a cushion to withstand cross-border shocks. Besides, small

banks are less likely to engage in international transactions.

In general, this case is characterized by a somewhat higher speed of contagion and
larger number of first-round and total defaults displayed in Figure 4.8 by dashed
lines. However, as in the case with all banks, the number of failures first follows a
downward trend and then from 2009 starts growing again. The simulations also reveal
similar patterns for triggering countries and vulnerable banking systems (Figures 4.19
and 4.20 in the Appendix). However, Italy, Spain and Germany appear to generate

cross-border implications for banking systems of other countries more often. Besides,
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while resilient to contagion for the case with all banks, banking systems of the US
and Turkey appear to fail at least once with 100% LGD.

Black boxes of Figures 4.11 - 4.16 show additional contagion effects that would occur
with only large banks used as a cushion. For example, with 100% LGD Italy could
generate 13 and nine failures in 2008 and 2009, respectively, whereas it would not
transmit contagion during these years in the case with all banks. Similarly, in 2007
and 2008 Spain would spill over contagion effects to 13 banking systems and would
fail Portuguese banks in 2006-2008 already in the first round. Germany would trig-
ger contagion in 2009 (nine defaults) and would lead to additional failures in 2011;
whereas in 2011 the Netherlands would trigger Greek banks, which makes them even

more directly exposed to cross-border contagion (five defaults in the first round).

Interestingly, the Italian banking system becomes extremely vulnerable to contagion
in 2006, however, it was resilient with all banks exposed to shocks. Another interesting
finding is that in 2009 a shock to the UK could trigger contagion to the US banks.
Similarly, in 2006 a shock to the US would have cross-border implications also for the
Turkish banking system and thus would fail all the network players after all rounds

of contagion.

Naturally, the resulting additional failures are reflected in even more extensive capital
losses of the system (Table 4.8 in the Appendix) and higher TCTF risk and vulner-
ability (Table 4.9 in the Appendix). Moreover, from Figure 4.21 in the Appendix it
is seen that Italy, Spain and Germany generate much higher systemic impact. Con-
sidering the evolution of the number of affected banking systems grouped by their
capital losses, Figure 4.22 in the Appendix demonstrates that between 2006 and 2008
there was no such a sharp drop in the number of failing banking systems as in the
case with all banks as a cushion. Apart from that, we can say that the previously

discovered patterns seem to hold.

4.5 Concluding Remarks

In this study we determined the evolution of potential systemic risks, contagion paths
and systemic losses for the period of 2006-2011. The preliminary analysis of the data
of eight countries (PIIGS, France, Germany and the UK) has shown that a single
failure among PIIGS is not sufficient to trigger the default of a banking system of
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another country. However, multiple failures among PIIGS (especially combinations

including Italy and/or Spain) could be more dangerous.

In order to account for all potential contagion paths, we ran the Furfine algorithm for
an extended sample of 20 countries (Australia, Austria, Belgium, Canada, Finland,
France, Germany, Greece, India, Ireland, Italy, Japan, the Netherlands, Portugal,
Spain, Sweden, Switzerland, Turkey, the UK and the US). The results suggest that
the magnitude of exposures, the expected LGD and the levels of Tier 1 capital are
important determinants of the degree of contagion. A key finding is that the resilience
to contagion tends to improve over the years. On average, the period between 2009
and 2011 is characterized by lower contagion risks and less frequent failures of banking
systems than the period between 2006 and 2009. It could be due to the retrenchment
of capital flows around the world and the recapitalization of banking systems and
hence their increased absorption capacity in the wake of the global financial crisis.
The simulation results confirmed the systemic importance of the US, the UK, France
and Germany. These countries (especially the US and the UK) appear to trigger
contagion to the highest number of banking systems and incur the largest systemic

losses.

Regarding vulnerability levels, the results revealed that there exist considerable risks
for Switzerland and Ireland as their banking systems default even with 25% of LGD.
At the same time, banking systems of the US, Turkey and Finland are completely
immune to contagion effects occurring in the studied network. Besides, a shock to
the US is capable of destroying the UK banking system already in the first round,
whereas the UK would not lead to the failure of the US banking system even after

all rounds of contagion.

Stress tests conducted with the use of data on Tier 1 capital of only large banks
revealed similar patterns for triggering and vulnerable countries as well as contagion
paths. Yet, this case is characterized by a somewhat higher speed of contagion, larger
number of first-round and total defaults and, accordingly, even more extensive capital

losses.

The approach employed in this chapter has several advantages. One advantage is that
stress tests allow to reveal systemically important players and the most vulnerable
institutions in the network as well as track over time the changing capacity of the
network to withstand shocks. Since we observed that the resilience of banking systems

to contagion risks improved over the years, which coincided with the retrenchment
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of capital flows around the world and the recapitalization of banks in the wake of
the global financial crisis, it seems that both better capitalized banking systems and
reduced cross-border lending by banks decrease the danger of direct contagion from
sovereigns to banks. However, in order to conclude which of these two factors is
more important for banking systems’ resilience, more research needs to be done.
Besides, stress testing helps to identify not only direct, but also knock-on effects,
which is particularly important in the face of an increased interconnectedness among
countries. Another important advantage of this approach is that it allows to calculate
potential systemic losses. On the basis of this information, policymakers could define
amount and qualitative features of capital injections required for the overall system

in order to reduce contagion risks.

Nevertheless, this study is limited in several ways. The first limitation is that our
analysis is based on the BIS cross-border data on bank exposures aggregated at the
country level. The lack of the bank-level data does not allow to reveal problems of
particular banks. For instance, we found out that in 2010 and 2011 a shock to Greece
and other PIIGS would not cause cross-border contagion to banking systems of other
countries. However, this should not be taken to mean that there are no individual

banks that could be at risk due to their significant exposures to borrowers in PIIGS.

The second limitation of the framework is that given the difficulty in determining the
appropriate level of LGD, we determined it exogenously and kept it constant over
time and during all rounds of contagion. This could lead to an underestimation of

contagion risks.

The third limitation is that for the sake of simplicity we focused only on the credit
channel of contagion and ignored other sources (e.g., liquidity risks). Other channels
could interact with the propagation of contagion within the market of cross-border
exposures. Furthermore, we considered only direct contagion, whereas in practice its
fear by market participants could make them reassess the risks and trigger indirect

contagion (e.g., bank runs or gridlock).

Finally, we did not model probabilities of default conditional on the state of the
economy and assumed that they are the same for all the countries in the study. Upper
(2011) argues that from the systemic risk point of view it is important to know not
only the severity of contagion from a particular country but also the likelihood of the

occurrence of a shock that may lead to contagion.

91



Chapter 4. From Sovereigns to Banks: Evidence on Cross-border Contagion

Further research would help to address the above mentioned limitations. Besides,
we believe that the replication of our results with the BIS bilateral data on cross-
border bank exposures available from 2010 would provide better understanding of

interlinkages and contagion channels.

4.6 Appendix

Table 4.6: Number of defaults and rounds of contagion
(all banks exposed)

LGD 2006 2007 2008 2009 2010 2011
100% 12 (1)-8r 0 (0)-r 0 (0):-1r  0(0)-Ir 0 (0)}-1r 0 (0)-Ir
et 75%  0(0)-1r  0(0)-Ir  0(0)1r  0(0)-Ir 0(0)-1r 0 (0)-Ir
50% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
25%  0(0)-1r 0(0)-1r 0(0)-Ir 0(0)-Ir 0(0)-1r 0 (0)-Ir
100% 13 (4)-5r 13 (1)-5r 0(0)-Ir 0(0)-Ir  0(0)-1r 0 (0) -Ir
taly 75% 12 (1) 6r 12(1)6r 0(0)-1r 0 (0)-1r  0(0)-1r 0 (0)-Ir
50% 0(0)-Ir  0(0)-Ir 0(0)-Ir 0(0)-Ir 0(0)-Ir 0 (0)-Ir
2% 0(0)-Ir 0(0)-Ir 0(0)-Ir 0(0)-Ir 0(0)-Ir 0 (0)-1r
100% 12 (1)-6r 0(0)-Ir  0(0)-Ir 0(0)-1r 0 (0)-1r 0 (0) -Lr
Spain 75%  0(0)-Ir  0(0)-Ir 0(0)-r 0(0)-Ir 0(0)-Ir 0 (0)-Ir
50% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
25%  0(0)-1r 0(0)-1r 0(0)-Ir 0(0)-1r 0(0)-1r 0 (0)-Ir
100% 12(2)-6r 13 (2)-6r 13 (1)-8r 0(0)-1r  0(0)-1r 0 (0) -1r
Franee 75% 11 (1) -7t 12(1) -7t 2(1)-3r  0(0)-1Ir  0(0)-1r 0 (0)-Ir
50% 1(1)-2r  0(0)-1r 0(0)-Ir 0(0)-Ir 0 (0)-1r 0 (0)-Ir
2% 0(0)-Ir 0(0)-Ir 0(0)-Ir 0(0)-Ir 0(0)-1r 0 (0)-Ir
100% 12 (5) -5r 13 (6)-5r 13 (3) -6r 0 (0)-1r 8 (2) -6r 2 (1) -3r
— 75%  11(4) 5t 12(2)-6r 0(0)-lr  0(0)-Ir 1(1)-2r 0 (0)-Ir
50% 3(1)4r 00 -Ir 0(0)-Ir 0(0)-r 0(0)-1r 0 (0)-Ir
25%  0(0)-Ir 0(0)-1r 0(0)-Ir 0(0) -Ir 0(0)-1r 0 (0)-Ir
100% 12 (8) -4r 13 (8) -4r 13 (7) -4r 12 (4) -4r 13 (3) -5r 14 (4) -5r
UK 75% 11 (6) -3r 12 (6) -3r 12 (4) -4r 12 (2) -6r 10 (1)-Tr 3 (2) -3r
50% 10 (5) -4r 11 (5)-5r 1(1)-2r 1(1)-2r 1(1)-2r 2(2)-2r
2% 5(1)5r  1(1)-2r 0(0)-Ir 0(0)-1r 0(0)-1r 0 (0)-1r
100% 14 (8) -3r 14 (8)-3r 14 (8) -3r 14 (7)-3r 15 (5) -4r 16 (7) -4r
s 75% 14 (8) -4r 14 (6) -3r 14 (6) -3r 14 (3) -5r 15 (3) 6r 15 (3) -5r
50% 13 (6) -4r 14 (4)-5r 13(2)-5r 1(1)-2r 2(2)-2r 2 (2)-2r
2% 62 4  1(1)-2r 1(1)-2r 1(1)-2r 1(1)-2r 1(1)-2r
100% 0(0)-1r 1(1)-2r 1(1)-2r 0(0)-Ir 0(0)-Ir 0 (0)-1r
Belgium 75%  0(0)-1r  0(0)-Ir 0(0)-Ir 0(0)-Ir 0 (0)-1r 0 (0)-Ir
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Table 4.6: continued

LGD 2006 2007 2008 2009 2010 2011
50% 0(0)-1r 0(0)-Ir 0(0)-Ir 0(0)-Ir 0(0)-Ir 0 (0)-1r
25% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
100% 1(1)-2r 1(1)-2r 1(1)-2r 1(1)-2r 1(1)-2r 1(1)-2r
Finland 5% 1(1)-2r 1(1)-2r 1(1)-2r 0(0)-Ir 0(0)-1r 1 (1)-2r
50% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
25% 0(0)-1r 0(0)-Ir 0()-Ir 0(0)-1r 0(0)-1r 0 (0)-Ir
100% 1(1)-2r 1(1)-2r 0(0)-1r 0(0)-1r 0 (0)-1r 0 (0) -1r
Netherlands 5% 1(1)-2r 1(1)-2r 0(0)-Ir 0(0)-1r 0(0)-1r 0 (0)-1r
50% 1(1)-2r  0(0)-Ir 0(0)-1r 0(0)-Ir 0 (0)-1r 0 (0) -Ir
25%  0(0)-Ir  0(0)-Ir 0(0)-1r 0(0)-Ir 0 (0)-1r 0 (0) -Ir
100% 1(1)-2r 1(1)-2r 0(0)-1r 0(0)-Ir 0(0)-Ir 0 (0) -1r
Japan 5%  1(1)-2r 1(1)-2r 0(0)-Ir 0(0)-Ir 0(0)-Ir 0 (0)-Ir
50% 0(0)-1Ir 0(0)-Ir 0(0)-Ir 0(0)-Ir 0(0)-1r 0 (0) -1r
25% 0(0)-1r 0(0)-Ir 0(0)-Ir 0(0)-1r 0(0)-1r 0 (0) -1t
100% 1(1)-2r 1(1)-2r 0(0)-Ir 0(0)-Ir 0 (0)-1r 1 (1)-2r
Turkey 75%  0(0)-Ir  0(0)-1r 0(0)-Ir 0(0)-1r 0(0)-1r 1 (1)-2r
50% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 1(1)-2r
25% 0 (0)-Ir  0(0)-Ir 0(0)-Ir 0(0)-Ir 0(0)-Ir 1 (1)-2r
100% 91 (33) 71 (30) 55 (21) 27 (12) 37 (11) 34 (14)
5% 62 (23) 65 (19) 29 (12) 26 (5) 26 (5) 20 (7)
fotaldefaults o as ey 25 (9) 14 (3) 2 (2) 3(3) 5 (5)
25% 11 (3) 2 (2) 1(1) 1(1) 1(1) 2 (2)
Note: the number of first-round defaults is shown in brackets.
Source: own calculations based on the BIS and Bankscope data.
Table 4.7: Number of defaults and rounds of contagion
(only large banks exposed)
LGD 2006 2007 2008 2009 2010 2011
100% 13 (1)-8r 0 (0)-1r 0 (0)-1r  0(0)-1r 0 (0)-1r 0 (0)-Ir
Leland 75% 1(1)-2r  0(0)-Ir  0(0)-1r  0(0)-Ir  0(0)-Ir 0 (0)-1r
50% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
25% 0(0)-Ir 0(0)-Ir 0(0)-1r 0(0)-Ir 0(0)-1r 0 (0) -1r
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Table 4.7: continued

LGD 2006 2007 2008 2009 2010 2011
100% 13 (4)-r 13 (1)-5r 13(2)-6r 9 (1) -6r 0 (0) -1r 0 (0) -1r
Ltaly 75% 12 (1)-6r 12 (1)-6r 0(0)-1r 0 (0)-1r 0 (0)-1r 0 (0) -1r
50% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
25% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
100% 13 (2)-5r 13 (1)-6r 13 (1)-7r 0(0)-1r 0 (0)-Ir 0 (0) -Ir
Spain 75% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
50% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
25% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
100% 13 (2) -6r 13(2)-5r 13 (1)-8r 0 (0)-Ir 0 (0)-Ir 0 (0) -Ir
France 75% 11 (1) -7r 12 (1) -7r 2 (1) -3r 0 (0) -1r 0 (0) -1r 0 (0) -1r
50% 1(1)-2r 0(0)-Ir 0(0)-Ir 0(0)-Ir 0(0)-1r 0 (0) -1r
25% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
100% 13 (6) -5r 13 (6) -4r 13 (5)-5r 9 (2) -4r 8 (3)-4r 8 (3) -5r
Germany 75% 11 (4)-5r 12 (4)-5r 12 (1)-6r 0(0)-Ir 5 (1)-5r 0 (0) -Ir
50% 4 (1) -5r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
25% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
100% 13 (8) -4r 13 (8)-3r 13 (7)-4r 14 (5)-3r 13 (4) -4r 14 (5) -4r
UK 75% 11 (6)-3r 12 (6) -3r 12 (5) -4r 12 (2)-5r 11 (2)-5r 12 (3) -5r
50% 10 (5)-3r 11 (5)-4r 10(1)-7r 1 (1)-2r 1(1)-2r 2 (2) -2r
25% 5(2)-4r 1(1)-2r 1(1)-2r 1(1)-2r 1(1)-2r 1(1)-2r
100% 16 (8) -4r 14 (8)-3r 14 (8)-3r 14 (7)-3r 15(7)-3r 16 (9) -3r
Us 75% 13(8)-3r 14 (6)-3r 14 (8)-3r 14 (3)-4r 15(4)-5r 16 (3) -5r
50% 13 (6)-3r 14 (4)-4r 14 (3)-5r 1 (1)-2r 4(2)-4r 4 (2)-4r
25% 6 (2)-4r 1(1)-2r 1(1)-2r 1(1)-2r 1(1)-2r 1(1)-2r
100% 0(0)-1Ir 1(1)-2r 1(1)-2r 0(0)-1r 0(0)-Ir 0 (0) -1r
Belgium 75% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
50% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
25% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
100% 1(1)-2r 1(1)-2r 1()-2r 1(1)-2r 1(1)-2r 1(1)-2r
Finland 7% 1(1)-2r 1(1)-2r 1(1)-2r 1(1)-2r 1(1)-2r 1(1)-2r
50% 0 (0) -1Ir 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
25% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
100% 1(1)-2r 1(1)-2r 1(1)-2r 0(0)-1r 0(0)-Ir 1 (1)-2r
7% 1(1)-2r 1(1)-2r 0(0)-1r 0(0)-1r 0(0)-1r 1 (1)-2r

Netherlands
50% 1(1)-2r 1(1)-2r 0(0)-1r 0(0)-1r 0(0)-1r 0 (0) -Ir
25% 1(1)-2r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
100% 1(1)-2r 1(1)-2r 1(1)-2r 0(0)-1r 0(0)-1r 0 (0) -Ir
Japan 75% 1(1)-2r 1(1)-2r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
50% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
25% 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r 0 (0) -1r
100% 1(1)-2r 1(1)-2r 0(0)-Ir 0(0)-1r 0(0)-1r 1 (1)-2r
Turkey
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Table 4.7: continued

LGD 2006 2007 2008 2009 2010 2011
%  0(0)-lr 1(1)-2r 0(0)-Ir 0(0)-Ir 0(0)-1r 1 (1)-2r
50% 0(0)-Ir  0(0)-Ir 0(0)-1r 0(0)-Ir 0(0)-1r 1 (1)
25% 0(0)-Ir 0(0)-Ir 0(0)-1r 0(0)-1r 0(0)-1r 1 (1)-2r
83 ( (
41 (

100% 98 (35) 84 (31) 3 (28) 47 (16) 37 (15) 41 (20)
5% 62 (24) 66 (22) 1 (16) 267 (6) 32 (8) 31 (9)
Total defaults
50% 29 (14) 26 (10) 24 (4) 2 (2) 5 (3) 7 (5)
25% 12 (5) 2 (2) 2 (2) 2 (2) 2 (2) 3(3)
Note: the number of first-round defaults is shown in brackets.
Source: own calculations based on the BIS and Bankscope data.
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Figure 4.19: Number of induced failures by triggering countries (only large banks
exposed)
Source: own elaboration based on Table 4.7.
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Table 4.5: Ratio of total (largest) claims to Tier 1 capital for PIIGS, France, Germany
and the UK

‘2006 2007 2008 2009 2010 2011 ‘ Average

Greece
Total claims/Tier 1 capital 4.0 3.8 4.0 3.5 3.7 33.6 8.8
Largest claim/Tier 1 capital 1.1 1.2 0.8 0.6 0.8 7.4 2.0
Ireland
Total claims/Tier 1 capital 14.4 11.7 10.6 10.0 9.1 3.1 9.8
Largest claim/Tier 1 capital 4.5 4.1 3.5 3.6 3.5 2.3 3.6
Italy
Total claims/Tier 1 capital 1.5 3.8 3.8 3.1 3.2 3.0 3.1
Largest claim/Tier 1 capital 0.2 1.3 1.2 0.9 0.9 0.8 0.9
Portugal
Total claims/Tier 1 capital 5.4 5.1 4.6 3.9 3.6 3.3 4.3
Largest claim/Tier 1 capital 0.9 1.0 0.9 0.7 0.7 0.6 0.8
Spain
Total claims/Tier 1 capital 5.4 5.1 4.1 4.0 4.3 4.5 4.5
Largest claim/Tier 1 capital 1.7 1.4 1.2 1.2 1.3 1.3 1.4
France
Total claims/Tier 1 capital 9.6 9.9 7.3 7.2 5.1 5.6 74
Largest claim/Tier 1 capital 2.6 1.9 1.6 1.1 0.9 1.1 1.5
Germany
Total claims/Tier 1 capital 16.2 12.8 9.9 6.3 6.0 5.7 9.5
Largest claim/Tier 1 capital 3.4 2.6 1.8 1.0 1.0 1.1 1.8
UK
Total claims/Tier 1 capital 6.1 5.6 5.5 3.9 3.6 4.1 4.8
Largest claim/Tier 1 capital 2.1 1.7 1.8 1.2 1.0 1.1 1.5

Source: own calculations based on the BIS and Bankscope data.
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Figure 4.20: Vulnerability of countries (only large banks exposed)

Source: own calculations based on the BIS and Bankscope data.
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Figure 4.21: Share of failed total capital with 100% LGD (only large banks exposed)

Source: own elaboration based on Table 4.10.
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Table 4.10: Share of failed total capital excluding the trigger (100% LGD, only large
banks exposed)

Country ‘ 2006 2007 2008 2009 2010 2011
Australia 11.2 12.5 8.9 8.7 8.5 8.2
Austria 5.3 8.0 7.3 5.5 4.3 3.9
Belgium 11.0 29.1 24.3 11.2 7.6 7.2
Canada 8.4 8.6 7.6 7.4 6.8 6.6
Finland 7.1 6.2 5.1 5.1 4.5 4.3
France 84.4 90.0 84.6 22.4 20.0 18.5
Germany 84.6 90.1 85.9 75.8 63.9 57.6
Greece 6.1 5.9 5.7 3.8 2.2 1.5
India 3.1 4.2 3.6 3.4 4.0 4.1
Ireland 85.4 17.8 14.5 10.8 7.2 6.5
Italy 84.8 90.3 85.5 77.0 14.2 11.8
Japan 26.6 26.5 23.8 15.5 16.2 15.6
Netherlands 27.0 27.7 23.5 13.0 11.9 13.5
Portugal 5.6 5.3 4.9 4.4 3.2 2.7
Spain 84.8 90.3 85.3 17.1 11.8 9.8
Sweden 3.9 3.5 2.7 2.6 2.3 2.0
Switzerland 8.4 7.7 6.4 5.9 5.1 5.4
Turkey 8.6 8.9 2.7 2.2 2.4 4.0
UK 82.5 89.1 83.9 98.8 89.3 88.7
Us 100.0  98.9 98.8 98.6 98.1 97.7

Source: own calculations based on the BIS and Bankscope data.

120 4

100 - ——5-10%
80 10-20%
—&—20-50%
60 -
—#—50-100%

40 | -
=~ Banking system's

failure
20 -

2006 ‘ 2007 ‘ 2008 ‘ 2009 ‘ 2010 ‘ 2011 ‘
Figure 4.22: Number of banking systems grouped by the level of their capital losses
with 100% LGD (only large banks exposed)

Source: own calculations based on the BIS and Bankscope data.
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Chapter 5

Concluding Summary and Directions
for Further Research

While in the past crises and contagion were rather attributed to developing countries,
the current global financial crisis involved many developed countries. Its rapid trans-
mission from the US to many European economies made policymakers around the
world think of prompt solutions to contain and mitigate contagion risks. Thus, FEu-
ropean governments allowed bailouts, interventions of the European Central Bank in
the bond market and the IMF participation in the rescuing of the main protagonists
of the European sovereign debt crisis. However, beyond avoiding a major collapse,
the rescue packages, with their plans more for austerity than growth, do not seem
to resolve the crisis. More and more countries are getting involved, and the risk of
contagion is still the biggest concern that markets face today. This dissertation set
out to identify and assess contagion risks by means of various statistical and struc-
tural methods. It provides different insights from our original research on the early

developments of the European sovereign debt crisis.

Although contagion became a common feature of the functioning of financial markets,
there is still no agreement among researchers on what this term means. Myriads of
definitions of contagion exist in the literature, and each author decides individually
which definition is more appropriate for a particular study. Besides, some researchers
distinguish between pure contagion caused by the “irrational” behavior of investors
and interdependence due to financial or trade interlinkages between units. One clear
fact is that, no matter whether caused by rational or irrational behavior or by inter-
linkages, any transmission of shocks poses a high threat to the functioning of financial

markets.
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The European sovereign debt crisis has sparked a debate over the use of financial
derivatives such as credit default swaps for hedging risk. CDSs have been seen by
many researchers and policymakers as one of the main factors causing the rise of bond
yields of peripheral economies and thus spreading financial contagion. However, an
investigation by the Furopean Commission found no evidence of this and showed
that CDSs are essential tools for hedging risk and the stability of the financial system
rather than instruments of speculators. Since observing co-movements of CDS spreads
of different countries can help to understand how the market estimates correlations of
their default probabilities and also the direction of future defaults, a large part of the
thesis has been devoted to the analysis of the CDS market behavior. Thus, the second
and the third chapter have focused on the dynamics of CDS markets of PIIGS - the
main protagonists of the European sovereign debt crisis - and France, Germany and
the UK - so called core countries whose banking systems are highly exposed to the
debt of PIIGS. We carried out the analysis on an extended period spanning from 2005
through 2010 in order to be able to track changes in CDS spreads in the pre-crisis

and crisis period.

The contribution of the second chapter to the growing body of the empirical literature
on possibilities of contagion in the current global financial crisis is twofold. First, the
analysis of the data showed that the sovereign risk mainly concentrates in the EU
countries, and core countries are heavily exposed to PIIGS. We also found that a
high probability of a default of Greece in spring of 2010 made investors start losing
confidence not only in relation to other PIIGS but also to core countries since CDS
markets of both PIIGS and core responded actively to problems of Greece. If a small
Eurozone country such as Greece constituting only 2.7% of the Eurozone economy
caused so much turbulence in financial markets and became of great concern to the
rest of the world, then one would expect that a default of far larger economies such as
Spain or Italy, which also have high debt and deficit, would turn into a major macro-
economic event. Not surprising, therefore, that in order to prevent it, the “troika” -
the European Commission, the European Central Bank and the IMF - had to rescue
first Greece, then Ireland, Portugal and Spain and recently Cyprus. It seems that,
without these measures, the consequences of the crisis for the Eurozone would have

been much more catastrophic.

Second, the results of the EWMA correlation and regression analysis showed that
during the period under investigation there were several waves of contagion defined by

increased correlations during “crisis” times relative to correlations in “tranquil” times.
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The estimated EWMA correlations increased significantly already after the “credit
crunch”, which confirms the role of the US subprime mortgage crisis in triggering
the sovereign default risk. Correlations continued growing further after the collapse
of Lehman Brothers and peaked with the escalation of the European sovereign debt

crisis.

The third chapter provided further evidence on the relationship between sovereign
CDS spreads. One of the most significant findings that emerge from this chapter
is that causality patterns changed in the crisis period compared to the pre-crisis
period, and Granger-causality intensified between CDS markets. This evidence thus
suggests that contagion strongly influenced the CDS price dynamics in the crisis
period. The test found significant links between the Greek CDS market and those of
Ireland, Portugal and Spain. It also revealed strong causality between CDS spreads

of Portugal and Spain whose banks hold one-third of the Portuguese debt.

The impulse-response function analysis helped to understand better the danger of
a shock introduced to one country on the countries that are not directly affected
by the shock. Regarding PIIGS, the system responds the most to a shock in the
Spanish and Irish CDS market, whereas the response to a shock in CDSs of Italy and
Greece has been weaker, especially for France, Germany and the UK. The Italian CDS
market had a stronger response to shocks than other countries” CDSs. The results
also showed that the reaction to a turbulence in each of PIIGS is higher for the rest
of PIIGS than for France, Germany and the UK. In general, CDS markets of the core

are more responsive to shocks in other core countries than to shocks in PIIGS.

By means of the adjusted correlation analysis we also investigated the relationship
between CDS spreads around the Greek bailout in May 2010. The results showed
that during that period core EU countries displayed higher correlations and hence
higher triggering potential than Greece and other PIIGS. Thus, around the Greek
bailout core countries’ CDS markets became more important and the CDS market of
Greece appeared to be less important since investors seemed to base their decisions

on the probability of a bailout and the willingness of the core to rescue Greece.

Thus, the second and the third chapter examined possibilities of contagion in the
CDS market. However, even though CDS spreads are a good data source to test for
contagion as they can serve as a proxy for counterparty’s default probability, CDSs
alone give an incomplete picture of country’s potential vulnerabilities. Since in prac-

tice CDS spreads and bond spreads often diverge as a result of market frictions and
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some embedded features of CDS contracts that impair their pricing, more research
regarding the behavior of the bond market in the current crisis would be of great help
in order to compare the results and thus establish a greater degree of accuracy on
possibilities of contagion. Besides, it would be interesting to extend the analysis to a
larger set of European Union countries (for instance, Cyprus and Slovenia being the
recent victims of the crisis and /or new EU members). Finally, we are aware that our
analysis of CDS spreads only covered the period of 2005-2010, and our findings thus
might seem intuitive and straightforward at this point, given that the crisis continued
exacerbating further and involved even more countries. We suggested a method that
can be replicated significantly reducing the true lag between the availability of data
and results. Therefore, a number of possible future studies using a similar experi-
mental set up and a more recent dataset would be of great help in order to continue

the debate on contagion.

Fears that European banks have too extensive exposure to sovereign bonds issued by
fiscally weak PIIGS raised a lot of worries among investors that a sovereign default
could wipe out banks’ capital reserves and make unavoidable other bailouts. Indeed,
in 2011 financial markets witnessed the spread of tensions not only to other sovereigns
but also to banks exposed to the sovereign debt of PIIGS. In order to investigate the
possibilities of contagion spreading from sovereigns to banking systems of other coun-
tries via direct cross-border banking exposures, the fourth chapter tracked changes in

the banking system sensitivity to cross-border contagion over the period of 2006-2011.

A time-series perspective in the analysis of contagion risks is one of the main char-
acteristics that differs this study from other existing studies that attempt to capture
contagion effects only for one-period snapshot. Moreover, to the best of our knowl-
edge, this is the first study that covers such a wide range of countries to examine
possibilities of contagion from sovereigns to banks in the current crisis. Even though
our main focus is on the potential spread of contagion in Europe, we considered a
wider range of countries in order to account for all potential linkages. Thus, the
study was performed on the basis of the BIS data on cross-border exposures and the
Bankscope data on Tier 1 capital of 20 banking systems (Australia, Austria, Belgium,
Canada, Finland, France, Germany, Greece, India, Ireland, Italy, Japan, the Nether-
lands, Portugal, Spain, Sweden, Switzerland, Turkey, the UK and the US). Another
contribution is that in order to have a more accurate picture of banks’ true exposures,

we used a dataset on the ultimate risk basis that is adjusted for risk mitigants such
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as guarantees and collateral. By means of the Furfine algorithm we tracked poten-
tial contagion paths and assessed the associated capital losses of national banking

systems.

One of the key findings is that the resilience of banking systems to contagion risks
tends to improve over the years. It could be due to the retrenchment of capital
flows around the world or as a result of the recapitalization of banks and hence their
increased absorption capacity in the wake of the global financial crisis. The evidence
from this study also suggests that a single failure among PIIGS could be absorbed by
the network in 2011, but multiple initial failures (especially combinations including
Italy and/or Spain) could be more dangerous. However, the lack of the bank-level
data and hence their aggregation at the country level do not allow to reveal the
problems of particular banks that could be at risk due to their significant exposure to
borrowers in PIIGS. Besides, contagion could arise not only due to direct exposures
since in case of default of one of PIIGS panic can take hold accompanied by the steady
withdrawal of deposits from banking systems of other countries. The simulation
results also showed that the most systemically important countries are those of the
US, the UK, France and Germany. These countries (especially the US and the UK)
appear to trigger contagion to the highest number of banking systems and incur the
largest systemic losses. The systemic importance of the US thus explains why the US

subprime mortgage crisis spread so quickly and had such large global implications.

The findings of this chapter have a number of important policy implications. First,
since we observed that the resilience of banking systems to contagion risks improved
over the years, which coincided with the reduction of capital flows around the world
and the recapitalization of banks in the wake of the global financial crisis, it seems that
both better capitalized banking systems and reduced cross-border lending by banks
would decrease the danger of direct contagion from sovereigns to banks. However, in
order to conclude which of these two factors is more important for banking systems’
resilience, more research needs to be done. Second, a more equal distribution of
banking systems’ exposures would allow to diversify their risks to direct contagion
effects, even though it is not guaranteed that such diversification would safe banks
from unsystematic risks. Third, on the basis of the calculated potential systemic
losses, policymakers could define amount and qualitative features of capital injections

required for the overall system in order to reduce contagion risks.

Although the structural approach applied in the fourth chapter provides an important

tool for the assessment of potential systemic vulnerabilities, a number of potential
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limitations needs to be considered. First, even though the study was performed on a
rather large sample, it included only those countries that report the data to the BIS,
whereas non-reporting countries (e.g., Cyprus) remained beyond our analysis. Second,
given the difficulty in determining the appropriate level of LGD, we determined it
exogenously and kept it constant over time and during all rounds of contagion. This
could lead to an underestimation of contagion risks. Third, for the sake of simplicity
we focused only on the credit channel of contagion and ignored other sources (e.g.,
liquidity risks). Fourth, we did not model probabilities of default conditional on the
state of the economy and assumed that they are the same for all the countries in
the study. Further research would help to address the above mentioned limitations.
Finally, this approach is static in nature as it disregards the reactions of involved
players. Since contagion can spread not only via direct interlinkages but can also
be caused by the behavior of investors who act on fear, the usefulness of statistical
market-based methods (similar to those applied in chapters two and three) allowing
to track changes in investors’ perception of risk should not be underestimated. Thus,
the statistical and structural approach should be considered as complementary rather

than mutually-exclusive in studying contagion phenomena.
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