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ABSTRACT

The 2007-2009 financial crisis rigorously exposdte trelevance ofsystemic riskand
systemically important financial institutior(SIFIs) for financial market stability. While both
notions are ubiquitous in the analysis of the fmahcrisis and in the discourse on banking

sector regulation, there is still no consensusdagaate measurement approaches.

In this thesis we develop the ‘expected systemartill’ (ESS) methodology which facilitates
both the measurement @iggregatesystemic riskand the assessment of a banki&ative
systemic risk contribution. The ESS-indicator isided transparently using standard measures
from financial institutions risk management andresents the product of the probability of a
systemic default event in the banking sector ared ethpected loss when this systemic event
occurs. The measure is computed using a creditfofiortsimulation model whose input
parameters are estimated from market CDS spreatsaiity return correlations. In addition to
these methodological contributions we conduct tlhstrmsomprehensive analysis of systemic risk

and systemic importance in global and regionalrfai@ markets to date.

Our empirical results show that the ESS-indica¢gponds adequately to both the financial crisis
events with global importance and to specific esantthe regional sub-samples. The ESS-
indicator reaches its peak in September 2008 antiins elevated at the end of the sample
period in all samples and especially in the Eurapsab-sample. The relative systemic risk
contribution of individual banking groups is maintiriven by their size, corroborating the

common ‘too big to fail' statement. We contribute the ongoing discourse concerning the
regulation of systemically important financial imgtions by suggesting the use of the relative
contributions to the ESS-indicator as a measura foank’s systemic importance. By applying a
relative systemic risk contribution threshold oequercent, our empirical results show that there

are 23 globally systemically important banks.

The recent financial crisis and the ensuing sogereiebt crisis also exposed the relevance of
banking sector risk contagion dependencies. Spadj inter-regional systemic risk contagion,
bank vs. sovereign sector as well as bank vs. mok-borporate sector risk contagion effects are
mentioned frequently both in academia and amongtiicamers. However, there are only very
few empirical investigations of these dependentiedate. In fact, to our best knowledge only
the interdependencies between bank and soveresgiit spreads on the country level have been
the focus of previous research. In the presenighge add to this rather unexplored field of



financial research and conduct a comprehensive remapianalysis of banking sector risk
contagion effects. In particular, we employ stat¢he-art time series methods in order to
examine three types of banking sector risk contagiependencies. Firstly, we analyin¢er-
regional systemic risk contagiotependenciesising the regional ESS-indicator developed in
this thesis (as measure of systemic risk) andredtesmely regional bank credit spreads. Secondly,
we examineinterdependencies between sovereign and bank cegulgadsfor intra-/inter-
regional and intra-country relations. Thirdly, wealyze theinterdependencies between bank
and non-bank corporate secta@redit spreadsand alternativelyequity returnson the intra-

regional level.

For the inter-regional systemic risk contagion efewe find that the systemic risk in the
American financial system is contagious for theteysc risk in the other regions since the
subprime crisis period. Moreover, the analysis shomew inter-regional systemic risk
dependencies which have not been described préyiollse analysis of sovereign vs. banking
sector risk contagion exhibits a strong increasthefinterdependencies between sovereign and
banking sector credit spreads since the financisisc The impact of sovereign vs. bank default
risk even increased during the sovereign debtscpsriod. The analysis of bank vs. non-bank
corporate risk contagion effects exposed that cbangthe default risk of banks depend changes
in the default risk of the corporate sector durthg financial crisis period in all regions,
corroborating the claim that banking sector riskactts the real economy. The analysis of the
bank vs. non-bank corporate equity returns shotesastingly that the bank equity returaie

led by the corporate equity returns whereas the opgdsipendency is only rarely observed.
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1 INTRODUCTION

1.1 MOTIVATION

The 2007-2009 financial crisis exposed the relegasfcsystemic riskn the financial sector
which denotes the likelihood of the occurrence afystemic everthat would have serious
detrimental effects not only on the stability ofdncial markets but also on the real economy.
Systemically important financial institutions (SIFIs¥e a related concept discussed
extensively since the recent financial crisis. Aaficial institution is commonly regarded to
be systemically important, if its failure would repent a systemic event. As a consequence of
this, SIFls are often considered to benefit from iawmplicit bailout guarantee since
governments would never risk their failure. The iomd ‘too big to failll and ‘too
interconnected to fail' are mentioned frequentlytims respect and it is argued that the

implicit guarantee may lead to inefficient inceevand negative externalities.

The existing banking sector regulatory architectBaesel II' has turned out to be insufficient
to prevent the recent financial crisis and addaliynseveral shortcomings of this regulatory
framework were exposed during the crisis. Thesdcigeties were on the one hand
microprudential in nature as the capital and funding liquidity nstards for individual
institutions did not prevent banks from failing i@quiring government assistance. On the
other hand, the financial crisis exposed a lacknatroprudentialregulation which takes a
system-wide perspective in order to ensure thelgyabf the financial system as a whole.
Therefore, one guiding principle in the elaboratwinthe new banking sector regulatory
regime ‘Basel III' is the consideration of this magrudential dimension aimed at mitigating
systemic risk and ensuring efficient incentivesnadl as sufficient risk-bearing capacity of

SIFls amongst others.

Consequently, an adequate understanding of andune®asnt approaches for systemic risk
and systemic importance are highly relevant fohlibe analysis of the recent financial crisis
as well as the design and implementation of theréubanking sector regulatory architecture.
This relevance may also explain the recent growthe literature on systemic risk and SIFIs
and the advancement of this rather new financearekefield. While the current literature
provides several proposals for the measurement ittiere systemic riskor systemic
importance, there are only very few approachesterconsistentmeasurement of both of

these ubiquitous concepts. This may explain whyethis still no consensus on the
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methodologies for measuring systemic risk and agsgsystemic importance. In this thesis
we add to this literature and develop the ‘expedgstemic shortfall (ESS) methodology
which facilitates both the measurementagigregatesystemic riskand the assessment of a

bank’srelative systemic risk contribution as a measure of it$esg& importance.

The financial crisis and the ensuing sovereign dalsis also exposed the relevance of
banking sector risk contagion effects. Firstlyisitfrequently mentioned that there are inter-
regional systemic risk contagion effects, i.e.|lgper of systemic risk in one region onto the
systemic risk in other regions (particularly in @mof crisis). Secondly, it stands to reason
that interdependencies between sovereign and baskictor default risk have increased due
to i) government interventions in the financial teeaduring the crisis and ii) the increase in
sovereign credit spreads since the onset of the same sovereign debt crisis. Thirdly, the
financial crisis also highlighted the contagiouseefs of banking sector risk for the real
economy which materialized in severe economic ors in the aftermath of the crisis
(amongst others). Although these banking sectdt dsntagion effects are mentioned
frequently, there are only very few empirical intgations of these dependencies to date. The
analysis of the banking sector risk dependenciethim thesis will not only facilitate an
evaluation of their presumed existence but may ptswide an analytical starting point for

potential regulatory measures in order to mitigaeain detrimental effects.

1.2 RESEARCH QUESTIONSAND CONTRIBUTION

This thesis aims to derive an analytical framewlmk measuring systemic financial sector
risk and consistently assessing systemic importahdgmancial institutions which we name
the expected systemic shortfall (ESS) methodoldgyaddition, the ESS-methodology shall
be applied in a comprehensive empirical analysisystemic risk and systemic importance in
global and regional financial markets. Moreovels thesis seeks to conduct a comprehensive
analysis of the relevant banking sector risk depanigs. Specifically, the following research

questions are addressed in this thesis:

1. How can systemic risk in the financial sector beaswed?What are th
determinants of systemic risk and which differeneest between regions?

a) Derivation of an analytical framework for measuriaggregatesystemic ris

using a credit portfolio simulation methodologshose input parameters

estimated from capital market data.
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b) Application of the systemic risk measurement framewto a global hAnk
sample and regional sub-samptiging the sample period between Oct
2005 and April 2011 and analysis of the resultipgfemic risk indicators.

c) Analysis of the input factor and risk premium detgrants of the sample-

specific systemic risk indicators.

2. How can the systemic importance of a financialita8bn be assessed consiste
with its contribution to systemic risk?

a) Derivation of the relative contribution of individufinancial institutiongo the
aggregate systemic risk measure within the analytisystemic ris
measurement framework.

b) Analysis of the systemic risk contributions by wdual banks anc
examination of the input factor determinants.

c) Translation of a financial institution’s systemiskr contribution intca measut

of its systemic importance.

3. Is there empirical evidence for banking sector skitagion effec® Are thes

effects also observed when general macroeconomitittens are controlled for?

a) Derivation of aneconometric model for measuring risk contagion cf
between financial variables and controlling for ne@conomic factors.

b) Analysis ofinter-regional risk contagion effects i) the regionakystemic ris
measures and ii) regional banking sector credéass.

c) Analysis of contagion effects between banking sector and sovereign sector
default risk on the intra-/inter-regional level antla-country level.

d) Analysis of intra-regionatisk contagion effects between banking sector

non-bank corporate sectaredit spreads and equity returns.

As mentioned earlier, these topics are highly rhe¥or academia and practitioners alike.

The aggregate measure of systemic risk derivednhis thesis can be employed in the
continuous monitoring and steering of financial kearstability by regulatory authorities.

Similarly, an objective assessment of systemic m@nee is a necessary precondition for
applying specific regulatory measures to systenyigalportant financial institutions which is

envisioned in the ‘Basel lII' banking sector regaly framework. Hence, this thesis adds to
the literature and regulatory discussion on meagusiystemic risk and assessing systemic
importance of financial institutions by suggestitige ESS-methodology as a consistent
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analytical framework for these purposes. In additmthe methodological enhancements, this
thesis provides the most comprehensive empiricalyais of systemic risk and systemic

importance conducted to date.

The analysis of banking sector risk contagion ddpenies is a research area which has so far
received very little attention. In fact, to our bdsowledge only the interdependencies
between bank and sovereign credit spreads on thetrgolevel have been the focus of
previous research. Therefore, we add to this rathexplored field of financial research in
the present thesis and conduct a comprehensiverieatpanalysis of banking sector risk

contagion effects.

1.3 STRUCTURE OF ANALYSISAND UNDERLYING WORKING PAPERS

In the remainder of this thesis we proceed as vi@loChapter 2 provides a definition of
systemic risk and systemic importance and surveyselated literature on these concepts and
on the banking sector risk contagion dependentiaes.hypotheses which are examined in the
banking sector risk contagion analysis are elabdrat chapter 3. In chapter 4 we derive our
ESS-methodology for measuring systemic risk anessi#sg systemic importance. Also, the
econometric model for analyzing financial markettegion effects is elaborated. In chapter 5
we describe the empirical data analyzed in thissitheThe results from applying the
methodology to the empirical data are elaboratedhapter 6. Chapter 7 summarizes the

previous chapters, concludes and outlines aredstime research.

This dissertation represents the consolidatiorheffollowing working papers by the author
on the sub-topics of this thesis: Lahmann/Kase&f11a), Lahmann/Kaserer (2011b),
Lahmann/Kaserer (2012), Lahmann (2012a) and Lahnf20ih?b). The content from these
working papers is used in this thesis also litgralhd corresponding references are made
using footnotes at the beginning of the respecteetions. Quotations from these working
papers in the abstract, introduction and conclusibthis thesis are not stated expressly for

expositional convenience.



2 RELATEDLITERATURE

2.1 SYSTEMIC RISK AND SYSTEMIC | MPORTANCE!

2.1.1 Definition

Systemic risk in the financial sector is commonégctibed as the risk of correlated defaults
of financial institutions which would not only affethe stability of the banking sector but
also its ability to act as intermediary between ad#jprs and borrowers with potentially
serious consequences for the economy as a Wh8lgstemically important financial
institutions (SIFIs) are a related concept. A bankgenerally considered to be systemically
important if its bankruptcy would represent a teggvent for a series of correlated defaults in

the sense of the above description of systemic’risk

In the present dissertation we generalize the albl@geriptions of systemic financial sector

risk and systemically important banks and empl@&yfdilowing definitions:

Definition D1 ‘Systemic risk’ in the financial sector denotes the likelihoodhef
occurrence of a ‘systemic event’ which would not only have severe
implications for the stability of the financial system balso

detrimentally affect the real economy.

Definition D2 A financial institution is considered as ‘systemically impot if its

failure represents a ‘systemic event’.

The main difference in our definition is that thigder event of a systemic financial crisis is
defined more broadly as ‘systemic event’ which caegs (but is not limited to) a correlated
default event in the financial sector. This defomtis consistent with the derivation of the
expected systemic shortfall (ESS) indicator in thissis which defines the systemic event as

the loss of a certain percentage of the sampledbantial liabilities.

! The elaborations in this section are (also litgfalased on Lahmann/Kaserer (2011a).
2 Cf. Lehar (2005), p.2578 and Adrian/Brunnerme&ri(l), p. 2 (amongst others).
% Cf. Huang/Zhou/Zhu (2010b), p. 3 and FSB (2008),56 (amongst others).
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2.1.2 Measurement approaches

Approaches for the measurement of systemic risktla@dssessment of systemic importance
in the financial sector have been developed evérdéhe financial crisis. The importance of
this subject has grown significantly due to theergdinancial crisis which is reflected in the
sustained growth of literature on this topic. Tippr@aches for the measurement of systemic
risk and assessing systemic importance can befedswith respect to the underlying data
used: financial statement-based measures, expbasest network models and measures

based on capital market data.

The first type of approaches uses financial statemata such as the share of non-performing
loans, profitability, liquidity and capital adegyaeneasures. The disadvantage of this
approach type is that financial statement data vigilable only with a relatively low
frequency, is published only with a substantiabglednd information in financial statements
is backward-looking despite IFRS accountfnBrehmann/Tarashev (2011) find that while
market data and model based approaches are usaadirable, ‘simple indicators’ based on
financial statement and regulatory data (such a& b&e, interbank borrowing and lending)
can offer a handy approximation in the assessnfdrdrk’s systemic importance whereas the

aggregatesystemic risk cannot be adequately determinedhigyapproach.

Network models usually rely on mutual bank exposiata and model the direct connections
among the banks to simulate the effects of a detudnt on the banks within the network.
IMF (2009) and Espinosa-Vega/Sole (2010) apply @vokk model using the mutual bank
exposures and the bank equity to model the effefcés initial default of one of the network
banks on the other banks in the system. The systenportance of a bank is derived based
on the cumulated capital impairments which itsiahitdefault causes in the systém.
Aggregatesystemic risk can be measured using this apprbgcmeans of the cumulated
exposure losses. Pokutta/Schmaltz/Stiller (201Veld@ a similar network model that also
facilitates the derivation of optimal bail-out s&gies. As network models are usually based
on confidential exposure data, their applicationeserved for regulatory authorities and will
— for the time being — be limited to the applicatiithin a country due to confidentiality

restrictions. Besides, the required data are availanly with a relatively low frequendy.

4 Cf. Huang/Zhou/Zhu (2009), p. 2036-2037.
® An extension of the model considers the effectesiffunding sources and consequent fire sales.
® E.g., the large exposure reporting in the Eurofdsion is carried out on a quarterly basis.
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Systemic risk measurement approaches based onalcapdrket-data have three key
advantages vis-a-vis measures based on balandeastieexposure data: they can be updated
more frequently (usually daily), are forward-loogiby nature and can be implemented by all

interested parties. These approaches are desaniltieel following.

Lehar (2005) computes the probability of defaulse¥eral financial institutions as a measure
for aggregate systemic risk based on the assenreturelations which are estimated using
the Merton (1974) contingent claims analysis. Qvigrton/Bodie (2007a) also pursue a
contingent claims approach and develop a systemsic measure which accounts for
sovereign risk. Gray/Merton/Bodie (2007b) folloveteame analytical approach and derive a

regulatory policy framework aimed at mitigating ®aic macrofinancial risks.

Chan-Lau/Gravelle (2005) and Avesani/Pascual/LO@Gonsider the banks in the sphere of
competence of a regulator as portfolio and comphueprobability of default oh portfolio
banks f(ith-to-default probability) as measure of systenmsk in the portfolio. Billio et al.
(2010) analyze the correlations and dependenciegaping in equity returns of different
types of financial institutions in order to obtdlme aggregate systemic risk. Kim/Giesecke
(2010) use Moody’s US default data together withiteh market parametetgo derive an
aggregate systemic risk measure and its term steict

While the above approaches based on market dataecased to measuaggregatefinancial
sector risk, they are not appropriate to assessmysimportance. To this end, Acharya et al.
(2010) measure systemic risk using the “systempeeted shortfall” (SES) measure which
they define as the probability of an individual kareing undercapitalized when the whole
system is undercapitalized. Adrian/Brunnermeiel0@0xamine the systemic importance of
banks based on equity data using the “Conditiorall® at Risk” (CoVaR) metric which
measures the value at risk of the whole finangiatesn when one of the financial institutions
experiences a distress situation. CoVaR can be tsedsess the systemic importance of

individual banks whereasgéannotbe aggregated to measure aggregate systemic risk.

Huang/Zhou/Zhu (2009) employ a credit portfolickrirmodel using equity return correlations
and CDS spreads to compute a risk-neutral meaguaiggregatesystemic risk, the distress
insurance premium (DIP) for the US financial systeihis measure represents the
hypothetical insurance premium against the los$es certain share of the total banking

sector liabilities. Huang/Zhou/Zhu (2010a) exter tDIP approach by an importance

" Such as S&P 500, TED spread, the US yield curve.
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sampling methodology to determine the marginal BdRtribution of individual institutions
which facilitates the assessment of systemic ingpog and apply it to the Asian-Pacific
banking system. Huang/Zhou/Zhu (2010b) employ #r®es approach in analyzing the US

financial sector.

The use of a credit portfolio simulation approactsdal on capital market data to derive the
aggregate expected systemic shortfall (ESS) inglicab this thesis is inspired by
Huang/Zhou/Zhu (2009). There are, however, thregomant differences between the two
approaches. Firstly, we define the systemic defawdint as a portfolio loss of the sample
bank liabilities which exceeds a percentage otota liabilities of thesample banksvhereas
Huang/Zhou/Zhu (2009) define the loss thresholditnet to thetotal banking sector
liabilities. This difference makes our approactoagpropriate for banking systems in which
a major portion of the banks is not exchange-lisg&stondly, we derive the ESS-indicator in
a transparent manner using standard measures fnamcfal institutions risk management,
namely the probability of (systemic) default and #xpected shortfall, which facilitates the
application of our indicator by other parties. Ty the relative systemic risk contributions
in our ESS-methodology are computed in a transpdesion as byproduct of the credit
portfolio simulation as opposed to using an addalamportance sampling procedure as in
Huang/Zhou/Zhu (2010a) and Huang/Zhou/Zhu (2010bis feature facilitates the use of our

methodology as an intuitive measure of a bank’sesys importance.

Apart from the methodological enhancements in nmagusystemic risk and assessing
systemic importance, this thesis also contributeshe empirical side as it is the first truly
global analysis of systemic financial sector rishieh also accounts for regional differences
by separately analyzing four regional sub-sampkg.contrast, the above publications
consider only individual regions or countries. Dioethe global perspective in the present
thesis we also to contribute to the ongoing dissewn the identification and regulation of
systemically important financial institutions as eesults can be used to identify those banks

which are systemically important on a global scale.
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2.2 BANKING SECTOR RISk CONTAGION DEPENDENCIES®

There is a vast literature concerning contagionfimancial markets which is surveyed
comprehensively by Dornbusch/Park/Claessens (280@)Kaminsky/Reinhart/Vegh (2003).
While most publications focus on cross-country readontagious effects it should be noted
that contagion can take place between any sorinah€ial markets, e.g., between debt and
equity capital markets.We define contagion consistent with Dornbusch/figessens
(2000) and Bae/Karolyi/Stulz (2003) as an elevatbmarket interconnection subsequent to
a shock event in one mark8tThe literature distinguishes at least three chianmg which

contagion can be transmitted through financial ree®

The liquidity channeldescribes a mechanism where a shock event ininagecfal market
detrimentally impacts market liquidity of certain @ven all financial markets with potential
consequences for asset prices and investor conéucther consequences in case of a
liquidity channel contagion may be elevated tradaegvity in other markets affected by the
initial shock and diminished credit availability igh may become fully effective first after an
extended period. Allen/Gale (2000), Kodres/Pritskg002) and Brunnermeier/Pedersen

(2009) describe relevant models for this contagimpagation channel.

In the risk-premium channebf financial market contagion an initial shock evén one
market affects investors’ risk-bearing willingness other markets whereby changes in
equilibrium risk premiums affect asset pricesalh markets. Consequently, shock-induced
return changes to the affected security may imgaetreturns on securities in other markets
which also provides a rationale for the predicipaver of distressed asset returns for other
asset classes. Due to feedback effects, the intiplsaof this propagation channel may first
fully materialize after several periods. Conseqglyethe measurement of contagion via the
risk-premium channel can be conducted in a vectaoragressive (VAR) framework
provided that adequate data frequencies and lagHerare chosen. Acharya/Pedersen (2005)

and Vayanos (2004) present relevant models forcthigéagion transmission channel.

In the correlated-information channel jolt to one financial market represents new eadn

information which is relevant also for asset prigasother markets, e.g., because the

8 The elaborations in this section are (also litgrdased on Lahmann (2012b).

° Cf. Longstaff (2010), p. 438.

19 cf. Dornbusch/Park/Claessens (2000), p. 177 amdiiaolyi/Stulz (2003), p. 720.

1 The subsequent elaboration of the three contagiopagation channels is based on Longstaff (2q13)38.
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information pertains to economic factors which driultiple markets. A common feature of

the literature describing the correlated-informatiohannelis the assumption that the

contagion takes place via the price discovery masha Therefore, one would expect to
observe immediate price reactions in #fectedfinancial markets especially when these are
more liquid than the market where the initial shockurred. Therefore, contagion propagated
by means of the correlated-information channel bantested using a VAR framework.

Theoretical models for this contagion propagatiotharmel are described by

Dornbusch/Park/Claessens (2000), Kiyotaki/Mooré@@nd King/Wadhwani (1990).

Longstaff (2010) points out that while the threategion channels affect security prices in
specific ways, there are also similarities betw#en channels, an example of which is the
relation between credit risk and liquidity duririgetrecent financial crisis: while the subprime
crisis of 2007 was characterized by ‘credit-riskdned illiquidity’ (attributable to the risk-
premium and/or correlated information channel),ritical determinant of the 2008 global

financial crisis was ‘illiquidity-induced creditsk’ (attributable to the liquidity channéf.

The recent financial crisis exposed the relevarfceystemic riskin the banking sector as
defined in definition D1. It suggests itself thgsemic risk in the banking sector can also be
contagious for other parts of the financial marked it stands to reason that it could also be
propagated by way of the above contagion transarisshannel$® In the following we
elaborate the systemic banking sector risk contagftects which are the focus of this thesis

along with the related literature.

2.2.1 Inter-regional systemic risk contagign

The 2007-2009 global financial crisis evolved fransubprime mortgage and CDO market
crisis in the United States and the subsequenis ceigents in the US — such as the Bear
Stearns takeover and the Lehman Brothers defawitere contagious for other regional
financial markets and also led to increased systeisk in these markets.Additionally, one
could observe inter-regional dependencies betwegiomal crisis events and market reactions

in other regionsSpecifically, our results in section 6.1.1 showt tiace the onset of the euro

12 Cf. Longstaff (2010), p. 438.

13 To the best of our knowledge there are no pulitinatconcerning the contagion transmission chanoiels
systemic risk, though. We outline the presumed amioh transmission channels for the analyzed
dependencies in chapter 3.

1% The elaborations in this section are (also litgfdlased on Lahmann (2012b).

15 Cf. Acharya et al. (2009), p. 1.
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zone sovereign debt crisis the systemic risk irsgeanot only in Europe but also in other

regions.

While the observation ofinter-regional systemic risk contagiohas been described
frequently, there is — to the best of our knowledgrirrently no published research analyzing
the inter-regional contagion effects of systemsk ras measured by a systemic risk measure
(or alternatively bank CD'$§ available. This thesis fills this gap by analypithe inter-
regional systemic risk contagion effects betweenr#lative ESS-indicator (and alternatively
regional bank CDS) of the American, Asian-Paciltcropean as well as the Middle Eastern
and Russian sub-samples by means of Granger-dgusalis and impulse response functions
in VAR frameworks during four sub-periods betweestdber 2005 and April 2011.

fi

2.2.2 Sovereign risk vs. banking sector risk contadion

In the course of the recent global financial crseseral financial institutions were supported
by government interventions in order to avert tli@ilure because a default event by a major
financial institution was considered to represemstystemic evenivhich could have further
destabilized the financial system and the real ecoyn® While these financial stability
measures substantially altered the size and steuciigovernments’ balance sheets, Gray
(2009) points out that the impact of this new iotemectedness between banking and

sovereign sector and its effects for other econ@®mators are largely unexplored.

One may wonder why systemic risk in the financedter or — more generally — bank default
risk is related with sovereign default risk. Gragitbn/Bodie (2008) point out that there are
several linkages between these two risk types wihieh influenced by the explicit and

implicit guarantees of the sovereign to the barksey also find that the presence of an
elevated level of systemic risk in the financiattee entails recessionary tendencies in the
real economy which strains public finances andtshifstress to the government which is
even reinforced when there are state guaranteabdadiinancial sector. Furthermore, banks
and other owners of sovereign debt are affectethbydecreased quality of the sovereign’s

credit risk and write-downs on their sovereign debldings'® Acharya/Drechsler/Schnabl

% We find in section 6.1.1 that bank CDS spreadsdiest-order approximation for the relative ES$licator.
" The elaborations in this section are (also litgrdlased on Lahmann (2012a).

18 additionally, governments introduced large-scateremic stimulus packages for the ‘real economydrider
to alleviate the impact of the economic downturn.

19 Cf. Alter/Schueler (2011), p. 2.
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(2011) describe this interdependency as ‘two-waylack’ and derive a theoretical model to
capture the linkages between government bailoufimafcial firms and the sovereign risk.

Recent research on the financial crisis effects alstablishedempirical evidence for the
linkage between financial and sovereign sector. &kckmann/Plank (2010) find evidence
for a risk transfer from the private to the pulsactor in Western Europe during the financial
crisis and particularly for countries which intradal financial stability measures. Moreover,
they find that the linkage of country-level bankdaovereign CDS spreads increased which
they attribute to the fact that banks own significamounts of sovereign debt and

governments have large contingent liabilities fait banking systems.

Gerlach/Schulz/Wolff (2010) find that CDS spreadis\testern European countries affected
by sovereign debt issues are positively relatedi i€ countries’ bank CDS spreads whereas
no lead-lag relationships are analyzed. Moreovey tobserve that sovereign and banking
sector risk became more interlinked when governmatdrted to guarantee some of the
banks’ liabilities. In  addition to their above thebcal contributions
Acharya/Drechsler/Schnabl (2011) find that govemimigailout programs to the financial
sector increased the linkage between the credtitafidbanks and sovereigns on the country-
level. By analyzing the lead-lag dependencies betvwaecountry’s sovereign CDS spread and
the CDS spreads of two of the country’s finanamstitutions Alter/Schueler (2011) show that
in the period prior to the financial sector bailbehanges in bank credit risk mostly preceded
changes in sovereign credit risk whereas in thet-ipatout period the opposite effect

occurred in the majority of the seven examined eorte countrie&’

In this thesis we contribute to the literature ba tontagion effects between sovereign risk
and banking sector risk by analyzing the interlggs between sovereign and bank CDS
spreads as proxy measure of systemictisk the regionaind country level. On the regional
level we analyze botinter- and intra-regional interlinkages between sovereign and bank
CDS spreads of the sample regions America, Asi#iaeurope as well as Middle East and
Russia which has not been covered in previous rgse@n the country level we analyze the
interlinkages between the country’s sovereign Cpr@ad and the average CDS spread of the
country’s banking groups which has so far only baealyzed for certain euro zone countries
by Alter/Schueler (2011). To the best of our knalgle, this is the most comprehensive
analysis of sovereign and bank credit risk intédiges conducted so far.

? They consider the seven countries France, Gernigignd, Italy, Netherlands, Portugal and Spain.
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2.2.3 Banking sector risk vs. corporate sector risk cgiota*

The banking sector is interconnected with the nankbcorporate sector in several ways.
Firstly, banks provide lending to firms and consatly a deterioration of the funding

conditions in the financial sector should also Ispuer to the non-bank corporate sector.
Secondly, a deterioration of the credit qualitycofporate obligors in bank loan portfolios
should also detrimentally affect the earnings @ lgnding financial institutions. Moreover,

the 2007-2009 financial crisis exposed the relegawfcsystemic banking sector risk for the
non-bank corporate sectors and it is argued fregudrat systemic risk in the financial sector

detrimentally impacts the real econofy.

Contagion effects between the credit spreads oityegeturns of banking vs. non-bank

corporate sector have to our best knowledge nobgen analyzed in the scientific literature.
However, there are studies which cover somewhata@ltopics. Claessens/Tong/Wei (2011)
analyze the importance of transmission channeltherperformance of manufacturing firms

and find that the financial linkages are relevanéxplaining the decrease in profitability and
equity performance during the global financial istilRaunig/Scheicher (2009) analyze the
pricing of default risk of banks vs. non-bank firmsing CDS data and find that the

importance of common factors in explaining the Cip&ads has increased during the crisis.

In this thesis we analyze the interdependenciesdget bank and non-bank corpofdt€DS

spreads and equity returns. We account for regiolifiérences by separately analyzing
American, Asian-Pacific and European samples. limghspecific peculiarities are accounted
for by examining both the overall corporate sangdavell as nine industry clusters for each
region. To the best of our knowledge this is thestfianalysis of the interdependencies

between bank and non-bank corporate CDS spreadscaity returns conducted so far.

I The elaborations in this section are (also litgydlased on Lahmann/Kaserer (2012).

2 This is consistent with our definition of systemigk which we define as the likelihood of the ogence of a
systemic event which would not only have effectstfe stability of financial markets but also tHéeet the
real economy.

% In the following we also refer simply to ‘corpogafirms when referring to non-bank corporate éssitfor
expositional convenience.
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3 HYPOTHESESFOR BANKING SECTOR RISk CONTAGION ANALYSIS

In this chapter we elaborate the hypotheses comgetthe banking sector risk contagion
dependencies which are analyzed empirically inttiesis.

3.1 INTER-REGIONAL SYSTEMIC RISk CONTAGION?

Before the 2007-2009 financial crisis the concdystemic risk in the financial system was
discussed primarily from an academic viewpoint \elasr the crisis actually exposed the
relevance of this topic for financial markets. Maver, there is so far no evidence of inter-

regional systemic risk contagion before the crisigerefore, we formulate:

HypothesisAl Before the financial crisis there are no contagion effects betulezn

systemic risk in the sample regions.

As the financial crisis originated in the subprimertgage market of the Unite States and the

financial crisis events in the US affected finahaiarkets around the globe, we test:

Hypothesis A2 During the subprime and financial crisis periods the sygteisk in the
United States was contagious for the systemic risk in o#ggons.

In the course of the financial crisis the mutuaissevity of bank CDS spreatfsand equity
prices to events affecting banks in other regiowwseased as markets increasingly perceived

banks’ asset- and liability-side risks to be higbtyrelatec?® Consequently, we analyze

HypothesisA3 During the financial crisis period the feedback relations et the

regional systemic risk increased.

Due to the systemic component and particularlyhigd correlation of asset- and funding-
side risks in the financial sector exposed during trisis, we expect persistence of the

observed inter-regional systemic risk contagiorratte financial crisis and posit:

Hypothesis A4 After the end of the financial crisis the systemic risk intexddpncies

observed during the financial crisis persist.

%4 The elaborations in this section are (also litgfalased on Lahmann (2012b).

5 For expositional convenience we refer synonymotsI€DS (spreads), credit risk, credit spreadsaefdult
risk when denoting the market CDS spreads whiclemploy in the empirical analysis.

% Cf. Acharya et al. (2009), pp. 2-4.
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We operationalize the analysis of these inter-taapdypotheses by conducting the
econometric analysis for four sub-periods which specify in chapter 5. Regarding the
contagion transmission channels involved, it staodseason that during the financial crisis
the inter-regional systemic risk transmission mayehoccurred via all three transmission

channels of financial market contagion describetthépreceding classification.

3.2 SOVEREIGN RISK VS. BANKING SECTOR RISk CONTAGION?’

The sovereign and banking sector are interlinkeda imultitude of ways. For example,
financial institutions often hold sovereign debtibtss considered a ‘low-risk’ investment
providing a stable source of income, it receivdavarable regulatory treatment and because
sovereign debt represents a comparatively liqugktaalso in times of strained markgts.
Changes in the default risk of sovereigns shoulitédead to changes in the default risk of
banks in case the respective sovereign debt holdipigesents a significant share of the total
assets. As the information regarding the compasitibbank balance sheets is not publicly
available, market participants need to conjecthesimpact of changes in sovereign credit

risk on a particular financial institutidii.

Apart from the relative size of banks’ sovereigeeasolding, one would expect that the level

and volatility of sovereign CDS spreads also infilces the susceptibility of bank credit risk

to changes in sovereign credit risk. Given the lewel and volatility of sovereign CDS

spreads in America and Europe before the ‘coreirfanal crisis materialized as shown in

Figure 8°, it is likely that bank CDS spreads were not a#fddy the American and European

sovereign CDS spreads before this period. Thergiegeanalyze:

Hypothesis B1 Before the financial crisis period the sovereign default risRkmerica
and Europe does not impact bank default risk.

By contrast, the CDS spreads of the Asia-Pacifit inddle East & Russian sovereigns are

elevated and volatile even before the financiasisriTherefore, we would expect that the

sovereign risk in these regions impacts the bafkutterisk and examine

" The elaborations in this section are (also litgydlased on Lahmann (2012a).

%8 Cf. Panizza/Sturzenegger/Zettelmeyer (2009), gbahd Acharya/Drechsler/Schnabl (2011), pp. 2-4.
29 Cf. Arteta/Hale (2008), pp. 54-55.

% The low level and volatility reflects the low defaexpectations associated with these countries.
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Hypothesis B2 Before the financial crisis period the sovereign default riskthe
regions Asia-Pacific, Middle East and Russia impacts lusaf&ult risk.

During the sovereign debt crisis period, the leaetl volatility of all sovereign spreads
increased significantly. We suspect that this ckaingsovereign CDS spread characteristics

also impacted on bank credit spreads and, theredosdyze:

HypothesisB3 Since the sovereign debt crisis period changes in the sovereigualid

risk lead changes in bank default risk.

In the analysis of intra-regional and intra-countspvereign vs. bank default risk
dependencies, additional perspectives are to lenteko account. During the financial crisis
several financial institutions were supported bgitthome countries’ governments as their
failure may have constituted a ‘systemic eventhwpbtentially disastrous consequences for
financial markets and the real economy. The impfjgarantee by the state for ‘systemically
important financial institutions’ is a frequentlysdussed notion in this regard. The support
measures for banks altered the size and strucfugev@rnments’ balance sheets and due to
the implicit guarantee changes in the banking sectedit risk should also impact the
sovereign debt in the same courthaccordingly, the following hypothesis will be agaéd:

Hypothesis B4 Since the financial crisis period, there is an intra-regidrauntry
lead-lag relation between changes in bank and sovereign deiskult

In order to analyze these hypotheses we employ eh&KRS spreads as these are the most
widely used market-based measure for credit riskhbuld be noted that CDS spreads not
only reflect theactual default risk, as measured by tpleysicaldefault probability, but also
risk-premium component$.The analysis of the inter-temporal hypothesepirationalized

by conducting the econometric analysis during tbersub-periods described in chapter 5.

With regard to the above financial market contagibannels we argue that the transmission
of sovereign risk to the financial system occursdpminantly through the risk-premium
channel and the correlated-information channel.cése of the risk-premium channel,
increases in the risk-premiums of sovereign debuirsiies may also spill over to bank debt
and thereby affect systemic risk (the reciprocddtien can be explained similarly). The
correlated-information contagion channel applieemwinformation pertaining to sovereign
debt affect also the asset side of bank balancetsloe — equivalently — increases in banking

31 Cf. Acharya/Drechsler/Schnabl (2011) and Alterigaiar (2011).
%2 Cf. Longstaff/Mithal/Neis (2005) and Forte/Pen@dQ).
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sector risk elevate the contingent liability of otries to bail out their financial sectors which

may in turn detrimentally impact sovereign credikr

3.3 BANKING SECTOR RISK VS. CORPORATE SECTOR RISK CONTAGION®

Banks provide lending to non-bank corporate firmsl éhence a deterioration in the
refinancing conditions of banks should translate imcreased funding costs of non-bank
firms. The effective contagion transmission mecsianaccording to our classification can be
due to the risk-premium channel, when the incréa®ank credit spreads is due to an overall
increase in risk premiums, or alternatively, du¢h liquidity channel, when the deteriorated
funding conditions can be attributed to an ovedsdcrease in market liquidity for the
respective funding instrumenitsThis dependence of non-bank corporate funding amkb
funding conditions should also apply when firms chrectly access debt capital markets
(e.g., by issuing bonds) as these are also impdayethe conditions on bank funding

markets® Therefore, we examine:

HypothesisC1 Changes in the bank default risk affect changes in the defalliof
non-bank corporates.

Apart from the above funding relation between bank corporate refinancing, the financial
crisis has exposed the importance of bank (or sysjerisk for the real economy. With
regard to the inter-temporal validity of hypothes€i@ we would hence assume that the
dependency became more pronounced during the falaciisis. In order to analyze the
hypothesis concerning the default risk we employketaCDS spreads as these are the most
widely used market-based measure for credit riskhils respect it should be noted that CDS
spreads not only reflect thactual default risk, as measured by tiphysical default

probability, but also risk-premium componeffs.

The quality of a bank’s loan portfolio — and therdtis future earnings — is mainly determined
by the credit quality of the firms to which the Bgprovides lending. Moreover, a company’s
ability to meet its payment obligations is alsoedetined by its business prospects. A firm’s

business prospects should in turn be reflectedtanequity prices since good business

% The elaborations in this section are (also litgydlased on Lahmann/Kaserer (2012).

3 For expositional convenience we refer synonymotsI€DS (spreads), credit risk, credit spreadsaefdult
risk when denoting the market CDS spreads whiclemploy in the empirical analysis.

% This is due to the fact that bank funding markas usually very liquid and dislocations in bankding
markets spread to non-bank funding markets (cfkEBEmirguc-Kunt/Maksimovic (2002)).
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prospects usually translate into higher earningsfature dividends® Moreover, the assets of
banks also often comprise the shares of other moR-borporate firms in the shape of long-
term investments or as speculative instrumentslowolg this line of argument we
hypothesize that the equity returns of non-bankdishould lead the equity returns of banks

due to the correlated-information contagion trarssmn channel and analyze

Hypothesis C2 Changes in the equity returns of non-bank corporates leadgesin
the equity returns of banks.

It should be noted that the argument of hypoth€idscould be made equally well for a
dependency in the other direction for similar ressas described above for the dependency
between bank and non-bank corporate default risdo,At could be argued that the opposite
of the dependency described in C1 could be plaeiséby., when an increase in the credit risk
of corporate borrowers (as a whole or from certadustries) leads to increased default risk
for the lending financial institution. In the empal analysis we will test the stated
hypotheses, though, as we consider them more plau$dbviously, the formulation of the

hypotheses does not impact the empirical results.
While there may exist industry-specific differenaeigh respect to the existence or extent of

the above hypothesized dependencies it is diffimuformulate industry-specific hypotheses

ex ante and we will consider this aspect agaihénanalysis of the empirical results.

% |n fact, several rating models, such as Moody’s\KMse public equity prices as one determinantdaueling
a firm's credit risk (cf. Bharath/Shumway (2004). this respect, the equity price is relevant fisrlevel
(inverse relation between equity prices and defasik) and its volatility (for modeling the volaty of the
firm’s assets).
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4 METHODOLOGY

4.1 THE EXPECTED SYSTEMIC SHORTFALL (ESS) METHODOLOGY?’

In this chapter we elaborate the ESS-methodolagyderiving our indicator we follow the
approach by Huang/Zhou/Zhu (2009) and construgtpathetical credit portfolio comprising
the total liabilities of the banks in the samplel @stimate the two key determinants for the
credit portfolio risk, the asset return correlaioand the default probabilities from capital
market data. Based on these inputs we use an\adaetmodel of portfolio credit risk in a
Monte Carlo simulation to model the portfolio loss®er time. The resulting loss distribution
is used to derive the ESS-indicator as the prodfiche probability of a systemic default
event and the expected loss in case this defaahteccurs. We also provide a methodology
to determine the relative ESS-contributions ofwtlial institutions.

4.1.1 Estimating asset return correlations from equitynres

In order to model the default correlations of asset a credit portfolio there are two

predominant procedures. The first uses historiedhut data and is described in Jarrow
(2001), Das et al. (2007) and Duffie et al. (20@G8hongst others. While being theoretically
appropriate, this procedure may result in sevetienagon errors in practice as defaults are

rare events, especially for high-rated obligorshsas major banking groups.

The second approach uses credit or equity market tdaestimate the default correlations
indirectly by following the contingent claims appah in Merton (1974) and interpreting
equity as a call option and debt as a put optiontle underlying firm’s assets. The
correlations of the market equity returns (or C[p&ads) of the firms under research are thus
used as proxy for the asset return correlationeasheev/Zhu (2008b) obtain the asset return
correlation by means of CDS spreads, Moody's Gldbatrelation model estimates the
underlying asset value from equity market data #&adbnce sheet parameters before
calculating the asset return correlations, Hull/i&h{2004) suggest to use equity return
correlations as proxy for asset return correlationgractical implementations.

3" The elaborations in this section are (also litgydlased on Lahmann/Kaserer (2011a).
3 Cf. Huang/Zhou/Zhu (2009), p. 2038.
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In this thesis we use the second approach andivdhe suggestion by Hull/White (2004) to
estimate the asset return correlations from thétyecgeturn correlations. Correlations derived
from equity returns benefit from the high liquidiby exchange-traded equity shares which —
under ideal market conditions — ensures that claimgeahe firm’s default risk or overall
market conditions are incorporated instantaneouslthe firm’s equity market price. The
rationale for employing equity return correlatioss proxy for the asset return correlations
results from the fact that under constant firm tage it can be shown the asset and equity

return correlations are equél.

As the assumption of constant leverage is morgylikkehold in the short-run, we estimate the
correlations based on the equity returns from th&t p0O trading days whereby we construct
the symmetrical matrix of the pairwise equity retworrelations of the banks under research
for each day during the observation period. Thigetation estimation methodology ensures
that only the equity returns from a defined peraddtime are included in the correlation

estimation so that the constant-leverage assumatitast approximately tends to h8id.

4.1.2 Calculating risk-neutral probabilities from CDS sads

We estimate the other relevant determinant of pleticredit risk, the probability of default
(PD), from single-name credit default swap (CDS)eads. A CDS is a contract which
provides insurance against the default of a reteresntity in exchange for a continuous
payment of the CDS spread on the underlying notivalkie. The CDS market has grown
substantially since the turn of the millennittrand CDS spreads are considered to be better

measures of credit risk than bond spreads or Ipezags’

Under the standard assumption that the preseng wdlthe indemnification payments in case
of default (numerator of the subsequent equatiapalks the present value of the CDS

insurance payments (the denominator), the mark& §feads, of banki can be written as

%9 The derivation for this rationale is provided ipgendix A.

“0 By conducting robustness checks we find that thpigcal results are also robust when equity refifrom
other time lags or alternative correlation estimatnethods are employed.

41 Cf. Jakola (2006) for a discussion of the growiH amportance of the CDS market.

42 Cf. Longstaff/Mithal/Neis (2005) and Forte/Pen@QQ) for a discussion of the advantages of CDSwead
spreads and Norden/Wagner (2008) for a discusdithreadvantages of CDS vs. loan spreads.
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where LGD,, is the expected loss given default used in thengiof the CDSyr is the risk-

free rate of returng , denotes the annualized risk-neutral default intgreind 1—_|‘0rqi’udu

denotes the risk-neutral probability of survival lmdnk i over the following7 years. By
assuming that the recovery rates are uncorrelatibdtine default rates and that both the risk-
free and the default intensity term structuresflate Duffie (1999) and Tarashev/Zhu (2008b)

obtain the risk-neutral default probabilitieB, ; as

5 . &l
‘6D, +h,

(2)

t+T t+T
where a, E.L e'"dr and h E.L re' dor .** A flat default intensity term structure is also

assumed in the subsequent analysis which is na&ssadly given at any time in reality but

has become standard practice among practitionersemearcher¥’

It is important to take account of the fact that thsulting default probability isrask-neutral
measure. This means that it contains not onlyptisical default probability but also risk
premium components such as the credit defaultpisknium and the liquidity risk premium.
As the ESS-indicator is computed using these resktnal PDs, it is also a a risk-neutral
measurd® As there is no persuasive quantitative approachigcompose the individual
components embodied in the risk-neutral PDs, omelsi¢o rely on the commonly accepted
observation that the increases in CDS spreads gldin@ financial crisis can be attributed
mainly to increases in the default and liquidiskrpremium components. This observation is
supported by the only slight increase of actuahdifrates during the financial crisis which
suggests that the increase of CDS spreads initiésgeriod resulted mainly from increased

risk aversion and uncertainty with respect to teqgaate level of default and liquidity risk

“3 Cf. Tarashev/Zhu (2008b), pp. 6-7 and Huang/Zhbu/@010b), pp. 5-6.

44 By comparing one and five year CDS spreads Hudr@iZhu (2009) come to the conclusion that thereis
empirical evidence against this assumption.

>t should be noted that one could also astial default probabilities to compute the ESS-indicaldrese are,
however, less readily available than risk-neutiaé Bbtained from market CDS spreads.
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premiums'® We further analyze the risk premium determinartsthe ESS-indicator in
section 6.1.2.

Another feature of the resulting default probapiig that it is — similarly as the above equity
return correlations — a market-badedvard-lookingmeasure in the sense that it contains an
average of the expected default probability duthmglife of the CDS. In that respect it stands
in clear contrast to backward-looking measures.,(dgsed on financial statement data),

which only state whatasoccurred in the past as opposed to whilitoccur in the future.

4.1.3 Constructing the systemic risk indicator

The estimated equity return correlations and risitral default probabilities are used as
inputs for the Monte Carlo simulation using the gé#arisk-factor portfolio credit risk
methodology of Gibson (2004) and Tarashev/Zhu (2p08&vhich we apply to the
hypothetical credit portfolio comprising the totalbilities of the sample banks to obtain our
expected systemic shortfall indicator. The methogyplis elaborated in the following.

We assume that the asset values of the sample lrartke hypothetical debt portfolio are
characterized by the Vasicek (1987) single-riskdaenodel, which postulates that a firm
defaults when its assets fall below a certain tiwlssand that the asset values are determined

by a single common risk factor:

Vi,T =P MT +\/1_'0i2 [Zi,T (3)
whereV,; denotes the asset value of bankt timeT, M. is the common risk factor and
represents bank’s exposure to the common factdf,; denotes the idiosyncratic factor of

banki. The correlation between banksand j is consequently given by o, 4" In order to

facilitate the model’s implementation, we followastlard practice and assume that the
common risk factor follows a standard normal duttion so that the default threshold of

bank i contingent on the realization of the common facMr can be shown to equal

q)‘l(PDi’T) where ® *denotes the quantile of the standard normal digtidh.*®

46 Cf. Huang/Zhou/Zhu (2009), p. 2038.
47 Cf. Vasicek (1987), pp. 1-2.
“8 Cf. Tarashev/zZhu (2008a), pp. 135-137.
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In order to implement the Monte Carlo simulatiom foe N banks in the sample we first

estimate the symmetricé x N correlation matrixP, and compute th&x N vector of the 1-
year risk-neutral default probabilitie®, for every dayt in the sample period. We then draw
alxN vectorY, of standard-normally distributed variables whoeg@ation matrix isP, .

This procedure is repeated fd€ simulation iterations, resulting in & xN matrix of

correlated normally distributed sample values fteday in the sample period.

A default for banki at the end of the one-year period under consideratccurs when the
sampled value is below the default threshold, i¥g.< (D'l( PD;)- When default occurs for

banki we sample an LGD from a symmetrical triangularribistion with a mean of 0.55 in
the range [0.1, 1] which is a widely-used distribotassumption for LGDE Multiplying this
sample LGD with the total liabilities of bank outstanding on dayt results in the
corresponding los$ . of banki. Summing over the losses of &l banks in a particular
simulation iterationk, we obtain the total portfolio losk, , which we use to construct the
portfolio loss distribution\, for each observation ddy

We define the ‘systemic loss threshold’ (SLT) ashare of the total liabilities of the sample
banks. When the total portfolio lods, exceeds theSLT we assume the occurrence of the

systemic default event. Within the meaning of ‘eysic event’ in definition D1, we interpret
this default event as a situation in which the ifitgbof the financial system is severely
endangered due to the default of a substantiakshiathe banking sector liabilities. In our

analysis we use a value of 10 percent for the ivelasystemic loss threshold, i.e.,
SLT® =10%.>° We define the ‘probability of systemic default’SP) as the probability of
the occurrence of the systemic default event, Pe{L, > SLT), which we obtain from the
portfolio loss distribution\, for each dayt in the sample period.

From the portfolio loss distribution\, we further derive the expected tail loss (ETL),ckh

we define as the expected value of the total plastfoss given that the portfolio loss exceeds

49 Cf. Tarashev/Zhu (2008a), pp. 145-146. In a rairss check exercise we use a Beta distributiothéot GD
as suggested by Loeffler/Posch (2010).

*YWe also used 5% and 15% as relative systemic hoesholds and find that the ESS over time showsalnee
trajectory as for 10% albeit — of course — on $edéint level. The definition of the relative SLTpaads on the
specific application.
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the systemic loss threshold, i.€ETL, = E( L| L > SLT). This definition is consistent with
the common definition of expected shortfall in fiancial risk management literature.

We obtain theabsoluteexpected systemic shortfall indicator by multiplyithe probability of

systemic default by the expected tail loss:
ESS=Pr(|> SLJOE I > SLI= PSD E (4)

The interpretation of the ESS-indicator is straigihtard: it represents the product of the
probability of a severe default event in the finahsystem multiplied by the expected value
of the losses in case this default event mateesli#t is also possible to evaluate the PSD and
ETL individually in order to understand the drivers tife aggregate ESS-indicator.

Furthermore we also compute thelative ESS-indicator by dividingESS$ by the total

liabilities of the sample banks outstanding at timan order to facilitate inter-sample
comparability of the empirical results.

The ESS-indicator is araggregate measure of systemic risk in the financial system
accounting forall sample banks. However, it is also important toeusthnd the relative
contribution ofindividual banks to the aggregate systemic risk as macroptiatieneasures
need to be introduced at the level of the individoatitution. To this end we compute the

relative systemic loss contribut'r?)lncllt of bankiwhen the total portfolio los4,, exceeds

the systemic loss threshold in a simulation iteratSumming over alK iterations yields the
contribution of each bank to the systemic risk ¢attor on sample daly

K|
C, :ZL'[‘—*k when |, > SL] (5)
k=1 k

Calculating this measure over the whole or partthhefsample period results in the systemic

risk contributionc, of banki which can be evaluated either by considering iiddial banks

or groups of banks (e.g., all banks from a speciigntry).

4.1.4 Technical comparison with other systemic risk measu

While the usage of a credit portfolio approach drelestimation of its input parameters from
capital market data to measure systemic risk wggired by Huang/Zhou/Zhu (2009), there

1 In the subsequent elaboration we will refer to (helative) systemic loss contribution synonymoualy
(relative) systemic risk contribution and (rela)i&SS contribution.
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are a few, but important differences to their distr insurance premium (DIP).
Huang/Zhou/Zhu (2009) assume the systemic losshbtée (SLT) as a percentage of the total
liabilities of the banking systemWhile this may be adequate for the US bankingesys
where most relevant banks are exchange-listed ¢angequently the sample banks’ liability
portfolio covers a larger share of the total bagkisystem liabilities), it would be
inappropriate for countries where a significant twemof banks are not listed as is in many
European countrie¥. Therefore, we define the SLT as a share of tathllities of thesample

banksin our analysis.

The DIP-indicator measures the cost of insuranegnagdistress losses in excess of the SLT.
While the computation methodology is not statedresgly by the authors, we conjecture that
the DIP-indicator is computed by discounting thepemted portfolio loss in excess of the
SLT. As we derive our ESS-indicator using standashsures from financial institution risk
management, it may have certain advantages in tefrtransparency and usability vis-a-vis
the DIP-indicator. Besides, Huang/Zhou/Zhu (2008hsider a three-month time horizon
while we compute the portfolio loss at the end ain@-year time period. The relative risk
contributions to the ESS-measure are computedtiarsparent fashion as byproduct of our
credit portfolio simulation as opposed to an aaxyliimportance sampling procedure in
Huang/Zhou/Zhu (2010a) which facilitates the aggilan of our methodology to measure the

systemic importance of individual institutions.

Moreover, we compute the ESS-measureeiach dayduring the observation period which
ensures that the indicator can respond immedidateljnancial market events. By contrast,
Huang/Zhou/Zhu (2009), Huang/Zhou/Zhu (2010a), Hy&hou/Zhu (2010b) compute the
DIP measure only onwaeeklybasis which leads to some delay in the indicat@&ponse to

financial market events. However, this is no draskbaf the DIP per se but rather a

disadvantage of the chosen implementation.

An important similarity is that both the DIP andtBSS-indicator argsk-neutral measures

as they are derived from risk-neutral default plolitees obtained from market CDS spreads.
This is also a distinguishing feature with respgeabther measures of systemic risk described
in the following. Besides, both the DIP and the ES$cator are coherent risk measures

according to the definition by Artzner et al. (1999

°2 The importance of state banks (“LandesbankenGénmany but also the savings banks in several Earop
countries supports this statement.
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The systemic expected shortfall (SES) of Acharyal.ef2010) considers the probability of an

individual bank to be undercapitalized when theeysas a whole is undercapitalized. The
marginal expected shortfall of individual bank®idained by computing the expected loss of
individual banks when the whole system is in d&dreThe SES-indicator is derived using
equity market data, whereas the most importanttifgouthe ESS-indicator are CDS spreads
which by construction are better predictors of itretk.>®> The SES measure is also a
coherent risk measure but differs from the ESSegudir in that it defines the occurrence of a
systemic event as percentile of the portfolio lasstribution, whereas we define it as

percentage of the sample banks’ total liabilities.

The Adrian/Brunnermeier (2008) Conditional ValueRask (CoVaR) measure computes the
value at risk of the financial system conditional one bank being in distress. Our ESS-
measure takes the opposite approach by considdgreagontribution of an individual bank
when the system as a whole is in distress. CoVaRbeaused to determine the systemic
importance of individual institutions, whereagd@nnotbe aggregated to measure the level of
aggregate systemic financial sector risk. The CoVfaBasure suffers from the general
shortcomings of VaR-based measures as it is noharent measure of risk according to the
Artzner et al. (1999) definition.

%3 Cf. Longstaff/Mithal/Neis (2005), pp. 2216-2217.
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4.2 MEASURING CONTAGION EFFECTSIN FINANCIAL MARKETS™

The analysis of contagion and interdependencienencial markets is most frequently
conducted by analyzing the mutual predictive powktthe relevant market variables by
means of Granger-causality tests in vector autessire (VAR) or vector error correction
(VEC) models and by interpreting the respectivelitsp response functiofsIn this thesis

we pursue the same methodological pathway and gnyA® and VEC frameworks in order

to test the described hypotheses. We derive theadelogy in the following.
Macroeconomic and financial variables often exhibé unit root property which according
to Nelson/Plosser (1982) can lead to incorrect losiens in time series econometrics
hypothesis testing when it is left unaccounted forthis thesis we employ the three most
common unit root (stationarity) tests in order xamine the relevant variables:

1. Augmented Dickey and Fuller (ADF) test as suggebteDickey/Fuller (1979),

2. Philips and Perron (PP) test proposed in Phillipsih (1988),

3. Kwiatkowski, Phillips, Schmidt and Shin (KPSS) tekiborated in Kwiatkowski et al.

(1992).

We conclude that the time series under research ba# root, i.e., is integrated of order one
(formalized asl (1)), when at least two of these tests suggest treepee of a unit root at the
five percent significance level. If we find a vdiia to be non-stationary we employ the first

differences of the respective variable in the asialyWhen analyzind (1) variables one

needs to test the variables for cointegration, aeeommon stochastic trend, as described by
Engle/Granger (1987) in order to avoid false inmfees. This study employs the
Engle/Granger (1987) ADF test as well as the Jaand995) traceand maximum
eigenvalue tests in order to analyze the bivatiate series for common stochastic trends. We
conclude that two series are cointegrated if atleso of these tests suggest the presence of

cointegration at the five percent significance leve

When the variables ark(1) butno cointegratioris found between the variables we use the

following VAR model for the analysis

** The elaborations in this section are (also litgyddased on Lahmann (2012b).

%5 The theoretical background for this methodologipadceeding is described in section 2.2. Examptes f
corresponding empirical implementations are Altehi&ler (2011), Huang/Yang/Hu (2000), Longstaffi@0
and Roll/Schwarz/Suess (2007).
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A a,, a Ay, .
[ yl,t j v+ i{ 1,1j 1,2, :| [ y:t,—| ] + Ut (6)
Ay, , | 0o Ooz [\ DY

where y,, and y,, are the variables under resear¢hdenotes the first difference, is a

vector of interceptsp denotes the lag order of the VAR system apdienotes a white noise

error term.>® We follow standard practice and estimate the VA&Jet using ordinary least

squares (OLS). Accepting the first null hypothesis, : a,,,=a,,,=...=a ;; = 0 implies
that y,, does not Granger-causg, and equivalentlyy,, Granger-causey,, when one fails
to reject Hy,: @,,,=0,,,=...=a ,,, = 0. When both null hypotheses are rejected, there
exists a feedback relation betwegn and y,,. Hypothesis tests are conducted using a Wald
test based on the F-statistic against the one, five and ten penitieat values.
In casecointegration is foundbetweeny,, andy,, an error correction (EC) term needs to be
included in the Granger causality regression equation as follows:

o A R X ol T

where J, and 9, represent the speed of adjustment to the long-run equilibriumECTheart

of the model is estimated using the Johansen (1995) maxiirkelihdod procedure whereas
the VAR part is estimated using OLS. Rejecting the first nbypothesis

Hop! @151=01,,=...=0 15, =0 and 9, =0 implies thaty,, Granger-causey,, whereas a
rejection of the second null hypothestg ,: a,,,=a,,,=...=a ,, =0 and J, =0 denotes
that y,, Granger-causey,,. When both null hypotheses are rejected, there exists a feedback
relation betweeny,, and y,,. Hypothesis tests are conducted using a Wald test based on the

F-statistic against the one, five and ten percent critical valuesrddression residuals are

examined for auto-correlation by means of the Ljung/Box (1978) Qtest
The data variables actually used fgr and y,, in the above VAR models for the contagion

analysis in this thesis are described in the next chapter on theyam@mpirical data. All

variables are transformed to natural logarithms as suggested by Epae(P009) and

% We do not provide separate equations for statjovariables as we do not observe stationary vagighlrs in
our sample.

" Cf. Lutkepohl (2007), pp. 316-318.
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Granger/Huangb/Yang (2008).In order to determine the lag lengfh we follow common

practice and employ the Akaike (1974) information criterion (AIC) ardSbhwarz (1978)
Bayesian information criterion (SBICY.In case the AIC and the SBIC suggest different lag

lengths we use the smaller lag length for the sake of parsiffiony.
Including control variables to ensure result robustness

Macroeconomic and financial variables are often affected by common ecofamtoics and
shocks. This commonality may lead to erroneous conclusiooausality analysis when the
actual causality relationship does not exist directly betweenatiables under research but
rather ‘via’ the common factSf. In order to control for this commonality and to ensure
robustness of the findings we conduct the analyses in the VAR/B@dframeworks both
without and with control variables as exogenous variables. $ceettd, we include a relevant
stock market indexas proxy for market expectations of overall economic conditions.
Specifically we use the MSCI World in the inter-regional analyses S&P 500 index for the
analysis of the American sample, the MSCI Asia-Pacific for Asia-Paaifit the MSCI
Europe for the European sample. Besides, as daily economic varablemly scarcely
available, we additionally employ the federal funds rate as a measumacroeconomic
shocks. We include the control variables both separately and togetergenous variables

in the regression equatioffs.
Trading time adjustments in the lag structure

In the inter-regional analyses we account for differences in traingg between the regions
where necessary and perform the necessary trading time adjustmiet$ag structure of the
variables used in the VAR framework as proposed by Huang/Yang/H®)20 order to

ensure that the analyzed variables reflect the same level of inforrfation.
Capturing the model dynamics by means of impulse respoaiesign

In addition to the above Granger causality tests of the leacklaionships in the bivariate

setting we employ impulse response analysis in order to analgzilthdynamics of the

8 This step is further motivated by comparativelw lvalues of the research variables at the beginafrifpe
observation period compared to rather high valtiéiseaend of the period.

%9 Cf. Huang/Yang/Hu (2000), Granger/Huangb/Yang (®Ghd Hiemstra/Jones (1994) (amongst others).
% This proceeding is consistent with the proposatolf/Schwarz/Suess (2007), p. 2216.

61 Cf. Granger (2003), pp. 69-70.

%2 This proceeding is motivated by Granger/Huangbfy@000), pp. 349-350.

83 Cf. Huang/Yang/Hu (2000), p.292.
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VAR model in case a Granger causality relationship has beetifigignSpecifically we
analyze the effect of a one standard deviation ‘sifddk’one variable on the other variable
over time. Following the seminal thesis of Sims (1980), d@geamics analysis of VAR
models is conducted frequently by computing the orthogonailizpdise responses using the
Cholesky decompositiolf. Koop/Pesaran/Potter (1996) and Pesaran/Shin (1998) find two
shortcomings of this approach, though. Firstly, the impulgsorese functions are not unique
as they depend on the ordering of the variables in the VAR m®édebndly, the restriction of
uncorrelated contemporaneous shocks is imp¥seidwever, in the present analysis theory
does neither suggest an ordering of the research variables nor thatpmatezous shocks to
the variables are uncorrelatédTherefore, we employ the generalized impulse response
(GIR) analysis suggested by Pesaran/Shin (1998) because it overtoenesentioned
shortcomings of the orthogonalized impulse responses. Thiseck® consistent with the
methodological implementations in recent research (e.g., Chordia/SatkatiBianyam
(2005), Griffin/Nardari/Stulz (2007) and Kavussanos/VisvikisO@). In order to facilitate
the comparison and interpretation of the results, we follow Gifndari/Stulz (2007) and
scale the impulse responses by the standard deviation of the resfdtie variable’s

regression equatiot.
Correlations of the research variables

In order to complement the results obtained from the Granger-cgusalitimpulse response
analysis we analyze the correlations of the research variables by emgpayioving-window
correlation estimation methodology using the past month’s vallede the correlations do
not provide additional insights with respect to tlead-lag dependencies between the

variables, they facilitate the analysis of the direction and madgivf thdinear relationship.

% |n the following the terms impulse and innovatame used synonymously.

% Cf. Pesaran/Shin (1998), p. 17.

% Cf. Griffin/Nardari/Stulz (2007), p. 918.

®7|n fact, a correlation of shocks is rather likédy several variables (e.g., sovereign and bank)CDS
88 Cf. Griffin/Nardari/Stulz (2007), p. 918 as wedl hiitkepohl (2007), pp. 51-54 and pp. 321-322.
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5 EMPIRICAL DATA

In this chapter we describe the empirical data analyzed in #ssstiFirstly, we describe the
bank sample used in the empirical application of the ESS-metlgydaled, secondly, the
data employed in the analysis of banking sector risk contagpendiencies is specified. The
observation horizon of the analyses in this thesis comprisdsitbeeriod between October
1% 2005 and April 36, 2011%° In order to facilitate an intertemporal analysis of the data and
analysis results we divide the overall sample period into thenfimlg four sub-periods which
are subsequently referenced: tipee-crisis’ period 1 ranges from October®l 2005 to
February 28, 2007; the'subprime and beginning financial crisigeriod 2 ranges from
March T, 2007 to July 3%, 2008;‘the core financial crisisperiod 3ranges from August™]
2008 to December 81 2009;‘the sovereign debt crisigeriod 4ranges from January”1
2010 to April 3¢", 2011.

5.1 ESS-ANALYSIS™®

The ESS-methodology described in the previous chapter can inpteifie applied to any
portfolio of companies with publicly traded equity and availabl2S data. As the focus of
the present analysis is the measurement of systemic risk and thenmesgesf systemic
importance in global and regional financial markets, we select bardingotompanies
according to the following data availability criteria: (I) available SBpreads, (II) publicly
available equity prices, (lll) publicly available liability data. Bapplying these data
availability criteria we obtain a global sample of 83 banks front@&ntries covering the
following four regional sub-samples: America (12 banks), Asia-Ra(#4 banks), Europe
(38 banks), Middle East and Russiéd banks).

We compute equity returns from equity market prices provided bynsbo Datastream in
order to estimate the equity return correlations required in the d¢atigyu of the ESS-
indicator. CDS spreads are obtained from CMA Market Data and ThoReuaters using the
mid-spread of the 5-year senior unsecured CDS spread to compute theocwliregpisk-

% A longer sample period was not feasible due ta tiatitations.
" The elaborations in this section are (also litgydlased on Lahmann/Kaserer (2011a).

L We summarize these two regions as one ‘regiomiedther of them could be unambiguously allocatedrtyp
of the other regions and because they are indilidt@o small in terms of available sample data.
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neutral default probabilitie¥. As the LGDs used by market participants for pricing the CDS
are not available in these databases we assume an LGD of 55%patedhe risk-neutral
default probabilities® Total liabilities of the sample bank holding companies are médai
from the Thomson Worldscope database. A linear gradient is adsbetween available

liability dates to obtain the amount of total liabilities paydluring the observation period.

We conduct the analysis both for the global sangplé for the four regional sub-samples
individually which is also reflected in the subsequent elaboratienfirst describe the data
for the global sample and then proceed with the regional sublesiigefore conducting a
comparative analysis between the individual samples. The elabasasivactured so that the

reader can also focus on specific samples only without loss ohoint

5.1.1 Global sample

The lower panel of Table 1 shows the 28 countries of the bartke iglobal sample as well
as the total liabilities of the sample banks per country and d@venage (liability-weighted)
CDS spreads. The total liabilities of the banks covered in thgsasa@mount to 35.8 trillion
EUR with an average of 1.3 trillion EUR per country. The ¢oes with the highest total
bank liabilities are France, Germany, Switzerland, the United Kimgaled the United States.
From period 1 to period 4 the average CDS spread of all banksagss from 13 to 139 basis
points. In period 4 the countries with the highest average iR spreads are Greece,
Ireland, Kazakhstan and Portugal whereas Denmark, Malaysia, SiegapdbrSweden have
the lowest bank CDS spreads. The ranking of the countriesr@gfiect to their banks’ CDS
spreads changes over time and the changes from period 3 to peritettdtihe impact of the
euro zone sovereign debt crisis (e.g., the Greek banks’ average @#28 gpcreases more

than ten-fold from 72 to 778 basis points).

Table 2 shows the same parameters as Table 1 on a bank level.al hialidities per bank
average 431 billion EUR. The largest banking groups in tefrtetal liabilities are Barclay’s,
BNP Paribas, Deutsche Bank and Royal Bank of Scotland. In péigeece’s Alpha Bank
and EFG Eurobank, Ireland’s Allied Irish Banks and Kazakhstaazak&mmertsbank have
the highest CDS spreads whereas the three Singaporean banks areh’Sv&anska

2 We use the 5-year senior unsecured CDS spreadhissstthe most frequently traded CDS type (cf.
Hull/Predescu/White (2004), p. 2794).

3 The empirical results are robust to alternativeuasptions for the LGD.



5 EMPIRICAL DATA 33

Handelsbanken have the lowest CDS spreads. The ranking of tke &egording to their
CDS spreads is time-variant with the biggest changes occurringpidod 3 to period 4.

Table 3 shows the sample banks’ equity return correldficas well as their end-2008
shareholder’s equity on a country-level. The total equity ofsdraple banks adds up to 1.5
trillion EUR with a country average of 54 billion EUR. & bountries with the highest average
correlation of their sample banks’ equity returns are France, GermanyariglSwitzerland.
On a bank level, Barclay’'s, BNP Paribas, Crédit Agricole and SoGetérale have the
highest correlation as shown in Table 4. The evolution of thiéyespiurn correlation of the
global sample is shown in the lower panel of Figure 1. Itages 24 percent in the period
before August 2007. In August 2007 the correlation increasesfisamtly to an average
value of 37 percent in the period until November 2008. In aidib the elevated level of the
average correlation, the standard deviation of the correlation also incezassderably.
From December 2008 until April 2010 the average equity returreletion decreases to an
average of 28 percent before rising to an average of 33 percenyi@a. From June 2010
until the end of the observation period average correlations decredéepercent, slightly
above the pre-crisis average.

The upper panel of Figure 1 shows the liability-weighted awemagk-neutral default
probabilities of the banking groups in the global sample duhe observation period. Before
July 2007 the average risk-neutral default PDs are below 0.5 pefodiotving the freezing
of three investment funds by BNP Paribas in August 2007 the ldgfeababilities are
elevated before reaching a local maximum of 2.9 percent after the take®eardtearns by
JP Morgan in March 2008. In the aftermath of the collapse of LelBrathers in September
2008, average risk-neutral PDs reach a second peak at 3.6 per@&aptember 78 2008.
Following the financial stability measures in Europe and thdednGtates taken in early
October 2008, the default probabilities decline to a lower level rbefeaching an
observation-period maximum of 4.4 percent on March, @D09. After the G20 Summit in
London in April 2009, the risk-neutral default probabilitiedl igain below two percent on
average. At the time of the aggravation of the euro sovereigncdels in May 2010 the
average PDs increase again sharply and remain at two percent uetititbéthe observation
period which is significantly above pre-crisis levels.

" Computed as the mean of the daily pairwise stettkn correlations between the respective banka#irather
banks.
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5.1.2 American sub-sample

The American sub-sample is represented by 12 banks from the Utated &s no other bank
from the American continent meets the described data availabiligyiari he total liabilities
of the American banks amount to 6.9 trillion EUR with an ayeraf 577 billion EUR as
shown in Table 1. Table 2 shows that the largest US sampks baterms of total liabilities
are Bank of America, Citigroup and JP Morgan. The average CDS sprets Arinerican
sample increased from 16 basis points in period 1 to 214 basits pn period 3 and
decreased to 134 basis points in period 4. The US bankstiveithighest CDS spreads in
period 4 are MetLife, Morgan Stanley and Citigroup whereas Amerigaregs, JP Morgan

and Wells Fargo have the lowest CDS spreads.

Table 5 shows the equity as of end-2008 and the average corretdtibesAmerican sample
banks. In total, the US sample banks have a combined equi@pdiilion EUR with a mean
of 39 billion EUR. In period 4 Bank of America, JP Morgan &idlls Fargo are the banks
with the highest correlation. The lower panel of Figure 2 shihwsaverage equity return
correlation of the American sub-sample during the observation hofzom October 2005
until July 2007 the average correlation is 62 percent. Dutieg financial crisis period
between August 2007 and July 2009 equity return correlatiottee US sub-sample hike to
an average of 76 percent and return to a lower level of 59 percent frgastA2009 until
April 2010. Thereafter, average correlations increase by ten percentage gwd maintain

this level until the end of the observation period.

The upper panel of Figure 2 shows the liability-weighted awemagk-neutral default
probabilities of the US sample banks during the observationdpdnothe period between
October 2005 and July 2007 the average risk-neutral default PDs ane®Blpercent. The
default probabilities are significantly elevated as of August 20d7r@ach a local maximum
of 3.7 percent in March 2008. In the aftermath of the collapse of &ehBrothers in
September 2008, the mean PD of the US sample banks reachescalamkxima on
September, 172008 (5.9 percent) and on October"12008 (6.0 percent). At a level of 6.6
percent the US banks reach their observation-period maximum on Malth 2009.
Thereatfter, the average PD decreases to a value of 2 percent in end-Aprin@rwards it
begins to rise again and reaches a local maximum on J#h@awo at 3.3 percent. Until the

end of the observation period, the default probability averagep&@&nt which is the



5 EMPIRICAL DATA 35

quintuplicate of the pre-crisis average. In addition to theatéeNevel of the PDs during the
financial crisis period, the dispersidmf the PDs is higher during this period.

5.1.3 Asian-Pacific sub-sample

The total liabilities of the Asian-Pacific banks amount to Hlkon EUR with an average of
218 billion EUR per bank as shown in Table 1. The Australtdnnese and Japanese banks
have the highest total liabilities in this sub-sample. The gee@DS spreads of the banks in
the Asian-Pacific sample increase from 19 basis points in peri@d169 basis points in
period 3 before decreasing to 108 basis points in period geriod 4 the countries with the
highest average CDS spreads are China, India and Kazakhstan. Ting ke countries
with respect to their average CDS spreads is rather stable oeerT@le 2 shows that Bank
of China, Mizuho Financial Group and Sumitomo Mitsui Bardvéh the highest total
liabilities in this sample. The Asian-Pacific banks with thghlbst CDS spreads in period 4
are India’s ICICI Bank as well as Kazakhstan’s Halyk Bank and Kaprkertsbank whereas
the three Singaporean sample banks have the lowest CDS spreads.

Table 6 shows the end-2008 equity and the average correlatiohe éfstan-Pacific sub-
sample on a country and bank level. The Asian-Pacific banks have @aednelguity of 264
billion EUR with a mean of 11 billion EUR. In periodie countries with the highest average
correlation are Australia, Korea and Singapore. On a bank-level AustrabaisnGnwealth
Bank, Macquarie Bank and National Australia Bank and Korea’'s KoolBaimk have the
highest average correlation. The equity return correlation of the ARsaific sub-sample
banks during the sample period are shown in the lower panElgofe 3. The average
correlation is 26 percent in the period between October 2005 aad?00i. During the crisis
period between July 2007 and July 2009 equity return corretaiimmease to an average of
33 percent. From August 2009 until the end of the observateniod, the average

correlations decrease to 24 percent which is even below the pre-crisigeavera

The average risk-neutral default probabilities of the banks from treePesiific region during
the observation period are shown in the upper panel of Figidef@e August 2007 the risk-
neutral PDs average 0.3 percent. The default probabilities are elevatedlagist 2007 and
reach a local maximum of 2.7 percent in March 2008. Until mid-Sdqee&008 average PDs
amount to 1.8 percent and reach a local maximum of 4.7 percent ope®2&, 2008. The

> We measure dispersion as the standard deviatiat observations at a particular point in time.
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observation period maximum of 4.8 percent is reached on Maf&h2009 and until the end
of the observation period the risk-neutral PDs average 1.9 percent.

5.1.4 European sub-sample

The total liabilities of the banks in European sub-sample antou28.3 trillion EUR with an
average of 613 billion EUR per country as shown in TaBfeThe largest European countries
in terms of their sample banks’ total liabilities are France, GermahyhaUnited Kingdom.
The average CDS spreads of all sample banks increase markedly froasidQodints in
period 1 to 145 basis points in period 4. The countries thighhighest average bank CDS
spreads in period 4 are Greece, Ireland and Portugal. These countrigisoalstihe strongest
increase in their bank CDS spreads from period 3 to period 4 reflébgnmpact of the euro
zone sovereign debt crisis (e.g., Greece’ average bank CDS spre@dsénfrom 72 to 778
basis points). The largest banking groups in the European esamfdrms of total liabilities
are Barclay’'s, BNP Paribas, Deutsche Bank and Royal Bank of Scotlahdwas in Table 2.
The banks with the highest CDS spreads in period 4 are Greecdia Bignk and EFG

Eurobank, Ireland’s Allied Irish Banks and Portugal’s Banco Cengial and Espirito Santo.

Table 7 shows the end-2008 total equity of the Europeamplsabanks and their average
correlations during the four sample periods on a country leve.Huropean sample banks
have a combined equity of 744 billion EUR with an average diiidn EUR per country.
The sample countries with the highest average equity return comsldtioperiod 4 are
France, Italy and Spain. Table 8 shows that the equity per banlgas&@ billion EUR and
that the banks with the highest average correlations in periodaree’s BNP Paribas and
Societé Generale as well as Spain’s Grupo Santander. The progress exfuity return
correlation of the European sample banks is shown in the lowel pRigure 4. It averages
41 percent in the period before August 2007. In August 20@7correlation increases
significantly to a mean value of 61 percent in the period untileldyer 2008. In addition to
the elevated level of the average correlation, the standard devi&ttbe oorrelation also
increases considerabf{.From December 2008 until April 2010 the average equity return
correlation decreases to 49 percent before rising again to a higher I¢éveleago sovereign

*The majority of the banks from the European Unicgravalso covered in the stress test conducted dy th
Committee of European Banking Supervisors publisineduly 2010 which applied stress scenarios to the
positions of individual institutions.

" This conclusion is drawn by considering the unded data of Figure 4.
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debt crisis materializes in May 2010. From October 2010 umilend of the observation
period the average correlations decrease again to the pre-crisis average.

The upper panel of Figure 4 shows the average risk-neutral defaudtyditbes of the sample
banks during the observation period. Before July 2007 the avesdgretutral default PDs
are low at below 0.5 percent. After the freezing of three investmens tn@NP Paribas in
August 2007 the default probabilities are elevated before reachHmgplamaximum of 2.7
percent after the takeover of Bear Stearns by JP Morgan in March 20&qg8ant to the
collapse of Lehman Brothers in September 2008, average risk-neutrale®&sa second
peak at 3.3 percent on SeptembéP,%ﬁ)OS. Afterwards, the default probabilities decline to a
lower level before reaching an observation-period maximum of 3.6 pevoektarch 13
2009. From April 2009 to April 2010 the average PDs averagel @upercent. Due to the
aggravation of the euro sovereign debt crisis in May 2010 the a&/&Bg increase again

sharply to an average of 2.6 percent until the end of the obserpatioal.

5.1.5 Middle Eastern and Russian sub-sample

The Middle Eastern and Russian (MER) sub-sample consists ofbaimes, six from the
Middle Eastern region and three banks from Russia as shown ie Z&bWe summarize
these two regions in our analysis as neither of them coulddrehiguously allocated to any
of the other regions and because they are individually too smt@ims of available sample
data. The total liabilities of the MER banks amount to 38#bbiEUR with an average of 39
billion EUR per bank (Table 1). Russia’s WTB and Sberbank a@dJhE’s’® Abu Dhabi

Commercial bank are the largest banks in terms of total liabilitidss sub-sample.

The average CDS spreads in the MER sub-sample increase from $9diats in period 1 to
526 basis points in period 3 but decrease again to an averd@® bhsis points in period 4.
The banks with the highest CDS spreads in period 4 are Russials @ Moscow and the
UAE’s Dubai Islamic Bank and Mashregbank. Table 9 shows the2@@8-equity and the
average correlations of the banks in the sub-sample. The total aqthig sample amounts
to 40.6 billion EUR and averages 4.5 billion EUR per baftke banks with the highest
correlation in the last period are Bank of Moscow, Commercial Baratér and National

Bank of Abu Dhabi. The lower panel of Figure 5 shows the averagty eqturn correlation

"8 Due to the small sample size@untry levelnalysis is not conducted for this sub-sample.
" UAE = United Arab Emirates.
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of the MER sub-sample during the observation period. The averagdation is 21 percent
in the period between October 2005 and June 2007. During the peisod between July
2007 and July 2009 equity return correlatialecreaseto an average of 17 percent. From
August 2009 until the end of the observation period, the agaragelations increase slightly

to 19 percent which is still below the pre-crisis average.

The average risk-neutral default probabilities of the banks from thdi®East and Russia
sub-sample during the observation period are shown in the uppargiarigure 5. Before
July 2007 the risk-neutral PDs average 1.1 percent. Betwee2@@fyand August 2008 the
default probabilities rise to an average of 2.6 percent and reaclbsamvation-period
maximum of 14.2 percent on Octobef"22008. After this extreme hike, the risk-neutral PDs
remain elevated until April 2009 (10 percent on average) and then tetlower levels until
the end of the observation horizon (5 percent on average).

5.1.6 Comparative analysis

Following the above description of the global sample and therégional sub-samples we
conduct a comparative analysis of the liability size, default pibthed and average

correlations between the samples in this section.

From Table 1 it can be gathered that from the 37.8 trillion E& tiabilities of the global
sample, Europe is the largest sub-sample with a total of 2B tEUR (65 percent of total)
followed by the American sample with total liabilities of 6t@libn EUR (19 percent). The
Asian-Pacific sub-sample ranks third with 5.2 trillion EUR (15 pdjcand the Middle
Eastern and Russian sample is the smallest sub-sample withlIBBMEIR (1 percent). Due
to these significant size differences of the sub-samples we focusothgadson of the

sample-specific results on the relative ESS-indicator and relative charegesme.

The upper panel of Figure 6 shows the average risk-neutral defaodtblites of the global
sample and the four sub-samples. The MER sub-sample has the lagbesgje default-
probability of all samples over time (3.7 percent), followed byAmerican (1.8 percent), the
global and Asian-Pacific samples (both 1.5 percent) and the Europgapeftent) sub-
samples. It is interesting to note that all samples except doM&ER sub-sample reach their
observation period maximum in March 2009 after the stock-market Idwmein- as one may
have expected — following the Lehman bankruptcy and the subdespuests in September
and October 2008. It can further be observed that the default-piitbédnild respectively the
CDS spreads) of the American sample banks exhibit the highestitsotziween September
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2008 and September 2009. The default probabilities of the Eamagrad Asian-Pacific sub-
samples move closely together from October 2005 until Septembd. 0@ default

probabilities of the banks from the Asia-Pacific region react momngly and are more
elevated than the PDs of the European banks between October2®@ine 2009. From
July 2009 until April 2010 the Asian-Pacific and European defanalbabilities move again
together and the American banks’ average default probability istlgligigher. As the euro
sovereign debt crisis aggravated in May 2010, the Europears’bdafault probabilities

upswing strongly and also the PDs from the other sub-sampiesage slightly. The PD
increase of the non-European sub-samples can probably be explaindte hyatket

uncertainty with respect to the global effects of the euro sovedeigincrisis and the extent of
exposure of banks around the globe to debt from financially frail zome countries. The
euro zone sovereign debt crisis also has another notable impacurtdpe&n sub-sample is
the only sample whose average default probabilities increase in gavitdd respect to the

average in period ¥%.

The lower panel of Figure 6 shows the average correlations of thal glnple and the four
sub-samples. At an average level of 68 percent, the banks from thecAmsaimple have the
highest average correlation of all sub-samples during the obseryaroyd. This is no
surprise, however, because the American sample is the most homogsmesasnple as it is
composed of major US banks exclusively. The average correlatitre dfrherican banks is
always above that of the European banks except for the time betweea1f1a2010 and
June 18, 2010 where the comovement of European banks’ equity prices wasulaalyi

strong due to the market dislocations caused by the euro zoneigowdebt crisis.

The European banks’ average equity return correlations are at an aveedgd ¥ percent
the second highest of all sub-samples and are above the averageicosr@athe Asian-
Pacific banks (28 percent) which applies also on a daily level excepixf@utlier days in
March 2011. As the European sub-sample comprises mainly banks fromtegnated
economic and currency area (however with varying differences between dahdem
countries), the ordering of its average correlations below the hemeogs American sub-
sample and above the heterogeneous Asia-Pacific sub-sample appqaeteadene Middle
East & Russia sample has the lowest average correlation am®igb-samples (19 percent)

8 This conclusion is more obvious when the resped@idS spreads tables are compared.
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which is amongst others due to the fact that the sample banket@regeneous and stem
from emerging markets with specific characteristics.

There is a strong comovement in the equity return correlationg drtrerican, Asian-Pacific
and European sub-samples whereas the European and (particularly) Asian-8dwific
samples’ correlations respond with more delay to the financial ensists than the American
correlations. The correlations of these three sub-samples increaseiatignry May 2010 in
response to the European sovereign debt problems whereas the indré@seEaropean
sample’s correlations is strongest. However, from June 2010 latédrid of the observation
period the comovement relationship breaks down and correlations d@ppeardetermined
mainly by region-specific factors.

The global sample has an average correlation of 29 percent duringstrgailon period. As
the average correlations are computed from the average of the corsetdtiome bank with
all other banks and bearing in mind the number and heterogeh¢ity banks and countries
covered in the global sample it is obvious that high averagelatons are rare. In fact, the

global sample’s average correlation reaches a value of 50 percent only tme®liservation

period on September %2 2008. The average correlation of the global sample has a strong

comovement with the American, Asian-Pacific and European sub-sarpatésularly in the
time period before June 2010.
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5.2 BANKING SECTOR RISk CONTAGION DEPENDENCIES

In this section we discuss the empirical data employed in thlgsas of banking sector risk
contagion dependencies.

5.2.1 Inter-regional systemic risk contagfon

In order to analyze the inter-regional systemic risk contagieremploy the relative ESS-
indicator elaborated in section 6.1 for the regional sub-samples éan@sia-Pacific, Europe
as well as Middle East and Russia. In a separate analysis weyeth@lbability-weighted
average bank CDS spreads of these four sample regions. Inaketimesnotation employed in
the elaborated VAR model we use the relative ESS-indicator and respethie weighted

bank CDS spreads of one region §s (‘causedsystemic risk’) and the relative ESS-
indicator and respectively the weighted bank CDS spreads of the rethiens asy,,

(‘causingsystemic risk’) so as to capture all possible regional combirsation

The evolution of the ESS-indicator in Figure 22 shows thaitrtticator is at a very low level

in all regions before the crisis and that it adequately captueelnéncial crisis events with
‘global importance’ as well as the region-specific crisis eventspdrticular, the ESS-
indicator shows peaks fall samplesin March 2008 after the Bear Stearns takeover, in
September 2008 after the Lehman default, in March 2009 after theratokket low and in
May 2010 at the time of the aggravation of the euro debt crisish®©megional level, the
ESS-indicator captures the region-specific crisis events such as fissamRiank funding
crisis in October 2008 and the natural disaster in Japan in Matdh 20

Figure 7 shows the evolution of the weiglte@DS spreads of the sample banks for each
sample region. The peaks of the curves reflect the financial crigstsewith global
importance as well as the regional events. During the full obsenvpéood the European
bank sample has thewestaverage CDS spreads followed by the Asia-Pacific, American and
MER samples. However, at the end of the observation period,utop&an banks have the
secondhighestCDS spreads due to the euro zone sovereign debt crisis. Tablews the
average bank CDS spreads on the regional and country leved doerfour sub-periods. In

period 4 the sample banks from Portugal, Ireland, Kazakhstan and Geec¢he highest

8. The elaborations in this section are (also litgyddased on Lahmann (2012b).

8 We use the banks’ total liabilities weights in @erdo weight the CDS spreads. We find that the eogbi
results are also robust whanweightedbank CDS spreads are used.



5 EMPIRICAL DATA 42

CDS spreads whereas the banks from Singapore, Malaysia and Swedéhehwest CDS

spreads.

5.2.2 Sovereign risk vs. banking sector risk contaffion

In the analysis of inter- and intragional sovereign risk vs. systemic risk contagion we use
the weighteff bank CDS spreads for the four regional samples America, Asia-P&gifizpe
and Middle East & Russia described in the previous section asxy)pneasure of regional
systemic ris* The sovereign sector credit risk is measured by CDS spreadssas ate
superior measures of credit risk compared to bond and loan sfte@dssistent with the
bank CDS spreads, we use the spreads ob4year senior unsecuresbvereign CDS as this
is the most liquid and most frequently studied CDS fjpale employ the sovereign CDS
spreads from the same 28 countries covered in the bank sample angeomepweighted
average of these CDS spreads for the four sample refietmgerms of the notation of the

elaborated VAR model we use the regional bank CDS spreadg, aand the regional
sovereign CDS spreads gs, for all possible combinations of regional bank and sovereign

CDS spreads. For the analysisoofuntry-specific sovereign risk vs. banking sector risk we

use the country-level weighted average bank CDS spreay aand the corresponding

sovereign CDS spread 35, .

Table 10 shows the average sovereign CDS spreads of the counatrgged in the analysis
during the respective sub-periods. In period 4 Greece, Ireland andy&dnave the highest
sovereign CDS spreads whereas Denmark, Singapore and Sweden arenthescotth the

lowest CDS spreads. Figure 8 shows the evolution of the sone@Ed$ spreads per region
over time. The countries in the MER sample exhibit the highestage sovereign CDS
spreads during the observation period followed by the Asia-PaEifigpean and American

8 The elaborations in this section are (also litgfdlased on Lahmann (2012a).

8 This step is motivated by the finding in sectiofh that the bank CDS spreads are a first-ordercagpation
of the relative ESS-indicator.

8 See section 4.1.2 for related references.
8 Cf. Hull/Predescu/White (2004), pp. 2790-2792.

8 We use the country’s sample banks' liability wesgko compute the weighted average in order torensu
consistency with the weighting of the bank CDS. Wl that the empirical results are also robust nvhe
unweightedsovereign (or bank) CDS spreads are used.
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sample. In period 4, the European countries have the second-hagkesgie sovereign CDS

spreads due to the euro zone sovereign debt crisis.

5.2.3 Banking sector risk vs. corporate sector risk cgiot&®

In the analysis of banking vs. non-bank corporate sector riskgiontave consider both the
credit and equity side of the sample entities in the regions Amésia;Pacific and Europe
within an intra-regional analysf&.In order to analyze the contagion effectsiadit markets

we employ CDS spreads as these are superior measures of credit risikezbtopbond and
loan spread® Consistent with the bank CDS, we use the spreads ob-year senior
unsecuredCDS of the non-bank corporate sample firms as this is the mog&l bnd most
frequently studied CDS typg8.For the analysis of banking vs. corporate sector contagion
effects inequity markets we employ market equity prices. In terms of the notatigphoged

in the elaborated VAR framework we use the corporate CDS spreadty (@urns) asy;,

and the weighted bank CDS spreads (equity returns) of the same region,as

The bank sample comprises the regional sub-samples America, Adia-Raci Europe
described in the previous sectiShFigure 11 shows the indexed regional bank equity prices
used in the analysis which exhibit a high degree of comoveneémteband during the crisis .
After the crisis, the recovery is strongest for the stocks oAsii@-Pacific banks whereas the
American and particularly the European banks’ equity prices are signifideatdw their pre-
crisis levels. The stock prices of the banks in the Middle EaRu&sia sample exhibit the
highest volatility of all regional samples and the decline dutive crisis as well as the post-

crisis increase is strongest for this saniple.

We select b non-bank corporate sample entities subject to available CDS any dgta in
Thomson Reuters Datastream during the sample period. Each entitpambiguously
assigned to one of the three sample regions and one of ninerynclusters. Table 11 shows

the composition of the non-bank corporate sample as well as thgawaidy CDS spreads

% The elaborations in this section are (also litgyddased on Lahmann/Kaserer (2012).
% The region Middle East and Russia is not consitleiee to lack of available data for the non-baniporate
firms in this sample.

% We use the banks’ total liabilities weights in erdo weight the CDS spreads. We find that the eogbi
results are also robust whanweightedbank CDS spreads are used.

%1 The stock prices for the MER sample shown in theré are not considered in this analysis and rotided
only for comparison and reference purposes.
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per region and industry clust&rAcross all regions and industry clusters we cover 352 firms,
of which 157 are from the (North) American continent, 68 from the&-Rsicific region and
127 from Europé&® In the American sample the automotive firms have the highest @verag
CDS spreads (424 bps) whereas the firms in the ‘industrial’ clustex the lowest CDS
spreads (63 bps) in period 4. In the Asia-Pacific sample the firniseirconstruction and
logistics cluster have the highest average CDS spreads (183 bpsaw the automotive
firms have the lowest CDS spreads (73 bps) in period 4. Themative firms in the
European sample exhibit the highest CDS spreads (163 bps) whbkeedsms in the
chemicals, healthcare and pharma cluster have the lowest CDS spi@gs)@ period 4.
These differences in industry- and region-specific firm CDS spreaglsl provide further

reasoning for the separate analysis of industry and regional samples.

The upper panel of Figure 9 shows the evolution of the corporag pieads pendustry
across all regions. It is striking that the automotive firmsHayfar the highest average CDS
level. For the financial crisis period this reflects the severe ingfaitte financial crisis on
this industry: The large peaks for the automotive cluster tresainly from the high CDS
spreads of the US automotive firms (e.g., Ford Motors’ average CEB&dsmn December
2008 amounted to a stunning p8rcen). The CDS of companies from the industry clusters
basic materials and financial services (excl. banking) were also particaffetged by the
financial crisis whereas the firms from the other industries show ga degree of
comovement at comparatively low CDS levels. The lower panel air€&i@ shows the
evolution of the average corporate CDS spreadsqagon across all industries. It shows that
the average corporate CDS spreads in the American sample are the hidgbwsdfbly the
Asian-Pacific and the European sample. At the end of the sample péeotirms in the
European sample have the highest average CDS spread.

The upper panel of Figure 10 shows the indexed equity prictbe glample entities for each
industryacross all regions. The equity prices of firms from the automativ basic materials
industries show a high degree of independent movement relative tohigr industries which

have a high degree of comovem&htThe stock prices of the financial services (excl.

2 The averages for the non-bank corporate sampleS(@preads and equity returns) are computed as
unweightedaverages due to the differences in balance sheettige across industries. We find that the
empirical results are also robust whenvhbies are weighted by total liabilities (similadg for banks).

% A list of the sample entities is shown in AppenBix

% The extreme hike in the automotive industry cluste October 28 2008 is due to the speculation-induced
share price increase of the Volkswagen stock (qiteditakeover by Porsche Group).
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banking) companies were hit most by the crisis and are the lowetste atnd of the
observation period whereas the basic materials companies’ stockshshdnghest relative
post-crisis level. The lower panel of Figure 10 shows the evalufothe regional cross-
industry indexed equity prices. Compared to their pre-crisis pélagsstock prices of the
Asian-Pacific and European companies showdinengestdeclines. By contrast, the stock
prices of the American sample are lowest at the end of the sample gdaitdek to the initial
level. Table 12 shows the industry-specific equity returngifersample regions during the
four sub-periods. In period 4 the equity prices of the companie¢seirAmerican sample
increased strongest and on a cross-regional industry basis thediwe companies’ equity
return was highest in this period.
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6 EMPIRICAL RESULTS

6.1 EXPECTED SYSTEMIC SHORTFALL INDICATOR®

The ESS-methodology is applied separately to the global samgleéharfour regional sub-
samples to obtain the expected systemic shortfall indicator whkidhen analyzed with
respect to its input variable determinants (section 6°4.As the ESS-indicator is a risk-
neutral measure, we further analyze its risk premium determinants ionséct.2. The
relative systemic risk contributions of individual countries aakis are elaborated in section
6.1.3. In each section of this chapter we describe the global sasplell as the four sub-
samples and conduct a comparative analysis at the end of each s&stianthe previous
chapter, the elaboration is structured such that the reader can alsoiiospscific samples

without loss of continuity.

6.1.1 The aggregate ESS-indicator

In this section we describe the results from applying the ESBeaha@bgy as well as the
input factor determinants of the ESS-indicator for each sample beforparing the sample-
specific results. As outlined in section 4.1.3 the absolu&S-Bdicator represents the
probability of the portfolio losses exceeding the systemis tbhseshold multiplied by the
expected tail loss in case this systemic default event occursreldtere ESS-indicator
denotes the ratio of the absolute ESS-indicator to the totaltlebioutstanding. In order to
determine the end of thaternationalfinancial crisis effects by means of the ESS-indicator
for each sample we define the end of the financial crisis period asméeériod when the

relative ESS-indicator is below a third of its crisis peak for thresemitive monthg’

6.1.1.1 Global sample

The evolution of the ESS-indicator of the global sample over tsm&hown in Figure 12.

Before the first indication of the sub-prime and financial crisis becawndent in July 2007

% The elaborations in this section are (also litgydlased on Lahmann/Kaserer (2011a).

% The robustness of the results is confirmed byatpe the simulation using the Beta distributioggested by
Loeffler/Posch (2010) for the LGD instead of tharigular distribution.

"It should be noted that this definition is sometdditrary but facilitates an approximate assessroéthe
crisis end which is defined as a period rather thaoint in time.
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the ESS-indicator was at a very low level, i.e., below 10ohilEUR (0.1 percent of total
liabilities).”® The indicator increased sharply to 59 billion EUR (0.2 percent) thi¢efreezing

of the BNP Paribas funds on Augusfh18007. Thereafter the indicator rose steadily until it
reached a first local maximum of 255 billion EUR (0.7 percent) on Mareh2008 after the
arranged takeover of Bear Stearns by JP Morgan. Reflecting the crisssigespt central
banks and governments around the globe, the indicator decreasetbag#vcal minimum of
86 billion EUR (0.3 percent) on May”‘? 2008 when the central banks of the European
Union, Switzerland and the United States jointly announced @ansion of liquidity-

enhancing measurés.

On September %7 2008 — two days after the collapse of Lehman Brothers — ti& ES
indicator jumps to a level of 413 billion EUR (1.1 percent)e Bample period maximum is
reached on September™®008 at a level of 446 billion EUR (1.2 percent) which refledus t
market uncertainty and dislocation after the Lehman default. Ifothéh quarter 2008 frail
financial institutions around the globe were supported or resduyedunprecedented
government measures: amongst others the US government introdadeaubled asset relief
program (TARP), France approved a 360 billion EUR rescue packageGéhman
government rescued Hypo Real Estate and Her Majesty’s Treasury forctal itgections
into major UK banking groups. Subsequent to these measureS8wnéicator decreased to

223 billion EUR (0.6 percent) on average until February 2009.

The systemic risk in the global sample reaches another local maxah@68 billion EUR
(1.0 percent) on March™ 2009, three days after global stock markets hit their dasis. In
the subsequent 12 months after the G20 summit in Londokpdh2™, 2009 the indicator
decreased to an average value of 128 billion EUR (0.4 percent) vehastlyi slightly above

the average during the 12 months before the Lehman default.

Along with the exacerbation of the euro zone sovereign debt criMday 2010, the absolute
ESS-indicator of the global financial system reached its secoredtiyalue during the
observation period on Juné"82010 at 379 billion EUR (1.0 percent). After the EU
government interventions, the global ESS-indicator returned toeaage/ level of 234 billion
EUR (0.6 percent) in the third quarter 2010. In the fourth quafé&d 2he ESS-measure
decreased further to 110 billion EUR (0.3 percent) on NovembBr 2610 before rising

% Relative ESS values are shown in brackets inubsexjuent text.
% Cf. US Federal Reserve (2008).
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again sharply to 238 billion EUR (0.6 percent) in respoasedrket uncertainty regarding the
solvency of additional euro member states (Ireland, Portugal, Spain).

By applying our definition for the end of the financial crisig @ome to the conclusion that
the financial crisis effects in the global financial system abatedeirfairth quarter 2009.
However, at the end of the observation period, the global sigstesk remains significantly
elevated (relative ESS of 0.4 percent compared to 0.01 percent at theifgeginthe sample
period) which reflects a high degree of remaining market uncertainty negdhe prospects
of financial institutions around the world in the face of unsolsedereign problems in the
euro zone and an overarching re-assessment with respect to tassoskated with financial

institutions debt amongst others.

The development of the factors constituting the ESS-indicHter probability of systemic

default (PSD) and the expected tail loss (ETL), of the global sanupiegdthe observation

period are shown in Figure 13. The PSD reaches its peaks anteep®ints in time as the
ESS-indicator whereas the ranking of the peaks differs slightlyPBi2 increases from 0.1
percent at the beginning of the period to 6.1 percent in March 2@@Be end of the sample
period, the PSD of the global sample amount®3dimesits initial average value. The ETL
denotes the expected loss in case the systemic default event occheneads an absolute
measure. At the beginning of the sample period the ETL amdan3.4 trillion EUR and

increases to 7.8 trillion EUR on SeptembePd22008. From April 2009 to April 2010 the
ETL averages 5.5 trillion EUR and increases markedly againyr?20a0 to an average of 7.6
trillion EUR. The evolution of the ETL shows that the expdcloss in case of a systemic
default event increased significantly during the financial crisiseamd zone’s sovereign debt

crisis. At the end of the observation period it has atwigkits initial value.

As a further step, we conduct regression analysis to identifinpue factor determinants of
the relative ESS-indicator as shown in Table 13. Not surpngirtigé average risk neutral
default probability is the most relevant single variable explai@fgpercent of the total
variation of the indicator. Average correlation alone does not exgldficiently the variation

in the ESS-indicator (R? of 0.23). However, when added as eatplgnvariable to the risk-
neutral default probability, the correlation improves the explangtower of the regression
equation whereas the PD remains the dominant explanatory variaPl2:irecrease by one
percentage point raises the relative ESS-indicator by 21 basits,puihereas the same
increase in average correlations only leads to a two basis pangase. The dispersion in

risk-neutral default probabilities has a negative coefficient which mdaais a larger
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heterogeneity in the default probabilities of the sample bamkts leeteris paribus to a lower
level of systemic risk. The regressions show that the defaulapildles (or CDS spreads)

could be used as a ‘quick’ approximation of the aggregate systakineasure.

6.1.1.2 American sub-sample

Figure 14 shows the evolution of the ESS-measure for the Amerigassample. The
absolute ESS-indicator has an average value of 6 billion EURyéDcEnt of total liabilities)
until June 2007. From July 2007 it rises steadily untéaches a local maximum of 32 billion
EUR (0.5 percent) on August 162007 after the subprime-related freezing of BNP Paribas
funds. From this local peak the ESS-indicator rises continuomgly minor interruptions
until it reaches another local maximum of 100 billion EUR (ZEitent) on March 1 2008
amid market rumors about the financial difficulties of major US imaest banks and just
before the arranged takeover of Bear Stearns by JP Morgan. From Apujithtane 2008
the ESS-indicator decreases to an average of 49 billion EUR (€c8npewith a local
minimum of 37 billion EUR (0.6 percent) on Maﬂﬂ,22008 as the Federal Reserve and other
central banks announced the expansion of their measures aimed at enharketdiquidity

for certain asset typés.

Despite the coordinated actions by central banks and governmeuntsl éine world, the ESS-
indicator for the American sample increases steadily until it cal@éon September %17
2008 at a level of 178 billion EUR (2.7 percent) two daysratihe collapse of Lehman
Brothers and amid news about a potential bankruptcy of Americamnéttonal Group
(AIG). % After a slight decrease, the indicator peaks again on OctoBef@08 at a level of
163 billion EUR (2.4 percent) and on Novembeft',22008 at 155 billion EUR (2.3 percent)
reflecting the market uncertainty and an increased risk aversion witkctaspexposures to
financial institutions. In the aftermath of these peaks, the-iG8icator remains elevated and
reaches its observation period maximum of 222 billion EUR (§8rtent) on March'® 2009

just after the Dow Jones Industrial Average and the S&P 500 tie@icltrisis lows.

After another peak on March 312009 and the financial stability measures decided at the
G20 summit in London on April", 2009, the ESS-indicator in the American sub-sample
decreases to an average of 82 billion EUR (1.2 percent) in the petibdpril 2010 with the
lowest post-crisis ESS value reached at 48 billion EUR (0.6 pgraempril 14" 2010. The

1% The AIG default was averted on the same evening bguidity facility from the Federal Reserve Baok
New York as the US government became AIG’s largbateholder.
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increase of the ESS-indicator in May 2010 and the local maximum3billion EUR (1.4
percent) reached on June™.010 are most likely to be explained by the euro zone
sovereign debt problems, especially the market uncertainty with réspgbetexposure of US

banks to debt originating from euro zone crisis countftes.

According to our definition of the end of the financial crisis peribe, curve of the ESS-
indicator permits the conclusion that the financial crisis effectshen American sample
subsided in the last quarter 2009. However, the elevated leved &38-indicator at the end
of the observation period (relative ESS of 0.8 percent vpérdent at the beginning) points
to a persisting increased level of systemic risk, a reassessmenesp#rct to the risk posed
by debt issued by banks and potentially also an uncertairdydiag effects of the European

sovereign debt crisis on US banks.

The development of the factors constituting the ESS-indicdter ptobability of systemic
default (PSD) and the expected tail loss (ETL), in the American fiaaggstem during the
observation period are shown in Figure 15. The PSD reaches its giethlessame points in
time as the ESS-indicator whereas the ranking of the peaks diffghglysliespecially in
September 2008: while the ESS-indicator reaches its highest valBeppember 29 2008
the PSD observed after the Lehman default on SeptemBe2@@8 is higher than the PSD
on September 29 2008. The PSD at the beginning of the period averages 0.6 pettieh
compares to an observation period maximum of 12 percent on MYr@009. The PSD at
the end of the sample period amounts to ghdéold of its initial value. The ETL of the
American sub-sample averages around one trillion EUR until Feb2@4y. Interestingly,
the ETL increases already during March 2007 and reaches a valug willibn EUR on
April 11™ 2007 at a time when the PSD is only slightly elevateda Advel of 2.1 trillion
EUR, the ETL reaches its maximum on JuTS‘}, 2010. At the end of the sample period, the
ETL is about 60 percent higher than at the beginning.

In order to identify the input factor determinants of the relati®Sfhdicator we conduct
regression analysis as shown in Table 13. The average risk-nediznalt geobability is the
most relevant single variable explaining 99 percent of the ES&atods total variation for
the American sub-sample. Average correlation alone does not exql#ficiently the
variation in the ESS-indicator (R? of 0.17) and only has a gieigi positive coefficient when

included in the regression equation with the PD. The dispelisionsk-neutral default

191 This presumption is analyzed in the banking setsircontagion analysis in this thesis.
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probabilities has a negative coefficient which means that a larger hextergin the default
probabilities of the sample banks leads ceteris paribus to a lewardf systemic risk. The
regression results show that the default probabilities (or CDS spreauld be used as a first

order approximation of the systemic risk measure.

6.1.1.3 Asian-Pacific sub-sample

The development of the ESS-indicator in the Asian sub-sample awerigishown in Figure
16. The ESS-measure averages 2.8 billion EUR (0.1 perceotabflibilities) until June
2007. In July 2007 the indicator starts to rise which culmmat a peak of 6.1 billion EUR
(0.2 percent) on August 212007 after BNP Paribas announces the closing of three fueds du
to subprime-related problems. In the time after this peak the E&&timdrises steadily with
few interruptions and reaches a local maximum of 29.7 billioREQG6 percent) on March
18" 2008 after the government-mediated acquisition of Bear Stearn® Mothan. In the
aftermath of the Bear Stearns takeover the indicator first declined andhtneased as of

July 2008 in spite of the international financial market suppedsures.

After the Lehman Brothers bankruptcy and government support meésuties banks in the
Asia-Pacific regioh’® the ESS-indicator has multiple peaks in October 2008 at levels o
around 65 billion EUR (1.3 percent), culminating at a level abid@®n EUR (1.4 percent) on
October 28, 2008. Until the end of the year 2008, the trajectory of th&-iB8icator is
highly erratic and elevated with peaks at levels of around G@rboHUR (1.3 percent). These
elevated ESS levels in the fourth quarter 2008 reflect the global markettainty and risk
aversion in the aftermath of the Lehman Brothers default but alssp#eific events in the
Asia-Pacific region as major banks in the region announced langefd and regional
economies slid into recession. The observation period maximuhe dSS-indicator in the
Asia-Pacific sample is observed on March"1@009 at a level of 75 billion EUR a.5
percent) briefly after the Hang Seng as well as other Asian and gtobklrearkets hit their
financial crisis lows.

Subsequent to the announcement of comprehensive measures toestaditpobal financial
system at the G20 summit on April%22009 the ESS-indicator in Asia-Pacific decreases to
an average of 24 billion EUR (0.4 percent) until early May 2@ June 9, 2010 the ESS-

indicator increases strongly to a value of 47 billion EUR (@r¢gnt) which is presumably in

102 £ g., China cut its interest rate on Septembél, PH08 for the first time since 2002 and other APAC
countries also provided liquidity support to thesénks.
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response to the European sovereign debt crisis and the market mtgertgarding the
exposure of Asian-Pacific banks to affected euro zone countries anchémis "> After
returning again to 22 billion EUR (0.3 percent) in November 2@1€ indicator increases
again whereas it is unclear if this increase is also due to th@damalebt crisis events. The
devastation and market uncertainty caused by the earthquake anahitkittiag Japan on
March 11", 2011 is reflected in the ESS-indicator as of March, 911 when the indicator
increased substantially by 23 percent to 46 billion EUR (1 p8read climbed even further
as the disaster of Japan’s Fukushima nuclear plant evolved anévie smpact of the

natural and nuclear catastrophes on Japan's economy became p&ibable.

By interpreting the curve of the relative ESS-indicator using our itlefinof the financial
crisis end we conclude that the financial crisis effects in the ARamific sub-sample
subsided in the last quarter 2009. The elevated level of thente&Sure at the end of the
observation period (relative ESS of 0.7 vs. 0.1 percent at #gnring) represents a
persisting increased level of systemic risk in the Asian-Pacific finarsgctor which is
among other things explained by the imponderables resulting frermipact of the natural

and nuclear disaster on Japan’s economy and financial markets.

The gradient of the probability of systemic default (PSD) ancxipected tail loss (ETL) in
the Asian-Pacific sample during the observation period are shoviagure 17. The PSD
reaches its peaks at the same points in time as the ESS-indicat@aw/the ranking of the
peaks differs slightly, especially in October 2008 and April 201 PSD increases from an
initial value of 0.4 percent to an observation period maximéi®.4 percent on March 11
2009. The PSD at the end of the sample period equals moresdkian time®f its initial
value. The ETL first increases after the Lehman Brothers defaulpter@ber 2008 from 800
billion EUR to 1 trillion EUR. Afterwards, the ETL decreasaghdly and remains relatively
constant before increasing further in the fourth quarter 2010. It hikés sample period
maximum above 1.2 trillion EUR in March 2011 after Japan’s tsunAtmthe end of the
sample period, the ETL is about 60 percent higher than at ¢enoeg.

We conduct regression analysis to identify the input factormetants of the relative ESS-

indicator as shown in Table 13. The average risk-neutral default plitbab the most

important single variable explaining 97 percent of the total vanaifothe indicator for the

193 As Japan is the largest country in the Asian-Rasifib-sample in terms of total liabilities, chasgs its
banks’ CDS spreads and equity return correlati@ve a significant impact on the whole sub-sample.



6 EMPIRICAL RESULTS 53

American sub-sample. Average correlation alone does not explain esoifijcihe variation in
the ESS-indicator (R? of 0.12). When the correlation is includetthénregression equation
together with the PD, it only has a negligible positivefioient. The dispersion in risk-
neutral default probabilities has a negative coefficient which meana taiaer heterogeneity
in the default probabilities of the sample banks leads — dilvegst being equal — to a reduced
level of systemic risk. According to the regression resultsdéfault probabilities (or CDS

spreads) could be used as a first order approximation of the systdameeasure.

6.1.1.4 European sub-sample

The evolution of the ESS-indicator of the European sample isrshofigure 18. Before the
first indication of the sub-prime and financial crisis became eviderE8& indicator is at a
very low level, i.e., below 10 billion EUR (0.1 percent ofatoliabilities). The indicator
increased sharply to 57 billion EUR (0.3 percent) after the freezittgedNP Paribas funds
on August 18, 2007. Thereafter the indicator rose steadily until it reached dirstcal
maximum of 254 billion EUR (1.1 percent) on March™12008 following the arranged
takeover of Bear Stearns by JP Morgan. Reflecting the crisis responsati@l banks and
governments around the globe, the indicator decreased againub1&® billion EUR (0.5
percent) in mid-July 2008.

Two weeks after the collapse of Lehman Brothers the indicator hilkes dbservation period
maximum of 343 billion EUR (1.4 percent) on Septembé?, ZD08. This sharp increase
reflects the post-Lehman market anxiety and uncertainty, which ddalgt to increased risk
aversion especially towards debt issued by banks. In the fquettier 2008 frail financial
institutions in Europe were supported or rescued by unprecedgateninment measures:
amongst others France approved a 360 billion EUR rescue padkadgeetman government
rescued Hypo Real Estate and Her Majesty’s Treasury forced capitalangictto major UK
banking groups. After these measures the ESS-indicator decreassd billion EUR (0.6
percent) on average until February 2009. It reached another locahumaxof 261 billion
EUR (1.2 percent) on March $22009, one week after the Eurostoxx 50 and other global
stock markets hit rock bottom. In the subsequent 13 montlistaét G20 summit in London
on April 2" 2009 the ESS-indicator in the European sample decreased to an aatnagef
before the Lehman Brothers default.

The curve of the relative ESS-indicator shows that according to oumtaefithe effects of

the international financial crisis in the European financial system subsided infaheh
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quarter 2009. However, subsequent to the exacerbation of the eursax@neign debt crisis
in general and the support measures for Greece in particular the Eufo@emmal system
experienced itspecificfinancial crisis: the absolute ESS-indicator reached its secghésii
value in the observation period on Jufe 8010 at 341 billion EUR and the relative ESS-
measure even marginally exceeded the value reached on Septefib20( (1.43 vs. 1.41
percent). After markets were reassured by euro zone government meastabdire $rail
member countries by means of the provisional European FinancialiZatadm Mechanism
(EFSM), the ESS-indicator returned to an average level of 200rbHIYR (0.8 percent) in
the third quarter 2010. In the fourth quarter 2010 the ESS-measure dedretsedto 121
billion EUR (0.5 percent) on November™,52010 before rising again sharply to 264 billion
EUR (1.1 percent) in response to market uncertainty regardengptiriency of additional euro
member states (Ireland, Portugal, Spain) and the sufficiency of thsipral EFSM to

stabilize additional needy euro zone countries.

As euro zone governments prepared the implementation of a permandvitvi@i& was
agreed upon by the euro zone finance ministers on Marth 2011, the ESS-measure
declined again while remaining at a substantially elevated levedrtiswthe end of the
observation period (relative ESS-indicator of 0.6 versus 0.03 peatémt beginning) which
most likely embodies the sustained market uncertainty with resp#wot stability of the euro

currency and the solvency of certain euro zone courffies.

The development of the factors constituting the ESS-indicHter probability of systemic
default (PSD) and the expected tail loss (ETL), during the obsenvpériod are shown in
Figure 19. The PSD reaches its peaks at the same pointeiag the ESS-indicator whereas
the ranking of the peaks differs slightly. While the absolu&S#nheasure reaches its
maximum in September 2008, the PSD in June 2010 is sliglgher than the PSD values
observed in September 2008 and March 2009. Initially, the ave@DeeRuals 0.2 percent
and it reaches its observation period maximum at a level of 5.8 perday 7, 2010. At
the end of the observation period the PSD amounts ttwenatyfoldof its initial value. The
ETL averages below 3 trillion EUR until July 2007 andreases to a peak of 6.3 trillion EUR
on September 25 2008. . The curve of the ETL shows that the expected losasia of a
systemic default event increased significantly during the financiak gresiodand the euro
zone’s sovereign debt crisis. At the end of the observation peé@oHTL is about 80 percent

higher than initially.
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As a further step, we analyze the input factor determinants of theveelE8S-indicator by
means of regression analysis whose results are presented in Babfs Expected, the
average risk neutral default probability is the most relevant swvalable explaining 92
percent of the total variation of the indicator. Average correlation aoes not explain
sufficiently the variation in the ESS-indicator (R2 of 0.29). Wleelded as explanatory
variable to the risk-neutral default probability, the correlation imgsdhe explanatory power
of the regression equation whereas the PD remains the dominaamatopy variable: a PD
increase by one percentage point raises the relative ESS-indicat®agi8 points, whereas
the same increase in average correlations only leads to a onepbadisncrease. The
coefficient of the dispersion in risk-neutral default probabilitieslightly negative which
means that a larger heterogeneity in the default probabilities ohthegle banks leads ceteris
paribus to a lower level of systemic risk. The regressions ghat the default probabilities

(or CDS spreads) could be used as a first order approximation of §:e&iSator.

6.1.1.5 Middle Eastern and Russian sub-sample

Figure 20 shows the evolution of the ESS-indicator for the Midethstern and Russian
(MER) sample. From October 2005 until October 2007, the indieaterages below 1 billion
EUR (0.5 percent of total liabilities). The indicator beginsig® in November 2007 and
reaches a local maximum of 4.4 billion EUR (1.6 percent) on March ZI08 — first two
weeks after the arranged takeover of Bear Stearns by JP Morgan. In tideupditidune 2008
the ESS-indicator decreases again along with the calming aflabal market sentiment at
the time.

Thereatfter, the indicator rises continuously and jumps to @bilHUR (2.6 percent) after the
Lehman Brothers default on Septembef", 12008 before reaching an observation period
maximum of 23.7 billion EUR (6.9 percent) on Octobef,22008. The gradient of the ESS-
indicator and the high average level of 15 billion EUR (4 perdeot) September 2008 to
March 2009 reflect both the global financial crisis events and — ewvea 0 — the specific
events in Russia (the largest country in this this sub-samiia)ing on Russian exchanges
was suspended repeatedly in September and October 2008 due to ergaieclines of the
main Russian stock indices, the Russian government saw itsedfdf@ao provide several
emergency liquidity facilities to Russian banks; on Octobét, 2008 Standard & Poor’s
(S&P) changed its rating outlook for Russia’s sovereign rating Stale to negative (amid

worries that the support measures for the banking sector could owembtire financial
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capacity of the Russian government) and on Decenfhe2@8 S&P downgraded Russia’s

currency rating®*

The MER ESS-indicator has a local maximum on Marfh 2009 at 17 billion EUR (4.9
percent) after global stock markets reached their financial crisis lowsowkud the
announcement of comprehensive financial stability measures at theu@0it on April pal
2009 the ESS-indicator decreases to an average value of 8 billiBh(EY percent) until
early September 2009 and reaches a local minimum of 4.5 billion @URpercent) on
October 18, 2009. At the end of November 2009, the indicator rises agamresult of the
debt problems of the Emirate Dubai which also increases the risk ymsnfor debt of
entities from other Middle Eastern countries. Following a declim# April 2010, the ESS-
indicator rises again in May 2010 (likely in response to the ran@ sovereign debt crisis)
and remains heightened (5 billion EUR, 1.2 percent) at the etheé observation period.

By applying our definition of the crisis end to the relativeSESirve of the MER sample we
conclude that the financial crisis effects in this region abated ifothth quarter 2009. The
elevated level of the ESS-measure at the end of the observation perigde(fes$ of 1.2

percent vs. 0.5 percent at the beginning) points to a sligidtgased level of systemic risk in

the MER banking sector.

The gradient of the probability of systemic default (PSD) ancexipected tail loss (ETL) in
the MER financial system during the observation period are shovAgure 21. The PSD
reaches its peaks at the same points in time as the ESS-indicdtatso the rankings of the
peak heights are largely consistent. At the beginning of thelesgrapod the PSD amounts to
2.3 percent and increases tenfold to a dramatic 23 percent at thef pealciosis in October
2008. The PSD at the end of the sample period equals abeaitithes its initial value. The
ETL increases from its initial value of 40 billion EUR withror interruptions until it reaches
a peak of 102 billion EUR in October 2010. At the end ofstr@ple period, the ETL is about

twice as high as at the beginning.

We conduct regression analysis to identify the input factormétants of the relative ESS-
indicator in the MER sample as shown in Table 13. The risk-aledefault probability is the
most important single variable and explains 97 percent of thevatation of the relative
ESS-indicator. Average correlation alone does not explain sufliciem variation in the

MER ESS-indicator. When correlation is included in the regressioatieq together with the

194 Cf. Fidrmuc/Suess (2009) for a detailed elaboratibthe financial crisis impacts on Russia.
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PD, it slightly increases the explanatory power of the regressjaation and the correlation
has a marginally positive coefficient. The dispersion in risksaédefault probabilities has a
coefficient of -0.2 which means that a larger heterogeneity in the defabklplities of the
sample banks leads ceteris paribus to a reduced level of systemiéatskding to the
regression results, the default probabilities (or CDS spreads) beulised as a first order

approximation of the systemic risk measure.

6.1.1.6 Comparative analysis

In the following we conduct the comparative analysis betweealibee ESS results for the

individual samples.
Level and evolution of the ESS-indicator

Figure 22 shows the development of the absolute and rela8%eirktlicator for all samples
over time. The ranking of theverageabsolute ESS-indicator reflects as expected the ranking
of the total liabilities of the respective samples. What is more rexbkerks that the level of
the absolute ESS-indicator of the European sub-safoptertain time periodss equal to or
slightly greater than the absolute ESS-indicator of the gladmabk (e.g., March till July
2008 and November 2010 till March 2011). This can be explaigatidbdifferent levels of
correlations and risk-neutral default probabilities as shown inr€i@¢: During the whole
sample period, the average correlations of the European sub-sampignéieantly higher
than the correlations of the global sample (50 vs. 29 percenthvatso leads to a higher
correlation of the samples drawn in the ESS simulation and caersgto more correlated
outcomes (particularly in times of elevated default probabilitiesk @tfiect is even increased
when the average risk-neutral PDs of the European sub-sample are haghénehaverage
PDs of the global sample which is the case for the last nimhsiof the observation period
as the analysis in section 5.1.6 has shown. This impace afttielations shows that the ESS-
methodology adequately captures the ‘benefits of diversification’ reguftom a more
heterogeneous ‘sample bank portfolio’ and that a more heterogeneous firsysteath is
favorable versus a more homogeneous financial system with respectrésuhing level of

systemic risk.

In order to ensure comparability, we use the results of the relativengig&tor to describe
the differences in the evolution of the systemic risk in the sesnpVer time. The MER
sample has the higheaveragerelative ESS level (1.4 percent), followed by the American

sample (0.8 percent), the European sample (0.4 percent), the Asian-Bamfxte (0.35



6 EMPIRICAL RESULTS 58

percent) and the global sample (0.3 percent). This ranking appliesoatke relative ESS

levels of the samples at the end of the observation period. A elxaerination of the default

probabilities shows, however, that this ranking can only phglgxplained on grounds of the
PDs: While the MER as well as the American sub-samples have theshi@mverage PDs, the
default probability of the European sample is lower than the ¢f0ke global and Asia-

Pacific sample which again reflects the impact of correlations onSBeidicator.

The evolution of the relative ESS for the MER sample appears saheetoupled from the
other samples’ ESS-indicator until March 2008. As of Septemb@8 #te gradient of the
curve shows the Russia-specific effects of the financial crisis osy#temic risk in the MER
sample. A closer look at the data underlying Figure 22 showshéaglobal financial crisis
effects are first observed in the American sample which provides aertanfirmation for
the observation that the global financial crisis spread out frenghfinancial system® The
relative ESS-indicator of the Asia-Pacific sample exhibits a hegvee of comovement with
the European and global samples apart from a few outliers which seeveth mainly in the
fourth quarter 2008.

While a casual look at Figure 22 may suggest that the MEaktern and Russian as well as
the American financial systems were most affected by the financial ¢frigise 24 (which
shows the relative change of the ESS-indicator with respect tatiéd ihree months average
for all samples) contradicts this conclusion. It shows thatativel to the sample period
average - the European and global financial systems were affected mdst bgancial
crisis: at the peak of the crisighe relative ESS-indicator of the global (European) sample
equals 85 times (46 times) its initial value which comparesa toultiple of 24 for the
American, 17 for the Asian-Pacific and only 13 for the MER sub-sa(tipdeaverages of the
relative chang@ver timehave the same ranking). The ‘repricing of systemic financial sector
risk’ was particularly strong for the global sample because the Efs&dar for this sample
was particularly low at the beginning of the sample (among otlegsttdue to very low
correlations) so that the relative impact of the subsequent finamisial ©n correlations and

PDs) was all the more pronounced.

We observe that the financial crisis effects subside in all samptée #ourth quarter 2009
according to our definition of the crisis end. It is notewortigt the relative ESS-indicator

has returned to lower levels (albeit not pre-crisis levels) at thektite observation period

195 This presumption is analyzed in the banking setsrcontagion analysis in this thesis.
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only for the American, Asian-Pacific and MER samples (2-8 timesiratierage) whereas it

is still strongly elevated for the European sub-sample and thalgtample (about twentyfold

of initial average)® The strong relative increase and the sustained elevated level ofisystem
risk in the European and global financial system may suggatsthté systemic risk in these
financial systems was particularly ‘underpriced’ before the financial cfiikis conclusion is

not meant to overshadow the fact that the systemic risk inVilBR and the American
financial systems (measured in terms of the relative ESS-indica#til) the most elevatedf

all samples at the end of the sample period.
Level and evolution of the probability of systemic defaulttaerdexpected tail loss

Figure 23 shows the evolution of the components of the ES&tod the probability of
systemic default (PSD) and the expected tail loss (ETL) for all sanmpler time. The
ranking of the PSD values (average and end of period) of the samptassistent with the
ranking of the relative ESS-indicator, i.e., the PSD of the MERlandmerican samples are
highest (average value of 5.9 and 3.4 percent), followed bEdhepean (2.1 percent), Asia-
Pacific (2.2 percent) and global sample (1.7 percent). The upper pa&iglé 25 shows that
the relative change of the PSD is the main driver of the strongveelatiange of the ESS-
indicator over time. At the end of the sample period, the PSDwedEdropean and the global
samples amount to theventyfoldof their initial value whereas the relative increase of the

other samples is below the factwght

The development of the ETL is shown for all samples in thedganel of Figure 23. As the
absolute values are strongly determined by the sample’s totaitikehil is more insightful to
consider the relative changes of the ETL in the lower panelgofr&i25. At a multiple of 2.3
with respect to its initial average value, the MER sub-samplestohighest increase at the
end of the sample period whereas the expected tail loss of the antiq@es are at about 1.5 to
1.7 times of their initial average value. This sustained elevatedl ¢évthe ETL shows that
the expected loss in case of a systemic default event increased sitjgificeumg the sample
period. In conjunction with the elevated level of the PSD thmslifig also explains the
persistent increased level of the ESS-indicator.

1% The elevated level in the global sample is of sewdriven by the increased level in the Europeaipka
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Input factor determinants

A comparison of the regression results in Table 13 shows thatvéirage risk-neutral default
probability is the single variable with the highest ‘positim@pact on the relative ESS-
indicator for all samples, i.e., the higher the average PD, therige systemic risk measure.
Another feature of all sample regressions is that the dispersidefanlt probabilities has a
significantnegativecoefficient which means that the higher the heterogeneity of thplesam
banks’ risk-neutral PDs (or their CDS spreads), the lower is the rela®&-indicator.
Average correlation alone does not have sufficient explanatory powéndaelative ESS-
indicator whereas when it is included in the regression equaatyather with other variables
it has a significant positive coefficient which suggests thaghen correlation leads ceteris

paribus to a higher level of systemic risk.

6.1.2 Risk premium determinants of the ESS-indicator

As described in section 4.1 the default probabilities computed €®S spreads anesk-
neutral i.e., they contain not only the expectation aboutattteal probability of default but
also risk premium components such as the default risk premiumthendiquidity risk
premium. Since the ESS-indicator is computed using these riskehdetault probabilities, it
Is by construction also a risk-neutral measure of systemic finasesédr risk. Therefore, it is

worthwhile to further analyze the individual risk premium deterntsmahthe ESS-indicator.

As the default risk premiums on credit markets are not directlgre@ble, adequate proxy
measures need to be employed in this analysis. We use Moodyseéd3aa-Aaa bond
index spread and the TED spread as proxies for the credit default riskupreMoody’s
Baa-Aaa bond spread is the difference between the average yieldody’Meeasoned Baa
and Aaa corporate bond indices. The TED spread is the diffeteeteeeen the 3-month
LIBOR rate and the yield of a 3-month US Treasury Bill. Whil¢hbgpreads are a market-
based measure of the risk premiums for differences in credit qualitydyWoBaa-Aaa bond
spread measures the credit spread differences between corporate baysdafatiigher and
lower quality’®’, whereas the TED spread measures the differences in credit qesaliten

debt issued by major financial institutions and the — by agBam- riskless US Treasury

107ct, Chen/Collin-Dufresne/Goldstein (2009), p. 33%368.
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Bills.*® In the following we refer, therefore, to the Baa-Aaa spread alsmgmrate default
risk premium’ and to the TED spread also as ‘bank default risk premifim

In order to proxy the liquidity risk premium component we use term spread which we
define as the difference between the market yields of the 10-year an@rionth US
Treasury Bills. The term spread provides a market assessment fomtpensation, which
market participants require for holding a long-maturity versus a shadtirity asset with the
same underlying characteristics. For the expeeietdal default rates, Moody’s Expected
Default Frequencies (EDF) or physical default probabilities from compatings would be
adequate proxy measures. However, as these measures are proprietactsprich were
unavailable for the present research, a measure for the expected actual defacdmadt be

included in our analysis.

We perform regression analysis separately for each sample usingathereéSS-indicator as
dependent variable and the Baa-Aaa spread, the TED spread and thepriesoh Isoth

individually and together as independent variables (Table 14yder to further analyze the
time-varying impact of the three spreads on the ESS-indicator seet ithe actual values of
the spreads into the estimated regression equation comprisivgrilbles and obtain a

specific area diagram for each sample (Figure 26).

In the following sections we elaborate the analysis results for eanples separately and

conduct a comparative analysis among all sample-specific results lastisection.

6.1.2.1 Global sample

The regression results for the global sample in Table 14 shetvthiy corporate default risk
premium has a significant positive coefficient of 27 basis poirdstaxplains 46 percent of
the variation in the relative ESS-indicator. By contrast, the loi@f&ult risk premium alone
does not have sufficient explanatory power (R2=0.19) whereas itsoieeffis also positive.
The liquidity risk premium is the risk premium component witle highest explanatory
power of the spreads in the regression analysis and shows asdxpegxisitive coefficient.
By including all risk premium components in the regression emuahe explanatory power
is significantly increased (adjusted R2 of 0.72) and the corporateltde$aand the liquidity

risk premiums turn out to be the risk premium components thighhighest impact on the

1%The TED spread is also used as a measure for #iklility of bank wholesale funding.

19 These notions are somewhat stereotypical bechasBaa-Aaa spread also includes debt issued bydiala
institutions (amongst others).
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relative ESS-indicator (coefficient of 0.16 and 0.10, respectively) whdheabank default
risk premium also has a significant positive coefficient of two hamsists.

The global sample chart of Figure 26 shows the time-varyingamef the risk premium
determinants on the relative ESS-indicator for the global samptd.July 2007 the Baa-Aaa
spread is the component with the highest impact on the relaB%nkeasure and the other
spreads are of minor importance. From August 2007 until Ap€iB2the impact of the other
risk premium components increases whereas the corporate default riskrpresmains the
variable with the strongest influence. Interestingly, the bank Hefak component has a
significant impact on the relative ESS-indicator only durirgy ‘tdore’ financial crisis period,
i.e., from August 2007 until April 2009. From May 2008atil the end of the observation
period, the liquidity risk premium has the dominant impacttiom relative ESS-indicator
whereas the importance of the corporate default risk premium decreasegreadtisis level.
The time-varying impact of the corporate default and liquidiék premium components
shows a relative increase of the liquidity risk aversion and aveldecrease in the default
risk aversion among market participants during the financial crisishvgtersists at the end of
the observation period.

6.1.2.2 American sub-sample

The risk premium determinants regression results for the American esarglshown in
Table 14. The corporate default risk premium alone has the highef§icient (0.76) and the
highest explanatory power (R?=0.62) of afidividual risk premium components. The
liquidity risk premium has the second highest coefficient (0.32) explanatory power
(R?2=0.65) of the single variables whereas the bank default risk yreraione has no
sufficient explanatory power (R?2=0.18) although its coefficientils sgnificantly positive.
Regression 4 shows the results obtained by including &llpriemium components in the
regression equation: The corporate default risk and the liguigk premium influence the
relative ESS-indicator most strongly (coefficient of 0.54 and 0@sectively) whereas the
bank default risk premium coefficient is only marginally posi{iv®2).

The area diagram for the American sample in Figure 26 shows ttreg period until August
2007, the impact of the bank default risk and liquidity risknpum is negligible while the
corporate default risk premium exerts the strongest influence orelditeve ESS-indicator.
The impact of the liquidity risk premium increases as of Octob8é7 2and exceeds even the

impact of the corporate default risk premium at the end of the saraptelpThe impact of
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the bank default risk premium is only discernible in the gomeod between August 2007 and
March 2009. The increase of the liquidity risk premium’s impact ivelab the corporate
default risk premium’s impact during the financial crisis (whichuistgined at the end of the
observation period) reflects a change in risk aversion by market partgiganng the

financial crisis.

6.1.2.3 Asian-Pacific sub-sample

The regression results for the Asian-Pacific sample in Table 14 #hawthe corporate
default risk premium has a significant positive coefficient ofLlaéd it explains alone 71
percent of the variation in the relative ESS-indicator. By contrast,bink default risk
premium alone does not have sufficient explanatory power (R?=0.1&%eas its coefficient
is also significantly positive (0.09). The liquidity risk prieim alone has a coefficient of 0.15
and explains 45 percent of the variation of the relative ESS-indi®yoncluding all risk
premium components in the regression equation, the explanatevgr gs significantly
increased (adjusted R2 of 0.84) and the corporate default risk andutuhtyi risk premiums
are the only risk premium components which impact the relative EB&Gator (coefficient of
0.33 and 0.09, respectively) while the coefficient of the bank defesld premium is not
significantly different from zero.

The Asian-Pacific sample chart of Figure 26 shows the time-varyipgadmof the risk
premium determinants on the relative ESS-indicator. Until JOB72he Baa-Aaa spread is
the component with the highest impact on the relative ESS-meeasd additionally only the
liquidity risk premium has some impact. From August 200l épril 2009, the impact of
the liquidity risk premium component increases whereas the corporatdt distagpremium
remains the variable with the strongest influence. Interestingyhahk default risk premium
has a significant impact on the relative ESS-indicator only duhagcore’ financial crisis
period. From May 2009 until the end of the observation petiedimpact of the liquidity risk
premium increases while the corporate default risk premium decreases kotthptemium
components have roughly the same impact at the end of the obsematiod. The bank
default risk premium has no discernible impact in the Asian-Pacificlsaifipe time-varying
impact of the corporate default and liquidity risk premium comptnshows a relative
increase of the market’s liquidity risk aversion and a decrease in thetdef&uaversion
between the beginning and the end of the financial crisis wrecsigts at the end of the

observation period.
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6.1.2.4 European sub-sample

The risk premium determinants regression results for the Eurcpegnie are shown in Table
14. In the single-variable regressions, the liquidity risk psemhas the highest explanatory
power (R?2=0.55) and a regression coefficient of 0.19. The corporatdtdesl premium has
the highest coefficient (0.26) and an explanatory power of 26 pevdesteas the bank
default risk premium alone has no sufficient explanatory power (R2¥r@vhile its coefficient
is positive (0.08). Regression 4 shows the results from imguadl risk premium components
in the regression equation: The liquidity risk premium ancctrporate default risk premium
influence the relative ESS-indicator most strongly (coefficient b @nd 0.09, respectively)

whereas the bank default risk premium coefficient is at 0.02 oglytslipositive.

The area diagram for the European sample in Figure 26 showmthedrying impact of the
risk premium components during the observation period: Whilectingorate default risk
premium has the largest average impact on the relative ESS-indicailoduly 2007, the
impact of the liquidity risk premium increased considerably sincgudtu2007 and exceeds
the impact of the default risk components as of April 2008. Nytdbe bank default risk
premium is only significant during the financial crisis peridtie increase of the liquidity
risk premium’s impact relative to the corporate default risk premium’sctetfaring the

financial crisis period reflects a change in risk aversion by marketiparits.

6.1.2.5 Middle Eastern and Russian sub-sample

The regression results for the MER sample in Table 14 showhéatorporate default risk
premium has a strongly positive coefficient of 1.67 and it explalone 83 percent of the
variation in the relative ESS-indicator. By contrast, the bank deafaklpremium alone does
not have sufficient explanatory power (R?=0.15) whereas its coeffidesso significantly

positive. The liquidity risk premium alone has a coefficient.600and explains 37 percent of
the variation in the relative ESS-indicator. By including ak pgemium components in the
regression equation, the explanatory power is significantly incréadadted R2 of 0.90) and
the corporate default risk and the liquidity risk premiums twint@ be the only risk premium
components which positively impact the relative ESS-indicator ficaaft of 1.49 and 0.24,

respectively). The bank default risk premium’s coefficient is marginaifjative at -0.04.

Figure 26 shows the time-varying impact of the risk premium d&tants on the relative
ESS-indicator for the MER sample. Until August 2007 onlg ttorporate default risk
premium significantly impacts the relative ESS-indicator. Fromeseipér 2007 until the end
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of the observation period the impact of the liquidity risk premincneases. The area diagram
shows that the bank default risk premium has no discernible ingpathe ESS-indicator.
While the corporate default risk premium still has the largest inthaatg the last months of
the sample period, it can be noted that the liquidity risk premincreased substantially over
time. This time-varying impact of the risk premium componehtsvs a relative increase of
the liquidity risk aversion and a relative decrease of the defaulavisision among market

participants during the observation period.

6.1.2.6 Comparative analysis

In the following we compare the risk premium analysis resulteefndividual samples. Due
to the different levels of the relative ESS-indicator across the samg@esill focus the
comparison on theanking of the respective risk premium proxy coefficients and the

comparison of the risk premium impact over time as shown irm&ge:°

A comparison of the regional results in Table 14 shows thatctirporate default risk
premium is the risk premium component which has the highgdamatory power for the
relative ESS-indicator and the largest average regression coefficiers attresmples except
for the European relative ESS-indicator which is best explaingledyquidity risk premium.

The liquidity risk premium ranks second in terms of explanatpower and average
regression coefficient across all samples. By contrast, the regressuis for the bank
default risk premium show that this variable alone has no suffieigsianatory power for the
relative ESS-indicator and in combination with the other risk premcomponents, the

resulting coefficients are only marginally positive (if at all).

The area diagrams in Figure 26 emphasize the dominant impdt obtporate default risk
premium over time for all samples with the exception of the Europaaple for which the
liquidity risk premium is more dominant. A pattern whichoilsservable in all area charts is
the increased importance and level of the liquidity risk premiumoesthe beginning of the
financial crisis and the relative decrease of the corporate default risktifirmpeak of the
financial crisis until the end of the observation period. Thieadion is tantamount to an
increase of the liquidity risk aversion and a decrease of the credaveskion among market
participants. While further research is required to explain this effeanare detail, this

development may be due to two common observations from thesi@hanisis: firstly, during

110 By contrast, a comparison of the level valueshef ¢oefficients will not be conducted due to thgniicant
differences between the samples’ coefficients.
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the financial crisis market participants were most concerned with creditlidewhich in fact
did not occur as strongly as suggested by the increase in OB&dsp’ secondly, the
financial crisis exposed the importance of asset liquidity in aidristhion as markets for
certain assets dried up in a matter of days which increased the demagdidoassets and is

reflected in the sustained elevated level of the liquidity risk premt?

6.1.3 Relative contribution to the ESS-indicator

While the ESS-indicator measures thggregatesystemic risk prevailing in the respective
banking sector, the understanding of the relative contributtdrountries and individual
institutions to this aggregate financial sector risk is alglfirelevant not least from a
regulatory point of view. As described in section 4.1.3 wenpate the contribution of
individual banking groups to the ESS-indicator by determitivegshare of the total portfolio
loss by individual banking groups when the portfolio lesseeds the systemic loss threshold.
By aggregating the bank-specific systemic loss contributiorns country level we obtain the
measure for a country’s systemic risk contribution over time. Irerotd understand the
drivers for the relative systemic risk contribution by banks we odndkgression analysis
using bank-specific parameters (e.g., risk-neutral default probalslityelation, liability
weight and interaction terms) as explanatory variables. In thewiolljpwe describe the
results for each sample individually and conduct a comparative aalyhie last section.

6.1.3.1 Global sample

Table 15 shows the relative systemic loss contributions cauatry level for the global
sample. The results show that the systemic risk contributioninagevariant whereas the
ranking is relatively stable over time. The countries with tlghést average systemic loss
contributions during the sample period are France, the United &tadate United Kingdom
(in ascending order of the systemic loss share). In period 4 Franc@avarhigher systemic
loss contribution than the United States. By considering Tabded Table 3 it becomes
evident that these results are consistent with the CDS spreaddatwons and liabilities of
these countries: while the US banks have the highest totaitiegbénd their average CDS
spreads are slightly above those of their UK counterparts, their avegty return

11 Cf. Huang/Zhou/Zhu (2010a), pp. 18-19.
112 cf, Taylor (2009), p. 18; Moessner/Allen (2011, g-3.
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correlations are significantly lower than the correlations of thésB and French banks.
Kazakhstan, Malaysia, Singapore, Bahrain, Qatar and the UAE halatiser systemic loss

contribution of below 0.3 percent which is in fact negligible.

A few notable observations can be made by considering the changes siystemic loss
contributions between period 3 and period 4. Among the cegninith total liabilities above
two trillion EUR, Germany, Switzerland and the US have reduced #ysitemic loss
contributions whereas France and the UK increased theirs. The cowltass systemic loss
contribution increased by at least 40 percent from period 3 to pérem@ China, Greece,
Portugal and Spain. While in China’s case this is due to an iecoda®tal liabilities and
correlations, the increase for the European countries can be explaitieel $gvere increase
in CDS spreads due to the euro sovereign debt crisis (e.g.hdhe sf Greece increased
fivefold, albeit on a low level). The fact that the systemic riskrdmution of Ireland has not
increased from period 3 to period 4 despite the increase of its CDS spealle explained
by a decrease in Ireland’s total liabilities and its correlationis period. Korea, Malaysia
and Singapore are the countries which decreased their systemic riskuwtmrs most from
period 3 to period 4 (relative decrease by 60-65 percent).

The relative systemic loss contributions for the individoahksin the global sample are
shown in Table 16 which shows that the above general conttuiio the country level also
apply on the bank level. The banks with the highest relativeersys risk contribution in

period 4 are Barclay’s, Deutsche Bank, Royal Bank of Scotland, £IBgahking Group and
BNP Paribas. It should be noted that the strong increase irystessc risk contribution of

Bank of America in period 3 is due to its takeover of Merrill Lymaetd the increase in the
systemic risk share of Lloyds Banking Group in period 4 s @uits acquisition of HBOS.
The actuality that no US banks are among the top five can be reeghlan grounds of the

relatively low correlations of the US banks vis-a-vis their Europeantegparts.

The banks with the strongest increase in systemic loss lwatdns from period 3 to period 4
are the banks from euro zone countries with sovereign debt issligmnking groups with
total liabilities exceeding one trillion EUR have decreased their velatntribution from
period 3 to period 4 with the notable exceptions of the FreackshBNP Paribas, Crédit

Agricole and Societé Generale. By defining systemic loss contibutiresholds of
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one/three/five percent one can conclude that 23/12/6 banking gnoupe iglobal sample
exceed this threshold in period4.

Table 24 shows the regression results for the determinants oklditeve systemic risk

contribution in the global sample. The liability weight suwout to be the single variable with
the highest impact on a bank’s systemic risk contributiontefgressions 2, 3 and 4 the
estimated coefficient for the liability weight is even above onechvimeans that a one
percentage-point increase of a bank’s liability weight leads topaaglisrtionate increase in
its relative contribution to the systemic risk. This findingroborates the common concern
that a bank’s size is the main driver for the risk it poses tdirthacial system (‘too big to

fail’). Regression 4 exposes that correlations also have a ‘positnp&dt on banks’ systemic
risk contribution which confirms the previous descriptions. Raegrasl shows that the bank-
specific risk-neutral default probability alone has no sufficient exbta power for the

relative systemic risk contributions. Regressions 5 and 6 exposeyer, that the interaction
between liability weight and risk-neutral PD has a significanttipescoefficient as does the

interaction between the average correlation and the liability w&ight.

6.1.3.2 American sub-sample

Table 17 shows the relative systemic loss contributions fdsahk holding companies in the
American sample. The results show that the systemic risk conomigutrary over time
whereas the ranking is largely constant. The banks with the hig&S-contribution in
period 4and during the whole sample period are JP Morgan, Bank of America aigdoGp
(in ascending order of their systemic loss share). It should tiee tiwat the strong increase in
the systemic risk contribution of Bank of America in period lie to its acquisition of
Merrill Lynch. The banks which increased their systemic losseshrarst from period 3 to
period 4 are Bank of America, JP Morgan and Wells Fargo (multiplelefl3) whereas
American Express, Goldman Sachs and PNC Financial Services sighfidacreased their
systemic risk contribution (factor of 0.6—0.8). By defining systedoss contribution
thresholds of five (ten) percent we conclude that seven (three)nigamkoups in the

American sample exceed this threshold in period 4.

113 This result will be revisited in the next sectimencerning the policy implications of the empiricas$ults.

114 The conclusions from regression 6 need to be preéed with some caution, however, as the variance
inflation factors indicate the presence of multio@&arity.
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Table 25 shows the regression results for the determinants oklditeve systemic risk
contribution in the American sample. The liability weight e tsingle variable with the
highest impact on a bank’s systemic risk contribution. Thenastid coefficient for the
liability weight is even above one in regressions 2 to G¢hivimeans that a one percentage-
point increase of a bank’s liability weight causes a disprop@t#oimcrease in its relative
contribution to systemic risk. This conclusion confirms camnopinion that a bank’s size
strongly determines the risk it poses to the financial sysiegression 6 exposes that
correlations also have a ‘positive’ impact on banks’ systemic riskribation whilst the
negative coefficient for the correlation in regression 4 is likely ey an omitted variable
bias. The bank-specific risk-neutral default probability alone hasuffwient explanatory
power for the relative systemic risk contributions which is shbwmegression 1. However,
regressions 5 and 6 expose that the interaction between liabdight and risk-neutral PD

has a significant positive coefficient.

6.1.3.3 Asian-Pacific sub-sample

Table 18 shows the relative systemic loss contributions oauatry level for the Asian-
Pacific sample. The results show that the systemic risk conomsuéire time-variant whereas
the ranking is relatively constant over time. The countries thighhighest average systemic
loss contributions during the observation period are Chinay#lissand Japan (in ascending
order of the systemic risk contribution). In period 4 China raaken ahead of Australia
which is due to a strong relative increase of its total liabilitiethis period. The countries
with the lowest systemic risk contribution are Kazakhstan, Melaysd Hong Kong.

Interestingly, China and Australia are also the countries whimteased their systemic risk
contribution most from period 3 to period 4 which is driventhy growth of the total bank
liabilities of these two countries (multiple of 1.4 and 1.3, eetipely). By contrast, the
relative systemic loss contribution of Hong Kong, Korea and&pioge halved from period 3
to period 4. Overall, these changes increased the combined syktemshare of Australia,
China and Japan from 80 percent in period 3 to 90 percent in geriod

The relative systemic loss contributions for tanksin the Asian-Pacific sample are shown
in Table 19. In period 4 the banks with the highest systemslc contribution are the
Commonwealth Bank, Westpac Banking Corp, Sumitomo MitsukiBgn Bank of China and
Mizuho Financial Group. ANZ Banking Group, Westpac BankingpCand Bank of China
increased their systemic loss contribution most from period 8riog4 (multiple of 1.4-1.5)
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whereas India’s ICICI Bank, Halyk Bank of Kazakhstan and Koredi;han Group
decreased their systemic risk contribution most (relative decrease ef@&hy). By defining
systemic loss contribution thresholds of five (ten) perceatrésults show that six (three)

banking groups in the Asian-Pacific sub-sample exceed this thrashmdiod 4.

Table 26 shows the regression results for the determinants aklditeve systemic risk
contribution in the Asian-Pacific sample. The liability weidbtns out to be the single
variable with the highest impact on a bank’s systemic risk comiibuln all regressions
where the liability weight is included, its estimated coefficieneven above one, which
means that an increase of a bank’s liability weight leads to a gmpi@nate increase in its
systemic risk contribution. This finding confirms the commooppsition that a bank’s size is
the main driver for the risk it poses. Regression 1 shows thabahk-specific risk-neutral
default probability alone has no sufficient explanatory power ferrétative systemic risk
contributions whereas in conjunction with the liabilitgight and the average correlation it
has a significant positive coefficient as does the correlation. The ceeffiaf the interaction
terms in regressions 5 and 6 need to be interpreted with son@ncasithe variance inflation
factors indicate the presence of multicollinearity.

6.1.3.4 European sub-sample

The relative systemic loss contributions @yuntry for the European sample are shown in
Table 20. The systemic risk contributions vary over time, rinking is rather constant.
Switzerland, Germany, France and the UK are the countries withgheshiaverage systemic
loss contribution during the observation period (in ascendirdgroof systemic risk
contribution). However, in period 4 Germany, Spain, France andJkh&ave the highest
systemic risk contributions with a combined total of 74 percEiné¢ Netherlands, Denmark

and Greece have the lowest systemic loss contribution.

The countries which increased their relative systemic loss shardromasperiod 3 to period
4 are Spain, Portugal and Greece due to their sovereign debt (isaugglier of 1.4 to 3.5).
One may wonder why Ireland’s share even decreased slightly odpedespite the increase
of its average CDS spreads: this can be explained by the redotttertotal liabilities™® and
the decrease in Ireland’s correlations which may be due to thehéadhe Irish government

acquired major stakes in its banks during the financial crisis whetoupled’ the Irish

15 The reduction in total liabilities is also caussda deleveraging of the Irish sample banks.



6 EMPIRICAL RESULTS 71

banks’ stock prices somewhat from equity prices of other European harksiark, Sweden
and Switzerland are the countries which decreased their systemic rigkuiions most from

period 3 to period 4.

Table 21 shows the systemic risk contributions ofltaeksin the European sample. Crédit
Agricole, Royal Bank of Scotland, BNP Paribas and Lloyds Bankngup are the banks
with the highest systemic risk contributions in period rnir period 3 to period 4 the banks
which increased their systemic risk contributions most are the GreeRatujuese banks.
The strong increase in systemic risk contribution of Lloyds Ben&roup in period 4 is due
to its takeover of HBOS. The banks which decreased their systeskicamtributions most
from period 3 to period 4 are Germany’'s IKB, Denmark’s Danske BankSamtzerland’s
UBS. By applying systemic loss contribution thresholtdsre (five) percent the results show
that 18 (9) banking groups in the European sub-sample excedlréskold in period 4.

The regression results for the determinants of the relative systekiicongribution in the
European sample are shown in Table 27. The liability wemglite single variable with the
highest impact on a bank’s systemic risk contribution. Imeggons 3 and 4 the estimated
coefficient for the liability weight is even above one, which mehasdn increase of a bank’s
liability weight leads to a disproportionate increase in ystesmic risk contribution. This
finding confirms the common claim that a bank’s size is the nrarerdor the risk it poses to
the financial system. Regression 1 shows that the bank-specifimeugtal default
probability alone has no sufficient explanatory power for the relagystemic risk
contributions whereas in conjunction with the liability giei and the average correlation it
has a significant positive coefficient as does the correlation. The inberaetms of default
probability, correlation and liability weight also have as expecgphificant positive

coefficients in regressions 5 and*8.

6.1.3.5 Middle Eastern and Russian sub-sample

Table 22 shows the relative systemic loss contributions bytigotor the MER sample. The
systemic risk contributions are time-variant whereas the rankirgatively stable over time.
Russia and the United Arab Emirates are the countries with theedtigystemic risk
contribution (combined share of 98 percent), Bahrain and Qatar améyrhinor systemic risk

shares. The Middle Eastern countries have the strongest incregseemis risk contribution

1% The conclusions from regression 6 need to be preéed with some caution, however, as the variance
inflation factors indicate the presence of multio@&arity.
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from period 3 to period 4 (relative increase from 14 to 28 percent® wWie share of Russia
slightly decreases in this time. This can also be explaigedebsustained high CDS levels of

the UAE banks since Dubai’s sovereign debt problems in the fquetter of 2009.

The systemic risk contributions of the individual banks m MER sample are shown Table
23. Bank of Moscow, WTB and Sberbank have the highest systessccbntribution in
period 4 whereas the Commercial Bank of Qatar, Arab Banking Corp ankrédhank
contribute least to the systemic risk in this sub-sample. Tigedaincrease in the systemic
risk contributions from period 3 to 4 are observed for Arab Bankiogp,CAbu Dhabi
Commercial Bank and Mashregbank whereas WTB, Bank of Moscow andi Dalédmic

bank reduce their systemic loss contribution in period 4.

Table 28 shows the regression results for the determinants aklditeve systemic risk
contribution in the MER sample. The liability weight iethingle variable with the highest
impact on a bank’s systemic risk contribution. In all regresswinere the liability weight is
included, its estimated coefficient is even above unity, which sm#@t an increase of a
bank’s liability weight leads to a disproportionate increasesirsystemic risk contribution.
This finding confirms the claim that the size of a bank determitsesiskiness for the
aggregate financial system. Regression 1 shows that the bankespesgifheutral default
probability alone has no sufficient explanatory power for the re&agystemic risk
contributions whereas in conjunction with the liability gi#i and the average correlation it
has a significant positive coefficient as does the average correlatiencogfficients of the
interaction terms in regressions 5 and 6 are to be interpretedamité caution, though, as the

variance inflation factors indicate the presence of multicollinearity.

6.1.3.6 Comparative analysis

Across all samples we observe that the banks with the highestgstnadlative systemic loss
contribution are also the largest (smallest) in their sample in tefntstal liabilities.

Furthermore, at a similar level of relative liability share, the bamits the higher CDS
spreads contribute more to the systemic risk. The strongest increasgstemic risk
contribution from period 3 to period 4 is observed for the baafkscted by ‘special
circumstances’ such as the euro zone sovereign debt crisis whichysiramgased the risk
contribution of Greece, Portugal and Spain as well as Dubai’sesgaadebt problems which

substantially increased the systemic risk contributions of thié (dmongst other reasons).
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The above observations are confirmed by comparing the regressionsignedgults
concerning the determinants of the relative systemic risk contrilsutiofiable 24 to Table
28. We find that the risk-neutral default probability alone lasuificient explanatory power
whereas together with the liability weight and the average correldtioas as expected a
positive coefficient. The liability weight has the strongest impawctthe relative ESS-
contribution with an average coefficient of even above one. Thigngndonfirms the
common concern that the higher a bank’s size, the greater is thepasdes to the financial
system (‘too big too fail’). A higher average equity return corrahadilso increases the bank’s
systemic risk contribution in all samples except for the Americampleamhe coefficients of
the interaction terms between average correlation, risk-neutral probabiitiyability weight
are positive on average whereas the interpretation of the resultsedsieg 5 and 6 needs to

be conducted with some caution due to the presence of multicollnearit

6.1.4 Discussion in the context of related research

As this is the first published study of systemic risk he global financial system,

comparisons can be drawn only for sub-samples of our analgsitis end we compare the
analysis of systemic risk in the US banking sector by Hudrmy/ZZhu (2010b) with our
results for the American sample and the analysis by Huang/Zhou2i0a) of bank

holding companies in the Asia-Pacific region with our resultstfe Asian-Pacific sample’

A comparison of the trajectory of the distress insurance premiuR) @ystemic risk measure
for the US financial system in Figure 2 of Huang/Zhou/Zhu (BQi€th the gradient of the
ESS-indicator of the American sample in Figure 14 between Octobér &80 December
2009 exposes a consistency bmth the peak points in time as well as for the ranking of the
peak heights for the absolute and relative measures alike. With resghbet itgput factor
determinants regression, the results for the American sub-samplelen Ilalre consistent
with the regression results of Huang/Zhou/Zhu (2010b) inelabAs for the determinants of

the systemic risk contributions by individual institutiptise results (in terms of estimated

17 While there are also other studies of systemlcirithe American financial sector, Huang/Zhou/ZB010b)
provide the only comprehensive results which aragarable to our findings.
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coefficients and coefficient rankings) from regressions 4 and 6 ile P&bare consistent with
the results of regression 1 and 3 in Table 5 of Huang/ZhouZi0b)'*®

By comparing the gradient of the DIP measure for the Asian-Pacificsbankigure 3 of
Huang/Zhou/Zhu (2010a) with the ESS results for the Asian-Bagifi-sample in Figure 16
between October 2005 and May 2009 we observe that the peaksta@esame points in time
whereas the ranking of the peak heights differs slightly: the pefakse ESS-indicator in
November and December 2008 are stronger than the DIP peaks in/Eharghu (2010a).
As regards the input factor determinants, our results for the Asian-Padfisample in Table
13 are consistent with the results in Table 3 of Huang/Zhou/f2id10a) in terms of
coefficient rankings!® With respect to the determinants of the relative systemic risk
contributions by individual institutions we find that aesults of regression 4 in Table 26 are
consistent with regression 1 in Table 6 of Huang/Zhou/Zhu0@0Whereas the results differ
between our regression 6 and the relative-term DIP regression |8 {hireasons cannot be

explored further, multicollinearity in both regression equatiomslilely caus&?.

In summary we can state that the our ESS results for the AmericafiseardPacific sub-
samples are consistent with the findings of Huang/Zhou/ZhuiO@0and Huang/Zhou/Zhu
(2010a), respectively. As the ESS-indicator is computed on a lozsig whereas the DIP is
computed on a weekly basis only, the gradient of the ESS-indisatwore erratic and reacts
faster to the financial crisis events then the DIP measure. Minor differeris¢svith respect
to certain regression results which is not surprising as the dwtgies and input parameters

employed in the studies are differéfit.

6.1.5 Policy implications and recommendations

The recent financial crisis has exposed the need for macroprudential imguldtich seeks
to enhance the stability of theverall financial system in addition to microprudential

measures which focus on the stability inflividual institutions. The Basel Ill regulatory

118 Minor differences apply as Huang/Zhou/Zhu (2018lsp include the recovery rates in the regressiafss,
Huang/Zhou/Zhu (2010b) apply a different methodgldg computemarginal risk contributions using
importance sampling techniques.

119 As Huang/Zhou/Zhu (2010a) use the absolute DIBegendent variable, the levels of the coefficierts
naturally hardly comparable.

120 Unfortunately Huang/Zhou/Zhu (2010a) do not previgriance inflation factors in their regressiomider
to further analyze this claim.

121 A comparison of our results from the regressioalysis of the risk premium determinants was nosifale
due to different proxy measures for the risk premaomponents.
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framework released in December 2010 was devised bearing in mind ttlisggprinciple.
Therefore, the extended and new regulatory measures such as increasedegajpi¢ahents,
countercyclical capital buffers and the liquidity standard serve battraprudential and
microprudential purposeé? Regarding the treatment of SIFls, the Basel Ill standard contains
so far no specific provisions but states that the work on riediated approach” for the
regulation of these entities is in progré&sThe proposals under discussion comprise bail-in
debt, capital surcharges, conditional capital and resolution meohauais potential measures

for regulating systemically important bans.

Irrespective of the precise measures taken to regulate SIFls, theefrsh segulating these
entities is to adequately identify them. Among the current mapdor the identification of
SIFIs one can discern an inclination to asses a bank’s systempartance based on its
ranking in terms o$ize(an example of this is BIS (2011)). However, the use of a trangparen
well-defined and accepted metric based on capital market data has oddi@msages. We
suggest the use of the relative contribution to the ES$atwti in order to assess a bank’s
systemic importance. We consider the measure to be a suitable andicatsystemic
importance as it directly incorporates the bank’s size and aldatéixonnectedness and

overall risk-profile are reflected as the ESS-indicator is based on capitlét data®

The implementation could be conducted in a binary fashion bharieg all banking groups
systemically important whose relative ESS-contribution exceeds aircehreshold. For
instance, by setting the relative ESS-contribution threshold (&) percent on theglobal

level, our analysis in Table 16 shows that during period 4efobservation period 23 (12)
out of the 83 banking groups are globally systemically impaffdrMoreover, the ESS-
contribution could be translated into a discrete or continuousureeag systemic importance
to facilitate the differentiation of degrees of systemic importance armbrresponding
differentiation of regulatory measures. Applying this concegh&empirical results for the
global sample could mean, for instance, that the 12 banks vglgesamic risk contribution

122 Cf, BIS (2010), pp. 1-4.

123 \While specific provisions for systemically impantdinancial institutions are yet pending, certagw capital
requirements decrease the incentive of mutual axpesamong global financial institutions.

124 Cf. BIS (2010), pp. 6-8.

125 As the availability of capital market data is @gondition for the application of the ESS methodyglour
recommendation is based on the assumption thatefkgant data is available for systemically impotta
financial institutions.

126 period 4 ranges from Januar¥; 2010 to April 38", 2011.
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exceeds 3 percent could be subjected to additional regulatory me@ssceste approach) or
that the capital surcharges are scaled by the extent of which as batdtive ESS-
contribution exceeds 1 percent (continuous approach). Under the latteacpsystemically
important banks could take measures to mitigate their systemartenge, e.g., by reducing
their balance sheet or overall risk profile, in order to achieve a mooeatde regulatory
treatment. As the continuous implementation approach would teadfitient risk-taking
incentives for the subjected financial institutions we consider ahparticularly favorable

implementation for regulating systemically important banks.

In assessing the systemic importance of banks we suggesstitguish different layers of
systemic importance and apply the ESS methodology to the géamifocus of interest in
the way we analyzed the regional sub-samples. While the curramibte@y discourse is
focused on banking groups with systemic importance fogligal financial systemregional

andnational systemically important banking groups should potentiadlycbnsidered as well.
The reasoning behind this proposal is that certain banks mayghly important for the
functioning of regional or national financial sub-systems, whit# being necessarily
considered systemically important on a global stdleApplying this proposal to our
empirical results could take the following shape: while nonth®foanking groups from the
Asian-Pacific region are systemically important on the global sec@er@ing to the above
exemplary one percent threshold, Bank of China as well as JaparusdviFinancial Group
and Sumitomo Mitsui Banking should be considered systemiaaportant in the Asia-
Pacific region and their countries of residence as their systemic loggaton in the Asian-

Pacific sub-sample lies above 15 percent.

Our analysis of the determinants of the relative risk contribustiesvs that a bank’s size is
the most important determinant of a bank’s systemic importancde\Wta size is already
captured in the bank’s relative contribution to the ESS-indiqaiwal hence in our proposed
approach for the assessment of systemic importance), regulators mayoweanhsider

additional limitations on the maximum size of banking groupdact, such a provision was

made in the Dodd-Frank Act (“Wall Street Reform”) by stating Hratcquisition or merger

127 As our ESS-indicator can be implemented only fanks with publicly traded CDS spreads and equigy th
implementation of this proposal may require the asadditional metrics. This would be the case,,dar
state banks (“Landesbanken”) in Germany.
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of financial companies shall not be permitted if the resulting enityld have more than
10% of the total financial sector liabilitié&

The development of the ESS-indicator during the observation p&hmals that the aggregate
level of risk in the financial system varies significantly overei Consequently, central banks
and regulators could use the ESS-indicator with a relevant geografdgasl in order to

enhance their ongoing financial stability monitoring and early wagraystems.

Consequently, both the ESS-indicator and the relative ESS adidnlcan be helpful in the
context of macroprudential regulation whereas further work is necessaglaliorate an

operational policy framework.

128 Cf, SEC (2010), section 622 (b), p. 258.
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6.2 BANKING SECTOR RISk CONTAGION DEPENDENCIES

In this chapter we describe the results from analyzing the b@rdeantor risk contagion
dependencies. The results from the unit-root and cointegratie® &s shown in the
appendix. In the subsequent elaboration we assume the presence ehdedep between

two variables if the corresponding F-Statistic is significaitadt at the five percent level.

6.2.1 Inter-regional systemic risk contagféh

6.2.1.1 Econometric results
Inter-regional ESS-indicator

The upper panel of Table 29 shows the Granger-causality testsrésuthe inter-regional
systemic risk (regional ESS-indicator) analysis excluding contghbles. We find that in
period 1, i.e., before the crisis, there is evidence for a lead-lag rslapobetween the
relative ESS-indicators of Europe and Asia-Pacific as well as betweatidviidst & Russia
(MER) and Europe. During the subprime crisis period 2 the systeisk in America
Granger-causes the systemic risk in Europe and there is a feedback re&ttieen the
systemic risk in Asia-Pacific and Europe. Moreover, the relative E@Saitor in the

European sample Granger-causes the systemic risk in MER.

In the ‘core financial crisis’ period 3 we find that the lead-lag refatips between the
relative ESS-indicators of the individual regions became moreoprmed. The systemic risk
in the American sample Granger-causes the systemic risk in allretiiens. By contrast, the
American relative ESS-indicator is only led by the MER relativ&#licator in this period
which is likely due to the UAE’s sovereign debt crisis. Meoeg we find that the MER
systemic risk leads the Asian-Pacific systemic risk and that thep&amosystemic risk is
informative for the MER systemic risk. Apart from the dependencwdmt the regional
ESS-indicator in MER and America, the same dependencies fouradiod (8 apply also in

period 4 whereas the F-statistics and p-values vary.

Figure 27 shows the generalized impulse response functions (GiAsur inter-regional

relative ESS combinations for which we find significant Granger-ciysalations at least
during two sub-periods. We follow standard practice and exhibitfdbr possible impulse
response functions for each bivariate dependency between the impultes@mise variables

129 The elaborations in this section are (also litgyddased on Lahmann (2012b).
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in one panel. Each sub-panel exhibits four lines referring to tR&&$caled by the standard
deviation of the impulse variable’s regression equation duriedair sub-periods observed
over 10 trading days (the contemporaneous response is captureabeh b and the ensuing

responses are traced in subsequent periods).

The results of the GIRF analysis are consistent with the fisdimghe Granger-causality
analysis**® Specifically, the GIRF analysis confirms that innovations éAmerican relative
ESS-indicator have a positive and lasting effect on the systeskim all other regions since
the subprime crisis whereas the opposite relation is only obstEnvBtER in period 3. Also,
the lasting positive impact of shocks in the European relati-ie@cator on the Asian-
Pacific systemic risk can be observed. The effects of the impulse deeayime which is

consistent with the stationarity of the variables found in thieraat tests:>*

The upper panel of Figure 29 shows the average correlations of tbeakeglative ESS-
indicator with the relative ESS-indicator in other regions.drqas 1 and 2 the correlations
were at a comparatively low level (0.12). Since period 3 the corredatmre than doubled
(0.27) at which the systemic risk in the US exhibits the higaesrage correlation (0.41),
followed by Europe (0.29), MER (0.23) and Asia-Pacific (0.16).t Norprisingly, the

correlations exhibit a high degree of comovement since the subprsrepatiod.
Inter-regional bank CDS

The upper panel of Table 30 shows the Granger-causality testsrésuthe inter-regional
bank CDS analysis excluding control variables. In period 1 we dinidence that the bank
CDS in Europe lead the bank CDS in America and MER. Moreovergeblan the American
bank CDS Granger-cause the bank CDS in MER and there is a feadistaln between
Asia-Pacific and European bank CDS. In period 2 we find evidencehidatmerican bank
CDS are informative for both the Asia-Pacific and European bank CDS$hahdhere is a

feedback relation between the bank CDS of Asia-Pacific and Eltope.

During the ‘core financial crisis’ period 3 the American bank CDS Graogese the bank
CDS of Asia-Pacific and Europe. Moreover, there are feedback relationsemeiiwthe bank
CDS of America and MER, ii) the bank CDS of Asia-Pacific and Euaygkiii) the bank

130 Additionally, the dependency between American Asia-Pacific systemic risk is observed already migri
period 2 in the GIRF analysis whereas it is sigaifit only periods 3 and 4 in the Granger-caustdiy

131 This interpretation is consistent with the conidnsn Roll/Schwarz/Suess (2007), pp. 2217-2218.

132\We reach the conclusion concerning the feedbdekiaa by considering the results excludiawgd including
control variables.
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CDS of Europe and MER. Besides, the bank CDS of the Europeates@namger-cause the
bank CDS of the MER sample. Moreover, the MER bank CDS leadh\sia-Pacific bank
CDS in period 3. During the sovereign debt crisis period #meescausality relations apply
with the following exceptions: The MER bank CDS no longer Geaitause the bank CDS
in America whereas there is an additional lead-lag relationshigebatthe European and the
American bank CDS.

Figure 28 shows the generalized impulse response functions (GtRHsur inter-regional
bank CDS combinations for which we find significant Granger-caysediitions at least
during two sub-periods. The results from the GIRF analysis asastent with the findings in
the Granger-causality analysis. Specifically, the GIRF analysire@nthat innovations in
the American bank CDS have a positive and lasting effect on the ®BS in all other
regions since the subprime crisis period. The same holdsefde¢dback relation between the
bank CDS in Asia-Pacific and Europe since period 2. The effedteeampulses decay over

time which is consistent with the stationarity of the variablesdadn the unit root tests”

The lower panel of Figure 29 shows the average correlations of tlmnakdpank CDS
spreads with the bank CDS spreads in other regions. In petioasd 2 the average
correlations across all regions were at a comparatively low level (B#8e period 3 the
correlations increased markedly (0.51) at which the US exhibits thleesti average
correlation (0.57), followed by Europe (0.54), Middle East & Ru$8i50) and Asia-Pacific
(0.43). Not surprisingly, the correlations exhibit a high degreeomovement since the

subprime crisis period.

The lower panels of Table 29 and respectively Table 30 shows rdmy€&-causality test
results for the inter-regional systemic risk analysis and respectittelyregional bank CDS
analysis where the global stock index and the federal funds rate ardeth@s exogenous
control variables. The findings are consistent with the resulttu@ixg control variables
whereas the strength of the dependency (as measured by the p-valué-stdtistic) varies
slightly. Minor deviation§* exist only in the controlled results for the bank CDS spreads in
periods 1 and 2 (Asia-Pacific vs. Europe) and period 3 (Europe mgriéa). The same

133 Minor deviations describe the case when dependsratiservedvith control variables are significant at a
significance level up to five percehigherthan dependencies foumdthout control variables (oequivalently
five percenfower when the controlled results show dependencieslmgdrved without control variables).
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applies to the results obtained when only one control variakle,stock indeor federal
funds rate, is included in the regresstsh.

6.2.1.2 Evaluation of initial hypotheses

In this section we evaluate our initial hypotheses based oectireometric results using first
the relative ESS-indicator and then outlining differences from amajyitie regional bank
CDS. We can largely confirm hypothesis Al since before the finatrissd the inter-regional

systemic risk dependencies are negligible. The hypothesis A2 corngéneilead-lag relation
between the systemic risk in America and the other regions isclutlfrmed first in period 3

while in period 2 the American systemic risk depends only thhed&an systemic risk. This
may be explained by the more intensive linkages between the Ameamchathe European
financial systems. However, the systemic risk in America idawby other regions before
period 4 which shows that the US banking sector risk leadsystemic risk in other regions
while itself being not susceptible to banking sector riskthenregions. Additionally, the

systemic risk in Europe leads the MER systemic risk as of p2riod

The feedback relations postulated in hypothesis A3 are ordgredd for the inter-regional
relative ESS-indicator between America and MER which is likelytdube UAE’s sovereign
debt crisis in period 3. Consequently, hypothesis A3 is rejdnydthe empirical results. By
comparing the results between periods 3 and 4 we note that thadegedations observed in
period 3 are indeed persistent in period 4 (with the exceptidheoflependency between
MER and America) which reflects the enduring impact of the financial aisithe inter-

regional banking sector sensitivities and confirms hypothesis A

The findings for the inter-regional bank CDS largely confirm thaltedor the inter-regional
relative ESS-indicator whereas a few exceptions apply. In period lirftee-regional
dependencies in the bank CDS are observed which contradicts égisoftl stronger than
for the regional ESS-indicator. Hypothesis A2 is additiona#yified for the America vs.
Asia-Pacific bank CDS dependency in period 2. The feedback dependeypatkesized in
A3 are in fact found for all inter-regional bank CDS dependencies exaefsim-Pacific vs.
America and Asia-Pacific vs. MER in period 3. In period 4, hiypsis A4 concerning the
persistence of the effects observed since period 3 is confirmed for afiddepees except for
MER vs. America bank CDS spreads. This is likely due to thetliattthis dependency was

134 These results are omitted due to space considesati
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caused by the severe bank funding crisis in Russia and the sovdedigcrisis in the UAE
and the associated difficulties for Arab banks in the fourth quarter. 2008

Discussion in the context of related research

As pointed out in the literature review there is yet no researcteowong the inter-regional
contagion effects of regional systemic financial sector risk or alteehatregional banking
sector CDS spreads. Therefore, a discussion of our results inrttextcof findings by other

authors is unfortunately not feasible.

6.2.2 Sovereign risk vs. banking sector risk contagion

In this chapter we describe the results from applying the ecstniemmethodology to the
region- and country-level sovereign and bank CDS data.

6.2.2.1 Region-level analysis

6.2.2.1.1 Econometric results

The upper panel of Table 31 shows the Granger causality test fesutie intra- and inter-

regional sovereign CDS and bank CDS analysis excluding caatriables.

For theAmerican sovereign credit riske., the sovereign CDS of the United States, we find
feedback relationships with the American and European bank Cp&iod 1. Moreover, we
find that the American sovereign risk Granger-causes the Asia-PacikcQia8 in the pre-
crisis period. We observe a lead-lag relationship between the AmdéracdnCDS and the
American sovereign CDS in periods 2, 3 and 4. In periode3etls a feedback dependency
between the American sovereign CDS and the Asia-Pacific bank Cldiiglihe sovereign
debt crisis period, the American sovereign risk Granger-causes the-Racific, European
and Middle East & Russia (MER) bank CDS.

The Asia-Pacific sovereign risleads the bank CDS in Europe and is Granger-caused by the
MER bank CDS spreads in period 1. In period 2, we observe feedidatibnships between

the Asia-Pacific sovereign risk and the Asia-Pacific bank CDS. Meredhe Asia-Pacific
sovereign risk is led by the American and European bank CDS spieadg the subprime
crisis period. In period 3, the same dependencies as in period @bseeved whereas
additionally the Asia-Pacific sovereign CDS spreads exhibit a feediedation with the

135 The elaborations in this section are (also litgyddased on Lahmann (2012a).
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MER bank CDS>® During the sovereign debt crisis period the same dependencies as in
period 3 are observed with the following exceptions: the depepdessteveen Asia-Pacific
bank vs. sovereign CDS spreads is no longer found and a egsnakncy between Asia-

Pacific sovereign and European bank CDS is observed.

The European sovereign riséxhibits no interdependencies with bank CDS spreads in period
1. In period 2 there is a feedback dependency between the Euraveaaign risk and the
MER bank CDS. During the financial crisis period the Europeaersa@n credit spreads
Granger-causes the Asia-Pacific bank credit spreads. Furthermore, tipedtuttank CDS
lead the European sovereign risk in this period. In periocerethre feedback relationships
between the European sovereign and the American and European bankdddSnally the
European sovereign CDS lead both the Asia-Pacific and MER bank CDS

For theMiddle East & Russian sovereign CDS spreamsfind these to be Granger-caused by
the American and European bank CDS in period 1. Besides, the NRegyn CDS are
informative for the MER bank CDS. In period 2 the same lead-latjorkhips as in period 1
are observed whereas the dependency between the European bankRvsoWEeign CDS is
no longer significant. In period 3 we observe feedback dependencigsebethe MER
sovereign CDS and the American and MER bank CDS and also the dd#Reign CDS
Granger-cause the Asia-Pacific bank CDS andleddy the European bank CDS spreads.
During the sovereign debt crisis period the MER sovereign CDSheaflsia-Pacific and the
MER bank CDS. Besides, the American bank CDS Granger-cause thesdERign CDS.

The lower panel of Table 31 shows the Granger-causality test resulke inter- and intra-
regional sovereign vs. bank CDS analysis where the globait stdex and the federal funds
rate are included as exogenous control variables. The findings aretenhsiith the results
excluding control variables whereas the strength of the dependenoeéassired by the p-
value of the F-statistic) varies slightly. Minor deviatibfiexist for the American sovereign
risk in period 2, for the Asia-Pacific sovereign risk in periodantl 4, for the European

sovereign CDS in period 4 and for the MER sovereign risk in p&iokhe same applies to

1% The dependency between Asia-Pacific bank and eigrerisk is only significant at the 6 percent leve

137 Minor deviations describe the case when dependsrafiserveavith control variables are significant at a
significance level up to five percent higher thapendencies foundithout control variables (oequivalently
five percent lower when the controlled results slimpendencies not observed without control vargble
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the results obtained when only one control variable, i.eckstalexor federal funds rate, is
included in the regressidf°

Figure 30 shows the generalized impulse response functions (GistHsur inter-regional

sovereign CDS vs. bank CDS combinations for which we findifsignt Granger-causality
relations at least during two sub-periods. We follow standardipeaabd exhibit the four
possible impulse response functions for each bivariate dependen®ehetve impulse and
response variables in one panel. Each sub-panel exhibits four lines ¢eterrine GIRFs

scaled by the standard deviation of the impulse variable’s regrespiation during the four
sub-periods observed over 10 trading days (the contemporaneoossesp captured in

period 1 and the ensuing responses are traced in subsequent periods).

The results from the GIRF analysis are consistent with the fisdimthe Granger-causality
analysis. Specifically, innovations in the Asia-Pacific soverei@tGave a positive and
lasting influence on the Asia-Pacific bank CDS since period 3., Alsacks in the European
sovereign CDS have a positive and enduring impact on EuropearClzehkn period 4. The
lasting impact of impulses in the American bank CDS on theRMibvereign CDS is
confirmed during all periods. Moreover, the feedback relation betWH&R sovereign and
bank risk in period 3 is confirmed in the GIRF analysis. @ffiects of the impulse decay over
time which is consistent with the stationarity of the variablesdain the unit root tests”

Figure 31 shows the average correlations between the regional govezs spreads and the
cross-regional bank CDS spreads. In periods 1 and 2 the correlaterat a relatively low
level with an average value of 0.15. Since the financial crisis pdredorrelations increase
markedly to an average of 0.49 and the MER sovereign CDS haggthesthcorrelation
(0.58), followed by Asia-Pacific (0.53), Europe (0.48) and America8{33° This ordering
may be explained by the fact that risk premiums for emerging mdeitst are driven by
similar factors determining banking sector credit spreads whereas rislupreror debt of
large industrialized countries do not share this fedflfr€urther research is necessary in

order to adequately explain this finding, though.

Table 32 provides a more granular view on the correlations betweeregm and bank CDS

during the four sub-periods. The highest correlations are observetiefaregions where

1% These results are omitted due to space considesati
139 The same ordering applies for periods 1 and 2 edasethe average values are correspondingly lower.
190 This assessment is somewhat simplifying as tha-Rsicific sample also includes Australia and Japan.
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sovereign debt problems materialized, i.e., for Middle East & Rusgperiod 3 and Europe
in period 4. Apart from these prominent results it can be notedhbadverage correlations
increased substantially over time and that there is a strong vahatiween the intra-regional

correlations across the sample regions.

6.2.2.1.2 Evaluation of initial hypotheses and overarching considerations

The econometric results confirm hypothesis B1 which states teatdkiereign risk in
America and Europe does not impact the bank default risk before the whereas few
exceptions apply: in period 1 the American sovereign risk impghetsbank credit risk in
America, Asia-Pacific and Europe. Moreover, the European soversigimmpacts the MER
bank CDS (in period 2). The lead-lag relation between the ‘emergargent** sovereign
and bank credit risk formulated in B2 cannot be considered as confitheetiypothesized

dependency is found only with respect to few bank CDS spregdsiods 2 and 3.

Since the sovereign debt crisis the impact of sovereign default miglaok credit risk has
increased substantially and hypothesis B3 applies fully for-Rawfic and Europe as the
sovereign risk in these regions depends the bank CDS in all @bions in period 4. This
finding confirms the common perception that the euro sovereigncdslst impacts financial
sector risk around the glob& For the American sovereign risk we find the hypothesized
dependency for all regions except for the American bank default risk MER sovereign

risk exhibits the dependency only with respect to the AsiafiParid MER bank CDS.
Hypothesis B4 which states that the bank CDS lead the sovet&®@nin the same region

since period 3 applies only to America and Europe whereas for thiERependency is only
found in period 3 and it does not apply at all for Asia-Pacifids Tinding appears plausible
as government bail out of the financial sector during the crisigivelto GDP*® has been
indeed larger in America and Europe than in the other regiongselHtre contingent liability
of the sovereign for the banking sector is likely higher in tices@tries which is reflected in

the higher sensitivity of sovereign default risk to changdmirk default risk.

In addition to the evaluation of the initial hypotheses vgewls overarching observations in

the following. While we hypothesized an intra-regional dependdretyveen bank and

1 The term ,emerging market' refers to the samplanives from Asia-Pacific and Middle East & Russia
which is simplifying since sample countries suclhastralia and Japan do not meet this classificatio

192 This hypothesis is formulated amongst others innhann/Kaserer (2011a).
143 Cf. Taylor (2009).
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sovereign CDS since the financial crisis, this dependency is @aserthe US already since
the first sub-period. This finding may reflect the major importasfahe financial sector for
the US economy as well as a pre-crisis market assessment of timgeonliability which the
state would bear for the banking sector. Moreover, the strong leadidigirebetween the
bank default risk in America and Europe and the Asia-Pacific soveresgnsimce the
subprime crisis period is remarkable. A possible explanation ferdépendency is a market
anticipation of the detrimental impact which the financial crisi8nmerica and Europe would
have on the world economy, exports from the Asia-Pacific regiontlzer@by eventually
affect the credit risk of the region’s sovereign debt. Alternativelg, thason for this
dependency may be a market anticipation of the impact of the AmerichriE@opean
financial crises on the Asia-Pacific banking sector, potential govetrsnpport measures for
the banking sector and ensuing sovereign credit risk debilisatibor the dependency
between the American bank CDS and the MER sovereign CDS sincal gergmilar
arguments can be applied. Further research is necessary to adeqledslfy these

dependencies, though.
Discussion in the context of related research
As pointed out in the literature review there is yet no reseanttecoing the inter- or intra-

regional contagion effects between sovereign and banking sector CDS sprbadsfore, a

discussion of the above results in the context of findingsther authors is not feasible.

6.2.2.2 Country-level analysis

In this section we elaborate the country-level sovereign vs. bdd® @nalysis which

represents a more granular analysis of the intra-regional analylses pneiceding section.

6.2.2.2.1 Econometric results

The upper panel of Table 33 shows the Granger causality test resultse intra-country
sovereign CDS and bank CDS analysis excluding control variables.

For the United States we find a feedback relation between the soverdidramia CDS in
period 1 and during the subsequent periods the bank CDS Gieamgarthe sovereign CDS.
In Australia the sovereign CDS Granger-cause bank CDS in p&étjdgisand 4. For China,
the results are more mixed: The bank CDS Granger-cause the sove2gyin period 1; in
period 2 and 4, there is a lead-lag relation between the sovereignaak€CDS in addition to

a feedback relation in period 3. For the Hong Kong market, feedbterklependence exists
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in period 3 and a lead-lag relation between bank and sovereigndb&d in period 4. In
India, a feedback relation is found between sovereign and bank CPp&riod 1 and in
periods 2 and 3 there are lead-lag relationships between the banla@D®e sovereign
CDS. In the Japanese market a Granger-causality dependence between bsokeszign
CDS is present in period 3 and in period 4 the sovereign CBadyp lead the bank CDS.
With respect to the Kazakhstan sovereign risk it is founditiig#pends the bank default risk
in period 2. In Korea we observe that the sovereign CDS Grangse-the bank CDS in
periods 1, 2 and 4 and that in period 3 there is a feedbackdp&rdence between the
variables. For the Malaysian market a lead-lag relation between gpverrail bank CDS is
found in periods 1 and 3 and the reverse dependence is observeddrdpén Singapore we
find a feedback dependence between sovereign and bank CDS in panddallso the bank

CDS Granger-cause the sovereign CDS in periods 2 and 3.

For Austria we find feedback relationships between the sovereighaakdCDS in periods 3
and 4 whereby the effect of the sovereign on the bank CD$oisgst than vice versa. No
significant lead-lag relationships are found for Belgium. In Denmaekfiwd a lead-lag
relation between bank and sovereign CDS in period 1 whilst ing8rthe opposite effect is
observed. During the sovereign debt crisis period, a feedback rdbatiaren sovereign and
bank CDS is found. A lead-lag relationship between sovereigharsk CDS is found in
France in period 4. For Germany we note that the sovereign CDSfammative for bank
CDS in periods 1 and 3 whereas in period 4 the opposite demendecurs. Feedback
interdependence is observed for Greece in period 1 while in pénweel find that the bank
CDS Granger-cause the sovereign CDS. The Irish bank CDS eaHhimtd-lag relationship
with the sovereign CDS in period 3 whereas the opposite effeatsoccperiod 4. In Italy we
find that the bank CDS lead the sovereign CDS in periods 3 arttereas a feedback relation
exists in period 4. For the Netherlands, sovereign risk Grangsesdank default risk in
period 1 and feedback relation between both variables is foupdriod 4. In Portugal the
bank CDS show a lead-lag relationship with the sovereign COferod 2 and a feedback
interdependence is found between sovereign and bank CDS in pefide &panish bank
CDS lead the sovereign CDS in periods 1 and 3 whereas durisgubesign debt crisis the
reverse dependence is highly significant. For Sweden we find #habttereign CDS lead the
bank CDS in periods 3 and 4. The bank CDS in Switzerland &yemative for the Swiss
sovereign CDS spreads in periods 3 and 4. The UK bank CDS &kaagse the sovereign

CDS in period 1 and during the financial crisis period a feedbaataeship is observed.
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The bank CDS in Bahrain lead the sovereign CDS in period ltren@pposite effect is
observed in period 3. Moreover, a feedback relation between sovereigoankdCDS is
found during the sovereign debt crisis period in Bahrain. lraiQ#te bank CDS lead the
sovereign CDS in period 2 and in period 4 the opposite effectdéar the UAE we find
that the sovereign CDS lead the bank CDS in periods 3 amdRussia the sovereign CDS
are informative for the bank CDS in periods 1 and 4 whereas theee feedback

interdependence in period%’

The lower panel of Table 33 shows the Granger-causality testsrésulthe country-level
sovereign vs. bank CDS analysis where the global stock indetharfdderal funds rate are
included as exogenous control variables. The findings are lacgalistent with the results
excluding control variables whereas the strength of the dependenoeéassired by the p-
value of the F-statistic) varies slightly. The same applielseadsults obtained when only one

control variable, i.e., stock index federal funds rate, is included in the regressfon.

6.2.2.2.2 Evaluation of initial hypothesis and overarching considerations

In this section we consider the country-level sovereign vs. hiaf&ult risk results as a
further level of granularity of the above intra-regional results. fokas of the subsequent
elaboration is on the results in periods 3 and 4.

For Asia-Pacificwe find that five of the nine countries (Australia, China, Hongdsdorea
and Malaysia) exhibit the lead-lag relation between sovereign and default risk also
observed on the regional level in period 3. However, six cour{Clema, Hong Kong, India,
Japan, Korea and Singapore) also show a lead-lag relationship betavdeana sovereign
CDS in period 3 as postulated in hypothesis B4. We attrithisefinding to the market’s
perception of the contingent liability of the state towards th&ihgrsector in these countries
which in turn may have been caused by a more dominant banking sethese countries
(relative to the other countries). During the sovereign debt g@&sisd we find the (strong)
lead-lag relation between sovereign and bank default risk (observied oagional level) in
Australia, China, Japan and Korea which confirms hypothesigB3.opposite dependency
is only observed in Hong Kong and Malaysia (for Kazakhstan &mtjapore no

interdependencies between sovereign and bank default risk are observed)efh#s show

%4 The findings from the generalized impulse respdnsetions are consistent with the results of thar@er-
causality analysis. Due to space consideration&tRé=s are not shown on the country level.

%5 These results are omitted due to space considesati
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that the impact of sovereign risk on bank default risk clearlyeas®d in period 4 also for the
Asia-Pacific countries which is likely the result of an overall reevaoatf sovereign debt
risk premiums due to the euro zone sovereign debt crisis. Adalittesearch is necessary to

validate these explanations, though.

For the European sample we find the impact of bank default nskowereign default risk
observed on the regional level in period 3 for six European countréesely Austria,

Germany, Ireland, Italy, Spain, Switzerland and the UK which refthet substantial
contingent liability of these countries for their banking sectodscamfirming hypothesis B3.
In fact, all of these countries apart from Italy and Spain provideskive financial support to
their financial institutions. The banks in Italy and Spain wexeso muctdirectly affected by

the financial crisis than by the crisis’ ‘collateral damage’ suchhasbursting of housing

bubbles due to strained funding markets (amongst others).

The European country level analysis also exposeddtivatg the financial crisis periodhe
bank default risk became more sensitive with respect to sovereigntdefkun Austria,
Denmark, Sweden and the UK. The resulting feedback relations besaeereign and bank
default risk in Austria and the UK reflect two dimensions o€ trelation between
governments and banks during the crisis: firstly the bankiotpigein these countries was
safeguarded by government support and hence a decrease in the gatvsrcapacity to bail
out the financial sector (as measured by its sovereign CDS spreatt) alea lead to
increased default risk of the country’s banks. Secondly, an indreéise banks’ default risk
entails an increased likelihood of state intervention due to thetaelte of governments to let

their financial institutions fail which in turn increases sovereigfault risk.

During the sovereign debt crisis peridde feedback relation between sovereign and bank
default risk observed on the regional level is found for the casn&ustria, Denmark, Italy,
the Netherlands and Portugal. For these feedback relations itl dfeonoted that the effect of
changes in the sovereign default risk on the bank default risk isdagsr than the opposite
dependency (measured in terms of the F-Statistic). Moreover, sovergkgimpacts bank
default risk in France, Germany, Ireland, Spain and Sweden (confirhyipgthesis B4)
whereas the opposite dependency is observed for Greece and Switzepandd 4. Given

the effects of the euro zone sovereign debt crisis on global finaneidets it is plausible
that a euro zone country’s sovereign risk also impacts on the detubf its banks. By
contrast, the factors that determine in which of these countries thededaklt risk also

affects the sovereign risk (in addition to the aforementioned gumrttriiability) are not fully
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transparent and require further research. Similarly, further research is ngtessaterstand
why the bank default risk in Greece actudbpdsthe sovereign risk during the sovereign
debt crisis period (as the opposite dependency would likely baea expected). The
unidirectional dependency between bank vs. sovereign default nsBwizerland can be
explained by the size of Swiss banks and the bank rescue packégja®e to the Swiss
economy whilst the Swiss sovereign risk has been largely unaffaatied) dhe financial and

sovereign debt crises as markets perceived Switzerland (and thefrf@awgsas a safe haven.

In Middle East & Russia, the feedback relationship between sgweagid bank default risk
on the regional level in period 3 is also significant for Russi the country level which can
be explained along the same lines as for the feedback relationstinafand the UK above.
By contrast, in Bahrain and the UAE the sovereign default risks|édagl bank default risk
(and not vice versa) in period 3 which is most likely due ® WAE's sovereign debt
problems. During the sovereign debt crisis period the region-lewdihfy that the sovereign
risk leads the bank default risk applies to all MER sample cesntxihich corroborates
hypothesis B3#°

Discussion in the context of related research

Among the research described in the literature review only the Graagsality analysis of
sovereign andindividual bank CDS spreads in Alter/Schueler (2011) is approximately
comparable to our findings for the seven euro zone coulffrimsvered in their analysis. The
overall tendency observed by Alter/Schueler (2011), namely thieirperiod prior to the
financial sector bailouts changes in bank credit risk mostly affect@dges in sovereign
credit risk whereas in the post-bailout period the opposite effectredgis confirmed in our

analysis for the respective countrféS.

148 1n Bahrain even a feedback relationship is obskthie reasons for which require further explanation
147 Alter/Schueler (2011) analyze France, Germanyami Italy, Netherlands, Portugal and Spain.

8 This conclusion is obtained by comparing the fini in Alter/Schueler (2011), p.28 (Table 2), wittr
country-level Granger-causality results.
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6.2.3 Banking sector risk vs. corporate sector risk cgiotat*®

In this chapter we describe the results from analyzing the bankowsbank corporate risk

contagion dependencies.

6.2.3.1 Econometric results

6.2.3.1.1 CDS spreads

The upper panel of Table 34 shows the test results for the bawvkingpn-bank corporate
sector CDS Granger causality analysis excluding control variables.

In the American samplave find that the banking sector CDS lead the overall non-bank
corporate sector CDS since in period 2, whereas in period 1 thesitgpjgependence is
observed. In the following we describe the specific industry-leallts whichdeviatefrom
this cross-industry finding. For the automotive firms, eadlag relationship is observed in
period 1. The CDS of the firms in the basic materials industisteriiare Granger-caused by
bank CDS in period 1 (and not vice versa) and additionally a feedbkatlon is observed in
period 4. In the case of the chemicals, healthcare and pharma as whedl construction and
logistics firms’ CDS we do not observe that these Granger-causanikedDS in period 1.
For the energy and utilities firms’ CDS we fifekdbackrelationships with the bank CDS in
periods 2 and 3 whereas the lead-lag relationship in periochdtisbserved. The CDS of
financial services firms do not Granger-cause the bank CDS in pednd ih period 3 there
is a feedback interdependence. The results for the ‘industrial’ firms’ CD&asgstent with
the overall results except for period 4 where a feedback relation eXiss.CDS of
telecommunications, media and technology (TMT) firms are led by tHe®B® in period 1
whereas in period 3 no interdependence is observed.

In the Asia-Pacificsample we observe that the bank CDS lead the overall corporate sector
CDS in period 2. In period 3 there is a feedback dependency betineeearporate and bank
CDS whereas the impact of bank default risk on corporate default rigkorsgger than vice
versa. By contrast, in period 4 the corporate CDS lead the bank @D#e industry-level

the results are more heterogeneous than in the American sample aedidt®nsfrom the
cross-industry findings are described in the following. Fomtitemotive firms’ CDS we find
these not to be Granger-caused by bank CDS in period 3. TheoCiD8 basic materials

companies are informative for the bank CDS in period 1 and in peritet bank CDS

199 The elaborations in this section are (also litgydlased on Lahmann/Kaserer (2012).
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Granger-cause this industry’s CDS. The chemical, healthcare amohgtirms’ CDS show
no interdependence with the bank CDS except for period 4 wherdethdyhe bank CDS.
The results for the commerce and consumer, construction and logistiesl @as the energy
and utilities firms’ CDS deviate from the overall results onlpémiod 4 where they are led by
the bank CDS (and not vice versa). The financial services industf d&Diate from the
overall results as they have a feedback dependence with the banknGi28od 4. The
industrial firms’ CDS deviate from the overall results in period/lere they are Granger-
caused by the bank CDS. The CDS of the TMT firms differ froenatverall results in period
4 because the Granger-causality relation with respect to the banis@bSsignificant.

The cross-industry result in tiHeuropeansample shows that the non-bank corporate CDS
lead the bank CDS in period 1 and 2 whereas the opposite @gpendccurs in period 3. In
period 4 a feedback interdependence between bank and corporate ©bs&nged. In the
following we describe thaleviations from this cross-industry finding for the respective
industries. For the automotive firms’ CDS the dependence with regpéenk CDS is not
observed in period 1. The basic materials firms’ CDS results devgatdicantly from the
overall results as they exhibit only one Granger-causality relagosus the bank CDS in
period 2. The findings for the chemicals, healthcare and pharma aaswbf commerce and
consumer firms’ CDS are consistent with the overall findings ex@gppdriod 3 where no
dependence is found. The CDS of the construction and logistics dieriate from the overall
results in period 1 as no corresponding dependence is founcgnéngy and utilities firms’
CDS Granger-cause the bank CDS in periods 1 and 2 whereas no aefeqgeisd found in
periods 3 and 4. The financial services firms’ CDS have feedback nslatith the bank
CDS in periods 1 and 3 whereas the results for the other sub-par®dsnsistent with the
cross-industry perspective. The results for the (other) ‘industrial’ fidexgate from the
overall results in period 1 where the industry CDS are Grangeeddws the bank CDS.
TMT firms’ vs. bank CDS dependencies are consistent with the bvesalts only in period

2 as no other interdependencies are found for this industryrcluste

The lower panel of Table 34 shows the Granger-causality testsresultintra-regional
banking vs. corporate CDS analysis where the global stock maxhe federal funds rate
are included as exogenous control variables. The findings are cohsiste the results

excluding control variables whereas the strength of the dependenoyéassired by the p-
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value of the F-statistic) varies slightly. Minor deviatibfi®xist only on the industry-level for
the Asia-Pacific sample (periods 1 to 4) and in the European sdpwyied 3). The same
applies to the results obtained when only one control variakle,stock indeor federal

funds rate, is included in the regresstoh.

Figure 32 shows the generalized impulse response functions (GtRRBE estimated bank
vs. overall (i.e., cross-industry) corporate CDS equations fothite® sample regions. We
follow standard practice and exhibit the four possible impulse nsgptunctions for each
bivariate dependency between the impulse and response variables paraie Each sub-
panel exhibits four lines referring to the GIRFs scaled by the atdndeviation of the

impulse variable’s regression equation during the four sub-geabderved over 10 trading
days (the contemporaneous response is captured in period 1 anduirey eesponses are
traced in subsequent periods).

The results from the GIRF analysis largely confirm the findingshan Granger-causality
analysis. For the American sample the GIRFs show a lasting asiivp impact of
innovations in the bank CDS on the corporate CDS since perigldr2over, the analysis of
the full model dynamics shows that changes in corporate CDS armatiee for bank CDS
in period 1 and additionally it obtains that innovationghe corporate CDS are informative
for the bank CDS in period 2. In Asia-Pacific the innovatidnsamk CDS have a lasting and
positive impact on the corporate CDS since period 2 and the itppopact is observed for
corporate credit spreads since period 2. The GIRFs in the Europeafe saanfirm that
shocks in the bank CDS are informative for the corporate CD& ghre subprime crisis
period. The effects of the impulse decay over time which is densiwith the stationarity of

the variables found in the unit root te&ts.

The upper panel of Figure 34 shows the average correlations betweeyitbnal bank and
(overall) corporate CDS spreads. Before July 2007 the regional avayagtations show a
high degree of individual movement whereas after the crisis agstomovement can be
observed. The average correlation level rises from 0.46 in periadg 2 to 0.76 in periods 3
and 4. The European sample exhibits the highest average corréa8b) followed by Asia-
Pacific (0.73) and America (0.70) in periods 3 and 4. The indug&gHsc bank vs. corporate

130 Minor deviations describe the case when dependsrafiserveavith control variables are significant at a
significance level up to five percehigherthan dependencies foumdthout control variables (oequivalently
five percentower when the controlled results show dependencieshsrved without control variables).

31 These results are omitted due to space considesati
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CDS correlations are shown in Table 36 and exhibit the same trerdissasbed for the
overall corporate data. Moreover, it can be noted that the cross-indwasiagion of the

correlations is particularly low during periods 2 and 3.
Impact of systemic risk on the strength of the causality oglati

As a further step we examine the explanatory power of the regionaln@iB&tor for the

strength of the Granger-causality relation between bank and corpor&eT@eDhis end we
conduct our previous Granger-causality time series regression arfalythe regional bank
and corporate CDS spreads using an estimation window of 250¢rddys which we roll

forward from the beginning until the end of the sample periodb&sre, the resulting p-
values of the F-statistic measure the strength of the observed Granggitgalependency.
We employ the p-values for each region as dependent variables in linemsiegs using as
independent variables the regional relative ESS-indicator (as measystewhis risk) alone

and together with the regional stock index and the federal furelasatontrol variables.

The results of this regression are shown in Table 38. In theridan and European sample
we find that the coefficient of the regional relative ESS-indicator hstsoagly significant
negative sign both without and with control variables. Thamslates into the following
relation in these two regions: When the systemic mekeases the significance of the
Granger-causality between bank and corporate CDS spreadsm@isases(because the p-
value of the F-statistidecreases For Asia-Pacific the coefficient of the regional relative
ESS-indicator is only significantly negative when no conwanliables are included whereas
the coefficient is no longer significant when control variables areidecl in the regression.
While the results for Asia-Pacific are mixed it can be noted kmafindings for America and

Europe clearly validate the claim that systemic risk impacts the readragon

6.2.3.1.2 Equity prices

Table 35 shows the results for the banking vs. non-bank corpseater equity return
Granger causality analysis excluding control variables. FoAthericansample we find that
the non-bank corporate equity returns lead the bank equity retupesiods 2 and 3. In the
following we describe the industry-specitieviationsfrom this cross-industry result. For the
automotive as well as the construction and logistics firms we fio significant
interdependency with the bank equity returns. The equity retdirtiee doasic materials firms
do not Granger-cause the bank equity returns in period 3 Ipgriod 4. For the chemicals,

healthcare and pharma as well as for the commerce and consumer companies tivat fi
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their equity returns lead the bank equity returns in period 3n@iuin period 2). The results
for the equity returns of the energy and utilities firms differ ftmoverall findings in period
3 where they are led by the bank equity returns. Regardinghke iadustrial firms’ equity

returns we find these do not depend the bank equity returns iml [8erio

Among theAsia-Pacificfirms we find that the corporate equity returns lead the bank equity
returns in periods 2 and 3 and in period 4 a feedback relatioredéetibank and non-bank
equity prices exists. In the following we describe the deviatifvom this cross-industry
finding for the respective industry clusters. For the automdiines’ equity returns we find
them to be Granger-caused by bank equity returns in period 2 whieegyado not lead the
bank equity returns in any period. The equity returns of thec baaterials firms’ have a
feedback relation with the bank equity returns in period 3. Comgerthe chemicals,
healthcare and pharma equity returns it can be noted that these Grangethe bank equity
returns only in period 3. By contrast, the commerce and consumres’ £quity returns are
informative for the bank equity returns in periods 3 and 4 (buimperiod 2). The equity
returns of the construction and logistics firms have predictive pdavethe bank equity
returns in period 1 (but not in periods 2 and 3). The result&energy and utilities firms
deviate from the cross-industry results in that a lead-lag relatiovebetthe industries’ and
bank equity returns is found in period 1 and a feedback relatioipsirved in period 3. The
equity returns of the financial services firms lead the banks’ equitynsetin period 1
whereas no other lead-lag relation is observed for this indaktsyer. Concerning the other
industrial firms’ equity returns, a feedback relationship wite thank equity returns is
observed in period 2; in period 3 the bank equity returns leadndustrial firms’ equity
returns. The results for the TMT firms are largely consistent whenepsriod 4 only the
TMT firm equity returns are informative for the bank equity returns ifoti vice versa).

In Europe we observe that the non-bank corporate equity returns Granger-baubartk
equity returns in period 2 whereas no other dependencies are obsEreemdustry-level
deviations from these overall results are elaborated in the followihg. results for the
following industry-clusters deviate from the overall results lasytdo not show any
dependencies with the bank equity returns: automotive, chemicalshdege and pharma,
construction and logistics, energy and utilities as well anfiral services. The equity returns
of the commerce and consumer firms lead the bank equity returesiad @ (however not in

periods 2 and 3). The equity returns of the (other) industriakfare Granger-caused by the
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bank equity returns in period 3. With respect to the TMT firnasfiwd their equity returns to
lead the bank equity returns in period 4 (however not in pejiod 3

The lower panel of Table 35 shows the Granger-causality test remuitgra-regional bank
VS. corporate equity returns analysis where the global stock indethardderal funds rate
are included as exogenous control variables. The main findings arseteansiith the results
excluding control variables whereas the strength of the dependenoyeéassired by the p-
value of the F-statistic) varies slightly. Minor deviatibfisexist in the American sample
(periods 1 to 3), Asia-Pacific and Europe (both period 3). The saniesapp the results
obtained when only one control variable, i.e., stock inntefederal funds rate, is included in

the regressiofr?

Figure 33 shows the generalized impulse response functions (GtREkg bank vs. overall
(i.e., cross-industry) corporate equity returns equations for the thraples regions. The
results from the GIRF analysis largely confirm the findings en@nanger-causality analysis.
For the American sample the GIRFs confirm that innovations in cag@equity returns are
informative for bank equity returns in periods 2 and 3. In Asiafleattie GIRF analysis
confirms that shocks in bank equity returns have predictive powehéocorporate equity
returns in period 4 and that the opposite relation exists sincedp2riThe GIRFs for the
European sample show that innovations in corporate equity retr{slightly) informative
for bank equity returns. The effects of the impulse decay over tinehws consistent with

the stationarity of the variables found in the unit root t&sts.

The lower panel of Figure 34 shows the average correlations betweesgtbnal bank and
(overall) corporate equity returns. The average correlation a@kaseslightly from 0.84
in periods 1 and 2 to 0.80 in periods 3 and 4. This decreagerefiact the market’s
perception during the crisis that banks have somewhat decoupledHeofreal economy’
whereas further research is necessary to explain this observatian.leiel of 0.80 the
correlations in Asia-Pacific and Europe are highest in periods 3 awmingared to 0.76 in
America. Table 37 shows the industry-level bank vs. corporateéye@tirn correlations. In
America and Europe the financial services industry cluster firms’ yeqeitirns have the
highest correlations with the bank equity returns whereas ia-Racific the TMT firms’

equity prices exhibit the highest correlations with the bankygeturns.

%2 These results are omitted due to space considesati
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6.2.3.2 Evaluation of initial hypotheses

In this section we evaluate the initial hypotheses based grebeding econometric results.

6.2.3.2.1 CDS spreads

In the Americansample we find that the bank default risk does indeed lead corporatdt def
risk since period 2 as posited in hypothesis C1 and thatttbegth of this dependency
increased during the financial and sovereign debt crisis periods.rBsasp in period 1 the
corporate CDS lead the bank CDS. A possible explanation for the ehartge bank vs.
corporate default risk dependency in period 2 may be that befofen#incial crisis the ‘real
economy’ (represented by the non-bank corporate firms) played a lamgéorthe American
banking sector whereas since the onset of the subprime crigigkets noticed that the
banking sector has become somewhat decoupled from the real economye befcaiss
exposure to structured assets and derivatives (rather than loans) as tlellhigh correlation
of banks’ asset and funding risks. In this sense, the Americdanigasector itself became a
potential risk for the non-bank corporate sector which is also reflegtételeconomic crisis
which followed the financial crisis. Moreover, the results could pi®wevidence for the
impact of the crisis-related increase in bank funding costs on noneoap@&rate firms and

their default risk. Further research is necessary, though, to adgqlassify this finding.

A closer examination of the industry-level results shows thatothserved dependency
between corporate and bank default risk in period 1 results from th@eae and consumer
as well as the industrial firms whereas the CDS of firms in otherstrids have either no
dependency with the bank CDS or are actually impacted on byathe@DS (basic materials
and TMT). As of period 2 the industry-level results are largelysistent with the overall
findings whereas in some periods the credit risk of certain indsishlso impacts on the
banking sector risk (energy and utilities, financial services, tndl)sor no dependency is
observed (TMT). While the feedback relation between the default risk & bamd other
financial services firms can be explained by the close mutual depgnoliethese sectors due
to similarities in financing and investment activities, furthereagsh is necessary to
understand the industry-specific determinants for the sensito¥vifym default risk to bank
default risk in the American sample. The default risk of the fifrosn the automotive,
commerce and consumer, financial services as well as the other inclustgrs are affected

most by the bank default risk in periods 3 and 4 (measuredmstof the F-statistics).
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In the Asia-Pacificsample we find the dependency formulated in hypothesis C1 \alidat
period 2 and 3 whereas in period 3 there is also a dependencyh&ararporate sector CDS
to the bank CDS (albeit less significant). During the sovereapt drisis period the latter
dependency became more pronounced and the impact of bank vs. codpéaaterisk is no
longer significant. Interestingly, no dependency is observethglperiod 1 which can
possibly be explained by the low level and volatility of CB@eads in the Asia-Pacific

sample before the crisis.

The change in the dependency direction in the Asia-Pacific samplg&oad 3 to period 4
requires some classification. On the industry-level we find thaerod 4 the credit risk of
several industries is still significantly influenced by the baldfault risk whereas the
dependency in the other direction has overall become more dominpotsfole explanation
for this could be that banks in the Asia-Pacific region focusednagore on their core
function after the financial crisis, the provision of credit, whicade their credit risk more
susceptible to changes in the default risk of non-bank corporate firmssnot transparent,
however, why the importance of the banking sector risk for the ragpdefault risk can no
longer be observed during the sovereign debt crisis periodeydarty since the financial
crisis exposed the relevance of systemic financial sector risk for the ecwnomy.

Consequently, further research is necessary to adequately explairs¢inecabeffects.

The overall corporate sector results for Asia-Pacific in periods 2 amnd Brgely confirmed
by the industry level results whereas for certain industries (autgenchemicals/healthcare/
pharma, financial services) the dependency is not found in all petiogeriod 4 the default
risk of the financial services firms and the bank default risk etshébieedback relation which
reflects the strong interdependence of these sectors. The companiesarehaffected most
by bank default risk in Asia-Pacific in periods 3 and 4 are those the industrial clusters

basic materials, commerce and consumer as well as energy and .utilities

In the European sample we can confirm hypothesis C1 regarding paetiof the banking
sector default risk on the corporate sector credit risk in periods 3. &holwever, in periods 1
and 2 the opposite dependency is observed. We would expawbtervation using the same
argument employed for the American sample in period 1 whereas inethepmarket’s
perception that the banking sector has decoupled from the real ecowooryed first during
the core financial crisis period (and not already during the subprimis pariod). It should
be noted that during the sovereign debt crisis period the corpaetar slefault risk also

impacts the banking sector default risk in Europe. Two alternativiareadpons could be put
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forward for this observation. Firstly, it could be that tharghe of banks’ business models
towards more stable and politically desired lending activittesfter the crisis exposed it
stronger to the credit risk of corporate firms. Secondly, the eute govereign debt crisis
may have contributed to a higher mutual sensitivity between aadlcorporate default risk
(which should be observed particularly on a cross-country basisdretvamks in stable euro
zone countries versus firms in euro zone countries with soveresgh mroblems). A

validation of these explanations requires further research, though.

The overall corporate results for teeropeansample in period 2 are fully confirmed on the
industry level and in period 4 only three industries (basic matergdergy and utilities,
TMT) do not exhibit the feedback interdependency with the bafkuterisk. The largest
deviations between the overall corporate results and the industryreudts default risk
dependencies are observed in periods 1 and 3. The default risle dirrtts from the
automotive, construction and logistics, financial services andsindusegments is affected

most by the bank default risk in Europe in periods 3 and 4.

In the following we compare the overall bank vs. corporate defaultlependency results for
the respective sample regions. Before the onset of the subprimetleeisterporate default
risk impacted on the banking sector CDS in America and Europe wher@ag-Pacific no
significant dependency is observed. In period 2 the bank defakliaads the corporate
default risk in America and Asia-Pacific whereas in Europe the dppodation exists.
During the financial crisis period 3, the bank CDS lead the corp@Bt® inall regions
which confirms the common perception that during the financial ¢hsid®anking sector risk
spread to the real econory. By contrast, the results are mixed in period 4: while the
American sample still exhibits the bank vs. corporate defaultdéeglendency, the opposite
relation is observed in Asia-Pacific and in Europe a feedback relatareén bank and non-

bank corporate default risk exists.

On a cross-regional basis we compare the bank vs. corporate defadépesidencies for the
respective industries. In periods 3 and 4 the sensitivity @fcthrporate default risk with
respect to the bank default risk is highest for the automotive, eocemand consumer,

financial services and industrial industry segments across atnegs measured by the

133 |n fact, after the crisis governments and regutatn Europe (but also in other countries) pusheaukb to
provide more lending to the economy and refocus thesiness models.

134 Further evidence for this is provided in the abmegression using the p-values and the regionalivel ESS-
indicators.
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average p-values of the F-statistics. By contrast, for periods 12 aadconsistent cross-
regional industry ranking with respect to the sensitivityhef firm’s default risk to the bank
default risk is not feasible. The financial services firms’ default gghkibits the most
feedback relationsvith the banking sector default risk in all regions which caeX@ained

by the common exposures and financing channels pertinent to atiihaarvices firms.

6.2.3.2.2 Equity prices

In the Americansample we find that hypothesis C2, according to which the igequity
returns lead the bank equity returns, does indeed apply in p&iadsl 3. By contrast, in
period 1 no dependency is observed and in period 4 the lead-lagrrelaty applies for the
basic materials industry cluster. One may wonder why the depgnbetweeen corporate and
bank equity returns is only observed during the subprime aaddial crisis periods. It could
be argued that during the crisis when financial institutions faobdtantial losses from their
investment banking activities already, the additional deterioratidinel business prospects of
corporates (as measured amongst others by corporate equity prices) indreadeds
potential for financial institutions and hence affected their equibepriHowever, additional

research needs to be conducted to adequately explain this observation.

On the industry level we find that the equity returns of firmmffour industries (automotive,
basic materials, construction and logistics, industrial) shownterdependency with bank
equity returns in period 2. In period 3 we observe no dependetegdén corporate and bank
equity returns in five industries (automotive, basic materials, ceancenand consumer,
construction and logistics, industrial) and additionally wel fihat the bank equity returns

impact the equity returns of energy and utilities firms.

In the Asia-Pacificsample we find that the corporate equity returns impact on theclogritly
returns in periods 2, 3 and 4, thereby confirming hypothesidrCgeriod 4 we observe an
additional dependency between bank and corporate equity prices. 8gstom period 1 no

dependency between bank and corporate equity returns can be observed.

A closer examination of the Asia-Pacific industry-level results revibat the overall results
are observed only for few industries in periods 2 and 4. In p&riodly the equity returns for
the industrial and TMT firms do actually lead the bank equity retuvhereas the other
industries’ firms do not exhibit this dependency. Moreover, thenaotive and industrial
firms exhibit a dependency in the opposite direction in peridd geriod 4 the equity returns

of commerce and consumer, industrial and TMT firms impact the bany egtuirns whereas
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the opposite dependency is observed for industrial firms. Thustinydlevel results in period 3
largely confirm the overall findings whereas for the basic materialstladenergy and
utilities firms feedback interdependencies are found and the industnie’ fequity returns

are led by bank equity returns.

In the Europeansample we find that the overall corporate sector equity prices leacuke b
equity returns confirming hypothesis C2 only in period 2.t@nindustry-level these results
are also found for the firms from the basic materials, industrial an@l ifiilustry clusters>
During the other periods we find no significant overall dependemgaseen banking and
corporate sector equity returns. Exceptions apply at the indusel-kough: in period 3
bank equity returns depend corporate equity returns and in petiwlopposite dependency

applies for the commerce and consumer as well as the TMT firms.

By comparing the regional results one can note a substantialideviathe overall regional
results. Corporate equity returns lead bank equity returns in ainegi period 2 whereas in
period 3 only America and Asia-Pacific share this property. Whigeltank and corporate
equity returns in Asia-Pacific have feedback interdependencies indp&riao significant

dependencies are observed for America and Europe in this period. Tustryrgpecific

results across all regions show that the equity returns ofdustrial and TMT firms have the
highest impact on the bank equity returns (in terms of the averagkeigs of the F-statistics)

whereas for the other industries no clear pattern can be observed.
Comparative discussion

A comparison of the causality test results for bank vs. non-bzorborate sector
dependencies shows the opposite dependencies for CDS and eqesy whide the banking
sector CDS spreads mostly lead the non-bank corporate CDS spteadspposite
dependency is found for equity prices in most periods. For tHe §}ibeads this dependency
can be explained amongst others by the funding channel since franide lending to firms
and thus changes in funding costs of banks should impadteofuhding costs of non-bank
corporate firms. In case of the equity returns, the analysis of theésresuhore ambiguous:
while the observed dependency can be explained by the relationsiipebet bank’s
profitability and the credit quality of its loan portfolio (agsitble measure for which is the

corporate sector equity performance) the opposite dependency coute @sgued as well by

135 At the six percent significance level this resalo applies to the commerce and consumer as wehe
energy and utilities firms.
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the role of the banking sector for the overall economy. This arnitpigs also reflected in the
fact that the average strength of the dependency (as measured by #ye @realues of the
F-statistic) is higher for the CDS spread analysis than for the egtuiyr analysis.

Another striking feature of the CDS and equity banking vspamate sector time series
analyses alike is that the overall findings are most pronouncethdoAmerican market
whereas for Asia-Pacific and Europe the results are more heterogeneote @dustry-
level the cross-regional analysis for the CDS spreads shows thaitiraotive, commerce
and consumer, financial services and industrial industry clusteedfacted most by the bank
CDS spreads whereas for the equity analysis a consistent condtustba industry-specific

sensitivity cannot be drawn.
Discussion in the context of related research

As pointed out in the literature review there is yet no researnbhecoing the contagion
effects between the banking sector and non-bank corporate sector GB&isspr
respectively equity returns. Therefore, a discussion of our restthe icontext of findings by

other authors is unfortunately not feasible.
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7 CONCLUSION

7.1 SUMMARY AND IMPLICATIONS

In this thesis we developed a new framework for measuring systéskiamd assessing
systemic importance, the ‘expected systemic shortfall’ (ESS) metlppddide applied the
ESS-methodology in a comprehensive empirical analysis of systeskicand systemic
importance in global and regional financial markets. Moreover, we ctelua

comprehensive analysis of banking sector risk contagion effecty) u&ate-of-the-art

econometric time series methods.

In chapter 2 we described the related literature on the topics covetesl thesis. Firstly, we
defined systemic risk and systemic importance in the contexteofelated literature and
provided a structured elaboration of the existing measurement appréactiesse concepts.
Also, we elaborated the contribution of our ESS-methodologyhéo existing literature.
Secondly, we presented the relevant literature on contagion transmahsionels in financial
markets and on the relevant banking sector risk contagion effémshypotheses examined

in the analysis of banking sector risk contagion dependencieslad@ated in chapter 3.

In chapter 4 we presented the methodology employed in thisthasstly, we derived our
ESS-framework by constructing a hypothetical bank liability podf@nd described the
employed credit portfolio model whose input parameters are estirfratadcapital market
data. Using standard measures from financial institution riskageanent, we obtained the
aggregateESS-indicator which represents the probability of a systemic defaeiit in the
financial sector and the expected loss when this event occurs.wdsderived theelative
ESS-contribution by individual institutions. A technical qmanson of the ESS-methodology
with other measures of systemic risk concluded our descriptiothefESS-indicator.
Secondly, we elaborated the econometric methods employed for medsanikigg sector
risk contagion effects which involve Granger-causality teststla@danalysis of generalized

impulse response functions in vector autoregressive frameworks.

Chapter 5 described the empirical data analyzed in this thesis whiehsdbe observation
horizon between OctobeP' 12005 and April 36, 2011. The global bank sample comprises 83
banking groups from 28 countries and is the most comprehereti@eset ever considered in
an analysis of systemic risk and systemic importance. We divigedlobal sample into the

four regional sub-samples America, Asia-Pacific, Europe and Middle &&atssia. CDS
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spreads and equity returns are used to estimate the input parameterg&86tmethodology,
the risk-neutral default probability and the equity return correlafimngach sample. The
sovereign sample comprises the CDS spreads of the 28 origin cowtiiessample banks.
The non-bank corporate sample covers the CDS spreads and equity oé@Ascompanies

from the regions America, Asia-Pacific and Europe.

In chapter 6 we presented the results of the empirical analysidy,Fwst described the
results from applying the ESS methodology. The evolutidch@ESS-indicator captures both
the crisis events with global importance as well as region-spedsis events. An analysis of
the input factor determinants showed that the default probalmslitthe most important
explanatory variable of the ESS-indicator. Regarding the riskipnerdeterminants of the
ESS-indicator we found that the corporate default risk premium aadlidghidity risk
premium exhibit the highest explanatory power across all gsmphe analysis of the relative
ESS-contribution by individual institutions showed thiais tvaries over time whereas the
ranking is relatively stable. We found a confirmation of the hapto fail’ claim because the
size of the bank’s total liabilities was found to be the nmogbrtant explanatory variable for
its relative systemic risk contribution. Based on the empirical teesweé derived the policy
implications and outlined how the ESS-methodology can betosadnitor systemic risk and

to assess the systemic importance of banking groups.

Secondly, we described the results from analyzing the banking seskorcontagion
dependencies. For the inter-regional systemic risk contagion effectfound that the
systemic risk in the American financial system mostly leads tetesyc risk in the other
regions since the subprime crisis period. Moreover, the analysisekp@w inter-regional
systemic risk dependencies which have not been described previonglyanglysis of
sovereign vs. banking sector risk contagion showed a stnonggise of the interdependencies
between sovereign and banking sector credit spreads since the fiaisesalThe impact of
sovereign on bank default risk even increased during the sovereigrerdad period. The
analysis of bank vs. non-bank corporate risk contagion effects exflustedhanges in the
banks’ default risk depend changes in the default risk of the matepsector during the
financial crisis period in all regions, corroborating the claiat ttanking sector risk impacts
the real economy. By contrast, the analysis of bank vs. ndn-t@mporate equity returns
showed that bank equity retur@se mostly ledby corporate equity returns whereas the

opposite dependency is only rarely observed.
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7.2 OUTLOOK

We derived the ESS-methodology as a new approach for measuring sysigknand
assessing systemic importance in the financial sector. The demivatd technical
implementation of the ESS-framework employs standard methods for dstditnodeling
which are also used in the current literature and by practitiongnge We confirmed the
adequacy and robustness of the empirical results, the ESS-methpdah be enhanced on

the modeling side and also alternative empirical analyses could bidemu.
Modeling aspects

In the modeling of portfolio credit risk, different models coblel employed to model the
credit risk of the hypothetical debt portfolio used in the derimatibthe ESS-methodology.
In particular, the recent advances in credit risk modeling by mefeshanced structural
models and reduced-form models offer potential pathways for future etiensA
comprehensive survey on the current work and open topics in ceddrhadeling is provided
by Hao/Alam/Carling (2009).

The estimation of asset return correlations within the credit ridehof the ESS-framework
can be developed further in two directions. Firstly, the estimati@sset return correlations
from equity returns can be extended by enhancements in correlatioatestimethodology.

Engle (2009) exhibits an extensive survey on the availableeimaahd areas for future
research in this econometric field. Secondly, estimation methgiéslavhich are based not
only on equity returns but also on credit spreads to estimatessat return correlations could
offer a means for enhancing asset correlation estim&teslowever, corresponding
methodologies are to our best knowledge not yet available. Fudherdifferent approaches
for the estimation of default probabilities could be consideredinstance, the ESS-indicator
could be computed using real-world default probabilities obtained felt rating models.

Similarly, the computation of physical default probabilitiesnfroredit spreads by isolating

risk premium components is an interesting area for future research.
Empirical analyses

As we conducted the most comprehensive analysis of systemic risystednic importance
in global and regional financial markets to date, an extensioneoéittpirical analysis by
including more sample banks is likely only feasible at the esgeof shortening the

%8 This is due to the fact that under constant leyetaoth equity and debt returns can be used toypaeset
returns (as shown in Appendix A).
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observation horizon. However, the concept of systemic financial sesttarould be analyzed
using the ESS-framework in a broader perspective by also inclatlmyg relevant types of
financial market participants, such as asset management and insacamganies, in the
analysis. In so doing, the comparability and consistencyhefresults due to different
business practices and balance sheet structures of the sample compaidesesd to be
ensured, though. In addition, further research could focus on agphe concept of systemic

risk to other industries.

Although we have shown the robustness of the resultsrimmalysis of banking sector risk
contagion effects by conducting several robustness tests, therepantuafies for future
research using upcoming econometric methodology and conductatiggoadl empirical

analyses in this rather new field of financial research.
Econometric methodology

The banking sector risk contagion effects were analyzed usingtést methods from time
series econometrics. As econometric methodology is evolving conoshualong with the
advances in analytical frameworks and computational capacities (anuthgst), an update
of the analyses in this thesis by means of future econometitmdsappears worthwhile.

Empirical analyses

While the conducted empirical analyses of banking sector risk giontaffects are quite
extensive, further research is necessary to extend this rather neof &iremncial research.
For instance, future empirical implementations could considerglaehigranularity of the
sample data, e.g., by analyzing country- and firm-level dataddition to region- and
industry-level data. Moreover, along with the development of finanoiatkets, further
sample data should become available, e.g., from emerging marketh, ahild be included
in future empirical analyses on banking sector risk contagion effects.

Besides, we already outlined in the description of the empiresllts that an adequate
explanation of certain observed dependencies (e.g., industry-levieltidies from overall

corporate results) provides a large field for future research. Moreovérerfuesearch is
required in order to better understand the channels by which the ethdrmking sector risk
contagion dependencies are actually transmitted. In a related stragsezfrch, potential
regulatory measures aimed at mitigating certain banking sectaramglgion effects could be

developed theoretically and evaluated empirically.
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Figure 1: Input variables for the ESS-indicator (Global)
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Figure 2: Input variables for the ESS-indicator (America)
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Figure 3: Input variables for the ESS-indicator (Asia-Pagific
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Figure 4: Input variables for the ESS-indicator (Europe)
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Figure 5: Input variables for the ESS-indicator (Middle East Russia)
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Figure 6: Input variables for the ESS-indicator (Comparativalysis)
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Figure 7: Bank CDS spreads
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Notes:The panel shows the liability-weighted bank CDSespls per region.

Figure 8: Sovereign CDS spreads
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Figure 9: CDS spreads of non-bank corporate firms
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Figure 10: Indexed equity prices for non-bank corporate samypiesfi
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Figure 11: Regional weighted indexed bank equity prices
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Figure 12: Absolute and relative expected systemic shortfalb@blo
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Figure 13: Probability of systemic default and expected tas i&lobal)
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Notes: The upper panel shows the probability of the syitesefault event and the lower panel shows the
expected loss in case of a systemic default evanimiglthe observation period. The product of these factors
yields the expected systemic shortfall indicator.
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Figure 14: Absolute and relative expected systemic shortfall (8a)er
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Figure 15: Probability of systemic default and expected tas8 iZAmerica)
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Notes: The upper panel shows the probability of the syitesefault event and the lower panel shows the
expected loss in case of a systemic default evanimiglthe observation period. The product of these factors
yields the expected systemic shortfall indicator.
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Figure 16: Absolute and relative expected systemic shortfab{Racific)
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Notes:The upper panel shows the absolute ESS-indicatbittalower panel shows the relative ESS-indicator
in the observation period. The dashed lines reptesdected financial crisis events.



124

Figure 17: Probability of systemic default and expected tas ig\sia-Pacific)
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Notes: The upper panel shows the probability of the syitesefault event and the lower panel shows the
expected loss in case of a systemic default evanimiglthe observation period. The product of these factors
yields the expected systemic shortfall indicator.
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Figure 18: Absolute and relative expected systemic shortfalb{e)r
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in the observation period. The dashed lines reptessdected financial crisis events.
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Figure 19: Probability of systemic default and expected ¢ai |(Europe)
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Notes: The upper panel shows the probability of the syitesefault event and the lower panel shows the
expected loss in case of a systemic default evanimiglthe observation period. The product of these factors
yields the expected systemic shortfall indicator.
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Figure 20: Absolute and relative expected systemic shortfalldliBast and Russia)
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Figure 21: Probability of systemic default and expected tas iMiddle East and Russia)
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Notes: The upper panel shows the probability of the syitesefault event and the lower panel shows the
expected loss in case of a systemic default evanimiglthe observation period. The product of these factors
yields the expected systemic shortfall indicator.
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Figure 22: Absolute and relative expected systemic shortfall p@oative analysis)

Expected systemic shortfall (bn EUR)

500 -
Global BNP Paribas | Bear Stearns | Lehman ! Stock | Euro debt |
funds freeze | takeover i\ Brothers | market | crisis 1
450 - America ! | failure———low ! aggravates|
Asia-Pacific | X ! '
400 - Europe : : : :
1 1 1 1
——— Middle East and Russia | X :
350 - ! !
1 1
1 1
300 - : : |
1 1 1
1 1 1
1 1 1
250 - ! '
1 )
1
200 - :
|
1 1
150 - ! :
1 1
1 1
100 - : :
1 1
1
1 1
50 | A :
b At
O _mm" L P~ LI _M

10-2005  04-2006  10-2006  04-2007  10-2007  04-2008  10-2008  04-2009  10-2009  04-2010  10-2010  04-2011

Expected systemic shortfall relative to total liabilities
8.0% -

7.0% -
6.0% -
5.0%

4.0%

3.0% -

2.0% -

1.0% -

R i e g S e
0.0% —— T

1
1
10-2005  04-2006  10-2006  04-2007 10-2007  04-2008  10-2008  04-2009 10-2009  04-2010 10-2010  04-2011
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in the observation period. The dashed lines reptessdected financial crisis events.
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Figure 23: Probability of systemic default and expected tas iiComparative analysis)
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expected loss in case of a systemic default evanimiglthe observation period. The product of these factors
yields the expected systemic shortfall indicator.



131

Figure 24: Relative change of absolute and relative ESS-indigatb respect to initial
average (Comparative analysis)
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Figure 25: Relative change of probability of systemic defandtexpected tail loss with
respect to initial average (Comparative analysis)
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Figure 26 Risk premium determinants of the relative ESS-indicator
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Asia-Pacific
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Middle East and Russia
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Notes: The graph shows the contribution of the risk premioroxy spreads to the relative expected systemic
shortfall indicator. The graph is obtained by itisgy the daily values of the respective spreadstin estimated
respective regression equation from RegressionTélte 14 during the observation period.



Figure 27: Generalized impulse responses for inter-regionatiret ESS analysis
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Inter-regional relative ESS
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Figure 28: Generalized impulse responses for inter-regionakl2DS spreads analysis
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Inter-regional bank CDS
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Figure 29: Correlation of regional relative ESS-indicatordaregional bank CDS spreads
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Figure 30: Generalized impulse responses for regional soveksigbank CDS spreads
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Regional sovereign CDS vs. bank CDS
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Notes: The figures show the generalized impulse respousetibns for the denominated variables during the
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Figure 31: Correlation of regional sovereign and bank Cp&ads
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Figure 32: Generalized impulse responses for regional bankovporate CDS spreads
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Europe
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Figure 33: Generalized impulse responses for regional bankovporate equity returns
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Figure 34: Correlation between bank and corporate CDS spraadsequity returns
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Table 1: Liabilities and CDS spreads by region and country

By region
Liabilities Average daily CDS spread
Region Total Mean® Period 1 Period 2 Period 3 Period 4
America 6,919.7 576.6 15.9 69.7 2135 133.7
Asia-Pacific 5,222.6 217.6 19.2 57.3 168.6 108.3
Europe 23,287.7 612.8 9.6 47.1 124.4 1451
Middle East and Russia 353.6 39.3 69.2 127.1 526.2279.0
Global 35,783.5 431.1 12.8 53.8 152.1 138.8
By country
Average daily CDS spread

Region Country Liability Period 1  Period 2 Period 3 Period 4
America us 6,919.7 15.9 69.7 2135 133.7
Asia-Pacific  Australia 1,204.7 8.7 47.3 125.3 110.3
Asia-Pacific  China 679.5 21.9 67.5 206.3 130.4
Asia-Pacific  Hong Kong 291.7 11.0 49.5 146.5 89.1
Asia-Pacific  India 247.0 65.7 148.4 314.8 183.4
Asia-Pacific  Japan 1,844.3 16.7 34.9 116.9 88.3
Asia-Pacific ~ Kazakhstan 22.4 192.8 449.0 1,509.9 2.56
Asia-Pacific  Korea 604.2 28.0 92.4 306.6 126.0
Asia-Pacific  Malaysia 48.1 20.2 49.2 138.6 75.9
Asia-Pacific  Singapore 280.7 9.6 44.8 98.6 47.2
Europe Austria 189.5 215 524 208.2 148.3
Europe Belgium 979.3 9.0 66.6 250.7 229.2
Europe Denmark 462.8 6.0 221 122.4 87.9
Europe France 4,700.4 7.2 41.1 83.4 114.0
Europe Germany 2,810.2 13.0 51.8 113.8 112.0
Europe Greece 139.9 21.2 20.7 71.8 777.7
Europe Ireland 362.0 7.7 69.9 285.9 568.9
Europe Italy 1,862.7 13.7 43.9 104.6 148.4
Europe Netherlands 118.7 10.8 44.5 294.5 212.8
Europe Portugal 199.4 13.0 50.7 110.2 462.7
Europe Spain 1,740.4 10.9 46.0 119.1 203.0
Europe Sweden 1,017.1 16.2 26.4 122.4 79.2
Europe Switzerland 2,080.3 8.6 55.3 144.9 101.2
Europe UK 6,625.1 7.6 49.3 127.6 133.1
Middle East  Bahrain 18.6 35.3 1141 457.3 354.3
Middle East  Qatar 10.1 17.5 56.8 221.1 182.9
Middle East UAE 87.2 22.5 72.3 345.7 315.1
Russia Russia 237.6 91.1 151.2 610.9 263.9
Mean 1,278.0 12.8 53.8 152.1 138.8
Total 35,783.5

Notes:1. Total liabilities as of 31.12.2008 in billion RJ2. Mean of daily CDS spread in basis pointvi8an
computed per bank in region. Period 1 ranges frarolier £ 2005 to February 28 2007, Period 2 ranges
from March £, 2007 to July 3%, 2008, Period 3 ranges from Augug; 2008 to December 312009, Period 4
ranges from January*12010 to April 3¢, 2011. The mean of the CDS spreads is obtaineddighting the
period CDS spreads with the liabilities as of 3120P8.
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Table 2: Liabilities and CDS spreads by bank

Average daily CDS spréad

No. Bank name Region Country LiabilityPeriod 1 Period 2 Period 3 Period 4

1 American Express America us 79.7 16.7 85.4 2915 88.6
2 Bank of America America us 1,180.4 11.5 546 1724 0.15

3 Bank of New York Mellon ~ America us 150.7 145 80.3 21  133.9

4 Capital One Financial America us 100.2 344 205.7 7.26 116.5

5 Citigroup America us 1,292.6 11.0 72.0 298.0 161.8
6 Goldman Sachs America us 638.5 22.9 79.2 2075 135.9
7 JPMorgan Chase & Co. America us 1,444.6 17.9 57.0 1.411 834

8 MetlLife America us 331.1 20.2 64.3 4514 208.3
9 Morgan Stanley America us 479.1 23.0 1035 3029 269.
10 PNC Financial Services America us 189.5 22.8 119.e57.5 1379

11 US Bancorp America us 172.4 204 749 2886 1594
12 Wells Fargo America us 860.9 10.2 539 137.6 103.5
13 ANZ Banking Group Asia-Pacific Australia 249.4 08. 432 109.9 103.0
14 Commonwealth Bank Asia-Pacific Australia 281.0 18. 427 105.4  103.0
15 Macquarie Bank Asia-Pacific Australia 90.1 16.7 .399 3404 171.7
16 National Australia Bar Asia-Pacific Australia 348.8 8.1 43.6 110.6  104.9
17 Westspac Banking Corp Asia-Pacific Australia 435 7.9 42.6 1048 111.2
18 Bank of China Asia-Pacific China 679.5 21.9 67.5 6.30 130.4

19 Standard Chartered Bank Asia-Pacific Hong Kong291.7 11.0 49.5 146.5 89.1
20 Bank of India Asia-Pacific India 26.5 81.1 140.2 94 175.6

21 ICICI Bank Asia-Pacific India 68.9 719 1916 446.0213.7

22 State Bank of India Asia-Pacific India 151.5 60.1130.2  266.6 171.1
23 Mizuho Financial Group Asia-Pacific Japan 939.1 851 244 101.9 94.8
24 Resona Holdings Asia-Pacific Japan 234.7 22.1 68.866.9 82.5
25 Sumitomo Mitsui Banking Asia-Pacific Japan 670.5 12.5 37.8 85.4 81.2
26 Halyk Bank of Kazakhstan  Asia-Pacific Kazakhstan 8.7 180.3 336.5 1,369.1 481.8
27 Kazkommertsbank Asia-Pacific Kazakhstan 13.7 200.8 520.4 1,599.3 940.7
28 Hana Bank Asia-Pacific Korea 84.8 27.6 93.4 309.8 6.22
29 Industrial Bank of Korea Asia-Pacific Korea 78.1 23.1 74.1 279.1 118.2
30 Kookmin Bank Asia-Pacific Korea 143.6 24.0 81.3 292 120.9

31 Shinhan Financial Group Asia-Pacific Korea 140.1 27.7 949 308.0 124.2
32 Woori Bank Asia-Pacific Korea 157.7 344 108.8 330. 135.9

33 Malayan Banking Berhad Asia-Pacific Malaysia 148. 20.2 49.2 138.6 75.9
34 DBS Bank Asia-Pacific Singapore 116.1 9.0 44.9 98.846.5

35 Oversea Chinese Banking Asia-Pacific Singapore 1.3 8 9.5 44.7 98.0 46.2
36 United Overseas Bank Asia-Pacific Singapore 83.310.7 44.6 98.9 49.3
37 Erste Group Bank Europe Austria 189.5 21.5 52.4 .208 148.3

38 Dexia Europe Belgium 641.4 9.1 67.7 2746  269.0
39 KBC Bank Europe Belgium 337.9 9.0 64.5 2054 153.6
40 DANSKE Bank Europe Denmark 462.8 6.0 221 122.4 87.9
41 BNP Paribas Europe France 2,012.6 7.0 35.1 69.6 96.4
42 Crédit Agricole Europe France 1,601.7 7.1 46.7 91.830.8

43 Societé Generale Europe France 1,086.2 7.6 439 9 96121.7

44 Commerzbank Europe Germany 599.3 12.9 52.3 90.3 1115.
45 Deutsche Bank Europe Germany 2,162.0 12.7 49.1 9107105.2

46 IKB - Deutsche Industriebank Europe Germany 48.922.6 1645 664.7 374.7
47 Alpha Bank Europe Greece 61.9 21.4 27.4 924  756.3
48 EFG Eurobank Europe Greece 78.0 21.1 15.4 55.6 794.6
49 Allied Irish Banks Europe Ireland 171.2 7.7 67.1 837 725.9
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Average daily CDS spréad

No. Bank name Region Country LiabilftyPeriod 1 Period 2 Period 3 Period 4

50 Bank of Ireland Europe Ireland 190.8 7.7 72.3  292.%27.9

51 Banca Monte d.P. die Siena Europe Italy 195.1 .612 46.5 89.5 1854

52 Banco Popolare Europe Italy 109.3 37.8 68.2 151.9 2.20

53 Intesa Sanpaolo Europe Italy 581.3 11.0 36.3 82.5 6.212

54 Unicredit Group Europe Italy 976.9 12.8 451 115548.1

55 SNS REAAL Bank Europe Netherland 118.7 10.8 445 2945 212.8

56 Banco BPI Europe Portugal 40.8 17.5 40.5 99.5 454.2

57 Banco Comercial Portuges Europe Portugal 876 511.50.2 1044 4631

58 Espirito Santo Financial GroEprope Portugal 71.0 12.4 57.3 1235 467.1

59 Banco de Sabadell Europe Spain 75.1 24.6 83.4  239304.7

60 Banco Pastor Europe Spain 255 21.1 27.3 3728 4282

61 Banco Popular Europe Spain 102.8 11.3 31.4 218.0 .2307

62 Bankinter Europe Spain 51.3 14.1 145 199.0 285.1

63 Grupo BBVA Europe Spain 510.7 9.5 46.1 98.4 204.7

64 Grupo Santander Europe Spain 975.0 10.2 46.7 99.43.017

65 Norde: Europe Sweden 450.1 10.7 29.3 95.4 74.7

66 Skand Enskilda Banken Europe Sweden 220.5 19.9 7 29149.3 93.7

67 Svenska Handelsbanken Europe Sweden 189.5 13.7 4 2090.2 58.1

68 Swedbank Europe Sweden 156.9 29.5 21.0 201.0 97.1

69 Crédit Suisse Europe Switzerland 751.9 13.1 55.1 1194 96.1

70 UBS Europe Switzerland 1,328.4 6.0 55.4 159.3 104.1

71 Barclay's Europe UK 2,075.4 8.0 529 136.6 115.6

72 HSBC Europe UK 1,716.2 8.0 40.7 87.4 77.0

73 Lloyds Banking Group Europe UK 440.1 6.0 37.8 134.5175.2

74 Royal Bank of Scotland Europe UK 2,393.4 7.2 54.347.2 180.7

75 Arab Banking Corp Middle East Babhrain 18.6 35.3 411 457.3 354.3

76 Commercial Bank of Qatar  Middle East Qatar 101 751 56.8 221.1 182.9

77 Abu Dhabi Commercial Bank Middle East UAE 267 24 793 2746 290.9

78 Dubai Islamic Bank Middle East UAE 14.9 25.7 83.4 078  450.6

79 Mashregbank Middle East UAE 16.2 25.2 81.8 5319 .%603

80 National Bank of Abu Dha Middle East UAE 29.4 175 55.2 226.0 165.1

81 Bank of Moscow Russia Russia 158 138.2 225.8 12199624.1

82 Sberbank Russia Russia 141.0 80.6 125.7 463.9 1875

83 WTB/VTB (WneschtorgbankiRussia Russia 80.7 1004 1811 7522 326.8
Mean 431.1 12.8 53.8 152.1 138.8
Total 35,783.5

Notes:1. Total liabilities as of 31.12.2008 in billion RJ2. Mean of daily CDS spread in basis pointsidéet
ranges from October12005 to February 38 2007, Period 2 ranges from Marcl, 2007 to July 3% 2008,
Period 3 ranges from August,12008 to December 312009, Period 4 ranges from Januaty 2010 to April
30" 2011. The mean of the CDS spreads is obtainadeiyhting the period CDS spreads with the lialsibtas
of 31.12.2008.



Table 3: Equity and average equity return correlation by couf@tpbal)

Average equity return correlation?

Region Country Equity Period1l Period2 Period3 Period 4
America us 464.5 19.2% 26.4% 27.1% 24.4%
Asia-Pacific  Australia 60.3 17.5% 23.9% 28.5% 22.0%
Asia-Pacific  China 48.9 9.4% 10.3% 1.5% 4.6%
Asia-Pacific  Hong Kong 15.7 25.6% 39.9% 36.1% 28.5%
Asia-Pacific  India 18.3 13.3% 21.5% 24.7% 16.2%
Asia-Pacific  Japan 55.2 15.6% 12.9% 13.1% 3.2%
Asia-Pacific ~ Kazakhstan 3.0 6.3% 8.3% 7.6% 5.6%
Asia-Pacific  Korea 34.9 15.8% 22.8% 22.4% 16.9%
Asia-Pacific  Malaysia 3.7 10.4% 19.0% 20.1% 10.7%
Asia-Pacific  Singapore 23.5 19.2% 28.2% 28.5% 18.5%
Europe Austria 8.1 19.0% 34.0% 36.4% 28.5%
Europe Belgium 19.8 25.0% 37.2% 32.5% 31.3%
Europe Denmark 13.2 20.5% 35.8% 36.2% 22.3%
Europe France 132.5 28.8% 39.8% 39.4% 34.1%
Europe Germany 51.7 29.0% 39.1% 37.7% 32.5%
Europe Greece 6.6 15.2% 25.5% 30.0% 18.8%
Europe Ireland 15.7 18.5% 36.1% 27.4% 21.1%
Europe Italy 128.6 23.5% 35.6% 38.9% 31.6%
Europe Netherlands 4.8 21.4% 30.3% 35.9% 29.9%
Europe Portugal 114 10.5% 26.1% 30.5% 27.0%
Europe Spain 97.9 26.5% 34.0% 37.1% 30.1%
Europe Sweden 39.8 24.6% 35.3% 36.5% 29.0%
Europe Switzerland 44.0 27.2% 38.7% 38.0% 32.3%
Europe UK 169.5 27.4% 38.8% 36.0% 30.3%
Middle East  Bahrain 1.3 7.0% 6.2% -5.3% 3.5%
Middle East  Qatar 2.0 6.6% 7.7% 12.3% 12.0%
Middle East UAE 8.7 3.3% 8.0% 10.7% 4.3%
Russia Russia 28.7 17.2% 25.2% 29.7% 23.9%
Mean 54.0 23.5% 32.7% 32.3% 27.0%
Total 1,512.3
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Notes: 1. Total equity as of 31.12.2008 in billion EUR. ean of daily pairwise stock return correlations
between the bank and all other banks. Period lesafrgm October 1st, 2005 to February 28th, 20@rioB 2
ranges from March 1st, 2007 to July 31st, 2008i06e3 ranges from August 1st, 2008 to December, 20419,
Period 4 ranges from January 1st, 2010 to Aprih3@011. The mean of the correlations is obtaingd b
weighting the period correlations with the liabdg as of 31.12.2008.



Table 4: Equity and average equity return correlation by barki{&l)
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Average equity return correlation?2

No. Bank name Region Country  Equityeriod 1Period 2Period 3Period 4
1 American Express America us 8. 18.9% 24.1% 26.5% 21.1%
2 Bank of America America us 99.1 19.1% 27.0% 30.7% 27.4%
3 Bank of New York Mellon America us 20.z 18.6% 25.3% 23.0% 22.7%
4 Capital One Financial America us 16.€ 18.1% 23.5% 26.7% 22.4%
5 Citigroup America us 51.1 20.4% 29.4% 27.7% 22.9%
6 Goldman Sachs America us 36.5 20.1% 28.0% 28.1% 17.9%
7 JPMorgan Chase & Co. America usS 97.1 20.6% 24.6% 25.8% 26.4%
8 MetlLife America us 24.€ 15.6% 25.5% 27.1% 26.6%
9 Morgan Stanley America us 25.0 22.7% 27.8% 28.4% 24.7%
10 PNC Financial Services America us 18.2 15.4% 23.9% 20.8% 21.8%
11 US Bancorp America us 18.¢ 16.8% 25.2% 22.2% 23.7%
12 Wells Fargo America us 48.7 15.7% 23.6% 25.1% 24.9%
13 ANZ Banking Group Asia-Pacific Australia 14.4 14.4% 21.2% 27.3% 20.7%
14 Commonwealth Bank Asia-Pacific Australia 15.C 18.3% 26.6% 30.7% 22.7%
15 Macquarie Bank Asia-Pacific Australia 51 16.3% 25.0% 25.4% 19.0%
16 National Australia Bar Asia-Pacific Australia 15.¢ 18.9% 22.6% 28.1% 22.7%
17 Westspac Banking Corp Asia-Pacific Australia  10.C 18.2% 24.9% 29.1% 22.4%
18 Bank of China Asia-Pacific China 48¢ 9.4% 10.3% 1.5% 4.6%
19 Standard Chartered Bank Asia-Pacific Hong Kong 15.7 25.6% 39.9% 36.1% 28.5%
20 Bank of India Asia-Pacific India 1.7 134% 16.1% 20.7% 9.4%
21 ICICI Bank Asia-Pacific India 7.C 13.7% 23.1% 27.8% 17.1%
22 State Bank of India Asia-Pacific India 9.€ 132% 21.7% 24.0% 16.9%
23 Mizuho Financial Group Asia-Pacific Japan 18.f 16.6% 13.2% 13.9% 2.6%
24 Resona Holdings Asia-Pacific Japan 16.2 16.4% 125% 6.5% 1.4%
25 Sumitomo Mitsui Banking Asia-Pacific Japan 204 13.9% 12.8% 14.4% 4.8%
26 Halyk Bank of Kazakhstan Asia-Pacific Kazakhstan 1.1 6.9% 8.4% 13.2% 5.7%
27 Kazkommertshank Asia-Pacific Kazakhstan 1.¢ 58% 83% 4.1% 5.6%
28 Hana Bank Asia-Pacific Korea 5.1 15.2% 22.9% 21.2% 13.1%
29 Industrial Bank of Korea Asia-Pacific Korea 4C 14.6% 22.2% 23.7% 16.4%
30 Kookmin Bank Asia-Pacific Korea 9.C 16.6% 24.1% 22.0% 18.9%
31 Shinhan Financial Group Asia-Pacific Korea 9.6 154% 24.1% 22.9% 16.4%
32 Woori Bank Asia-Pacific Korea 7.C 16.5% 20.6% 22.3% 17.7%
33 Malayan Banking Berhad Asia-Pacific Malaysia 3.7 10.4% 19.0% 20.1% 10.7%
34 DBS Bank Asia-Pacific Singapore 9. 20.4% 29.0% 28.3% 18.4%
35 Oversea Chinese Banking Asia-Pacific Singapore 7.C 19.0% 28.6% 29.2% 17.0%
36 United Overseas Bank Asia-Pacific Singapore 6.7 17.6% 26.7% 28.1% 20.2%
37 Erste Group Bank Europe Austria 8.1 19.0% 34.0% 36.4% 28.5%
38 Dexia Europe Belgium 14.z 252% 36.1% 30.2% 30.3%
39 KBC Bank Europe Belgium 5.6 245% 39.3% 36.8% 33.3%
40 DANSKE Bank Europe Denmark 13.2 20.5% 35.8% 36.2% 22.3%
41 BNP Paribas Europe France 53.2 29.8% 40.9% 39.3% 34.4%
42 Crédit Agricole Europe France 41.7 26.6% 39.3% 39.8% 33.5%
43 Societé Generale Europe France 37.5 30.1% 38.4% 38.9% 34.3%
44 Commerzbank Europe Germany 19.2 25.3% 37.8% 34.3% 29.7%
45 Deutsche Bank Europe Germany  30.7 30.2% 39.9% 39.1% 34.0%
46 IKB - Deutsche Industriebank  Europe Germany 1. 228% 21.5% 17.7% 0.9%
47 Alpha Bank Europe Greece 3. 158% 26.6% 29.2% 18.2%
48 EFG Eurobank Europe Greece 3.6 14.7% 24.6% 30.6% 19.2%
49 Allied Irish Banks Europe Ireland 9.2 23.1% 37.8% 28.0% 21.4%
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Average equity return correlation?2

No. Bank name Region Country  Equityeriod 1Period 2Period 3Period 4
50 Bank of Ireland Europe Ireland 6.4 145% 34.6% 26.9% 20.8%
51 Banca Monte d.P. die Siena Europe Italy 14.¢ 21.4% 33.4% 35.8% 29.5%
52 Banco Popolare Europe Italy 9.6 17.2% 30.7% 33.4% 29.7%
53 Intesa Sanpaolo Europe Italy 49.C 19.1% 34.3% 39.6% 31.6%
54  Unicredit Group Europe Italy 55.C 27.3% 37.4% 39.7% 32.1%
55 SNS REAAL Bank Europe Netherland 4.& 21.4% 30.3% 35.9% 29.9%
56 Banco BPI Europe Portugal 15 8.0% 19.8% 33.2% 26.2%
57 Banco Comercial Portuges Europe Portugal 6.C 12.9% 24.9% 30.9% 27.4%
58 Espirito Santo Financial Group Europe Portugal 3¢ 89% 31.1% 28.3% 27.0%
59 Banco de Sabadell Europe Spain 4.4 23.3% 36.1% 39.4% 26.7%
60 Banco Pastor Europe Spain 15 16.1% 30.9% 24.7% 16.7%
61 Banco Popular Europe Spain 6.6 23.8% 37.6% 41.2% 28.3%
62 Bankinter Europe Spain 2.C 22.8% 36.2% 29.2% 29.2%
63 Grupo BBVA Europe Spain 25.7 23.4% 21.9% 27.8% 27.6%
64 Grupo Santander Europe Spain 57.€ 29.1% 39.8% 42.2% 32.2%
65 Norde: Europe Sweden 17.5 25.1% 35.9% 36.9% 29.0%
66 Skand Enskilda Banken Europe Sweden 7.€ 24.8% 37.0% 37.4% 30.0%
67 Svenska Handelsbanken Europe Sweden 6.6 24.2% 31.7% 35.6% 29.0%
68 Swedbank Europe Sweden 7.6 23.3% 35.4% 35.1% 27.6%
69 Crédit Suisse Europe Switzerland 21.& 26.7% 39.5% 37.2% 33.1%
70 UBS Europe Switzerland 22.2 27.5% 38.3% 38.4% 31.8%
71 Barclay's Europe UK 34.1 26.9% 39.8% 36.8% 34.3%
72 HSBC Europe UK 64.¢ 31.0% 38.3% 40.3% 30.1%
73 Lloyds Banking Group Europe UK 9.7 26.4% 39.3% 31.9% 26.9%
74 Royal Bank of Scotland Europe UK 60.¢ 25.3% 38.1% 33.0% 27.5%
75 Arab Banking Corp Middle East Bahrain 1.2 7.0% 6.2% 53% 3.5%
76 Commercial Bank of Qatar Middle East Qatar 2C 6.6% 7.7% 12.3% 12.0%
77 Abu Dhabi Commercial Bank  Middle East UAE 22 45% 95% 11.5% 7.2%
78 Dubai Islamic Bank Middle East UAE 1.7 04% 10.7% 15.0% 8.0%
79 Mashregbank Middle East UAE 2C 6.0% 6.7% 4.9% -55%
80 National Bank of Abu Dha Middle East UAE 28 22% 6.1% 165% 5.1%
81 Bank of Moscow Russia Russia 1.6 10.3% 20.6% 21.2% 11.7%
82 Sbherbank Russia Russia 17.€ 20.2% 28.4% 30.5% 25.5%
83 WTB/VTB (Wneschtorgbank) Russia Russia 9. 13.3% 20.6% 30.1% 23.5%

Mean 18.2 23.5% 32.7% 32.3% 27.0%

Total 1,512

Notes: 1. Total equity as of 31.12.2008 in billion EUR. ean of daily pairwise stock return correlations

between the bank and all other banks. Period lesafrgm October 1st, 2005 to February 28th, 20@rioR 2
ranges from March 1st, 2007 to July 31st, 2008i0de3 ranges from August 1st, 2008 to December, 20419,

Period 4 ranges from January 1st, 2010 to Aprih3@011. The mean of the correlations is obtaingd b

weighting the period correlations with the liabég as of 31.12.2008.
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Table 5: Equity and average equity return correlation by bamke@ca)

Average equity return correlation?

No. Bank name Country Equity Period 1 Period 2 Period 3 Period 4
1 American Express usS 85 593% 724% 68.0% 60.9%
2 Bank of America us 99.1 62.1% 78.1% 71.2% 70.2%
3 Bank of New York Mellon us 20.2 535% 72.3% 685% 65.4%
4  Capital One Financial us 16.6 50.1% 66.4% 67.8% 65.2%
5 Citigroup us 51.1 61.4% 76.0% 62.3% 60.4%
6 Goldman Sachs us 36,5 55.0% 73.5% 68.9% 60.8%
7 JPMorgan Chase & Co. us 97.1 64.1% 77.4% 75.8% 72.7%
8 MetLife us 246 501% 704% 67.9% 63.1%
9 Morgan Stanley us 250 575% 744% 66.4% 67.7%
10 PNC Financial Services us 18.3 53.5% 74.1% 68.9% 67.8%
11 US Bancorp us 189 58.7% 76.8% 71.4% 70.0%
12 Wells Fargo us 48.7 62.6% 76.9% 74.3% 71.0%

Mean 387 60.2% 759% 70.0% 67.3%
Total 464.5

Notes: 1. Total equity as of 31.12.2008 in billion EUR. ean of daily pairwise stock return correlations
between the bank and all other banks. Period lesafrgm October 1st, 2005 to February 28th, 20@rioB 2
ranges from March 1st, 2007 to July 31st, 2008i0de3 ranges from August 1st, 2008 to December, 20419,
Period 4 ranges from January 1st, 2010 to Aprih3@011. The mean of the correlations is obtaingd b
weighting the period correlations with the liabég as of 31.12.2008.



Table 6: Equity and average equity return correlation (Asia-f&ci

158

By country
Average equity return correlation?

Region Country Equify Period1 Period2 Period3 Period 4
Asia-Pacific ~ Australia 60.3 28.6% 35.6% 35.1% 35.5%
Asia-Pacific  China 48.9 14.8% 17.1% 13.2% 16.1%
Asia-Pacific  Hong Kong 15.7 14.6% 25.6% 24.7% 11.6%
Asia-Pacific  India 18.3 22.1% 27.3% 29.3% 22.9%
Asia-Pacific  Japan 55.2 29.3% 29.8% 27.8% 18.3%
Asia-Pacific ~ Kazakhstan 3.0 7.1% 8.7% 13.5% 15.2%
Asia-Pacific ~ Korea 34.9 29.4% 36.8% 39.6% 34.6%
Asia-Pacific  Malaysia 3.7 16.5% 27.0% 27.2% 25.3%
Asia-Pacific  Singapore 23.5 28.5% 38.1% 39.2% 33.6%
Mean 29.3 25.8% 30.2% 29.4% 24.6%
Total 263.7

By bank
Average equity return correlation?

No. Bank name Country Equity Period 1 Period 2 Period 3 Period 4
1 ANZ Banking Group Australia 14.4 20.7% 27.2% 27.0% 33.7%
2 Commonwealth Bank Australia 15.0 31.5% 38.4% 36.9% 36.6%
3 Macquarie Bank Australia 51 26.5% 40.1% 35.8% 36.1%
4 National Australia Bank Australia 158 322% 36.9% 37.7% 36.1%
5 Westspac Banking Corp Australia 10.0 29.1% 37.3% 37.7% 35.0%
6 Bank of China China 489 14.8% 17.1% 132% 16.1%
7 Standard Chartered Bank Hong Kong 15.714.6% 25.6% 24.7% 11.6%
8 Bank of India India 1.7 209% 23.0% 25.3% 19.0%
9 ICICI Bank India 70 243% 31.2% 33.7% 25.6%
10 State Bank of India India 9.6 21.4% 26.2% 27.9% 22.3%
11 Mizuho Financial Group Japan 18.530.4% 31.1% 282% 17.0%
12 Resona Holdings Japan 16.329.5% 28.1% 20.0% 13.7%
13 Sumitomo Mitsui Banking Japan 20.4 27.6% 285% 30.0% 21.7%
14 Halyk Bank of Kazakhstan Kazakhstan 1.1 8.5% 9.9% 19.9% 15.3%
15 Kazkommertsbank Kazakhstan 19 6.2% 8.0% 9.5% 15.2%
16 Hana Bank Korea 51 29.7% 359% 36.7% 32.8%
17 Industrial Bank of Korea Korea 40 28.0% 34.7% 39.7% 33.4%
18 Kookmin Bank Korea 9.0 31.2% 39.0% 409% 36.7%
19 Shinhan Financial Group Korea 9.8 28.2% 38.1% 41.0% 35.2%
20 Woori Bank Korea 70 29.3% 35.1% 38.6% 33.9%
21 Malayan Banking Berhad Malaysia 3.716.5% 27.0% 27.2% 25.3%
22 DBS Bank Singapore 99 31.1% 40.3% 40.1% 34.5%
23 Oversea Chinese Banking Singapore 7.27.7% 37.8% 38.9% 33.1%
24 United Overseas Bank Singapore 6.725.8% 352% 38.1% 32.7%
Mean 11.0 25.8% 30.2% 29.4% 24.6%

Total 263.7

Notes: 1. Total equity as of 31.12.2008 in billion EUR. ean of daily pairwise stock return correlations
between the bank and all other banks. Period lesafrgm October 1st, 2005 to February 28th, 20@riog 2
ranges from March 1st, 2007 to July 31st, 2008i0€e3 ranges from August 1st, 2008 to December, 20419,
Period 4 ranges from January 1st, 2010 to Aprih3@011. The mean of the correlations is obtaingd b
weighting the period correlations with the liabég as of 31.12.2008.
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Table 7: Equity and average equity return correlation by coufwrope)

Average equity return correlation?

Region Country Equity Period1l Period2 Period3 Period 4
Europe Austria 8.1 28.7% 49.1% 53.2% 51.9%
Europe Belgium 19.8 40.6% 54.8% 46.5% 54.7%
Europe Denmark 13.2 30.2% 50.5% 51.5% 39.3%
Europe France 132.5 46.0% 59.3% 57.6% 59.6%
Europe Germany 51.7 44.5% 56.0% 53.1% 51.2%
Europe Greece 6.6 23.9% 36.0% 41.9% 35.6%
Europe Ireland 15.7 32.0% 51.2% 40.1% 35.0%
Europe Italy 128.6 38.1% 53.5% 55.1% 57.3%
Europe Netherlands 4.8 19.6% 44.5% 51.9% 46.3%
Europe Portugal 114 16.8% 37.0% 43.5% 52.0%
Europe Spain 97.9 42.0% 49.7% 51.9% 56.2%
Europe Sweden 39.8 40.3% 54.0% 54.7% 47.9%
Europe Switzerland 44.0 42.5% 56.7% 55.1% 48.5%
Europe UK 169.5 39.6% 55.1% 51.4% 45.1%
Mean 53.1 41.1% 55.1% 53.2% 51.2%
Total 743.5

Notes: 1. Total equity as of 31.12.2008 in billion EUR. ean of daily pairwise stock return correlations
between the bank and all other banks. Period lesafrgm October 1st, 2005 to February 28th, 20@¥ipB 2
ranges from March 1st, 2007 to July 31st, 2008i06e3 ranges from August 1st, 2008 to December, 20419,
Period 4 ranges from January 1st, 2010 to Aprih3@011. The mean of the correlations is obtaingd b
weighting the period correlations with the liabég as of 31.12.2008.
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Table 8: Equity and average equity return correlation by bankdge)

Average equity return correlation?2

No. Bank name Country Equity Period 1 Period 2 Period 3 Period 4
1 Erste Group Bank Austria 8.1 28.7% 49.1% 53.2% 51.9%
2 Dexia Belgium 14.2 40.6% 53.6% 44.4% 53.7%
3 KBC Bank Belgium 5.6 40.5% 57.1% 50.7% 56.5%
4 DANSKE Bank Denmark 13.2 30.2% 50.5% 51.5% 39.3%
5 BNP Paribas France 53.2 47.9% 61.3% 57.6% 60.2%
6 Crédit Agricole France 41.7 41.6% 58.8% 58.5% 58.8%
7 Societé Generale France 37.5 49.1% 56.4% 56.3% 59.7%
8 Commerzbank Germany 19.2 38.6% 55.1% 48.4% 48.3%
9 Deutsche Bank Germany 30.7 46.4% 56.9% 55.0% 53.1%
10 IKB - Deutsche Industriebank Germany 1.8 33.8% 0%&0. 25.6% 0.8%
11 Alpha Bank Greece 3.0 25.3% 38.0% 41.1% 34.7%
12 EFG Eurobank Greece 3.6 22.9% 34.4% 42.7% 36.3%
13 Allied Irish Banks Ireland 9.3 37.9% 53.3% 41.2%  684.
14 Bank of Ireland Ireland 6.4 26.6% 49.4% 39.2% 35.3%
15 Banca Monte d.P. die Siena Italy 14.8 34.4% 50.3%60.8% 54.7%
16 Banco Popolare Italy 9.8 29.7% 47.0% 47.4% 52.7%
17 Intesa Sanpaolo Italy 49.0 32.9% 51.2% 55.7% 57.8%
18 Unicredit Group Italy 55.0 42.9% 56.3% 56.5% 58.0%
19 SNS REAAL Bank Netherland 4.8 19.6% 44 .5% 51.9% 46.3%
20 Banco BPI Portugal 15 14.4% 29.4% 47.4% 49.3%
21 Banco Comercial Portuges Portugal 6.0 19.3% 35.4%3.5% 52.9%
22 Espirito Santo Financial Group  Portugal 3.9 15.0%43.3% 41.1% 52.5%
23 Banco de Sabadell Spain 4.4 37.6% 53.6% 57.0% 54.1%
24 Banco Pastor Spain 15 26.5% 46.0% 35.3% 32.9%
25 Banco Popular Spain 6.8 39.4% 55.5% 59.2% 56.2%
26 Bankinter Spain 2.0 37.1% 52.8% 43.9% 56.4%
27 Grupo BBVA Spain 25.7 36.1% 29.8% 35.2% 48.2%
28 Grupo Santander Spain 57.6 46.4% 59.1% 60.3% 61.1%
29 Norde: Sweden 175 41.0% 54.3% 55.7% 49.6%
30 Skand Enskilda Banken Sweden 7.6 41.2% 56.9% 55.0%8.09#4
31 Svenska Handelsbanken Sweden 6.8 39.6% 49.7% 54.096.5%4
32 Swedbank Sweden 7.8 38.3% 54.4% 52.4% 45.9%
33 Crédit Suisse Switzerland 21.8 40.7% 57.2% 53.1% 3% 9.
34 UBS Switzerland 22.2 43.5% 56.4% 56.3% 48.1%
35 Barclay's UK 34.1 41.9% 57.3% 53.3% 51.2%
36 HSBC UK 64.8 38.6% 53.5% 53.7% 42.2%
37 Lloyds Banking Group UK 9.7 38.0% 56.8% 46.9% 41.2%
38 Royal Bank of Scotland UK 60.9 38.6% 54.1% 48.8% 6%2.
Mean 19.6 41.1% 55.1% 53.2% 51.2%
Total 743.5

Notes: 1. Total equity as of 31.12.2008 in billion EUR. ean of daily pairwise stock return correlations
between the bank and all other banks. Period lesafrgm October 1st, 2005 to February 28th, 20@7ipB 2
ranges from March 1st, 2007 to July 31st, 2008i0€e3 ranges from August 1st, 2008 to December, 20419,
Period 4 ranges from January 1st, 2010 to Aprih3@011. The mean of the correlations is obtaingd b
weighting the period correlations with the liabég as of 31.12.2008.
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Table 9: Equity and average equity return correlation by bankidM East and Russia)

Average equity return correlation?

No. Bank name Country Equity Period 1 Period 2 Period 3 Period 4
1 Arab Banking Corp Bahrain 1.3 13.9% 7.1% 50% 17.0%
2 Commercial Bank of Qatar Qatar 20124% 123% 18.7% 21.5%
3 Abu Dhabi Commercial Bank  UAE 22 246% 19.1% 22.9% 19.4%
4 Dubai Islamic Bank UAE 1.7 194% 17.9% 22.4% 20.7%
5 Mashregbank UAE 20 11.0% 11.3% 3.2% 18.6%
6 National Bank of Abu Dhabi UAE 28 21.7% 193% 24.8% 24.2%
7 Bank of Moscow Russia 16 149% 174% 17.2% 22.5%
8 Sberbank Russia 17.6 148% 17.6% 15.7% 20.8%
9 WTB/VTB (Wneschtorgbank) Russia 9.5 43.4% 228% 17.4% 20.7%

Mean 45 226% 18.0% 16.7% 20.7%
Total 40.6

Notes: 1. Total equity as of 31.12.2008 in billion EUR. ean of daily pairwise stock return correlations
between the bank and all other banks. Period lesafrgm October 1st, 2005 to February 28th, 20@¥ipB 2
ranges from March 1st, 2007 to July 31st, 2008i0de3 ranges from August 1st, 2008 to December, 20419,
Period 4 ranges from January 1st, 2010 to Aprih3@011. The mean of the correlations is obtaingd b
weighting the period correlations with the liabdg as of 31.12.2008.
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Table 10: Sovereign CDS spreads by country

Average daily CDS spread

Region Country Period1l Period2 Period3 Period 4
America us 3.1 6.7 40.9 44.5
Australia 9.8 18.9 68.4 46.6
China 18.6 35.9 121.5 72.5
Hong Kong 8.5 21.8 81.2 45.1
India 60.1 130.2 266.6 1711
Asia-Pacific Japan 4.3 13.2 51.3 69.2
Kazakhstan 59.8 148.2 570.2 175.4
Korea 23.5 50.3 223.3 101.5
Malaysia 25.2 50.8 165.0 87.4
Singapore 4.1 9.1 40.7 42.3
Austria 1.9 5.8 95.3 76.5
Belgium 2.1 10.7 60.6 120.0
Denmark 14.7 8.6 59.1 39.3
France 1.9 6.3 38.5 73.1
Germany 2.0 4.8 33.8 45.0
Greece 115 24.0 158.1 748.9
Ireland 55 14.8 171.0 371.8
Europe
Italy 10.1 20.2 104.0 164.1
Netherlands 4.8 6.5 50.8 451
Portugal 6.8 18.3 76.6 348.5
Spain 3.0 17.1 86.4 217.5
Sweden 11.0 24.2 67.3 34.6
Switzerland 3.7 8.8 63.6 45.7
UK 2.7 7.9 76.1 69.5
Bahrain 30.3 75.1 3235 196.4
Middle East and Russia Qatar 21.7 32.5 166.4 90.3
UAE 28.2 66.1 326.6 277.9
Russia 57.5 83.7 407.5 152.0
Mean (unweighted) 15.6 32.9 142.7 141.8

Notes:Period 1 ranges from Octobet, 2005 to February 28 2007, Period 2 ranges from Marct; 2007 to

July 3T, 2008, Period 3 ranges from August 2008 to December 312009, Period 4 ranges from Januaty 1
2010 to April 30", 2011.
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Table 11: CDS spreads of non-bank corporates by regionrahustry

Average daily CDS sprekad

Sample
Region Industry size Period 1 Period 2 Period 3 Period 4
Automotive 19 193.7 199.( 765.4 172.0
Basic materials 17 29.1 65.C 295.6 1125
Chemicals, healthcare and pharma 40 23.343:t 108.1 67.2
Commerce and consumer 76 32.7 55 143.2 87.0
Global Construction and logistics 13 23.9 45.¢ 127.7 86.4
Energy and utilities 49 19.4 39.( 112.7 92.6
Financial services (excl. banking) 30 18.6 63. 267.5 139.7
Industrial 46 275 40.( 111.3 62.7
Telecommunication, media and tech. 62 38.6 64.( 137.0 89.0
Overall 352 38.7 66.4 231.0 110.8
Automotive 3 699.3 763.C 3,101.4 424.2
Basic materials 7 30.7 59.( 331.0 132.3
Chemicals, healthcare and pharma 22 21.341.c 108.6 70.2
Commerce and consumer 35 34.0 55.c 129.1 82.9
. Construction and logistics 5 18.0 45.¢ 112.8 61.4
America o
Energy and utilities 22 25.1 40.2 120.3 78.2
Financial services (excl. banking) 16 30.4 94« 4315 196.0
Industrial 23 24.4  26.¢ 63.3 31.4
Telecommunication, media and tech. 24 34.4 66.5 126.0 82.4
Overall 157 67.6 95.C 3293 116.7
Automotive 7 10.8 27.7 164.8 73.2
Basic materials 6 23.6 59. 240.5 84.3
Chemicals, healthcare and pharma 3 32.976.7 190.4 78.2
Commerce and consumer 11 29.2 53.(C 234.9 89.3
. . Construction and logistics 3 33.7 103.&  489.5 182.9
Asia-Pacific e
Energy and utilities 8 254 52: 165.6 89.6
Financial services (excl. banking) 3 30.2 52.1 137.6 134.6
Industrial 9 20.3 48.( 172.1 89.6
Telecommunication, media and tech. 18 39.3 60.2 177.5 78.3
Overall 68 26.7 51.7 187.3 85.9
Automotive 9 55.2 69.2 299.6 162.5
Basic materials 4 33.8 76.¢ 340.4 138.3
Chemicals, healthcare and pharma 15 23.6 38.t 88.6 60.3
Commerce and consumer 30 32,5 56.1 126.3 89.9
Europe Construction and logistics 5 24.4 43.2 101.3 84.1
Energy and utilities 19 15.3 36.7 101.9 99.4
Financial services (excl. banking) 11 14.3 54.¢ 214.0 118.2
Industrial 14 421 71« 208.4 130.2
Telecommunication, media and tech. 20 43.4 63.¢ 119.3 106.3
Overall 127 22.9 53.€ 181.5 113.1

Notes: 1. The average CDS spreads of the non-bank cogsomaere obtained by weighting with the total
liabilities of the respective firm. Period 1 randesm October T, 2005 to February 28 2007, Period 2 ranges
from March £, 2007 to July 3%, 2008, Period 3 ranges from Augug; 2008 to December 312009, Period 4
ranges from January'12010 to April 38", 2011.
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Table 12: Corporate equity return by region and industry

Average daily equity retutn

Sample
Region Industry size  Period 1 Period 2 Period 3 Period 4
Automotive 19 0.03% -0.09% -0.01% 0.09%
Basic materials 17  0.09% 0.02% -0.06% 0.03%
Chemicals, healthcare and pharma 40 0.03% -0.06% 0.01% 0.05%
Commerce and consumer 76 0.04% -0.06% 0.00% 0.03%
Global Construction and logistics 13 0.06% -0.11% -0.04% 0.02%
Energy and utilities 49 0.02% -0.02% -0.04% 0.01%
Financial services (excl. banking) 30 0.07% -0.13% -0.06% 0.04%
Industrial 46 0.02% -0.07% -0.08%  0.08%
Telecommunication, media and tech. 62 0.02% -0.07% -0.02% 0.02%
Overall 352 0.04% -0.09% -0.04% 0.04%
Automotive 3 -0.08% -0.16% 0.20% 0.11%
Basic materials 7 0.04% 0.05% -0.10% 0.06%
Chemicals, healthcare and pharma 22 0.00% -0.09% 0.020605%
Commerce and consumer 35 0.01% -0.06% 0.01% 0.03%
America Construction and logistics 5 0.00% -0.07% 0.01% 0.06%
Energy and utilities 22 -0.01% -0.01% -0.03% 0.06%
Financial services (excl. banking) 16 0.02% -0.13% 08%% 0.06%
Industrial 23 0.01% -0.07% -0.10% 0.09%
Telecommunication, media and tech. 24 0.02% -0.08%01%. 0.04%
Overall 157 0.01% -0.09% -0.04% 0.06%
Automotive 7 0.04% -0.14% 0.02% 0.00%
Basic materials 6 0.09% 0.06% -0.04% -0.01%
Chemicals, healthcare and pharma 3 0.08% -0.09% -0.050¢06%
Commerce and consumer 11 0.05% -0.05% -0.04% 0.04%
. ... Construction and logistics 3 -0.01% -0.20% -0.06% 0.06%
Asia-Pacific .
Energy and utilities 8 0.07% -0.07% -0.02% 0.01%
Financial services (excl. banking) 3 0.10% -0.10% ®%05-0.02%
Industrial 9 0.02% -0.03% -0.02% 0.06%
Telecommunication, media and tech. 18 0.03% -0.05%05%. 0.03%
Overall 68 0.05% -0.06% -0.02% 0.02%
Automotive 9 0.08% -0.03% -0.09% 0.13%
Basic materials 4 0.12% -0.05% -0.05% 0.05%
Chemicals, healthcare and pharma 15 0.04% -0.02% 0.0104004%
Commerce and consumer 30 0.08% -0.06% 0.01% 0.03%
Europe Construction and logistics 5 007% -0.11% -0.04% 0.00%
Energy and utilities 19 0.03% -0.02% -0.04% -0.01%
Financial services (excl. banking) 11  0.08% -0.13% 058 0.03%
Industrial 14 0.07% -0.06% -0.04% 0.07%
Telecommunication, media and tech. 20 0.01% -0.06%02%. 0.01%
Overall 127 0.07% -0.09% -0.04% 0.03%

Notes: The average equity returns of the non-bank corpsratere obtained by weighting with the total
liabilities of the respective firm. Period 1 randesm October T, 2005 to February 38 2007, Period 2 ranges
from March £, 2007 to July 3%, 2008, Period 3 ranges from Augug 2008 to December 312009, Period 4
ranges from January'12010 to April 38", 2011.



Table 13: Input variable determinants of the ESS-indicator
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Global
Independent variables Regression 1 Regression 2 refegn 3 Regression 4
Constant term 0.00 0.00 0.00 0.00
(24.59) (8.32) (32.50) (25.23)
Risk-neutral PD (average) 0.23 0.21 0.32
(101.29) 1.08 (128.66) 8.52 (61.46)
Correlation (average) 0.02 0.01 0.01
(20.35) 1.08 (30.80) 3.10 (16.90)
PD dispersion -0.11
8.04 (21.34)
Correlation dispersion 0.01
3.29 (8.17)
Adjusted-R2 0.89 0.23 0.94 0.97
America
Independent variables Regression 1 Regression 2 refsgn 3 Regression 4
Constant term 0.00 -0.01 0.00 0.00
(14.83) (12.43) (28.90) (13.95)
Risk-neutral PD (average) 0.45 0.44 0.47
(237.30) 1.15 (217.28) 552 (139.14)
Correlation (average) 0.03 0.00 0.00
(19.89) 1.15 (25.24) 1.81 (17.76)
PD dispersion -0.08
5.84 (10.22)
Correlation dispersion 0.00
1.59 (5.93)
Adjusted-R? 0.99 0.17 0.99 0.99
Asia-Pacific
Independent variables Regression 1 Regression 2 refagn 3 Regression 4
Constant term 0.00 0.00 0.00 0.00
(31.73) (1.85) (22.25) (10.72)
Risk-neutral PD (average) 0.28 0.28 0.30
(187.17) 1.11  (204.44) 3.59 (123.47)
Correlation (average) 0.01 0.00 0.00
(13.04) 1.11 (10.17) 1.46 (5.21)
PD dispersion -0.03
3.38 (15.28)
Correlation dispersion 0.00
1.37 (0.04)
Adjusted-R?2 0.97 0.12 0.97 0.97
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Europe

Independent variables Regression 1 Regression 2 refsgn 3 Regression 4
Constant term 0.00 0.00 0.00 0.00
(12.31) (8.65) (31.80) (22.92)
Risk-neutral PD (average) 0.32 0.30 0.34
(110.65) 1.09 (157.02) 11.28 (46.81)
Correlation (average) 0.01 0.01 0.01
(20.13) 1.09 (32.28) 1.76 (27.03)
PD dispersion -0.04
11.25  (6.06)
Correlation dispersion 0.01
1.47 (5.12)
Adjusted-R? 0.92 0.22 0.96 0.96

Middle East and Russia
Independent variables Regression 1 Regression 2 refsgn 3 Regression 4
Constant term 0.00 0.01 0.00 0.00
(15.96) (11.94) (13.66) (18.10)
Risk-neutral PD (average) 0.43 0.43 0.51
(122.64) 1.00 (134.76) 4.23 (160.73)
Correlation (average) 0.00 0.01 0.00
(0.28) 1.00 (9.31) 1.15 (5.49)
PD dispersion -0.20
4.23 (38.95)
Correlation dispersion 0.03
1.15 (18.07)
Adjusted-R? 0.97 0.00 0.97 0.99

Notes The dependent variable in the regression isdlsive ESS-indicator of the banks in the samplesrAge
PD and average correlation denote the risk-nedetdult probability of all banks and the correlatioetween
the bank and all other banks at a particular poitime, respectively. Dispersion denotes the stashdeviation
of the respective variable at a particular pointtime for all sample banks. Variance inflation fast are
provided in italics. Heteroskedacity-consistentatistics are shown in parenthesis. Critical valtmsthe t-
statistic at theen, five andonepercent significance level are respective®8 1.65and2.33
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Table 14: Risk premium determinants of the ESS-indicator

Global

Independent variables

Regression 1

Regression 2 egreRsion 3

Regression 4

Constant term 0.00 0.00 0.00 0.00

(5.66) (23.98) (21.85) (16.00)

Baa-Aaa spread 0.27 0.16

(34.57) 144  (20.87)

Ted spread 0.08 0.02

(21.72) 1.27 (6.99)

Term spread 0.13 0.10

(45.19) 1.20 (38.93)

Adjusted-R? 0.46 0.19 0.53 0.72
America

Independent variables

Regression 1

Regression 2 egreRsion 3

Regression 4

Constant term 0.00 0.01 0.00 0.00

(7.45) (30.91) (32.36) (15.86)

Baa-Aaa spread 0.76 0.54

(33.67) 144  (23.43)

Ted spread 0.18 0.02

(23.64) 1.27 (3.26)

Term spread 0.32 0.22

(50.29) 1.20 (60.34)

Adjusted-R? 0.62 0.18 0.55 0.84
Asia-Pacific

Independent variables

Regression 1

Regression 2 egreRsion 3

Regression 4

Constant term 0.00 0.00 0.00 0.00
(18.37) (29.44) (28.71) (31.80)

Baa-Aaa spread 0.41 0.33
(54.78) 144  (38.41)

Ted spread 0.09 0.00
(16.46) 1.27 (1.19)

Term spread 0.15 0.09
(42.35) 1.20 (38.64)

Adjusted-R? 0.71 0.17 0.45 0.84
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Europe
Independent variables Regression 1 Regression 2 egreRsion 3 Regression 4
Constant term 0.00 0.00 0.00 0.00
(4.26) (26.35) (22.92) (3.42)
Baa-Aaa spread 0.26 0.09
(28.11) 1.44  (11.74)
Ted spread 0.08 0.02
(17.12) 1.27 (5.29)
Term spread 0.19 0.16
(56.11) 1.20 (45.22)
Adjusted-R2 0.26 0.11 0.65 0.69

Middle East and Russia

Independent variables

Regression 1

Regression 2 egreRsion 3

Regression 4

Constant term -0.01 0.01 0.01 -0.01
(21.25) (36.22) (43.04) (28.58)

Baa-Aaa spread 1.67 1.49
(55.05) 144  (43.83)

Ted spread 0.31 -0.04
(13.61) 1.27 (3.58)

Term spread 0.50 0.24
(38.00) 1.20  (57.77)

Adjusted-R? 0.83 0.15 0.37 0.90

Notes: The dependent regression variable is the relati88-bdicator of the European banks in the sample
during the observation period. Baa-Aaa spreadédssfiread between Moody's Baa and Aaa bond indi@sk,
spread is the spread between the 3-month LIBORtlangield of a 3-month T-Bill, Term spread is th@ead
between the yields of 10-year and 3-month maturiills. Variance inflation factors are provided italics.
Heteroskedacity-consistent t-statistics are shawparenthesis. Critical values for the t-statisticheten, five
andonepercent significance level are respectivel®8 1.65and2.33



Table 15: Relative systemic loss contribution by country (&)ob

Relative systemic loss contribution

Region Country Period1 Period2 Period3 Period4 Average
America us 20.8% 19.0% 22.1% 16.5% 19.6%
Asia-Pacific ~ Australia 0.4% 0.6% 1.6% 1.4% 1.0%
Asia-Pacific  China 0.2% 0.2% 0.3% 0.4% 0.3%
Asia-Pacific  Hong Kong 0.5% 0.7% 0.8% 0.7% 0.7%
Asia-Pacific  India 0.2% 0.3% 0.5% 0.3% 0.3%
Asia-Pacific  Japan 1.8% 0.4% 1.1% 0.6% 1.0%
Asia-Pacific  Kazakhstan 0.0% 0.0% 0.0% 0.0% 0.0%
Asia-Pacific  Korea 0.4% 0.5% 0.9% 0.4% 0.5%
Asia-Pacific  Malaysia 0.0% 0.0% 0.0% 0.0% 0.0%
Asia-Pacific  Singapore 0.1% 0.2% 0.3% 0.1% 0.2%
Europe Austria 0.3% 0.3% 0.7% 0.5% 0.4%
Europe Belgium 2.4% 2.9% 3.1% 3.6% 3.0%
Europe Denmark 0.3% 0.5% 1.1% 0.5% 0.6%
Europe France 19.3% 15.2% 14.5% 18.9% 17.0%
Europe Germany 10.1% 11.8% 9.0% 8.1% 9.8%
Europe Greece 0.1% 0.1% 0.1% 0.5% 0.2%
Europe Ireland 0.4% 0.9% 1.0% 0.9% 0.8%
Europe Italy 5.0% 4.7% 5.3% 6.7% 5.4%
Europe Netherlands 0.1% 0.1% 0.5% 0.4% 0.3%
Europe Portugal 0.1% 0.2% 0.3% 0.9% 0.4%
Europe Spain 6.2% 3.8% 5.2% 7.3% 5.6%
Europe Sweden 2.6% 1.6% 2.9% 2.0% 2.3%
Europe Switzerland 9.8% 8.5% 6.6% 4.5% 7.4%
Europe UK 18.5% 27.2% 21.4% 24.3% 22.9%
Middle East  Bahrain 0.0% 0.0% 0.0% 0.0% 0.0%
Middle East  Qatar 0.0% 0.0% 0.0% 0.0% 0.0%
Middle East UAE 0.0% 0.0% 0.1% 0.1% 0.0%
Russia Russia 0.3% 0.3% 0.9% 0.5% 0.5%
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Notes:Relative systemic loss contribution is definedlas relative loss share of a bank when the totafqdior
loss exceeds the systemic loss threshold. Periaddes from October12005 to February 28 2007, Period 2
ranges from March®] 2007 to July 3%, 2008, Period 3 ranges from August 2008 to December 312009,
Period 4 ranges from January; 2010 to April 3§, 2011.
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Relative systemic loss contribution

No. Bank name Region CountryPeriod 1Period 2Period 3Period 4Average
1 American Express America us 0.2% 0.2%0.2% 0.1% 0.2%
2 Bank of America America us 3.6% 3.0%4.8% 43% 3.9%
3 Bank of New York Mellon America us 0.1% 0.2%0.3% 0.3% 0.2%
4 Capital One Financial America us 0.2% 0.3%0.3% 0.2% 0.2%
5 Citigroup America us 48% 5.0% 48% 3.0% 4.4%
6 Goldman Sachs America us 20% 2.3%2.0% 1.0% 1.8%
7 JPMorgan Chase & Co. America us 41% 299%8.4% 3.0% 3.4%
8 MetlLife America us 08% 08% 14% 11% 1.0%
9 Morgan Stanley America us 3.6% 2.9%1.9% 1.4% 2.4%
10 PNC Financial Services America us 0.1% 0.29%9.5% 03% 0.3%
11 US Bancorp America us 04% 0.4%05% 0.4% 0.4%
12 Wells Fargo America us 0.9% 0.8%20% 1.6% 1.3%
13 ANZ Banking Group Asia-Pacific Australia 01% @1 03% 02% 0.2%
14 Commonwealth Bank Asia-Pacific Australia 0.1% 9%.2 04% 03% 0.2%
15 Macquarie Bank Asia-Pacific Australia 0.0% 0.1%0.2% 0.1% 0.1%
16 National Australia Bar Asia-Pacific  Australia 0.1% 0.1% 04% 04% 0.3%
17 Westspac Banking Corp Asia-Pacific Australia %9.1 0.1% 0.3% 03% 0.2%
18 Bank of China Asia-Pacific China 0.2% 0.2%0.3% 0.4% 0.3%
19 Standard Chartered Bank Asia-Pacific Hong Kong 590 0.7% 0.8% 0.7% 0.7%
20 Bank of India Asia-Pacific India 0.0% 0.0%0.0% 0.0% 0.0%
21 ICICI Bank Asia-Pacific India 0.0% 0.1% 0.2% 0.1% 0.1%
22 State Bank of India Asia-Pacific India 0.1% 0.2%0.2% 0.2% 0.2%
23 Mizuho Financial Group Asia-Pacific Japan 1.1% 299. 05% 0.3% 0.6%
24 Resona Holdings Asia-Pacific  Japan 0.3% 0.19%9.2% 0.1% 0.1%
25 Sumitomo Mitsui Banking Asia-Pacific  Japan 0.4% .1% 0.3% 0.2% 0.3%
26 Halyk Bank of Kazakhstan Asia-Pacific Kazakhstan 0.0% 0.0% 0.0% 0.0% 0.0%
27 Kazkommertsbank Asia-Pacific Kazakhstan 0.0% 0.0%.0% 0.0% 0.0%
28 Hana Bank Asia-Pacific Korea 0.0% 0.1%0.1% 0.0% 0.1%
29 Industrial Bank of Korea Asia-Pacific Korea 0.0%0.1% 0.1% 0.0% 0.1%
30 Kookmin Bank Asia-Pacific Korea 0.1% 0.1%0.2% 0.1% 0.1%
31 Shinhan Financial Group Asia-Pacific Korea 0.1%.19%%9 0.2% 0.1% 0.1%
32 Woori Bank Asia-Pacific Korea 0.1% 0.2%02% 0.1% 0.2%
33 Malayan Banking Berhad Asia-Pacific Malaysia %9.0 0.0% 0.0% 0.0% 0.0%
34 DBS Bank Asia-Pacific Singapore 0.0% 0.1%0.1% 0.0% 0.1%
35 Oversea Chinese Banking Asia-Pacific Singapore .0%0 0.0% 0.1% 0.0% 0.0%
36 United Overseas Bank Asia-Pacific Singapore 0.0®.0% 0.1% 0.0% 0.0%
37 Erste Group Bank Europe Austria 0.3% 0.3%.7% 05% 0.4%
38 Dexia Europe Belgium 16% 18%19% 2.6% 2.0%
39 KBC Bank Europe Belgium 09% 1.1%1.2% 1.1% 1.0%
40 DANSKE Bank Europe Denmark 0.3% 05%1.1% 05% 0.6%
41 BNP Paribas Europe France 88% 6.5%.0% 7.7% 7.2%
42 Crédit Agricole Europe France 50% 5.3%5.3% 6.8% 5.6%
43 Societé Generale Europe France 55% 3.4%3% 4.4% 4.1%
44 Commerzbank Europe Germany 20% 2.194.8% 2.0% 1.9%
45 Deutsche Bank Europe Germany 8.0% 9.6%.1% 6.1% 7.8%
46 |IKB - Deutsche Industriebank  Europe Germany 0.199.1% 0.1% 0.0% 0.1%
47 Alpha Bank Europe Greece 0.1% 0.0%0.1% 0.2% 0.1%
48 EFG Eurobank Europe Greece 0.0% 0.099.1% 0.3% 0.1%
49 Allied Irish Banks Europe Ireland 0.3% 0.5%05% 05% 0.4%



171

Relative systemic loss contribution

No. Bank name Region CountryPeriod 1Period 2Period 3Period 4Average
50 Bank of Ireland Europe Ireland 0.1% 0.4%0.5% 0.4% 0.4%
51 Banca Monte d.P. die Siena Europe Italy 0.3% %0.40.4% 0.8% 0.5%
52 Banco Popolare Europe Italy 0.2% 0.2%0.3% 0.4% 0.3%
53 Intesa Sanpaolo Europe Italy 05% 1.1%.4% 2.1% 1.3%
54 Unicredit Group Europe Italy 40% 2.9%32% 3.4% 3.4%
55 SNS REAAL Bank Europe Netherland 0.1% 0.1% 05% 04% 0.3%
56 Banco BPI Europe Portugal 0.0% 0.0%0.1% 0.2% 0.1%
57 Banco Comercial Portuges Europe Portugal 0.0% 9%0.10.1% 0.4% 0.2%
58 Espirito Santo Financial Group Europe Portugal 0% 0.1% 01% 0.3% 0.1%
59 Banco de Sabadell Europe Spain 0.2% 0.2%.3% 0.3% 0.3%
60 Banco Pastor Europe Spain 0.0% 0.0%.1% 0.1% 0.0%
61 Banco Popular Europe Spain 0.2% 0.29%.5% 0.5% 0.3%
62 Bankinter Europe Spain 0.1% 0.1%0.1% 0.2% 0.1%
63 Grupo BBVA Europe Spain 0.7% 04%0.7% 1.4% 0.8%
64 Grupo Santander Europe Spain 48% 2.9%8.5% 48% 4.0%
65 Norde: Europe Sweden 09% 0.7%1.2% 09% 0.9%
66 Skand Enskilda Banken Europe Sweden 0.7% 0.4%7% 04% 0.6%
67 Svenska Handelsbanken Europe Sweden 0.5% 0.4% 0.3% 0.4%
68 Swedbank Europe Sweden 0.5% 0.3%W.5% 0.3% 0.4%
69 Crédit Suisse Europe Switzerland 4.0% 3.1% 22% 1.9% 2.8%
70 UBS Europe Switzerland 5.8% 5.4% 4.4% 25% 4.6%
71 Barclay's Europe UK 72% 8.7%6.6% 6.0% 7.2%
72 HSBC Europe UK 56% 55% 49% 4.3% 5.1%
73 Lloyds Banking Group Europe UK 1.1% 15%25% 7.7% 3.1%
74 Royal Bank of Scotland Europe UK 4.7% 11.6%7.4% 6.2% 7.5%
75 Arab Banking Corp Middle East Babhrain 0.0% 0.090.0% 0.0% 0.0%
76 Commercial Bank of Qatar Middle East Qatar 0.0%.09%9 0.0% 0.0% 0.0%
77 Abu Dhabi Commercial Bank  Middle East UAE 0.0% 0%. 0.0% 0.0% 0.0%
78 Dubai Islamic Bank Middle East UAE 0.0% 0.0%0.0% 0.0% 0.0%
79 Mashregbank Middle East UAE 0.0% 0.0%0.0% 0.0% 0.0%
80 National Bank of Abu Dha Middle East UAE 0.0% 0.0% 0.0% 0.0% 0.0%
81 Bank of Moscow Russia Russia 0.0% 0.099.1% 0.0% 0.0%
82 Sherbank Russia Russia 0.3% 0.3%W.5% 0.3% 0.3%
83 WTB/VTB (Wneschtorgbank) Russia Russia 0.0% 0.199.3% 0.2% 0.1%

Notes:Relative systemic loss contribution is definedlas relative loss share of a bank when the totafqiar
loss exceeds the systemic loss threshold. Periaddes from October12005 to February 382007, Period 2
ranges from March®] 2007 to July 3%, 2008, Period 3 ranges from August 2008 to December 312009,
Period 4 ranges from January; 2010 to April 3§, 2011.
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Table 17: Relative systemic loss contribution by bank (Americ

Relative systemic loss contribution

No. Bank name Country Period 1 Period 2 Period3 Period4 Average
1  American Express usS 0.8% 1.0% 1.0% 0.5% 0.8%
2  Bank of America us 17.0% 15.0% 20.7% 27.7% 19.9%
3 Bank of New York Mellon us 0.5% 1.2% 1.6% 1.4% 2%.

4  Capital One Financial us 0.6% 1.4% 1.2% 1.0% 1.0%
5  Citigroup us 21.3% 25.9% 27.5% 23.1% 24.5%
6 Goldman Sachs us 9.8% 12.1% 8.3% 5.9% 9.1%
7 JPMorgan Chase & Co. us 23.0% 15.9% 14.1% 15.1%7.1%

8  MetlLife us 2.9% 3.4% 5.7% 5.2% 4.3%
9 Morgan Stanley us 18.5% 17.0% 7.6% 7.3% 12.7%

10 PNC Financial Services us 0.6% 1.2% 2.0% 1.7% 4%1.
11 US Bancorp us 1.6% 1.9% 2.3% 2.3% 2.0%
12 Wells Fargo Us 3.3% 3.9% 8.2% 8.8% 6.0%

Notes:Relative systemic loss contribution is definedlas relative loss share of a bank when the totafqiar
loss exceeds the systemic loss threshold. Periaddes from October12005 to February 382007, Period 2
ranges from March®] 2007 to July 3%, 2008, Period 3 ranges from August 2008 to December 312009,
Period 4 ranges from January; 2010 to April 3§, 2011.

Table 18: Relative systemic loss contribution by country {Raizific)

Relative systemic loss contribution

Region Country Period1 Period2 Period3 Period4 Average
Asia-Pacific  Australia 2.5% 16.9% 16.4% 20.9% 14.1%
Asia-Pacific  China 3.0% 8.0% 17.7% 24.5% 13.1%
Asia-Pacific  Hong Kong 0.2% 1.5% 2.2% 1.1% 1.3%
Asia-Pacific  India 0.9% 2.5% 2.9% 1.8% 2.0%
Asia-Pacific  Japan 88.4% 58.6% 46.2% 44.8% 59.7%
Asia-Pacific ~ Kazakhstan 0.1% 0.3% 0.4% 0.2% 0.2%
Asia-Pacific  Korea 4.4% 9.7% 11.5% 5.3% 7.8%
Asia-Pacific  Malaysia 0.1% 0.3% 0.3% 0.2% 0.2%
Asia-Pacific  Singapore 0.4% 2.4% 2.4% 1.2% 1.6%

Notes:Relative systemic loss contribution is definedlas relative loss share of a bank when the totafqliar
loss exceeds the systemic loss threshold. Periaddes from October12005 to February 382007, Period 2
ranges from March®] 2007 to July 3%, 2008, Period 3 ranges from August 2008 to December 312009,
Period 4 ranges from January; 2010 to April 3§, 2011.



Table 19: Relative systemic loss contribution by bank (Aa@fie)
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Relative systemic loss contribution

No. Bank name Country Period1 Period?2 Period3 Period4 Average
1  ANZ Banking Group Australia 0.2% 2.1% 2.2% 3.2% .9%

2  Commonwealth Bank Australia 0.7% 4.2% 3.9% 5.3% .53

3 Macquarie Bank Australia 0.2% 1.5% 1.6% 1.0% 1.1%
4 National Australia Bank Australia 1.0% 5.6% 5.1% 6.1% 4.4%

5  Westspac Banking Corp Australia 0.4% 3.5% 3.6% 2%6. 3.2%

6 Bank of China China 3.0% 8.0% 17.7% 24.5% 13.1%
7  Standard Chartered Bank Hong Kong 0.2% 1.5% 2.2% 1.1% 1.3%

8 Bank of India India 0.1% 0.2% 0.2% 0.2% 0.2%
9 ICICI Bank India 0.2% 1.0% 1.1% 0.4% 0.7%
10 State Bank of India India 0.5% 1.3% 1.6% 1.1% 2%.

11 Mizuho Financial Group Japan 58.1% 35.1% 27.4% 7.1% 37.1%

12 Resona Holdings Japan 8.5% 5.8% 4.5% 2.2% 5.3%
13 Sumitomo Mitsui Banking Japan 21.8% 17.7% 14.3%15.5% 17.3%

14 Halyk Bank of Kazakhstan Kazakhstan 0.0% 0.1% 2%0. 0.1% 0.1%

15 Kazkommertsbank Kazakhstan 0.1% 0.2% 0.2% 0.1% .1%0
16 Hana Bank Korea 1.0% 1.1% 1.4% 0.7% 1.1%
17 Industrial Bank of Korea Korea 0.4% 1.0% 1.4% 79%. 0.9%

18 Kookmin Bank Korea 1.1% 2.4% 2.8% 1.3% 1.9%
19 Shinhan Financial Group Korea 0.8% 2.4% 29% %l.2 1.8%

20 Woori Bank Korea 1.0% 2.8% 3.0% 1.5% 2.1%
21 Malayan Banking Berhad Malaysia 0.1% 0.3% 0.3% .2%0 0.2%

22 DBS Bank Singapore 0.2% 1.1% 1.1% 0.5% 0.7%
23 Oversea Chinese Banking Singapore 0.1% 0.7% 0.7%0.4% 0.5%

24 United Overseas Bank Singapore 0.1% 0.6% 0.7% 3%0. 0.5%

Notes:Relative systemic loss contribution is definedlas relative loss share of a bank when the totafqiar
loss exceeds the systemic loss threshold. Periaddes from October12005 to February 28 2007, Period 2
ranges from March®] 2007 to July 3%, 2008, Period 3 ranges from Augu$t 2008 to December 312009,

Period 4 ranges from January; 2010 to April 3§, 2011.



Table 20: Relative systemic loss contribution by country (giro
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Relative systemic loss contribution

Country Period1 Period2 Period3 Period4 Average
Austria 0.4% 0.4% 0.9% 0.7% 0.6%
Belgium 3.2% 3.7% 4.3% 4.7% 4.0%
Denmark 0.4% 0.6% 1.5% 0.6% 0.8%
France 25.7% 19.6% 20.2% 23.2% 22.2%
Germany 13.5% 13.5% 11.9% 9.4% 12.1%
Greece 0.1% 0.1% 0.2% 0.6% 0.3%
Ireland 0.5% 1.1% 1.3% 1.4% 1.0%
Italy 6.7% 5.9% 7.0% 8.7% 7.0%
Netherlands 0.1% 0.1% 0.7% 0.5% 0.3%
Portugal 0.1% 0.3% 0.5% 1.2% 0.5%
Spain 8.0% 4.8% 7.1% 9.8% 7.4%
Sweden 3.5% 2.1% 3.9% 2.4% 3.0%
Switzerland 13.7% 11.1% 9.1% 5.3% 9.9%
UK 24.3% 36.8% 31.6% 31.4% 31.1%

Notes:Relative systemic loss contribution is definedlas relative loss share of a bank when the totafqdior
loss exceeds the systemic loss threshold. Periaddes from October12005 to February 28 2007, Period 2
ranges from March®] 2007 to July 3%, 2008, Period 3 ranges from August 2008 to December 312009,
Period 4 ranges from January; 2010 to April 3¢, 2011.



Table 21: Relative systemic loss contribution by bank (E)rop
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Relative systemic loss contribution

No. Bank name Country Period 1 Period2 Period3 Period4 Average

1  Erste Group Bank Austria 0.4% 0.4% 0.9% 0.7% 0.6%
2 Dexia Belgium 2.1% 2.3% 2.7% 3.4% 2.6%
3  KBC Bank Belgium 1.1% 1.5% 1.6% 1.3% 1.4%
4  DANSKE Bank Denmark 0.4% 0.6% 1.5% 0.6% 0.8%
5 BNP Paribas France 11.9% 8.2% 8.4% 9.3% 9.4%
6  Crédit Agricole France 6.4% 6.9% 7.3% 8.6% 7.3%
7  Societé Generale France 7.4% 4.5% 4.5% 5.4% 5.5%
8 Commerzbank Germany 2.6% 2.4% 2.4% 2.4% 2.4%
9  Deutsche Bank Germany 10.7% 11.0% 9.3% 7.1% 9.6%
10 IKB - Deutsche Industriebank Germany 0.1% 0.1% .29%0 0.0% 0.1%

11 Alpha Bank Greece 0.1% 0.1% 0.1% 0.3% 0.1%
12 EFG Eurobank Greece 0.1% 0.0% 0.1% 0.4% 0.1%
13  Allied Irish Banks Ireland 0.3% 0.6% 0.7% 0.6% .5%

14 Bank of Ireland Ireland 0.1% 0.5% 0.7% 0.6% 0.5%
15 Banca Monte d.P. die Siena Italy 0.4% 0.4% 0.5% 1.0% 0.6%

16 Banco Popolare Italy 0.2% 0.3% 0.4% 0.5% 0.4%
17 Intesa Sanpaolo Italy 0.7% 1.4% 1.9% 2.7% 1.7%
18 Unicredit Group Italy 5.3% 3.8% 4.2% 4.4% 4.4%
19 SNS REAAL Bank Netherlands 0.1% 0.1% 0.7% 0.5% .3%0

20 Banco BPI Portugal 0.0% 0.0% 0.1% 0.2% 0.1%
21 Banco Comercial Portuges Portugal 0.0% 0.1% 0.2% 0.5% 0.2%

22  Espirito Santo Financial Group  Portugal 0.0% %W.1 0.2% 0.4% 0.2%

23 Banco de Sabadell Spain 0.3% 0.3% 0.4% 0.5% 0.4%
24  Banco Pastor Spain 0.0% 0.0% 0.1% 0.1% 0.1%
25 Banco Popular Spain 0.3% 0.2% 0.7% 0.7% 0.5%
26  Bankinter Spain 0.1% 0.1% 0.2% 0.3% 0.2%
27 Grupo BBVA Spain 1.0% 0.5% 0.9% 1.9% 1.1%
28 Grupo Santander Spain 6.3% 3.7% 4.8% 6.4% 5.3%
29 Nordea Sweden 1.2% 0.9% 1.6% 1.1% 1.2%
30 Skand Enskilda Banken Sweden 1.0% 0.5% 1.0% 0.5%0.7%

31 Svenska Handelsbanken Sweden 0.7% 0.3% 0.6% 0.49%.5%

32 Swedbank Sweden 0.7% 0.3% 0.7% 0.4% 0.5%
33  Crédit Suisse Switzerland 5.5% 4.0% 2.9% 2.2% 7%S3.

34 UBS Switzerland 8.2% 7.0% 6.1% 3.0% 6.2%
35 Barclay's UK 10.2% 11.3% 9.7% 7.3% 9.7%
36 HSBC UK 6.5% 7.0% 6.6% 5.1% 6.3%
37 Lloyds Banking Group UK 1.3% 1.8% 3.8% 10.5% %4.3
38 Royal Bank of Scotland UK 6.3% 16.6% 11.5% 8.6%10.8%

Notes:Relative systemic loss contribution is definedlas relative loss share of a bank when the totafqiar
loss exceeds the systemic loss threshold. Periaddes from October12005 to February 382007, Period 2
ranges from March®] 2007 to July 3%, 2008, Period 3 ranges from August 2008 to December 312009,

Period 4 ranges from January; 2010 to April 3§, 2011.



Table 22: Relative systemic loss contribution by country (Mi#@dst and Russia)

Relative systemic loss contribution

Country Period1 Period2 Period3 Period4 Average
Bahrain 0.8% 0.7% 1.0% 1.3% 1.0%
Qatar 0.1% 0.2% 0.5% 0.6% 0.3%
UAE 3.5% 3.0% 8.0% 10.2% 6.1%
Russia 95.6% 96.1% 90.5% 88.0% 92.6%
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Notes:Relative systemic loss contribution is definedlas relative loss share of a bank when the totafqiar
loss exceeds the systemic loss threshold. Periaddes from October12005 to February 28 2007, Period 2
ranges from March®] 2007 to July 3%, 2008, Period 3 ranges from August 2008 to December 312009,

Period 4 ranges from January; 2010 to April 3§, 2011.

Table 23: Relative systemic loss contribution by bank (Mié@ist and Russia)

Relative systemic loss contribution

No. Bank name Country Period1 Period2 Period3 Period4 Average
1  Arab Banking Corp Bahrain 0.8% 0.7% 1.0% 1.3% 9%.0
2 Commercial Bank of Qatar Qatar 0.1% 0.2% 0.5% %0.6 0.3%
3 Abu Dhabi Commercial Bank  UAE 1.1% 0.9% 2.5% 3.4% 1.9%
4 Dubai Islamic Bank UAE 0.8% 0.5% 1.7% 1.7% 1.2%
5  Mashregbank UAE 0.2% 0.5% 0.9% 1.4% 0.7%
6 National Bank of Abu Dhabi UAE 1.4% 1.1% 2.9% B.7 2.3%
7  Bank of Moscow Russia 1.4% 2.6% 4.6% 4.5% 3.2%
8  Sberbank Russia 73.5% 67.3% 49.3% 53.3% 61.0%
9  WTB/VTB (Wneschtorgbank) Russia 20.7% 26.2% 36.6%30.2% 28.4%

Notes:Relative systemic loss contribution is definedlas relative loss share of a bank when the totafqiar
loss exceeds the systemic loss threshold. Periaddes from October12005 to February 382007, Period 2
ranges from March®] 2007 to July 3%, 2008, Period 3 ranges from August 2008 to December 312009,

Period 4 ranges from January; 2010 to April 3¢, 2011.



177

Table 24: Determinants of the relative contributions to t&&HEndicator (Global)

Independent variables Regression 1 Regression 2 refRagn 3
Constant term 0.01 0.00 0.00
(172.74) (105.11) (119.41)
Risk-neutral PD -0.11 0.05
(75.77) 1.05 (80.01)
Liability weight 1.26 1.28

(302.20) 1.05 (307.16)
Average correlation

Adjusted-R2 0.02 0.77 0.78
Regression 4 Regression 5 Regression 6

Constant term -0.01 0.00 0.00

(135.50) (82.15) (52.66)

Risk-neutral PD 0.06 0.04

1.05 (86.93) 1.29 (43.23)

Liability weight 1.23 0.59 0.63

1.16 (282.42) 6.28 (58.55) 8.20 (54.76)

Average correlation 0.02 0.00

1.12 (80.50) 1.64 (4.24)

Risk-neutral PD*liability weight 2.06 0.38

1.75 (7.81) 2.11 (1.25)

Average correlation*liability weight 1.98 1.99

5.97 (81.40) 8.66 (70.22)

Adjusted-R? 0.79 0.81 0.82

Notes The dependent regression variable is the relatomribution to the ESS-indicator of each banlkni (
percentage terms) over time. Independent variablkeshe risk-neutral default probability, the pettege weight
(share) of total liabilities, the bank-specific rations (average of bilateral correlations of daak with all

other banks) as well as interaction terms of eaatkb over time. Variance inflation factors are provided

italics. Heteroskedacity-consistent t-statistics ashown in parenthesis. Critical values for théatistic at the

ten five andonepercent significance level are respectivel®8 1.65and2.33
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Table 25: Determinants of the relative contributions to tB&&Endicator (America)

Independent variables Regression 1 Regression 2 reRagn 3
Constant term 0.09 -0.01 -0.02
(90.89) (53.60) (54.11)
Risk-neutral PD -0.17 0.40
(4.86) 1.02 (33.93)
Liability weight 1.13 1.14

(258.94) 1.02 (265.76)
Average correlation

Adjusted-R2 0.00 0.87 0.87
Regression 4 Regression 5 Regression 6

Constant term 0.00 -0.01 -0.05

(2.17) (67.50) (41.44)

Risk-neutral PD 0.46 -0.07

1.10 (35.19) 2.56 (7.27)

Liability weight 1.15 1.52 1.81

1.05 (263.91) 18.78 (77.47) 38.44 (75.61)

Average correlation -0.04 0.06

1.10 (14.68) 258 (32.53)

Risk-neutral PD*liability weight 6.31 6.74

1.47 (36.90) 3.37 (29.29)

Average correlation*liability weight -0.70 -1.15

18.95 (25.64) 43.79 (33.68)

Adjusted-R2 0.88 0.89 0.89

Notes The dependent regression variable is the relatomribution to the ESS-indicator of each banlkni (
percentage terms) over time. Independent variablkeshe risk-neutral default probability, the pettege weight
(share) of total liabilities, the bank-specific rations (average of bilateral correlations of daak with all
other banks) as well as interaction terms of eaatkb over time. Variance inflation factors are provided
italics. Heteroskedacity-consistent t-statistics ashown in parenthesis. Critical values for théatistic at the
ten five andonepercent significance level are respectivel®8 1.65and2.33
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Table 26: Determinants of the relative contributions to t&&HEndicator (Asia-Pacific)

Independent variables Regression 1 Regression 2 refRagn 3
Constant term 0.05 -0.03 -0.04
(73.16) (61.81) (72.04)
Risk-neutral PD -0.36 0.32
(36.57) 1.07 (75.92)
Liability weight 1.70 1.75

(105.67) 1.07 (107.59)
Average correlation

Adjusted-R2 0.01 0.74 0.75
Regression 4 Regression 5 Regression 6

Constant term -0.05 -0.03 -0.06

(62.92) (74.04) (45.33)

Risk-neutral PD 0.34 0.46

1.08 (79.40) 1.35 (38.45)

Liability weight 1.75 1.68 2.02

1.07 (107.99) 4.18 (53.29) 7.83 (47.94)

Average correlation 0.03 0.06

1.02 (16.98) 1.95 (17.04)

Risk-neutral PD*liability weight -2.19 -10.91

1.49 (3.02) 1.89 (11.96)

Average correlation*liability weight 0.18 -0.52

3.53 (2.31) 6.62 (4.70)

Adjusted-R? 0.75 0.74 0.76

Notes The dependent regression variable is the relatomribution to the ESS-indicator of each banlkni (
percentage terms) over time. Independent variablkeshe risk-neutral default probability, the pettege weight
(share) of total liabilities, the bank-specific rations (average of bilateral correlations of daak with all

other banks) as well as interaction terms of eaatkb over time. Variance inflation factors are provided

italics. Heteroskedacity-consistent t-statistics ashown in parenthesis. Critical values for théatistic at the

ten five andonepercent significance level are respectivel®8 1.65and2.33
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Table 27: Determinants of the relative contributions to t&&Endicator (Europe)

Independent variables Regression 1 Regression 2 refRagn 3
Constant term 0.03 0.00 -0.01
(153.83) (76.04) (86.89)
Risk-neutral PD -0.22 0.08
(52.40) 1.04  (54.93)
Liability weight 1.17 1.18

(313.41) 1.04 (319.04)
Average correlation

Adjusted-R2 0.02 0.85 0.85
Regression 4 Regression 5 Regression 6

Constant term -0.01 0.00 -0.01

(72.23) (74.41) (39.30)

Risk-neutral PD 0.08 0.07

1.04 (57.53) 1.36 (37.40)

Liability weight 1.16 0.85 0.90

1.11  (297.29) 9.05 (62.55) 12.84 (56.95)

Average correlation 0.01 0.00

1.07 (36.78) 1.69 (6.79)

Risk-neutral PD*liability weight 2.07 0.13

1.76 (8.23) 2.30 (0.44)

Average correlation*liability weight 0.57 0.53

9.24 (26.31) 14.40 (20.40)

Adjusted-R? 0.86 0.86 0.86

Notes The dependent regression variable is the relatomribution to the ESS-indicator of each banlkni (
percentage terms) over time. Independent variablkeshe risk-neutral default probability, the pettege weight
(share) of total liabilities, the bank-specific rations (average of bilateral correlations of daak with all

other banks) as well as interaction terms of eaatkb over time. Variance inflation factors are provided

italics. Heteroskedacity-consistent t-statistics ashown in parenthesis. Critical values for théatistic at the

ten five andonepercent significance level are respectivel®8 1.65and2.33



181

Table 28: Determinants of the relative contributions to tB&Endicator (Middle East and

Russia)
Independent variables Regression 1 Regression 2 refegn 3
Constant term 0.10 -0.07 -0.08
(38.92) (125.11) (124.05)
Risk-neutral PD 0.26 0.35
(6.17) 1.00 (36.21)
Liability weight 1.59 1.59

(251.10) 1.00 (242.64)
Average correlation

Adjusted-R? 0.00 0.94 0.94
Regression 4 Regression 5 Regression 6

Constant term -0.08 -0.07 -0.10

(96.00) (127.95) (82.77)

Risk-neutral PD 0.35 0.58

1.00 (36.44) 1.94 (52.43)

Liability weight 1.59 1.61 1.76

1.00 (240.37) 3.83 (121.00) 6.29 (112.73)

Average correlation 0.02 0.07

1.01 (4.99) 2.12 (11.33)

Risk-neutral PD*liability weight 0.41 -2.44

1.72 (2.97) 3.34 (16.43)

Average correlation*liability weight -0.21 -0.50

3.11 (3.94) 6.58 (6.73)

Adjusted-R? 0.94 0.94 0.94

Notes The dependent regression variable is the relatomribution to the ESS-indicator of each bankni (
percentage terms) over time. Independent variarkeshe risk-neutral default probability, the pettege weight
(share) of total liabilities, the bank-specific @ations (average of bilateral correlations of daak with all

other banks) as well as interaction terms of eaatiklp over time. Variance inflation factors are provided

italics. Heteroskedacity-consistent t-statistice ahown in parenthesis. Critical values for théatistic at the

ten five andonepercent significance level are respectivel®g8 1.65and2.33



Table 29: Granger causality test results for inter-regioredative ESS analysis

Without control variables
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Period 1 Period 2 Period 3 Period 4

Systemic risk causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
America ~— Asia-Pacific 1.0% 0.3¢ 1.4C 0.24 17.83**  0.00 15.3(** 0.0c
Asia-Pacific ~ America 1.63 0.1¢ 0.43 0.73 0.62 0.60 0.0z 1.0C
America — Europe 0.0% 0.9¢ 544* 0.00 12.38** 0.00 5.2ex** 0.0c
Europe — America 1.24 0.2¢ 1.32 0.2¢ 0.71 0.55 0.9¢ 0.4z
America ~— Middle East & Russia 0.61 0.61 0.22 0.88 7.72* 0.00 7.0¢** 0.0c
Middle East & Russia— America 0.19 0.9C 211 0.10 2.84* 0.04 1.6¢ 0.1¢
Asia-Pacific — Europe 0.90 0.4¢ 3.63* 0.01 1.0C 0.39 1.4Z 0.2¢
Europe — Asia-Pacific 3.3% 0.0z 4.23** 0.01 11.17* 0.00 6.45** 0.0c
Asia-Pacific ~— Middle East & Russia 1.03 0.3¢ 0.62 0.60 1.4€ 0.23 2.1% 0.0¢
Middle East & Russia— Asia-Pacific 1.34 0.2¢ 0.12 0.95 8.87** 0.00 2.93* 0.0z
Europe — Middle East & Russia 0.47 0.7C 4.07* 0.01 3.27* 0.02 8.8z 0.0C
Middle East & Russia— Europe 4.29* 0.01 0.3¢ 0.7¢ 0.34 0.79 0.9 0.41
Incl. stock index and federal funds t

Period 1 Period 2 Period 3 Period 4

Systemic risk causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
America ~— Asia-Pacific 0.95 0.4z 1.3€ 0.2¢ 16.85**  0.00 13.5** 0.0cC
Asia-Pacific ~ America 1.90 0.1 0.34 0.80 0.72 0.54 0.1C 0.9¢
America — Europe 0.19 0.9C 3.76* 0.01 12.34** 0.00 5.9&** 0.0c
Europe ~— America 0.77 0.51 1.27 0.29 1.2¢ 0.28 0.81 0.4¢
America ~— Middle East & Russia 0.42 0.7z 0.52 0.6€ 7.04* 0.00 5.8¢** 0.0c
Middle East & Russia— America 0.15 0.9¢ 1.9¢ 0.11 2.91+ 0.03 1.3¢ 0.2t
Asia-Pacific ~ Europe 1.04 0.37 3.90** 0.01 0.92 0.43 1.6¢ 0.17
Europe — Asia-Pacific 2.9¢¢ 0.0: 6.04** 0.00 10.1*** 0.00 4.7 0.0
Asia-Pacific ~ Middle East & Russia 0.58 0.6: 0.74 0.53 1.62 0.19 0.72 0.5¢
Middle East & Russia— Asia-Pacific 1.28 0.2¢ 0.1C 0.9¢ 8.75** 0.00 3.0a* 0.0:
Europe — Middle East & Russia 0.32 0.81 455** 0.00 4.16%** 0.01 8.94** 0.0C
Middle East & Russia— Europe 5.0%* 0.0 0.34 0.80 0.3Z 0.81 0.92 0.4:

Notes:We evaluate the null hypothesis that the relati&Sfndicator in regiom doesnot impact the relative
ESS-indicator in regiop i.e., H,: ESS" ~ - ESS using the F-Statistic. *, **, *** denotes significae at the

10%, 5% and 1% significance level, respectivelyid®el ranges from Octobef*12005 to February 28 2007,
Period 2 ranges from March' 12007 to July 3%, 2008, Period 3 ranges from Augu8t 2008 to December 31

2009, Period 4 ranges from Januaty 2010 to April 3¢, 2011.



Table 30: Granger causality test results for inter-regionahk CDS analysis

Without control variables
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Period 1 Period 2 Period 3 Period 4

Regional bank CDS causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
America ~— Asia-Pacific 0.81 0.49 24.89** 0.00 40.02** 0.00 43.73** 0.00
Asia-Pacific ~ America 0.77 051 2.1# 0.09 1.07 0.3¢ 1.57 0.20
America ~— Europe 0.27 0.85 33.00** 0.00 5.80w* 0.00 17.668** 0.00
Europe ~— America 6.5%** 0.00 0.7C 055 2171 0.10 3.0»* 0.03
America — Middle East & Russia 3.00 0.03 1.6C 0.19 8.26** 0.00 13.02** 0.00
Middle East & Russia— America 0.97 0.41 1.34 0.2€ 6.39** 0.00 0.8C 0.50
Asia-Pacific ~— Europe 3.96~ 0.01 2.40¢ 0.07 3.66* 0.01 6.50** 0.00
Europe — Asia-Pacific 2.8% 0.04 4.44** 0.00 25.88** 0.00 15.53** 0.00
Asia-Pacific ~— Middle East & Russia 0.18 0.91 0.77 0.51 1.02 0.38 0.4€ 0.71
Middle East & Russia— Asia-Pacific 0.2% 0.84 0.22 0.87 4.82** 0.00 4.80** 0.00
Europe ~— Middle East & Russia 4.4 0.00 0.54 0.65 6.65** 0.00 10.04** 0.00
Middle East & Russia— Europe 0.56 0.64 0.27 0.85 3.95** 0.01 2.87* 0.04
Incl. stock index and federal funds t

Period 1 Period 2 Period 3 Period 4

Regional bank CDS causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
America ~— Asia-Pacific 0.55 0.65 30.62** 0.00 42.09** 0.00 39.14** 0.00
Asia-Pacific ~ America 0.86 0.4¢ 2.3r 0.08 1.9¢ 0.12 1.54 0.20
America ~— Europe 1.42 0.24 38.69** 0.00 5.99w* 0.00 17.6F** 0.00
Europe ~— America 7.168** 0.00 0.82 0.48 3.61** 0.01 3.07* 0.03
America — Middle East & Russia 4.07 0.01 1.6 0.17 7.5 0.00 12.6F** 0.00
Middle East & Russia— America 1.90 0.13 0.6€ 0.5€ 6.5 0.00 0.72 0.54
Asia-Pacific — Europe 3.6% 0.01 2.66* 0.05 3.58* 0.01 6.48* 0.00
Europe — Asia-Pacific 2.25 0.08 5.14** 0.00 24.79** 0.00 15.16** 0.00
Asia-Pacific ~ Middle East & Russia 0.19 0.90 0.67 0.57 1.17 0.32 0.4C 0.75
Middle East & Russia— Asia-Pacific 0.32 0.81 0.17 0.92 3.90** 0.01 4.58* 0.00
Europe ~— Middle East & Russia 4 .56 0.00 1.28 0.28 7.22** 0.00 10.35** 0.00
Middle East & Russia— Europe 0.49 0.69 0.37 0.77 3.62* 0.01 4.49** 0.00

Notes:We evaluate the null hypothesis that the averagmmal bank CDS in regiondo not impact the bank
CDS in regiorj, i.e., H,:CDS™™ ~ — C:D$’5‘nk using the F-Statistic. *, **, *** denotes significice at the 10%,

5% and 1% significance level, respectively. Perodanges from October™12005 to February 28 2007,
Period 2 ranges from March'12007 to July 3%, 2008, Period 3 ranges from Augu8t 2008 to December 31

2009, Period 4 ranges from Januaty 2010 to April 3¢, 2011.
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Table 31: Granger causality test results for regional sovereigk vs. bank CDS analysis

Without control variables

Period 1 Period 2 Period 3 Period 4

Causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
America sovereign— America bank CDS 18.9% 0.00 0.74 0.53 0.3C 0.83 1.9€¢ 0.12
America bank CDS— America sovereign 7.66 0.00 2.86* 0.04 5.68** 0.00 5.5r** 0.00
America sovereign— Asia-Pacific bank CDS 3.86 0.01 2.3% 0.07 5.19** 0.00 9.7r** 0.00
Asia-Pacific bank CDS— America sovereign 1.63 0.18 0.3€ 0.7¢ 3.29* 0.02 1.71 0.17
America sovereign— Europe bank CDS 1626 0.00 1.9¢ 0.11 0.72 0.54 7.19* 0.00
Europe bank CDS— America sovereign 6.4 0.00 0.74 0.53 1.82 0.14 1.2¢ 0.29
America sovereign— Middle East & Russia bank
CDS 0.6€ 0.58 0.1¢ 0.90 0.5C 0.68 3.61* 0.01
Middle East & Russia bank CDS—America
sovereign 0.14 0.94 0.1t 0.93 0.9¢ 0.40 1.23 0.30
Asia-Pacific sovereign— America bank CDS 2.43 0.0¢ 0.1¢ 091 245 0.0€ 2.88* 0.04
America bank CDS — Asia-Pacific sovereign 0.76 0.52 6.29** 0.00 13.23** 0.00 30.17** 0.00
Asia-Pacific sovereign— Asia-Pacific bank CDS 1.66 0.17 3.9P** 0.01 6.3 0.00 12.42* 0.00
Asia-Pacific bank CDS— Asia-Pacific sovereign 1.09 0.35 5.65** 0.00 247 0.0¢ 1.9€¢ 0.12
Asia-Pacific sovereign— Europe bank CDS 277 0.04 1.8& 0.13 1.71 0.1€ 4.95* 0.00
Europe bank CDS — Asia-Pacific sovereign 0.71 0.54 2.98* 0.03 10.54** 0.00 6.34** 0.00
Asia-Pacific sovereign— Middle East & Russia
bank CDS 0.9C 0.44 0.3€ 0.78 4.38** 0.00 2.87* 0.04
Middle East & Russia bank CDS—+ Asia-Pacific
sovereign 2.95+* 0.03 0.5€ 0.64 5.00** 0.00 5.22** 0.00
Europe sovereign— America bank CDS 1.81 0.15 0.27 0.85 2.1& 0.09 2.69* 0.05
America bank CDS — Europe sovereign 0.78 0.50 0.1z 0.95 2.2% 0.09 3.25* 0.02
Europe sovereign— Asia-Pacific bank CDS 0.82 0.48 0.2¢ 0.83 7.30** 0.00 17.13** 0.00
Asia-Pacific bank CDS— Europe sovereign 1.17 0.32 0.12 0.94 0.0€ 0.98 1.8C 0.15
Europe sovereign— Europe bank CDS 0.40 0.75 0.0t 0.98 1.1€ 0.32 12.10** 0.00
Europe bank CDS— Europe sovereign 2.47 0.0¢ 0.07 0.98 3.87** 0.01 5.60** 0.00
Europe sovereign— Middle East & Russia bank
CDS 1.25 0.29 574** 0.00 1.01 0.39 10.60**  0.00
Middle East & Russia bank CDS—Europe
sovereign 2.14 0.10 3.08* 0.03 0.92 0.43 1.9€ 0.12
Middle East & Russia sovereigr—+America bank
CDS 0.87 0.4€ 0.2¢ 0.83 2.65* 0.05 1.2C 0.31
America bank CDS — Middle East & Russia
sovereign risk 442+ 0.00 3.83* 0.01 3.3+ 0.02 13.19* 0.00
Middle East & Russia sovereigr—Asia-Pacific
bank CDS 1.22 0.30 0.87 0.4€ 12.60** 0.00 16.96** 0.00
Asia-Pacific bank CDS— Middle East & Russia
sovereign 0.44 0.72 0.5¢ 0.62 1.87 0.13 0.9¢ 0.40
Middle East & Russia sovereigr=Europe bank
CDS 1.13 0.34 1.01 0.39 0.9€¢ 0.41 0.1& 0.91
Europe bank CDS— Middle East & Russia
sovereign 591 0.00 0.4t 0.72 499* 0.00 0.68 0.57
Middle East & Russia sovereigr—Middle East &
Russia bank CDS 288 0.03 3.50* 0.02 25.05* 0.00 14.13* 0.00
Middle East & Russia bank CDS—Middle East &
Russia sovereign 1.29 0.28 2.3%4 0.07 9.82** 0.00 1.82 0.14




Incl. stock inde;sand federal funds rate

185

Period 1 Period 2 Period 3 Period 4

Causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
America sovereign— America bank CDS 16.47 0.00 0.6t 0.58 0.3€¢ 0.78 1.84 0.14
America bank CDS— America sovereign 8.8 0.00 2.6 0.05 4.92* 0.00 5.46** 0.00
America sovereign— Asia-Pacific bank CDS 3.61 0.01 2.92* 0.03 4.05** 0.01 9.45* 0.00
Asia-Pacific bank CDS— America sovereign 1.69 0.17 0.5z 0.67 3.08* 0.03 1.6€ 0.18
America sovereign— Europe bank CDS 132 0.00 1.67 0.17 0.62 0.60 7.02* 0.00
Europe bank CDS— America sovereign 5786 0.00 1.5€ 0.20 2.2& 0.08 1.32 0.27
America sovereign— Middle East & Russia bank
CDS 1.02 0.38 0.11 0.9¢ 0.37 0.78 3.60* 0.01
Middle East & Russia bank CDS—America
sovereign 0.15 0.93 0.04 0.99 0.72 0.54 1.5¢ 0.19
Asia-Pacific sovereign— America bank CDS 2.40 0.0v 0.72 0.53 2.5¢¢ 0.0¢ 2.01 0.11
America bank CDS — Asia-Pacific sovereign 0.30 0.49 8.93* 0.00 12.52* 0.00 30.36** 0.00
Asia-Pacific sovereign— Asia-Pacific bank CDS 1.86 0.14 4.40** 0.00 4.2 0.01 8.14* 0.00
Asia-Pacific bank CDS— Asia-Pacific sovereign 1.34 0.2¢ 7.17** 0.00 1.8€ 0.14 0.4& 0.69
Asia-Pacific sovereign— Europe bank CDS 2.84 0.04 245 0.0€¢ 1.7€¢ 0.15 4.84* 0.00
Europe bank CDS — Asia-Pacific sovereign 0.56 0.64 2.86* 0.04 9.80** 0.00 6.20** 0.00
Asia-Pacific sovereign— Middle East & Russia
bank CDS 0.6€ 0.58 0.31 0.82 3.5 0.02 3.32* 0.02
Middle East & Russia bank CDS— Asia-Pacific
sovereign 1.8C 0.15 0.82 0.48 4.28* 0.01 5.09** 0.00
Europe sovereign— America bank CDS 1.95 0.12 0.21 0.89 1.77 0.15 2.5r 0.0¢
America bank CDS — Europe sovereign 1.22 0.30 0.17 0.92 1.9€ 0.12 3.22* 0.02
Europe sovereign— Asia-Pacific bank CDS 1.86 0.14 0.32 0.81 5.32** 0.00 15.99** 0.00
Asia-Pacific bank CDS— Europe sovereign 1.01 0.39 0.17 0.91 0.04 0.99 1.6C 0.19
Europe sovereign— Europe bank CDS 0.57 0.64 0.0€ 0.98 1.2t 0.29 11.35* 0.00
Europe bank CDS— Europe sovereign 2.36 0.07 0.22 0.88 3.76+* 0.01 4.79** 0.00
Europe sovereign— Middle East & Russia bank
CDS 1.7¢ 0.15 6.92** 0.00 0.2¢ 0.84 10.80** 0.00
Middle East & Russia bank CDS—+Europe
sovereign 2.04 0.11 3.96** 0.01 0.4t 0.72 3.72* 0.01
Middle East & Russia sovereigr—+America bank
CDS 0.82 0.48 0.14 0.93 3.08* 0.03 0.9t 0.42
America bank CDS — Middle East & Russia
sovereign risk 5.93* 0.00 3.23* 0.02 4.10** 0.01 13.22** 0.00
Middle East & Russia sovereigr—Asia-Pacific
bank CDS 1.62 0.18 1.3t 0.2¢€ 10.57** 0.00 16.73** 0.00
Asia-Pacific bank CDS— Middle East & Russia
sovereign 0.31 0.82 0.8€ 0.4€ 3.23* 0.02 1.2t 0.29
Middle East & Russia sovereigr—=Europe bank
CDS 0.9¢ 0.40 1.22 0.30 2.12 0.10 0.1€ 0.92
Europe bank CDS— Middle East & Russia
sovereign 5.18** 0.00 0.54 0.65 5.66** 0.00 0.63 0.59
Middle East & Russia sovereigr—Middle East &
Russia bank CDS 296 0.03 3.52* 0.02 21.1#*+* 0.00 12.44** 0.00
Middle East & Russia bank CDS—Middle East &
Russia sovereign 1.1 0.14 1.9€ 0.12 8.16** 0.00 1.72 0.1¢€

Notes:We evaluate the null hypothesis that the sover@B$ in region doesnotimpact the bank CDS in in
regionj, i.e., H,:CDS* ~ - CD$’a”k, using the F-Statistic. *, **, *** denotes signifance at the 10%, 5% and

1% significance level, respectively.
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Table 32: Correlation between regional sovereign and bank CDS

Average correlation

Sovereign CDS Banking sector CDS Period 1 Period 2 Period 3 Period 4
America 4.68% 22.52% 23.16% 42.29%
America Asia-Pacific 10.94% 29.64% 28.97% 33.56%
Europe -4.19% 30.63% 44.08% 57.29%
Middle East and Russia 12.03%19.40% 32.89% 46.81%
America -2.55% 11.57% 29.32% 38.09%
. - Asia-Pacific 493% 11.96%¥ 63.98% 63.01%

Asia-Pacific

Europe -8.76% 13.81%¥ 58.23% 53.18%
Middle East and Russia 11.18%14.47% 56.09% 61.07%
America -1.75% 12.93% 37.01% 44.63%
Europe Asia-Pacific 0.28% 14.40% 46.93% 26.40%
Europe 6.24% 21.73% 62.51% 71.52%
Middle East and Russia 2.38%16.32% 51.15% 45.36%
America 7.08% 41.23% 51.83% 52.85%
Middle East and RussiaAsia-Pacific -0.43% 38.38% 43.76% 42.93%
Europe 5.68% 53.18% 64.82% 61.60%
Middle East and Russia 16.48%40.13% 73.87% 69.24%

Notes:The table shows the correlation between regsionaérmgn CDSs andthregional banking sector CDS during
the four sub-periods. Period 1 ranges from Noveribe?005 to February 28 2007, Period 2 ranges from
March 1St, 2007 to Juslty SS:I: 2008, Periotg 3 ranges from Augugt 2008 to December §12009, Period 4

ranges from January 12010 to April 30, 2011.
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Table 33: Granger causality test results for country sover€$ vs. bank CDS analysis

Without control variables

Period 1 Period 2 Period 3 Period 4

Causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
US sovereign CDS— US bank CDS 18.9% 0.00 0.74 0.53 0.3C 0.83 1.9¢ 0.12
US bank CDS - US sovereign CDS 7.886 0.00 2.86* 0.04 5.6&** 0.00 5.5r** 0.00
Australia sovereign CDS— Australia bank CDS 0.57 0.64 3.13* 0.03 5.7 0.00 10.10+* 0.00
Australia bank CDS — Australia sovereign CDS 0.81 0.49 1.78 0.15 1.9t 0.12 1.32 0.2¢
China sovereign CDS— China bank CDS 2.39 0.07 14.4¥* 0.00 5.02x** 0.00 13.64** 0.00
China bank CDS — China sovereign CDS 1188 0.00 1.44 0.23 3.5 0.02 1.02 0.38
Hong Kong sovereign CDS— Hong Kong bank
CDS 1.2¢ 0.29 041 0.75 3.24+* 0.02 0.6& 0.5¢
Hong Kong bank CDS— Hong Kong sovereign
CDS 0.4€ 0.71 0.5t 0.65 10.9%** 0.00 5.19** 0.00
India sovereign CDS— India bank CDS 7.93* 0.00 2.3%F 0.07 1.5¢ 0.20 0.22 0.88
India bank CDS - India sovereign CDS 3.22 0.02 4.21** 0.01 3.1 0.03 0.7t 0.52
Japan sovereign CDS—Japan bank CDS 0.29 0.83 1.14 0.33 1.7C 0.17 5.02* 0.00
Japan bank CDS— Japan sovereign CDS 054 059 1.5¢ 0.19 3.5 0.02 1.11 0.34
Kazakhstan sovereign CDS—Kazakhstan bank
CDS 0.57 0.64 13.15** 0.00 1.0Z 0.38 1.14 0.33
Kazakhstan bank CDS—~ Kazakhstan sovereign
CDS 0.41 0.74 0.2¢ 0.84 1.3¢ 0.25 2.5 0.0¢
Korea sovereign CDS— Korea bank CDS 3.9 0.01 9.15** 0.00 20.6¢*** 0.00 5.0 0.00
Korea bank CDS — Korea sovereign CDS 1.19 0.31 0.41 0.74 4.07** 0.01 2.1¢% 0.09
Malaysia sovereign CDS— Malaysia bank CDS 282 0.04 1.0t 0.37 3.9 0.01 1.7t 0.1¢€
Malaysia bank CDS— Malaysia sovereign CDS 0.2 0.67 2.0¢ 0.10 2.0¢ 0.10 8.32* 0.00
Singapore sovereign CDS—Singapore bank CDS 12%6 0.00 1.2t 0.29 1.7¢ 0.15 0.2t 0.8¢
Singapore bank CDS— Singapore sovereign CDS 2571 0.05 3.52* 0.02 4.1 0.01 0.7¢ 0.50
Austria sovereign CDS— Austria bank CDS 1.50 0.21 2.3¢ 0.07 14.47%** 0.00 9.24* 0.00
Austria bank CDS — Austria sovereign CDS 1.28 0.28 2.2% 0.08 6.27*** 0.00 3.84** 0.01
Belgium sovereign CDS— Belgium bank CDS 0.91 0.43 0.12 0.94 0.62 0.60 2.0t 0.11
Belgium bank CDS — Belgium sovereign CDS 0.48 0.69 0.92 0.43 1.2 0.30 0.9C 0.44
Denmark sovereign CDS— Denmark bank CDS 0.18 0.91 0.84 0.47 5.4t 0.00 5.73* 0.00
Denmark bank CDS— Denmark sovereign CDS 3#8 0.02 0.1& 0.91 1.0Z 0.39 3.11* 0.03
France sovereign CDS— France bank CDS 1.05 0.37 0.57 0.64 0.5 0.6€ 8.37** 0.00
France bank CDS— France sovereign CDS 202 0.11 0.4& 0.69 1.91 0.13 2.0t 0.11
Germany sovereign CDS— Germany bank CDS 0.48 0.70 0.78 0.51 0.1« 0.94 3.73* 0.01
Germany bank CDS— Germany sovereign CDS 29 0.04 1.78 0.15 8.6(*** 0.00 0.0¢ 0.9¢
Greece sovereign CDS—Greece bank CDS 394 0.01 0.47 0.70 0.1z 0.95 1.4¢ 0.22
Greece bank CDS— Greece sovereign CDS 345 0.02 0.11 0.9¢ 0.0¢ 0.99 7.26** 0.00
Ireland sovereign CDS— Ireland bank CDS 0.44 0.73 1.77 0.15 0.8C 0.49 8.66** 0.00
Ireland bank CDS = Ireland sovereign CDS 0.23 0.88 0.74 0.53 6.4+ 0.00 1.64 0.18
Italy sovereign CDS — Italy bank CDS 0.61 0.61 1.7 0.1€ 0.4: 0.74 11.89* 0.00
Italy bank CDS — lItaly sovereign CDS 1.65 0.17 7.77* 0.00 3.1e* 0.02 5.78** 0.00
Netherlands sovereign CD‘— Netherlands bank
CDS 4.19** 0.01 0.47 0.70 1.9¢ 0.12 3.02* 0.03
Netherlands bank CDS— Netherlands sovereign
CDS 151 0.21 0.12 0.94 1.5¢ 0.20 6.3 0.00
Portugal sovereign CDS— Portugal bank CDS 0.29 0.83 0.0€ 0.98 0.7i 0.51 16.24** 0.00
Portugal bank CDS— Portugal sovereign CDS 0.87 0.4€¢ 6.15** 0.00 1.3 0.2€ 3.52* 0.02
Spain sovereign CDS— Spain bank CDS 0.40 0.75 1.92 0.12 0.7¢ 0.51 10.07** 0.00
Spain bank CDS— Spain sovereign CDS 325 0.02 0.2 0.6€ 4.97* 0.00 0.9t 0.41



188

Sweden sovereign CDS—+ Sweden bank CDS 1.59 0.19 1.11 0.34 13.7¢** 0.00 6.82* 0.00
Sweden bank CDS— Sweden sovereign CDS 1.38 0.13 0.94 0.42 0.5C 0.68 1.32 0.27
Switzerland sovereign CDS— Switzerland bank
CDS 0.22 0.87 0.1t 0.93 0.2 0.90 1.4¢ 0.22
Switzerland bank CDS— Switzerland sovereign
CDS 1.62 0.18 0.11 0.9¢ 4.67*** 0.00 4.59* 0.00
UK sovereign CDS — UK bank CDS 0.71 0.55 0.1€ 0.92 4.7¢** 0.00 2.2 0.09
UK bank CDS — UK sovereign CDS 3.28 0.02 0.94 0.42 8.3%** 0.00 1.7C 0.17
Bahrain sovereign CDS— Bahrain bank CDS 0.36 0.4€ 0.5t 0.65 11.7¢** 0.00 3.57* 0.01
Bahrain bank CDS— Bahrain sovereign CDS 394 0.03 0.22 0.88 1.2i 0.29 2.66* 0.05
Qatar sovereign CDS— Qatar bank CDS 0.28 0.84 1.72 0.1€ 1.6¢ 0.17 4.32* 0.01
Qatar bank CDS— Qatar sovereign CDS 0.56 0.64 2.94* 0.03 0.4C 0.7¢ 1.24 0.30
UAE sovereign CDS— UAE bank CDS 0.82 0.48 0.7¢ 0.50 12.6¢*** 0.00 3.81** 0.01
UAE bank CDS - UAE sovereign CDS 2.07 0.10 0.14 0.93 1.6 0.18 0.5¢ 0.62
Russia sovereign CDS— Russia bank CDS 3.33 0.02 1.37 0.25 23.8%*** 0.00 15.65** 0.00
Russia bank CDS— Russia sovereign CDS 0.62 0.60 257 0.05 7.5¢** 0.00 2.30 0.08
Incl. stock index and federfunds rate
Period 1 Period 2 Period 3 Period 4

Causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
US sovereign CDS— US bank CDS 16.47* 0.00 0.6% 0.58 0.3¢ 0.78 1.84 0.14
US bank CDS - US sovereign CDS 8.8 0.00 2.61 0.05 4.92** 0.00 5.46* 0.00
Australia sovereign CDS— Australia bank CDS 1.90 0.13 3.50+ 0.02 3.45* 0.02 11.10** 0.00
Australia bank CDS — Australia sovereign CDS 0.96 0.41 2.56° 0.05 2.1¢ 0.09 171 0.17
China sovereign CDS— China bank CDS 3.06 0.03 18.62** 0.00 3.8¢*** 0.01 11.09** 0.00
China bank CDS — China sovereign CDS 11#r 0.00 1.42 0.24 3.1¢* 0.02 0.87 0.4¢€
Hong Kong sovereign CDS— Hong Kong bank
CDS 1.02 0.38 0.2¢ 0.83 344+ 0.02 0.7¢ 0.50
Hong Kong bank CDS— Hong Kong sovereign
CDS 0.5E 0.65 0.52 0.67 10.02x**  0.00 5.27** 0.00
India sovereign CDS— India bank CDS 7.56* 0.00 2.0¢ 0.10 1.71 0.17 0.4C 0.75
India bank CDS - India sovereign CDS 3.3 0.03 4.05** 0.01 3.5 0.02 0.4t 0.72
Japan sovereign CDS—Japan bank CDS 0.53 0.6€ 1.1C 0.35 0.8¢ 0.45 4.62* 0.00
Japan bank CDS— Japan sovereign CDS 093 0.43 1.6€ 0.18 3.4 0.02 1.07 0.3¢
Kazakhstan sovereign CDS—~Kazakhstan bank
CDS 0.51 0.67 14.93** 0.00 0.71 0.54 0.92 0.43
Kazakhstan bank CDS—~ Kazakhstan sovereign
CDS 0.9€ 0.41 0.2¢ 0.84 2.0t 0.11 3.02* 0.03
Korea sovereign CDS— Korea bank CDS 3.38 0.02 10.2#** 0.00 17.62** 0.00 3.59* 0.01
Korea bank CDS — Korea sovereign CDS 0.78 0.50 0.7¢ 0.50 2.9¢* 0.03 2.1% 0.09
Malaysia sovereign CDS— Malaysia bank CDS 0.67 0.57 1.1t 0.33 3.3 0.02 1.5€ 0.20
Malaysia bank CDS— Malaysia sovereign CDS 0.40 0.75 2.0€ 0.10 2.6z 0.05 8.36** 0.00
Singapore sovereign CDS—Singapore bank CDS 1553t 0.00 1.54 0.20 1.4¢ 0.22 0.52 0.67
Singapore bank CDS— Singapore sovereign CDS 2¥41 0.07 3.12* 0.03 3.6¢* 0.01 0.82 0.48
Austria sovereign CDS— Austria bank CDS 2.36 0.07 2.3rF 0.08 13.82** 0.00 7.80** 0.00
Austria bank CDS — Austria sovereign CDS 0.,0 0.61 2.4% 0.07 6.9¢** 0.00 3.16* 0.02
Belgium sovereign CDS— Belgium bank CDS 1.04 0.38 0.18 0.91 0.61 0.61 1.92 0.13
Belgium bank CDS — Belgium sovereign CDS 0.03 0.60 1.01 0.39 1.4¢ 0.22 0.6& 0.58
Denmark sovereign CDS— Denmark bank CDS 0.06 0.98 0.92 0.43 3.9¢~** 0.01 5.16** 0.00
Denmark bank CDS— Denmark sovereign CDS 43t 0.00 0.3Z 0.81 1.6t 0.18 3.12* 0.03
France sovereign CDS— France bank CDS 1.76 0.15 0.9C 0.44 0.4 0.71 8.39** 0.00
France bank CDS— France sovereign CDS 285 0.05 0.3¢ 0.7¢ 1.92 0.13 2.2r 0.09



Germany sovereign CDS— Germany bank CDS
Germany bank CDS— Germany sovereign CDS
Greece sovereign CDS—Greece bank CDS
Greece bank CDS— Greece sovereign CDS
Ireland sovereign CDS— Ireland bank CDS
Ireland bank CDS = Ireland sovereign CDS
Italy sovereign CDS — Italy bank CDS

Italy bank CDS — Italy sovereign CDS
Netherlands sovereign CD{— Netherlands bank
CDS

Netherlands bank CDS— Netherlands sovereign
CDS

Portugal sovereign CDS— Portugal bank CDS
Portugal bank CDS— Portugal sovereign CDS
Spain sovereign CDS— Spain bank CDS

Spain bank CDS— Spain sovereign CDS
Sweden sovereign CDS— Sweden bank CDS
Sweden bank CDS— Sweden sovereign CDS
Switzerland sovereign CDS— Switzerland bank
CDS

Switzerland bank CDS— Switzerland sovereign
CDS

UK sovereign CDS — UK bank CDS

UK bank CDS — UK sovereign CDS

Bahrain sovereign CDS— Bahrain bank CDS
Bahrain bank CDS— Bahrain sovereign CDS
Qatar sovereign CDS— Qatar bank CDS
Qatar bank CDS— Qatar sovereign CDS
UAE sovereign CDS — UAE bank CDS

UAE bank CDS — UAE sovereign CDS
Russia sovereign CDS— Russia bank CDS
Russia bank CDS— Russia sovereign CDS

0.50
3160
485
3134
1.23
1.00
0.62
1.79

4.42*

1.0¢
0.27
1.14
0.22
383
4.8%
1.24

0.2C

1.54
0.51
2.46
0.97
337
0.76
0.63
0.87
2.56
3.38
0.99

0.68
0.03
0.00
0.02

0.30

0.39

0.60

0.15

0.00

0.3¢
0.85
0.33
0.88
0.01
0.00
0.29

0.89

0.20
0.68
0.0¢
0.41
0.02
0.52
0.60
0.4¢
0.0¢
0.02
0.40

0.9C
1.67
0.4&
0.12
2.1z
0.7¢
1.81

7.30%*

0.0¢

0.0z
0.0&

5.70**

217
1.6S
0.82
0.84

0.17

0.1z
0.14
1.02
0.62
0.28
1.3¢8

4.60**

0.82
0.3€
1.62
1.27

0.44
0.17
0.70
0.94
0.10
0.52
0.14

0.00

0.9¢

1.00
0.97

0.00

0.09
0.17
0.48
0.47

0.91

0.95
0.94
0.38
0.59
0.87
0.25

0.00

0.48
0.78
0.18
0.28

0.1¢
747+
0.17
0.0¢
0.27
7.4
0.6z
3.08x*

1.9¢

0.3¢
0.8¢
1.0¢
0.81
5.30**
12.5¢**
0.62

0.11

3.9
4,60+
7.50**
12.48**
0.9¢
2.2
0.3¢
6.40+*
1.5¢
21.0**
6.20**
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0.90
0.00

0.92

0.99

3.64*
0.07
151
7.29%*
0.84 9.63**
0.00 1.72
0.60 11.85**
0.03 6.28**

0.12 3.08*

0.7¢ 6.26™*
0.45 14.46+*
0.38 3.30+*
0.49 12.98**
0.00 1.22

0.00 6.70**
0.60 1.2t

0.9¢ 1.57

0.01
0.00
0.00
0.00
0.41
0.08
0.7i

5.03**
2.26
1.7¢
3.70*
2.28
4,32
1.17
0.00 3.43*
0.20 0.4&
0.00 14.19*
0.00 2.34

0.01
0.98
0.21

0.00

0.00
0.1¢€

0.00

0.00

0.03

0.00
0.00
0.02
0.00
0.30
0.00
0.29

0.20

0.00
0.08
0.1¢
0.01
0.08

0.01
0.32
0.02
0.69

0.00
0.07

Notes:We evaluate the null hypothesis that the sover€D® in countryi doesnotimpact the bank CDS in the
same country, i.,.e.H,:CDS® ~- CD$*, using the F-Statistic. *, **, *** denotes signifince at the 10%,

5% and 1% significance level, respectively. Perodanges from October™12005 to February 28 2007,
Period 2 ranges from March'12007 to July 3%, 2008, Period 3 ranges from Augu8t 2008 to December 31

2009, Period 4 ranges from Januaty 2010 to April 3¢, 2011.
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Table 34: Granger causality test results for regional bankies-bank corporate CDS

Without control variables

Americe
Period 1 Period 2 Period 3 Period 4

Causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
Bank CDS — Automotive 0.13 0.9¢ 7.90~** 0.00 6.12** 0.00 10.87** 0.0cC
Automotive ~— Bank CDS 0.90 0.4¢ 1.2C 0.31 1.12 0.34 2.1€ 0.0¢
Bank CDS — Basic materials 4.14* 0.01 7.07* 0.00 5.63** 0.00 9.3z%** 0.0c
Basic materials — Bank CDS 0.26 0.8¢ 0.61 0.61 0.2C 0.89 2.6€** 0.0t
Bank CDS — Chemicals, healthcare and pharma 1.67 0.17 7.25** 0.00 4.72* 0.00 7.6%** 0.0
Chemicals, healthcare and pharma Bank CDS 0.03 0.9¢ 0.68 0.5€ 0.1t 0.93 1.5¢ 0.21
Bank CDS — Commerce and consumer 0.76 0.5z 3.51** 0.02 4.46** 0.00 12.0¢** 0.0cC
Commerce and consumer~Bank CDS 5.68* 0.0C 1.35 0.2¢ 0.1¢& 0.91 2.3 0.07
Bank CDS — Construction and logistics 2387 0.0v 8.25** 0.00 4.17** 0.01 11.9¢** 0.0c
Construction and logistics—~ Bank CDS 0.56 0.6¢ 0.84 0.47 0.24 0.87 1.1t 0.3t
Bank CDS — Energy and utilities 2.04 0.1110.86** 0.00 3.69* 0.01 11.69** 0.0c
Energy and utilities - Bank CDS 0.82 0.4¢ 3.67* 0.01 5.44* 0.00 0.9t 0.42
Bank CDS — Financial services (excl. banking) 0.23 0.8¢ 8.42* (0.00 7.23** 0.00 8.66x** 0.0
Financial services (excl. banking}»Bank CDS 1.28 0.2¢ 1.02 0.38 3.49* 0.02 0.1¢ 0.91
Bank CDS — Industrial 2.56 0.0£ 10.58** 0.00 3.27* 0.02 12.47** 0.0c
Industrial ~ Bank CDS 4.08+* 0.01 2.28& 0.08 0.4C 0.7¢ 3.5+* 0.01
Bank CDS — Telecommunication, media and tech. 286 0.0¢ 5.08** 0.00 1.87 0.13 9.1%** 0.0c
Telecommunication, media and tech>-Bank CDS 1.85 0.1¢ 0.62 0.61 0.11 0.9¢ 1.61 0.1¢
Bank CDS - Overall corporate sector 248  0.0e 6.10** 0.00 6.37** 0.00 12.1&** 0.0
Overall corporate sector= Bank CDS 4.32* 0.01 1.48 0.22 1.5t 0.20 1.5¢ 0.1¢
Asie-Pacific

Period 1 Period 2 Period 3 Period 4

Causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
Bank CDS — Automotive 0.84 0.47 6.27** 0.00 1.6& 0.17 1.61 0.1¢
Automotive ~ Bank CDS 1.68 0.17 0.58 0.63 2.48 0.0€ 14.3¢** 0.0cC
Bank CDS — Basic materials 2.27 0.0¢ 9.30** 0.00 5.20** 0.00 5.32%** 0.0cC
Basic materials — Bank CDS 2.68 0.0t 1.2C 0.31 2.28& 0.08 0.67 0.57
Bank CDS — Chemicals, healthcare and pharma 2.00 0.11 0.43 0.73 1.4t 0.23 1.6¢ 0.17
Chemicals, healthcare and pharma Bank CDS 1.16 0.3z 0.38 0.77 0.4¢ 0.69 4.77%** 0.0
Bank CDS — Commerce and consumer 115 0.3t 3.17* 0.02 3.09* 0.03 7.80x** 0.0c
Commerce and consumer~Bank CDS 0.58 0.6 1.22 0.30 0.54 0.6€ 0.5¢ 0.6¢
Bank CDS — Construction and logistics 0.42 0.7¢ 15.46** 0.00 5.31** 0.00 4.77** 0.0
Construction and logistics~ Bank CDS 0.11 0.9t 0.9¢ 0.40 1.7¢ 0.15 0.3¢ 0.8C
Bank CDS — Energy and utilities 1.22 0.27 8.82** 0.00 9.43* 0.00 4.4 0.0c
Energy and utilities - Bank CDS 0.67 0.57 1.38 0.25 2.1% 0.10 1.11 0.3t
Bank CDS — Financial services (excl. banking) 052 0.6C 1.6S 0.17 0.61 0.6110.8¢** 0.0C
Financial services (excl. banking}»Bank CDS 0.08 0.97 0.1¢ 0.90 1.4¢ 0.22 6.2(** 0.0C
Bank CDS ~ Industrial 2.47 0.0¢ 5.86** 0.00 3.57* 0.01 2.71+ 0.0t
Industrial ~ Bank CDS 1.54 0.2C 2.31* 0.08 0.8€ 0.4€ 0.7 0.5t
Bank CDS — Telecommunication, media and tech. 092 0.4 3.42* 0.02 2.93* 0.03 0.8¢ 0.4t
Telecommunication, media and tech=-Bank CDS 0.27 0.8t 1.92 0.12 0.3t 0.79 257 0.0¢
Bank CDS ~— Overall corporate sector 0.4 0.6€ 6.92* 0.00 8.32** 0.00 1.7¢ 0.1¢
Overall corporate sector= Bank CDS 0.82 0.4¢ 1.3€ 0.2€ 3.21* 0.02 4.00** 0.01
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Europe
Period 1 Period 2 Period 3 Period 4
Causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
Bank CDS — Automotive 1.49 0.2z 111 0.34 6.53** 0.00 b5.3&x** 0.0cC
Automotive ~— Bank CDS 2.29 0.0¢ 10.36** 0.00 1.4Z 0.24 7.45%%* 0.0c
Bank CDS — Basic materials 1.27 0.2¢ 0.0€ 0.98 2.46 0.0€ 0.6 0.5¢
Basic materials — Bank CDS 0.75 0.5z 3.01** 0.03 1.44 0.23 0.8¢ 0.4¢€
Bank CDS — Chemicals, healthcare and pharma 0.58 0.6z 0.37 0.77 0.3€ 0.78 3.5+ 0.0z
Chemicals, healthcare and pharma Bank CDS 3.65 0.01 4.75* 0.00 1.21 0.31 8.9¢+** 0.0
Bank CDS — Commerce and consumer 150 0.2z 1.87 0.13 2.55 0.0€ 5.1¢+** 0.0cC
Commerce and consumer~Bank CDS 2.7 0.0¢ 9.11** 0.00 2.24 0.08 9.9&x** 0.0cC
Bank CDS — Construction and logistics 1.43 0.2 0.2¢ 0.83 6.16** 0.00 3.97%** 0.01
Construction and logistics—~ Bank CDS 0.30 0.8: 3.80* 0.01 1.22 0.31 5.4¢* 0.0C
Bank CDS — Energy and utilities 0.73 0.51 0.23 0.87 2.3& 0.07 1.3¢ 0.2¢
Energy and utilities - Bank CDS 3.50 0.0z 8.39** 0.00 1.62 0.18 1.9: 0.12
Bank CDS — Financial services (excl. banking) 565 0.0C 2.29% 0.08 6.82** 0.00 4.7(** 0.0c
Financial services (excl. banking}»Bank CDS 4.08* 0.01 6.35** 0.00 4.00** 0.01 4.7/~ 0.0cC
Bank CDS — Industrial 5.77** 0.0C 0.1€ 0.92 5.90** 0.00 9.8%** 0.0c
Industrial ~ Bank CDS 2.24 0.0¢ 12.27* 0.00 0.92 0.43 7.90** 0.0c
Bank CDS — Telecommunication, media and tech. 1.07 0.3€ 1.4¢ 0.22 1.32 0.27 0.3¢ 0.77
Telecommunication, media and teckh>-Bank CDS 2.05 0.11 9.69** 0.00 2.55 0.0€ 1.3z 0.27
Bank CDS - Overall corporate sector 0.81 0.4¢ 1.5% 0.20 4.65** 0.00 5.62%** 0.0
Overall corporate sector= Bank CDS 3.0% 0.0z 12.73** 0.00 1.84 0.14 7.07** 0.0C
Incl. stock index and federal funds rate
Americi
Period 1 Period 2 Period 3 Period 4
Causality direction F-Sta p-val F-Stat p-val F-Stat p-val F-Stat p-val
Bank CDS — Automotive 0.04 0.99 6.49** 0.0C 6.02** 0.00 10.75** 0.0c
Automotive ~ Bank CDS 1.05 0.37 1.1t 0.3: 1.14 0.33 2.10C 0.1C
Bank CDS — Basic materials 428 0.01 7.09** 0.0C 5.48* 0.00 9.26** 0.0cC
Basic materials — Bank CDS 0.29 0.83 0.71 0.5t 0.5C 0.69 2.72* 0.0¢
Bank CDS — Chemicals, healthcare and pharma 210 0.10 7.43** 0.0C 5.53** 0.00 8.02* 0.0
Chemicals, healthcare and pharma Bank CDS 0.04 0.99 0.84 0.47 0.17 0.91 1.52 0.21
Bank CDS — Commerce and consumer 0.97 041 3.56+* 0.01 5.80** 0.00 12.13** 0.0C
Commerce and consumer~Bank CDS 5.69* 0.00 1.0t 0.37 0.0€ 0.98 2.2z 0.0¢
Bank CDS — Construction and logistics 238 0.07 8.24~* 0.0C 4.36** 0.00 12.28** 0.0
Construction and logistics~ Bank CDS 0.61. 0.61 0.7¢ 0.5C 0.3¢ 0.7¢ 1.08 0.3¢
Bank CDS — Energy and utilities 2.01 0.11 13.86** 0.0C 4.48** 0.00 11.58** 0.0
Energy and utilities - Bank CDS 0.79 0.50 3.6I** 0.01 5.42* 0.00 1.0¢ 0.3t
Bank CDS — Financial services (excl. banking) 0.37 0.77 8.32** 0.0C 7.70** 0.00 8.68** 0.0c
Financial services (excl. banking}»Bank CDS 1.33 0.2¢ 0.82 0.4¢ 2.70* 0.05 0.21 0.8¢
Bank CDS ~ Industrial 2.81* 0.04 10.33** 0.0C 3.39* 0.02 12.34** 0.0c
Industrial ~ Bank CDS 3.88* 0.01 2.1C 0.1C 0.22 0.88 3.32* 0.0z
Bank CDS — Telecommunication, media and tech.  2*84 0.04 5.15%** 0.0C 2.16 0.09 9.16** 0.0c
Telecommunication, media and tech=Bank CDS  1.94 0.12 0.67 0.57 0.0t 0.99 1.73 0.1¢
Bank CDS ~— Overall corporate sector 237 0.07 6.15** 0.0C 6.93** 0.00 12.0F** 0.0c
Overall corporate sector= Bank CDS 443 0.00 1.41 0.2¢ 1.18 0.32 1.71 0.17
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Asie-Pacific
Period 1 Period 2 Period 3 Period 4

Causality direction F-Sta p-val F-Stat p-val F-Stat p-val F-Stat p-val
Bank CDS — Automotive 1.02 0.38 Q.22 0.0C 2.1C 0.10 1.5¢ 0.1¢
Automotive ~— Bank CDS 1.00 0.39 1.02 0.3¢ 2.25% 0.08 14.28** 0.0c
Bank CDS — Basic materials 1561 0.21 9.19** 0.0C 4.88** 0.00 4.89** 0.0cC
Basic materials — Bank CDS 1.65 0.18 1.2t 0.2¢ 1.82 0.14 0.72 0.5¢
Bank CDS — Chemicals, healthcare and pharma 1.92 0.13 0.81 0.4¢ 1.2¢ 0.28 1.47 0.2z
Chemicals, healthcare and pharma Bank CDS 0.60 0.61 0.4€ 0.71 0.11 0.95 5.12%** 0.0C
Bank CDS — Commerce and consumer 0.81 049 3.16* 0.0z 2.83* 0.04 7.38** 0.0cC
Commerce and consumer~Bank CDS 0.73 0.54 1.22 0.3C 0.4& 0.70 0.7C 0.5t
Bank CDS — Construction and logistics 0.37 0.77 15.79** 0.0C 4.08** 0.01 4.59** 0.0
Construction and logistics—~ Bank CDS 0.04 0.99 1.2t 0.2¢ 1.77 0.15 0.1&8 0.91
Bank CDS — Energy and utilities 1.24 0.29 9.30** 0.0C 10.60**  0.00 5.72** 0.0c
Energy and utilities — Bank CDS 0.72 0.54 1.27 0.2¢ 1.47 0.22 1.08 0.3¢€
Bank CDS — Financial services (excl. banking) 0.52 0.60 245 0.0¢ 0.58 0.63 10.55** 0.0c
Financial services (excl. banking}»Bank CDS 0.20 0.89 0.24 0.87 1.88 0.13 6.12%** 0.0C
Bank CDS — Industrial 1.56 0.20 8.81+** 0.0C 2.77* 0.04 2.56 0.0t
Industrial ~ Bank CDS 1.25 0.29 2.77* 0.0¢ 0.1¢ 0.90 0.81 0.4¢
Bank CDS — Telecommunication, media and tech.  0.93 0.42 4.54** 0.0C 2.36 0.07 0.7€ 0.52
Telecommunication, media and techk>=-Bank CDS  0.30 0.82 2.64* 0.0t 0.6 0.58 2.59% 0.0t
Bank CDS - Overall corporate sector 0.45 0.72 7.61** 0.0C 9.26** 0.00 1.64 0.1¢
Overall corporate sector= Bank CDS 0.50 0.68 2.6 0.0t 3.06* 0.03 4.53* 0.0C
Europe

Period 1 Period 2 Period 3 Period 4

Causality direction F-Sta p-val F-Stat p-val F-Stat p-val F-Stat p-val
Bank CDS — Automotive 1.41 024 111 0.3t 8.07** 0.00 5.05** 0.0c
Automotive ~ Bank CDS 2.12 0.10 10.39** 0.0C 1.6€ 0.18 5.31+** 0.0c
Bank CDS — Basic materials 0.90 0.44 0.02 1.0 2.2z 0.09 0.5& 0.6¢
Basic materials — Bank CDS 0.8¢4 0.47 2.97* 0.0: 3.37* 0.02 0.82 0.4¢
Bank CDS — Chemicals, healthcare and pharma 0.60 0.62 0.32 0.8C 0.7¢ 0.50 3.54* 0.01
Chemicals, healthcare and pharma Bank CDS 4506* 0.00 4.98** 0.0C 1.5¢ 0.19 7.28** 0.0
Bank CDS — Commerce and consumer 165 0.18 1.8¢ 0.1: 3.5+ 0.02 5.05** 0.0cC
Commerce and consumer~Bank CDS 3.97* 0.01 9.09** 0.0C 2.64* 0.05 9.50"** 0.0cC
Bank CDS — Construction and logistics 1.0.0 0.35 0.41 0.7t 6.60** 0.00 5.60** 0.0
Construction and logistics~ Bank CDS 0.31 0.82 3.89** 0.01 1.24 0.30 4.70** 0.0
Bank CDS — Energy and utilities 0.79 0.50 0.3z 0.81 3.24* 0.02 1.27 0.2¢
Energy and utilities — Bank CDS 2.7% 0.04 8.36** 0.0C 1.62 0.18 1.9C 0.1z
Bank CDS — Financial services (excl. banking) 52 0.00 2.18& 0.0¢ 6.97** 0.00 4.85* 0.0
Financial services (excl. banking}»Bank CDS 3.5% 0.02 6.15** 0.0C 4.08** 0.01 4.62%** 0.0C
Bank CDS — Industrial 5.8%* 0.00 0.1¢ 0.9C 6.42* 0.00 9.88** 0.0cC
Industrial ~ Bank CDS 2.12 0.10 11.9%+** 0.0C 1.0C 0.39 8.06** 0.0cC
Bank CDS — Telecommunication, media and tech. 1.06 0.3¢ 1.4€ 0.2z 1.94 0.12 0.35 0.7¢
Telecommunication, media and tech=Bank CDS  2.19 0.10 9.56** 0.0C 2.3% 0.07 1.23 0.3C
Bank CDS - Overall corporate sector 0.63 0.60 1.5& 0.1¢ 54 0.00 5.03** 0.0C
Overall corporate sector= Bank CDS 3.1% 0.03 12.73** 0.0 1.92 0.12 5.34~** 0.0

Notes:We evaluate the null hypothesis that the bank Gb&gioni doesnotimpact the corporate CDS in the
same region, i.e.j :CDS™™ ~_ CDS°?, Using the F-Statistic. *, **, *** denotes signiance at the 10%, 5%

and 1% significance level, respectively.
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Table 35: Granger causality test results for regional basknon-bank corporate equity

Without control variables

Americe
Period 1 Period 2 Period 3 Period 4

Causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
Bank equity — Automotive 1.67 0.17 0.2C 0.90 0.8C 0.49 1.3C 0.27
Automotive ~ Bank equity 0.85 0.47 0.07 0.98 1.74 0.1€ 1.27 0.28
Bank equity — Basic materials 0.15 0.93 2.48& 0.0€ 2.2% 0.08 0.64 0.59
Basic materials — Bank equity 2.49 0.07 122+ 0.00 0.12 0.95 3.18* 0.02
Bank equity — Chemicals, healthcare and pharma 1.69 0.17 0.35 0.79 2.2 0.09 0.22 0.89
Chemicals, healthcare and pharma Bank equity 0.53 0.6€ 0.37 0.78 4.45* 0.00 0.82 0.48
Bank equity — Commerce and consumer 0.71 0.55 1.68 0.17 2.40 0.07 0.5& 0.63
Commerce and consumer~Bank equity 0.10 0.9¢ 1.8€ 0.14 3.26* 0.02 0.1t 0.93
Bank equity — Construction and logistics 0.52 0.67 0.64 0.59 1.14 0.33 0.27 0.85
Construction and logistics— Bank equity 0.11. 0.95 1.3C 0.27 1.2¢ 0.28 0.67 0.57
Bank equity — Energy and utilities 0.23 0.84 0.72 0.53 2.67* 0.05 0.8€ 0.4¢€
Energy and utilities — Bank equity 2.2% 0.08 7.26** 0.00 1.8¢2 0.13 1.4€ 0.23
Bank equity — Financial services (excl. banking) 179 0.15 0.62 0.60 0.31 0.82 0.82 0.48
Financial services (excl. banking}>Bank equity 0.65 0.58 3.4p* 0.02 2.70* 0.05 141 0.24
Bank equity — Industrial 0.40 0.75 2.2¥ 0.09 2.14# 0.09 0.4€ 0.71
Industrial ~ Bank equity 1.15 0.33 3.18* 0.02 1.7¢ 0.15 0.57 0.63
Bank equity — Telecommunication, media and tech).13 0.94 1.0¢ 0.35 0.9z 0.43 0.54 0.6€
Telecommunication, media and tech>-Bank equity 0.31 0.82 557 0.00 2.9+ 0.03 0.3t 0.79
Bank equity — Overall corporate sector 1.85 0.14 0.1 0.67 0.2€ 0.84 0.72 0.53
Overall corporate sector= Bank equity 0.60 0.61 3.43* 0.02 2.70* 0.05 1.4C 0.24
Asie-Pacific

Period 1 Period 2 Period 3 Period 4

Causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
Bank equity — Automotive 0.18 0.91 3.32* 0.02 245 0.0€ 1.22 0.30
Automotive ~ Bank equity 0.60 0.61 1.3€ 0.25 2.2% 0.08 1.17 0.32
Bank equity — Basic materials 0.09 0.9¢ 0.4¢ 0.69 7.75** 0.00 1.6€ 0.17
Basic materials — Bank equity 0.41. 0.75 1.2¢ 0.28 7.7+ 0.00 0.82 0.48
Bank equity — Chemicals, healthcare and pharma 0.14 0.94 0.4¢8 0.70 1.52 0.21 1.0C 0.39
Chemicals, healthcare and pharma Bank equity 0.53 0.6€ 0.5¢ 0.62 3.38* 0.02 1.84 0.14
Bank equity — Commerce and consumer 1.97 0.12 0.7¢ 0.50 0.27 0.85 2.40 0.07
Commerce and consumer~Bank equity 0.92 0.43 2.1% 0.10 5.10** 0.00 2.88* 0.04
Bank equity — Construction and logistics 0.1.8 0.91 0.3¢ 0.77 0.62 0.60 2.0€ 0.11
Construction and logistics— Bank equity 3.1¢ 0.03 0.6& 0.57 0.77 0.51 0.8€ 0.4¢€
Bank equity — Energy and utilities 0.2 0.7 1.24 0.30 6.36** 0.00 1.67 0.17
Energy and utilities — Bank equity 2.9% 0.03 1.63 0.18 6.07** 0.00 1.92 0.13
Bank equity — Financial services (excl. banking) 158 0.19 1.0€ 0.37 1.3€ 0.25 0.32 0.80
Financial services (excl. banking}>Bank equity 3.6% 0.01 2.3C¢ 0.08 2.2¢% 0.08 1.07 0.3¢
Bank equity — Industrial 2.27 0.08 4.77** 0.00 5.73** 0.00 5.10** 0.00
Industrial ~ Bank equity 1.16 0.33 10.17** 0.00 1.9€ 0.12 2.80* 0.04
Bank equity — Telecommunication, media and techl.23 0.30 1.11 0.35 0.67 0.57 2.54 0.0¢
Telecommunication, media and tech->-Bank equity 1.0€ 0.3¢ 4.10** 0.01 12.00* 0.00 3.66* 0.01
Bank equity — Overall corporate sector 196 0.12 0.5t 0.65 0.2¢ 0.83 5.14*  0.00

Overall corporate sector= Bank equity 0.67 0.57 3.7+ 0.01 11.19** 0.00 5.0r** 0.00
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Europe
Period 1 Period 2 Period 3 Period 4

Causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
Bank equity — Automotive 1.68 0.17 1.5€ 0.20 1.54 0.20 1.4¢ 0.22
Automotive ~ Bank equity 0.11. 0.95 2.4#% 0.0¢ 1.0C 0.39 0.51 0.67
Bank equity — Basic materials 0.93 0.40 0.64 0.59 1.32 0.27 1.6€ 0.18
Basic materials — Bank equity 2.14 0.09 7.30** 0.00 0.1¢ 091 1.34 0.2¢
Bank equity — Chemicals, healthcare and pharma 0.17 091 0.21 0.89 1.61 0.19 1.21 0.30
Chemicals, healthcare and pharma Bank equity 1.58 0.19 1.8€ 0.13 1.1t 0.33 2.2%4 0.08
Bank equity — Commerce and consumer 220 0.09 0.4z 0.74 2.17 0.09 0.82 0.48
Commerce and consumer~Bank equity 0.32. 0.82 246 0.0¢ 0.6% 0.58 3.65* 0.01
Bank equity — Construction and logistics 152 0.21 0.5¢ 0.62 0.32 0.81 1.9¢ 0.12
Construction and logistics— Bank equity 0.89 0.45 0.9C 0.44 0.31 0.82 0.9¢ 0.43
Bank equity — Energy and utilities 1.52 0.21 2.3 0.08 2.4% 0.0€ 1.22 0.30
Energy and utilities — Bank equity 1.34 0.2¢ 2.2% 0.08 0.42 0.73 2.50 0.0¢
Bank equity — Financial services (excl. banking) 0.51 0.61 042 0.73 1.0¢ 0.35 2.30 0.08
Financial services (excl. banking}>Bank equity 0.29 0.83 0.91 0.43 1.5€ 0.20 1.6€ 0.17
Bank equity — Industrial 1.36 0.2¢ 0.44 0.73 3.35* 0.02 0.6C 0.62
Industrial ~ Bank equity 1.36 0.2¢ 3.47* 0.02 0.42 0.73 131 0.27
Bank equity — Telecommunication, media and techl.15 0.33 1.0t 0.37 1.61 0.19 0.9¢ 0.40
Telecommunication, media and tech->-Bank equity 1.9€ 0.12 7.05** 0.00 0.81 0.49 3.09* 0.03
Bank equity — Overall corporate sector 0.15 0.93 0.9¢ 0.40 1.3C 0.27 0.63 0.60
Overall corporate sector= Bank equity 0.92 0.43 3.69* 0.01 0.2¢ 0.83 2.50 0.0¢

Incl. stock index and federal funds rate
Americe
Period 1 Period 2 Period 3 Period 4

Causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
Bank equity — Automotive 1.64 0.18 0.1: 0.94 0.8¢ 0.45 1.17 0.32
Automotive ~ Bank equity 0.72 0.54 0.1: 0.94 1.6¢ 0.17 1.24 0.29
Bank equity — Basic materials 0.14 0.94 1.27 0.28 1.6¢ 0.17 0.63 0.60
Basic materials — Bank equity 2.42 0.07 12.3%** 0.00 0.0¢ 0.97 2.93* 0.03
Bank equity — Chemicals, healthcare and pharma 1.63 0.18 0.27 0.85 1.9(C 0.13 0.1¢8 0.91
Chemicals, healthcare and pharma Bank equity 0.49 0.69 0.1¢ 0.92 4.0+ 0.01 1.0t 0.37
Bank equity — Commerce and consumer 0.73 054 1.7 0.15 2.0C 0.11 0.5z 0.67
Commerce and consumes~Bank equity 0.08 0.97 1.6C 0.19 3.4e* 0.02 0.1¢ 0.90
Bank equity — Construction and logistics 0.93 0.6€ 0.7t 0.52 0.7 0.55 0.22 0.87
Construction and logistics— Bank equity 0.13 0.94 1.2¢ 0.30 1.22 0.30 0.7C 0.55
Bank equity — Energy and utilities 0.05 0.98 0.8¢ 0.45 1.7t 0.1€ 0.9C 0.44
Energy and utilities — Bank equity 3.88* 0.01 6.4e¢** 0.00 1.72 0.1€ 1.4t 0.23
Bank equity — Financial services (excl. banking) 156 0.17 0.71 0.55 0.5C 0.68 1.0¢8 0.3¢
Financial services (excl. banking}>Bank equity 0.6 0.61 3.1~ 0.03 2.2 0.08 1.72 0.1¢€
Bank equity — Industrial 0.43 0.73 1.9¢ 0.12 1.6t 0.18 0.42 0.73
Industrial ~ Bank equity 1.35 0.2¢ 2.1= 0.09 1.61 0.19 0.61 0.61
Bank equity — Telecommunication, media and tech0.01 1.00 1.0¢ 0.3€ 0.6t 0.58 0.5¢ 0.63
Telecommunication, media and teck->-Bank equity 0.5C 0.68 4.0** 0.01 2.8 0.04 0.52 0.6€
Bank equity — Overall corporate sector 1.73 0.1€ 0.6C 0.62 0.4¢ 0.69 0.97 0.41
Overall corporate sector= Bank equity 0.56 0.64 3.11* 0.03 2.2% 0.08 1.71 0.1€
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Asie-Pacific
Period 1 Period 2 Period 3 Period 4

Causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
Bank equity — Automotive 0.20 0.90 3.67** 0.01 3.6~ 0.01 1.32 0.27
Automotive ~ Bank equity 0.58 0.63 1.5C 0.22 2.37 0.07 1.2€ 0.29
Bank equity — Basic materials 0.07 0.98 0.4« 0.73 7.64** 0.00 0.6C 0.62
Basic materials — Bank equity 0.4 0.74 1.2¢ 0.29 6.14** 0.00 1.4€ 0.23
Bank equity — Chemicals, healthcare and pharma 0.15 0.93 0.7 0.53 1.8¢ 0.13 0.91 0.44
Chemicals, healthcare and pharma Bank equity 0.51. 0.68 0.67 0.57 2.91* 0.03 1.6% 0.18
Bank equity — Commerce and consumer 2.08 0.10 0.77 0.51 0.3¢ 0.78 2.28& 0.08
Commerce and consumer—Bank equity 0.95 0.42 221 0.09 5.37** 0.00 2.88* 0.04
Bank equity — Construction and logistics 0.1.7 0.92 0.3t 0.79 1.3¢ 0.25 1.94 0.12
Construction and logistics~ Bank equity 2. 7% 0.04 0.9t 0.42 1.2¢ 0.29 0.8¢ 0.45
Bank equity — Energy and utilities 0.40 0.75 0.91 0.44 7.1¢** 0.00 1.57 0.20
Energy and utilities — Bank equity 3.0 0.03 1.4¢ 0.22 5.84** 0.00 3.84** 0.01
Bank equity — Financial services (excl. banking) 153 0.21 0.9¢ 0.40 2.0¢ 0.10 0.31 0.82
Financial services (excl. banking}>Bank equity 3.6% 0.01 2.3¢ 0.07 1.3 0.27 0.74 0.53
Bank equity — Industrial 2.44 0.0¢ 4.1~ 0.01 5.8 0.00 5.29** 0.00
Industrial ~ Bank equity 1.15 0.33 10.02** 0.00 2.4¢ 0.0€ 2.96+ 0.03
Bank equity — Telecommunication, media and techl.24 0.29 1.0¢ 0.3¢ 1.11 0.34 2.2F 0.08
Telecommunication, media and tech>-Bank equity 0.92 0.43 4.4&** 0.00 11.7%* 0.00 4.54**  0.00
Bank equity — Overall corporate sector 2.09 0.10 0.5z 0.6€ 0.6¢ 0.58 4.63** 0.00
Overall corporate sector= Bank equity 0.62 0.60 4.2&** 0.01 11.8&* 0.00 5.53** 0.00
Europe

Period 1 Period 2 Period 3 Period 4

Causality direction F-Stat p-val F-Stat p-val F-Stat p-val F-Stat p-val
Bank equity — Automotive 1.79 0.15 1.82 0.14 1.3Z 0.27 1.34 0.2¢
Automotive ~ Bank equity 0.06 0.98 2.5¢* 0.0€ 0.4¢ 0.69 0.51 0.68
Bank equity — Basic materials 1.03 0.38 0.32 0.81 1.3t 0.2¢ 1.72 0.1¢
Basic materials — Bank equity 2.25 0.08 6.7%** 0.00 0.1¢ 0.92 1.32 0.27
Bank equity — Chemicals, healthcare and pharma 0.13 0.94 0.1¢ 0.92 1.97 0.12 1.2€ 0.29
Chemicals, healthcare and pharma Bank equity 1.62 0.18 1.4¢ 0.22 1.37 0.25 2.21 0.09
Bank equity — Commerce and consumer 213 0.10 0.5¢ 0.63 2.2¢ 0.08 0.8 0.47
Commerce and consumer~Bank equity 0.39 0.7¢ 1.9: 0.12 0.5¢ 0.63 3.74* 0.01
Bank equity — Construction and logistics 1.36 0.25 0.71 0.55 0.6¢ 0.58 2.0€ 0.11
Construction and logistics— Bank equity 0.83 0.48 0.9(C 0.44 0.4¢ 0.69 0.9¢ 0.40
Bank equity — Energy and utilities 1.40 0.24 2471 0.07 2.5z 0.0€ 1.18 0.32
Energy and utilities — Bank equity 1.26 0.29 1.92 0.13 0.5: 0.6€ 2.36 0.07
Bank equity — Financial services (excl. banking) 0.70 0.5¢ 0.6/ 0.59 1.6t 0.18 2.2% 0.08
Financial services (excl. banking}>Bank equity 0.33 0.80 1.0¢ 0.37 2.8 0.04 1.7z 0.1¢€
Bank equity — Industrial 1.44 0.23 0.4¢ 0.69 3.5+ 0.02 0.62 0.60
Industrial ~ Bank equity 1.34 0.2€ 3.3+ 0.02 0.2 0.90 1.34 0.2¢
Bank equity — Telecommunication, media and techl1.1€ 0.32 0.8C 0.49 1.8: 0.14 0.9¢ 0.40
Telecommunication, media and teck>-Bank equity 2.0% 0.11 6.84** 0.00 1.0: 0.38 3.06* 0.03
Bank equity — Overall corporate sector 0.4 0.94 1.0¢ 0.38 1.67 0.17 0.62 0.59
Overall corporate sector= Bank equity 0.87 0.4€ 3.1 0.03 0.2z 0.88 2.5 0.0¢€

Notes:We evaluate the null hypothesis that the bank gqurites in region do notimpact the corporate equity
prices in the same region, i.eH,:equity*™ ~- equity®”, using the F-Statistic. *, ** ** denotes

significance at the 10%, 5% and 1% significancellenespectively.
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Table 36: Correlation between bank and corporate CDS spreads

Average correlation with bank CDS spreads

Region Industry Period 1 Period 2 Period 3 Period 4
Automotive 24.60% 59.95% 59.57% 59.73%
Basic materials 6.63% 49.93% 62.48% 51.10%
Chemicals, healthcare and pharma 16.69¥ 57.73% 63.18% 49.90%
Commerce and consumer 2647y 64.41% 70.52% 56.91%
America Construction and logistics 11.81% 47.94% 54.06% 41.62%
Energy and utilities 24.45% 59.71% 64.67% 56.39%
Financial services (excl. banking) 34.32¥ 63.88% 71.25% 68.48%
Industrial 16.92% 59.59% 67.41% 59.71%
Telecommunication, media and technology 27.13¥ 62.95% 67.41% 60.68%
Overall 32.72% 68.65% 73.95% 66.25%
Automotive 575% 39.94% 51.21% 54.09%
Basic materials 2.17% 48.85% 60.68% 66.98%
Chemicals, healthcare and pharma 3.19% 25.48% 52.80% 44.64%
Commerce and consumer 15.61¥ 51.53% 57.21% 59.57%
Asia-Pacific Construction and logistics 10.80¥ 32.21% 46.24% 52.91%
Energy and utilities 13.50¥ 32.50% 48.06% 53.50%
Financial services (excl. banking) 9.53% 29.88% 48.35% 56.36%
Industrial 8.23% 42.49% 56.19% 52.13%
Telecommunication, media and technology 13.63¥ 51.97% 60.73% 65.10%
Overall 16.11%¥ 56.17% 73.90% 71.25%
Automotive 17.17% 66.39% 71.12% 77.47%
Basic materials 9.29% 60.72% 69.34% 71.25%
Chemicals, healthcare and pharma 1.81% 64.79% 73.87% 70.73%
Commerce and consumer 17.82% 66.92% 81.13% 77.60%
Europe Construction and logistics 4.73% 60.31% 65.58% 52.98%
Energy and utilities 12.71% 67.84% 79.22%  75.76%
Financial services (excl. banking) 26.66% 69.94% 76.88% 85.08%
Industrial 11.57% 66.37% 78.58% 76.58%
Telecommunication, media and technology 15.13% 66.87% 76.73% 80.54%
Overall 24.15% 73.60% 84.53% 84.63%

Notes The table shows the correlation between bankaujos CDS spreads and the CDS spreads of the non-

t th
bank corporate firms during the four sub-periodstidtl 1 ranges from Novembe?,12005 to February 28
St St st
2007, Period 2 ranges from March, 2007 to July 31, 2008, Pehriod 3 ranges from August, 2008 to
st st t
December 31, 2009, Period 4 ranges from January2010 to April 30, 2011.
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Table 37: Correlation between bank and corporate equity returns

Average correlation with bank equity returns

Region Industry Period 1 Period 2 Period 3 Period 4
Automotive 55.81% 69.62% 52.82% 56.14%
Basic materials 34.59% 39.58% 50.21% 53.42%
Chemicals, healthcare and pharma 70.60¥ 72.28% 62.26% 66.41%
Commerce and consumer 81.66% 84.17% 68.73% 69.96%
America Construction and logistics 63.68% 77.09% 67.87% 62.78%
Energy and utilities 39.68% 57.76% 61.65% 66.82%
Financial services (excl. banking) 75.07¥ 85.74% 82.68% 77.52%
Industrial 74.21%Y 80.83% 73.99% 71.61%
Telecommunication, media and technology 79.23¥ 78.81% 71.81% 73.81%
Overall 81.54% 84.72% 77.17% 75.70%
Automotive 62.60% 68.06% 62.43% 65.15%
Basic materials 62.10¥ 64.55% 69.11% 72.38%
Chemicals, healthcare and pharma 57.82% 64.71% 59.40% 62.07%
Commerce and consumer 69.29¥ 72.07% 71.29% 74.05%
Asia-Pacific Construction and logistics 57.66% 65.95% 56.90% 64.77%
Energy and utilities 56.91¥ 61.71% 64.14% 68.57%
Financial services (excl. banking) 53.81¥ 65.93% 66.03% 61.52%
Industrial 71.26% 69.08% 74.54% 74.19%
Telecommunication, media and technology 72.95% 7458% 75.68% 73.60%
Overall 79.60% 80.76% 81.69% 81.66%
Automotive 71.27Y 76.87% 76.83% 63.40%
Basic materials 69.71% 70.14% 76.19% 65.25%
Chemicals, healthcare and pharma 75.21¥ 76.20% 72.67% 60.78%
Commerce and consumer 79.33% 80.57% 75.11% 62.42%
Europe Construction and logistics 60.98¥ 66.73% 75.25% 71.69%
Energy and utilities 66.85¥ 62.49% 70.18% 75.28%
Financial services (excl. banking) 84.62% 88.72% 88.80% 83.05%
Industrial 78.11% 78.46% 81.05% 69.54%
Telecommunication, media and technology 74.73% 76.09% 75.07% 73.73%
Overall 89.60% 85.68% 85.91% 77.54%

Notes The table shows the correlation between bankéugos equity returns and trlte equity returns ofrtbg-
bank corporate firms during the four sub-periodsridtl 1 ranges from November,12005 to February 28
2007, Periog 2 ranges from Marcrslt, 007 to Jsltjly 3s]t, 2008, Pethriod 3 ranges from Auguss£ 2008 to
December 31, 2009, Period 4 ranges from January2010 to April 30, 2011.
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Table 38: Regression of relative ESS-indicator on p-value ¢@ttssc

Regression 1 Regression 2

Region Independent variables  Coeff P-val Coeff P-val
Constant 0.08 0.0% 1.16 0.0%
Regional_rel_ESS -2.79 0.0% -250 0.3%

America Stock_index -0.14  0.0%
Federal_funds_rate 0.02 0.0%
Adjusted_R2 0.19 0.45
Constant 0.18 0.0% -2.24 0.0%
Regional_rel ESS -1.66 0.0% 6.05 8.5%
Asia-Pacific  Stock_index 0.51 0.0%
Federal_funds_rate -0.01 4.2%
Adjusted_R2 0.30 0.38
Constant 0.53 0.0% 055 5.0%
Regional_rel ESS -5.89 0.0% -2.92 0.0%
Europe Stock_index 0.03 38.5%
Federal_funds_rate 0.08 0.0%
Adjusted R? 0.49 0.63

Notes: The table shows the results from the regressiortheop-value of the F-Statistic from the banking vs
cross-industry (i.e., overall) corporate CDS Grarggisality analysis using the regional relativeSHSdicator
(and control variables) as explanatory variab&seff denotes the value of the estimated coefficient Raval
denotes the p-value of the coefficient's t-statislihe regression equation is estimated using WHig80)
heteroskedasticity-consistent estimators.
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Appendix A: Relationship between asset and equity correlations
In the Merton (1974) framework, the market value of the firm’s asgetsharacterized by
the following stochastic process:

dV = uvdt+ o vVdw (8)

with V denoting the firm’s asset valug/ and o are the drift rate and volatility of the

stochastic process, respectivaly. denotes a Wiener process. The liability side of the firm’s
balance sheet consists of only two liabilities, namely equitydsid. The debt has a book
value of X and a matures at timé. By interpreting the equity as a call option on the firm’s
assets, Merton (1974) applies the well-known Black-Scholes-Mertoatiequfor pricing

European options to show that he equity value is determined by

E=VN(d)-¢&" XN d) 9)

In(v/X)+(r+o%/2)T
oNT

the risk-free interest rate.

In(v/X)+(r-0°/2)T

L d, =dl-oJT=
? oNT

where d, = and r denotes

Under the assumption of constant risk-free interest rate, volaiiifyconstant leverage/ X

it can be easily seen that the value of the equity is proportionié asset value sincg and

d, are constant andv is proportional to X. Consequently, it must hold that
fd(In(E)) = fd(In(V)) with fd denoting the first difference. Under this condition the

equity return correlation is equal to the asset return correlation:

cor| fd(In(E)), fd(In(E))]= cof fdIn(V)), fdin( V)] (10)

57 This appendix is based on Huang/Zhou/Zhu (2009087 (Appendix A).
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Appendix B: Sample entities in the non-bank corfsample

Reaior Country Entity nam Industry
Americe Canad Agrium Commerce and consun
Americe Canad Barrick Golc Basic materia
Americe Canad Bell Canadian Enterpris¢ Telecommunication, media and technol
Americe Canad Bombardie Industria
Americe Canad Brookfield Asset Manageme Financial services (excl. bankir
Americe Canad Canadian Natural Resources Limi Basic materia
Americe Canad Canadian National Railwi Construction and logisti
Americe Canad Canadian Pacific Railw: Construction and logisti
Americe Canad Celestici Industria
Americe Canad Enbridge Energy and utilitie
Americe Canad Encani Energy ancutilities
Americe Canad Fairfax Financial Holding Financial services (excl. bankir
Americe Canad Methane: Basic materia
Americe Canad Nexer Energy and utilitie
Americe Canad Norborc Industria
Americe Canad Potash Corporatic Basicmaterial:
Americe Canad Shaw Communicatiol Telecommunication, media and technol
Americe Canad Suncor Energ Basic materia
Americe Canad Talisman Energ Energy and utilitie
Americe Canad Teck Resourct Basic materia
Americe Canad TelusCorg Telecommunication, media and technol
Americe Canad TransCanac Energy and utilitie
Americe us 3M Chemicals, healthcare and pha
Americe us Abbott Laboratorie Chemicals, healthcare and pha
Americe us ACE Limitec Financial services (ex banking
Americe us Aetne Chemicals, healthcare and pha
Americe us Alcoa Basic materia
Americe us Altria Commerce and consun
Americe us Allstate Financial services (excl. bankir
Americe uUs AmerisourceBerge Chemicals, healthcare and pha
Americe uUs Amger Telecommunication, media and technol
Americe us Anadarko Petroleum Corporati Energy and utilitie
Americe us Archer Daniels Midlan Commerce and consun
Americe us AT&T Telecommunication, media and technol
Americe us AutoZone Automotive
Americe us Avnel Commerce and consun
Americe uUs Baxter Internationi Chemicals, healthcare and pha
Americe us Berkshire Hathawe Financial services (excl. bankir
Americe us Best Buy Commerce and consun
Americe us Black & Decke Commerce and consun
Americe uUs Boeing Industria
Americe uUs Bristol-Myers Squibl Chemicals, healthcare and pha
Americe uUs Bunge Commerce and consun
Americe us CA, Inc. Telecommunication, media and technol
Americe us Campbell Sou Commerceand consumi
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Reaior Country Entity nam: Industry
Americe uUs Cardinal Healt Chemicals, healthcare and pha
Americe us Carnival Corporatio Construction and logisti
Americe us Caterpilla Industria
Americe us CBS Corporatio Telecommunication, media and technol
Americe uUs Chevrot Energy and utilitie
Americe us Chubb Cor Financial services (excl. bankir
Americe us Cigne Chemicals, healthcare and pha
Americe us Ciscc Telecommunication, media and technol
Americe us Coca Col. Commerce and consun
Americe us Comcas Telecommunication, media and technol
Americe us ConAgra Food Commerce and consun
Americe us Constellation Energ Energy and utilitie
Americe us Costco Wholesa Commerce and consun
Americe us CSX Corporatio Industria
Americe us CVS Caremar Chemicals, healthcare and pha
Americe us Darden Restaurar Commerce and consun
Americe us Deere & Compar Industria
Americe us Dell Telecommunication, media and technol
Americe us Devon Energ Energy and utilitie
Americe us DIRECTV Holdings Telecommunication, media and technol
Americe us Dominion Resourct Energy and utilitie
Americe us Dow Chemice Chemicals, healthcare and pha
Americe us Duke Energy Carolini Energy and utilitie
Americe Us Du Pon Chemicals, healthcaand pharm
Americe us Eastman Chemical Compe Chemicals, healthcare and pha
Americe us Enterprise Produc Energy and utilitie
Americe us Express Scrip Chemicals, healthcare and pha
Americe us Exxon Mobil Energy and utilitie
Americe us FedE> Construction and logisti
Americe us FirstEnerg Energy and utilitie
Americe us Forc Automotive
Americe us Fortune Branc Commerce and consun
Americe us General Dynamic Industria
Americe us General Electri Industria
Americe us GeneraMills Commerce and consun
Americe us Goodrict Industria
Americe uUs Halliburtor Energy and utilitie
Americe us Hartford Financial Servic Financial services (excl. bankir
Americe us Hess Energy and utilitie
Americe us Hewleti-Packar: Telecommunication, media and technol
Americe uUs Home Depc Commerce and consun
Americe uUs Honeywel Industria
Americe uUs Humani Chemicals, healthcare and pha
Americe us IBM Telecommunication, media and technol
Americe us Ingersol-Ranc Industria
Americe us International Pap Industria
Americe us Johnson & Johnst Chemicals, healthcare and pha
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Reaior Country Entity nam: Industry
Americe us Johnson Contro Industria
Americe us Kinder Morgat Energy and utilitie
Americe us Kraft Food: Commerce and consun
Americe us Krogel Automotive
Americe uUs Liberty Mutua Financial services (excl. bankir
Americe us Lockheed Martil Industria
Americe us Loews Corporatio Financial services (excl. bankir
Americe us Lowe's Commerce and consun
Americe us Marathot Oil Energy and utilitie
Americe us Marriott Internatione Commerce and consun
Americe us Marsh & McLenna Financial services (excl. bankir
Americe us McDonald: Commerce and consun
Americe us McKessol Chemicals, healthcare and pha
Americe us MedCo Healt Chemicals, healthcare and pha
Americe us Merck & Cc Chemicals, healthcare and pha
Americe us Motorole Telecommunication, media and technol
Americe us Newell Rubbermai Commerce and consun
Americe us Norfolk Souther| Industria
Americe us Northrop Grumma Industria
Americe us Omnicom Grou Telecommunication, media and technol
Americe us PepsiCi Commerce and consun
Americe us Pfizel Chemicals, healthcare and pha
Americe us Pitney Bowe Telecommunication, media atechnolog
Americe us Procter & Gambl Commerce and consun
Americe us Progress Ener Energy and utilitie
Americe us Prudential Financii Financial services (excl. bankir
Americe us Quest Diagnostit Chemicals, healthcare and pha
Americe us R.R. Donnele Telecommunication, media and technol
Americe us Raytheon Compai Industria
Americe us Reynolds America Commerce and consun
Americe us Ryder Syster Industria
Americe us Safeway Inc Commerce and consun
Americe us Sara Le Commerce and consun
Americe us Sear Commerce and consun
Americe uUs Sempra Ener¢ Energy and utilitie
Americe us Sherwir-Williams Industria
Americe uUs Simon Propert Financial services (excl. bankir
Americe us SLM Corg Financial service(excl. banking
Americe us Southwest Airline Commerce and consun
Americe us Sprint Nexte Telecommunication, media and technol
Americe uUs Sunoct Energy and utilitie
Americe uUs Supervall Commerce and consun
Americe us Sysc( Commerce anconsume
Americe us Target Cor Commerce and consun
Americe us Time Warne Telecommunication, media and technol
Americe us TJX Companie Commerce and consun
Americe us Toll Brother Industria
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Reaior Country Entity nam: Industry
Americe uUs Transocea Telecommunication, media atechnolog
Americe us Travellers Companit Financial services (excl. bankir
Americe us Tyson Food Commerce and consun
Americe us UnitedHealth Grou Chemicals, healthcare and pha
Americe uUs United Technologie Industria
Americe us Union Pacific Industria
Americe us United Parcel Servit Construction and logisti
Americe us Valero Energy Corporatic Energy and utilitie
Americe us Verizor Telecommunication, media and technol
Americe us Viacorr Telecommunication, media atechnolog
Americe us Vornado Realt Financial services (excl. bankir
Americe us Wal-Mart Commerce and consun
Americe us Walt Disne) Telecommunication, media and technol
Americe us Wellpoini Chemicals, healthcare and pha
Americe us Whirlpool Commerce and consun
Americe us Xerox Telecommunication, media and technol
Americe us XL Groug Financial services (excl. bankir
Americe us YUM! Brands Commerce and consun
Asia-Pacific Australie Amcot Industria
Asia-Pacific Australie AMP Limited Financial services (excl. bankir
Asia-Pacific Australie BHP Billiton Basic materia
Asia-Pacific Australie CSR Limitec Industria
Asia-Pacific Australie Fairfax Medi: Telecommunication, media and technol
Asia-Pacific Australie Foster'sGrour. Commerce and consun
Asia-Pacific Australie GPT Groyj Construction and logisti
Asia-Pacific Australie Lend Lease Grot Construction and logisti
Asia-Pacific Australie Qanta Commerce and consun
Asia-Pacific Australie QBE Insuranc Financial services (excl. bankir
Asia-Pacific Australie Rio Tintc Basic materia
Asia-Pacific Australie Telstre Chemicals, healthcare and pha
Asia-Pacific Australie Wesfarmer Commerce and consun
Asia-Pacific Australie Woodside Petroleu Energy and utilities
Asia-Pacific Australie Woolworths Commerce and consun
Asia-Pacific Ching China Mobile Limite« Telecommunication, media and technol
Asia-Pacific Hong Kong¢ Hutchison Whampc Industria
Asia-Pacific Hong Kong¢ Noble Grou Basicmaterial:
Asia-Pacific India Reliance Industrie Energy and utilitie
Asia-Pacific India Tata Grou Industria
Asia-Pacific Japal Aeor Commerce and consun
Asia-Pacific Japal All Nippon Airways Commerce and consun
Asia-Pacific Japai Bridgeston Automotive
Asia-Pacific Japai Canor Telecommunication, media and technol
Asia-Pacific Japal Chubu Electric Pow Energy and utilitie
Asia-Pacific Japal East Japan Railwi Commerce and consun
Asia-Pacific Japal FujitsL Telecommunication, media a technolog
Asia-Pacific Japal Hitachi Telecommunication, media and technol
Asia-Pacific Japal Honda Moto Automotive
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Reaior Country Entity nam: Industry
Asia-Pacific Japal Itochu Commerce and consun
Asia-Pacific Japal Japan Tobacci Commerce and consun
Asia-Pacific Japal JFEStee Basic materia
Asia-Pacific Japal Kansai Electric Pow Energy and utilitie
Asia-Pacific Japal Kawasaki Heavy Industri Industria
Asia-Pacific Japai Komatst Industria
Asia-Pacific Japal KDDI Corporatior Telecommunication, media atechnolog
Asia-Pacific Japal Mazd: Automotive
Asia-Pacific Japal Maruben Commerce and consun
Asia-Pacific Japal Mitsubishi Grou, Industria
Asia-Pacific Japal Mitsui Industria
Asia-Pacific Japal NEC Telecommunication, media and technol
Asia-Pacific Japai Nippon Paper Grot Industria
Asia-Pacific Japal Nippon Stee Basic materia
Asia-Pacific Japal Nippon Telegraph & Telepho Telecommunication, media and technol
Asia-Pacific Japal Nissan Moto Automotive
Asia-Pacific Japal Shary Telecommunication, media and technol
Asia-Pacific Japal Softbanl Telecommunication, media and technol
Asia-Pacific Japai Sony Telecommunication, media and technol
Asia-Pacific Japal Sumitomo Chemica Chemicals, healthcare and pha
Asia-Pacific Japal Suzuk Automotive
Asia-Pacific Japal Taisei Corporatio Construction and logisti
Asia-Pacific Japai Tokyo Ga: Energy and utilitie
Asia-Pacific Japai Toshibs Telecommunication, media and technol
Asia-Pacific Japai Toyote Automotive
Asia-Pacific Koree GS Calte: Energy and utilitie
Asia-Pacific Koree Hyundai Moto Automotive
Asia-Pacific Koree Hynix Chemicals, healthcare and pha
Asia-Pacific Koree Korea Electric Pow Energy and utilitie
Asia-Pacific Koree KT Corg Telecommunication, media and technol
Asia-Pacific Koree LG Electronic: Telecommunication, media and technol
Asia-Pacific Koree POSCC Basic materia
Asia-Pacific Koree Samsun Telecommunication, media and technol
Asia-Pacific Koree SK Holding Energy and utilitie
Asia-Pacific Malaysie Telekom Malaysi Telecommunication, media and technol
Asia-Pacific Singapor CapitaLani Financial services (excl. bankir
Asia-Pacific Singapor Flextronic: Telecommunication, media and technol
Asia-Pacific Singapor Genting Grou Commerce and consun
Asia-Pacific Singapor Singapore Telecommunicatic Telecommunication, media and technol
Europe Austrig Telekom Austrii Telecommunication, media and technol
Europe Belgiumr Anheuse-BuschinBev Commerce and consun
Europe Belgiumr Solvay Chemicals, healthcare and pha
Europe Denmarl Carlsber: Commerce and consun
Europe Finnlanc Fortunr Energy and utilitie
Europe Finnlanc Metsc Industria
Europe Finnlanc M-Rea Industria
Europe Finnlanc Nokia Telecommunication, media and technol
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Reaior Country Entity nam: Industry
Europe Finnlanc Stora Ens Industria
Europe Franct Air France KLM Grou Commerce and consun
Europe France Air Liquide-SA Chemicals, healthcare and pha
Europe France Alstom Industria
Europe France Axa Financial services (excl. bankir
Europe France Bouygue Construction and logisti
Europe Franct Carrefou Commerce and consun
Europe France Compagnie de Sai-Gobair Basic materia
Europe Franct Danont Commerce and consun
Europe France France Teleco Telecommunication, media and technol
Europ Franct GDF Sue Commerce and consun
Europ Franct Groupe Casin Commerce and consun
Europ Franct L'Orea Commerce and consun
Europe Franct LVMH Commerce and consun
Europe Franct Peugec Automotive
Europe Franct PPF Commerce and consun
Europe France Publicis Telecommunication, media and technol
Europe France Renaul Automotive
Europe France Sanof-Aventis Chemicals, healthcare and pha
Europe France SchneideElectric Industria
Europe France Total Energy and utilitie
Europe France Unibail-Rodamci Financial services (excl. bankir
Europe France Veolia Environnemel Energy and utilitie
Europe France Vinci Construction and logisti
Europe France Vivendi Telecommunication, media and technol
Europe German' Adidas Commerce and consun
Europe German' Allianz Financial services (excl. bankir
Europe German' BASF Chemicals, healthcare and pha
Europe German' Baye! Chemicals, healthcare and pha
Europe German' BMW Automotive
Europe German' Continente Automotive
Europe German' Daimlel Automotive
Europe German' Deutsche Lufthan: Commerce and consun
Europe German' Deutsche Po Construction and logisti
Europe German' Deutsche Teleko Telecommunication, media and technol
Europe German' E.ON Energy and utilitie
Europe German' ENBW Energy and utilitie
Europe German' Fresenius Medic Chemicals, healthcare and pha
Europe German' Hannover R Financial services (excl. bankir
Europe German' Henke Chemicals, healthcare and pha
Europe German' Lanxes Chemicals, healthcare and pha
Europe German' Linde Chemicals, healthcare and pha
Europ German Metro Commerce and consun
Europe German' RWE Energy and utilitie
Europe German' Siemen Industria
Europe German' Suedzuckke Commerce and consun
Europe German' ThyssenKrup Industria
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Reaior Country Entity nam: Industry
Europe German' Volkswagel Automotive
Europe Greec: Hellenic Telecor Telecommunication, media and technol
Europe Italy Assicurazioni General Financial services (excl. bankir
Europe Italy ENI Energy and utilitie
Europe Italy Ene Energy and utilitie
Europe Italy Fiat Automotive
Europe Italy Finmeccanic Industria
Europe Italy Telecom ltalii Telecommunicatiormedia and technoloi
Europe Netherland Aegor Financial services (excl. bankir
Europe Netherland Ahold Commerce and consun
Europe Netherland AkzoNobe Chemicals, healthcare and pha
Europe Netherland EADS Industria
Europe Netherland DSM Chemicals, healthcare and pha
Europe Netherland KPN Telecommunication, media and technol
Europe Netherland Philips Telecommunication, media and technol
Europe Netherland TNT Construction and logisti
Europe Netherland WoltersKluwe Telecommunication, media and technol
Europe Norway Norske Sko Industria
Europe Norway Statoi Energy and utilitie
Europe Norway Teleno Telecommunication, media and technol
Europe Portuga Brise-Auto-Estrada Construction and logisti
Europe Portuga Energias de Portuc Energy and utilitie
Europe Portuga Portugal Telecol Telecommunication, media and technol
Europe Spair Endes Energy and utilitie
Europe Spair Gas Natur Energy and utilitie
Europe Spair Iberdrole Energy ancutilities
Europe Spair Repsol YPI Energy and utilitie
Europe Spair Telefonici Telecommunication, media and technol
Europe Swedel Electrolu» Commerce and consun
Europe Swedel Svenska Cellulos Commerce and consun
Europe Swedel TeliaSoner Telecommunication, media and technol
Europe Swede! Volvo Automotive
Europe Switzerlant ABB Industria
Europe Switzerlant Adeccc Industria
Europe Switzerlan( Holcim Basic materia
Europe Switzerlan( Nestl¢ Commerce and consun
Europe Switzerlan( Novartis Chemicals, healthcare and pha
Europe Switzerlant Roche Chemicals, healthcare and pha
Europe Switzerlant STMicroelectronic Telecommunication, media and technol
Europe Switzerlant Swiss Reinsuran Financial services (excl. bankir
Europe Switzerlan( Xstrate Basic materia
Europe UK AngloAmericat Basic materia
Europe UK AstraZenec Chemicals, healthcare and pha
Europe UK Aviva Financial services (excl. bankir
Europe UK BAE System Industria
Europe UK BP Energy ancutilities
Europe UK British American Tobacc Commerce and consun
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Reaior Country Entity nam: Industry
Europe UK British Telecommunicatiol Telecommunication, media and technol
Europe UK Centrici Energy and utilitie
Europe UK Compass Grot Commerce and consun
Europe UK Diagec Commerce and consun
Europe UK GlaxoSmithKline Chemicals, healthcare and pha
Europe UK Imperial Tobacc Commerce and consun
Europe UK J. Sainsbury Commerce and consun
Europe UK Kingfisher PLC Commerce and consun
Europe UK Legal & Genere Financial services (excl. bankir
Europe UK Marks and Spenc Commerce and consun
Europe UK National Gric Energy and utilitie
Europ UK Next PLC Commerce and consun
Europe UK Old Mutua Financial services (excl. bankir
Europe UK Pearso Telecommunication, media and technol
Europe UK Prudentie Financial services (excl. bankir
Europe UK Reed Elsevi¢ Telecommunication, media and technol
Europe UK Rentokil Initial Industria
Europe UK Rolls-Royce Automotive
Europe UK RoyalDutch Shel Energy and utilitie
Europe UK Safeway / WM Morrisor Commerce and consun
Europe UK Tate & Lyle Commerce and consun
Europe UK Tesce Commerce and consun
Europe UK Unilevel Commerce and consun
Europe UK United Utilities Energy ancutilities
Europe UK Vodafone Telecommunication, media and technol
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Appendix C: Unit root test results for the regionallative ESS-indicator

Log Values Log Differences
Period Relative ESS-Indicator ADF PP KPSS| ADF PP KPSS
America -0.20 -0.19 1.53** | -28.8%** -30.9¥** 0.02
Period 1 Asia-Pacific -0.13 0.09 0.36** | -30.74** -35.44** 0.00
Europe -0.22 -0.11 2.9 | -32.2F* -3593* 0.01
Middle East & Russia -0.07 0.01 3.25** | -24.80** -25.65** 0.01
America -1.41 -1.50 2,72 | 221,97  -21.94**  0.05
Period 2 Asia-Pacific -1.13 -1.38 1.50%** | -26.13** -26.43** 0.05
Europe -1.56 -1.76* 4.45* | 2527 -2503** 0.05
Middle East & Russia -0.75 -0.81 4.22** | -22.68* -22.77**  0.03
America 0.18 0.15 6.29** | -17.16** -17.14** 0.03
Period 3 Asia-Pacific -0.18 -0.18 4.57** | -19.50** -19.50*  (0.22%**
Europe 0.03 0.04 3.1 | -19.45* -19.45*  0.04
Middle East & Russia -0.53 -0.50 5.25** | -16.89** -16.88** (0.24**
America -0.26 -0.26 422+ | -20.15* -20.17**  0.02
Period 4 Asia-Pacific -0.61 -0.69 2.88** | -22.46** -22.67* 0.08
Europe -0.37 -0.38 3.50** | -20.56** -20.55** 0.05
Middle East & Russia 0.46 0.54 1.30%** | -21.86** -21.92** 0.02

Notes: The table shows the test-statistics from applyimg ADF, PP and KPSS unit root tests. ADF and PP
examines the null hypothesis of a unit root. By tcast, the KPSS test examines the null hypothekis o
stationarity. *, **, *** denotes significance at ¢h10%, 5% and 1% significance level, respectivBlgriod 1
ranges from October™1 2005 to February 38 2007, Period 2 ranges from Marct, 2007 to July 3%, 2008,
Pgr:iod 3 ranges from August’, 12008 to December 312009, Period 4 ranges from Januaty 2010 to April
30", 2011.
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Appendix D: Unit root test results for regional ka@DS spreads

Log Values Log Differences
Period Regional bank CDS spread ~ ADF PP KPSS| ADF PP KPSS
America 0.22 0.22 1.52=** | -19.99** -20.00** 0.10
Period 1 Asia-Pacific 0.19 0.34 1.85** | -29.02** -31.06** 0.01
Europe 0.78 1.02 1.45#** | -22.18** -22.5F** 0.01
Middle East & Russia 0.12 0.20 3.77** | -21.58* -21.82** 0.02
America -1.86 -1.66* 2.87** | -15.49** -15.48** 0.08
Period 2 Asia-Pacific -2.58  -2.12% 2.37*** | -13.62** -13.48** 0.17*
Europe -2.28 -2.07* 4.30%** | -15.50** -15.49** 0.09
Middle East & Russia -1.14 -1.24 4,927 | -21.3F* -2133* 0.07
America 0.10 0.05 5.70** | -15.12** -15.08** 0.03
Period 3 Asia-Pacific 0.11 0.06 5.09%% | -14.24** -14.22** 0.25~*
Europe -0.17 -0.18 5.96** | -15.09** -15.03** 0.04
Middle East & Russia -0.94 -0.84 5.25** | -14.60** -14.54** 0.28~**
America -0.31 -0.30 4.34** | -15.58* -1554** 0.03
Period 4 Asia-Pacific -0.55 -0.49 2.03** | -14.68** -14.65** 0.09
Europe -0.85 -0.79 2.46%* | -16.23** -16.23** 0.04
Middle East & Russia 1.09 0.90 1.56%** | -15.38** -15.39** 0.04

Notes: The table shows the test-statistics from applyimg ADF, PP and KPSS unit root tests. ADF and PP
examines the null hypothesis of a unit root. By tcast, the KPSS test examines the null hypothekis o
stationarity. *, **, *** denotes significance at ¢h10%, 5% and 1% significance level, respectivBlgriod 1
ranges from October12005 to February 38 2007, Period 2 ranges from Marcl, 2007 to July 3%, 2008,
Pgrfiod 3 ranges from August’, 12008 to December 312009, Period 4 ranges from Januaty 2010 to April
30", 2011.
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Variable 1 Variable 2 Johansen Trace Stat. J#raMax Eigenvalug Engle-
Period Regional ESS rel Regional ESS_rel r=0 r=1 r=0 r=1 Granger-Test
America Asia-Pacific 114.1%**  13.59*+* 100.54***  13.50** -7.18**
America Europe 60.37+** 9.73** 50.63*** 9.7+ -6.57%**
Period 1 America Middle East & Rusgia  39.1&**  13.68*** 25.49**  13.6¢** -4.35**
Asia-Pacific Europe 85.8¢+* 15 64*** 70.23**  15.62** -8.72**
/Asia-Pacific Middle East & Rusgia  79.82**  19.09*** 60.73**  19.0¢** -8.09**
Europe Middle East & Russia 50.07%***  12.04** 38.03***  12.04* -5.60***
America Asia-Pacific 47.0¢x** 2.75 44 31 %+ 2.7¢ -4 51+**
America Europe 34,28k 2.81 31.44%* 2.81 -4.45**
Period 2 America Middle East & Rusgia  30.17** 2.76 27.35%** 2.7¢ -4.87**
Asia-Pacific Europe 20.73* 3.75 16.98** 3.7t -3.64*
Asia-Pacific Middle East & Russgia 24.44** 211 22.33*+* 2.11 -4 57
Europe Middle East & Russia 23.67** 3.61 20.06** 3.61 -4.,28*
America Asia-Pacific 6.7¢ 0.96 5.83 0.9¢ -2.32
America Europe 17.6( 2.15 15.44* 2.1¢ -3.64*
Period 3 America Middle East & Russgia 8.37 1.24 7.13 1.2¢ -2.18
Asia-Pacific Europe 13.5¢ 1.29 12.26 1.2¢ -2.54
Asia-Pacific Middle East & Rusgia 10.4¢ 1.11 9.38 1.11 -2.63
Europe Middle East & Russia 14.6% 2.00 12.63 2.0C -2.52
America Asia-Pacific 16.0( 3.87 12.13 3.87 -3.45*
America Europe 27.28* 441 22.87** 4.4] -4, 82**
Period 4 America Middle East & Rusgia  31.0&** 8.17* 22.91%** 8.17% -4 27***
Asia-Pacific Europe 11.2% 4.43 6.79 4.4: -2.07
Asia-Pacific Middle East & Rusgia 15.9¢ 3.59 12.36 3.5¢ -1.69
Europe Middle East & Russia 19.3€* 6.02 13.34 6.02 -2.14

Notes: The table shows the test-statistics from applyhg lohansen Trace and Max Eigenvalue tests and the
Engle-Granger cointegration tests.denotes the null hypothesis with respect to thailabble cointegrating
vectors, e.g.r=0 denotes that the null hypothesiszefocointegrating vectors. *, **, *** denotes signifiaice at

the 10%, 5% and 1% significance level, respectivBlgriod 1 ranges from Octobe¥, 2005 to February 8
2007, Period 2 ranges from Marcf, 2007 to July 3% 2008, Period 3 ranges from August 2008 to

December 3%, 2009, Period 4 ranges from Januaty2010 to April 3§, 2011.
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Variable 1 Variable 2 Johansen Trace Stat. J#aMax Eigenvalug¢  Engle-
Period | Regional bank CDRegional bank CD$ r=0 r=1 r=0 r=1 Granger-Test
America Asia-Pacific 48 .50+ 3.11 45.48*** 3.11 -4.13**
America Europe 24,22+ 3.50 20.71%** 3.5C -2.72
Period 1 America 3 Middle East & Russgia  25.27*** 3.89 21.37%** 3.8¢ -1.99
Asia-Pacific Europe 69.70+* 3.11 66.59*** 3.11 -8.50**
Asia-Pacific Middle East & Russgia  43.37**  10.40** 32.98**  10.4(** -5.79%**
Europe Middle East & Russia 18.12 3.06 15.06* 3.0¢ -2.52
America Asia-Pacific 87.67** 2091 84.70%* 2.91 -3.52¢*
America Europe 73.67%** 2.71 70.90%** 2.71 -4.98**
Period 2 America Middle East & Rusgia  29.9%** 3.71 26.22%** 3.71 -4.26**
Asia-Pacific Europe 26.9%** 495 22.00%** 4.9t -2.55
Asia-Pacific Middle East & Russgia  25.5¢** 6.79 18.77** 6.7¢ -4.2°7**
Europe Middle East & Russia 28.58** 6.03 22 .51%** 6.02 -4,39**
America Asia-Pacific 6.5: 0.35 6.18 0.3¢ -2.46
America Europe 14.4¢ 2.78 11.70 2.7¢ -3.09
Period 3 America Middle East & Rusgia 12.1( 1.97 10.13 1.97 -1.94
Asia-Pacific Europe 5.91 0.28 5.62 0.2¢ -1.49
Asia-Pacific Middle East & Russia 12.67 0.57 12.10 0.57 -2.06
Europe Middle East & Russia  9.0f 3.63 5.42 3.62 -2.08
America Asia-Pacific 20.3¢* 7.53 12.86 7.5% -2.83
America Europe 12.4t 3.84 8.61 3.8¢ -2.49
] America Middle East & Rusgia 21.32** 3.86 17.46** 3.8¢ -3.06*
Period 4, sia-Pacific Europe 23.06% .24k 14.74* 9.20+ | .1.81
Asia-Pacific Middle East & Rusgia 12.7( 4.90 7.79 4.9C -2.01
Europe Middle East & Russia 25.18** 5.98 19.17* 5.9¢ -2.74

Notes: The table shows the test-statistics from applyhg lohansen Trace and Max Eigenvalue tests and the
Engle-Granger cointegration testsdenotes the null hypothesis with respect to thailabie cointegrating
vectors, e.g.;=0 denotes that the null hypothesiszefocointegrating vectors. *, **, *** denotes signifiace at

the 10%, 5% and 1% significance level, respectivBlriod 1 ranges from OctobeY, 2005 to February 28
2007, Period 2 ranges from Marcf, 2007 to July 3% 2008, Period 3 ranges from August 2008 to

December 3%, 2009, Period 4 ranges from Januaty2010 to April 3§, 2011.
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Log Values Log Differences
Period Regional sovereign CDS spreal ADF PP KPS| ADF PP KPSS
America 0.13 0.24 3.34* | -31.16** -31.63**  0.01
Period 1 Asia-Pacific 0.07 0.15 0.52+* | -27.17* -28.65**  0.00
Europe -0.16 -0.08 2.90%* | -23.49* -23.8%*  0.01
Middle East & Russia 0.05 0.10 1.23** | -24.45** -24.82*  0.01
America -1.20 -1.37 2.89+** | -23.10* -23.19**  0.03
Period 2 Asia-Pacific -0.96 -1.08 1.82** | -22.03* -22.46*  0.02
Europe -0.61 -0.72 1.85** | -26.19* -26.4F**  0.02
Middle East & Russia -0.70 -0.84 3.50%* | -27.26** -27.15*  0.04
America -0.97 -1.01 6.38** | -20.26** -20.27*  0.18*
Period 3 Asia-Pacific -0.55 -0.50 5.83** | -15.1F** -1520*  0.23**
Europe -1.98 -1.58 6.65** | -13.26** -13.25**  0.37**
Middle East & Russia -1.06 -0.94 5.79* | -14.13* -14.10**  0.29**
America -0.47 -0.45 1.38* | -16.77** -16.80**  0.03
Period 4 Asia-Pacific -0.05 -0.05 2.27** | -17.23* -17.24**  0.06
Europe -0.55 -0.51 2.34** | -145F** -145F*  0.04
Middle East & Russia 0.58 0.55 1.05** | -16.62** -16.56**  0.03

Notes: The table shows the test-statistics from applyimg ADF, PP and KPSS unit root tests. ADF and PP
examines the null hypothesis of a unit root. By tcast, the KPSS test examines the null hypothebis o
stationarity. *, **, *** denotes significance at ¢h10%, 5% and 1% significance level, respectivBlgriod 1
ranges from October12005 to February 38 2007, Period 2 ranges from Marcl, 2007 to July 3% 2008,
Pgr:iod 3 ranges from August’, 12008 to December 312009, Period 4 ranges from Januaty 2010 to April
30", 2011.
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Appendix H: Cointegration test for regional sovereand bank CDS spreads

Variable 1 Variable 2 Johansen Trace Stat. J#raMax Eigenvalue Engle-
Period Sovereign CDS Bank CDS r=0 r=1 r=0 r=1 Granger-Test
America 43.91%*= 291 41.00%** 2.91 -5, 72
America Asia-Pacific 94.87*** 12.49* 82.38*** 12.49%* -8.@***
Europe 56.73*** 2.67 54.06*** 2.67 -7.53**
Middle East & Russia  53.48*** 7.88* 45.61*** 7.88* -6.67**
America 75.25%* 3.02 72.23** 3.02 -8.51x**
. - Asia-Pacific 104.39%** 19.10%** 85.29*** 19.10%*= 9.34**
Asia-Pacific
Europe 100.66*** 3.10 97.56*** 3.10 -10.54**
Period 1 Middle East & Russia ~ 50.92*** 10.76** 40.15*** 10.76** -6.42**
America 38.79** 3.06 35.73** 3.06 -6.10**
Europe Asia-Pacific 53.36*** 20.37%** 32.99%** 20.37%** -5.44xx*
Europe 39.20%** 3.22 35.97** 3.22 -6.13**
Middle East & Russia  36.44*** 11.02* 25.42%** 11.02** -5, 1 Jx**
America 30.19*** 3.00 27.19** 3.00 -5, 11x**
Middle East & Russi'g‘Sia'PaCiﬁC 52.03*** 9.26** 42.77%* 9.26** -5.22**
Europe 35.30%** 2.93 32.37%* 2.93 5.7
Middle East & Russija  29.81*** 7.49 22.32%** 7.49 -4.,36**
America 47.80*** 3.10 44.70*** 3.10 -5,13**
America Asia-Pacific 32.77*%* 6.13 26.64*** 6.13 -4.,98**
Europe 32.72%** 5.67 27.05%* 5.67 -4, 7 1x**
Middle East & Russia  36.73*** 2.80 33.92%** 2.80 -5.88**
America 33.19*** 2.80 30.38*** 2.80 -4, 1 x>
Asia-Pacific Asia-Pacific 32.35%** 5.97 26.38*** 5.97 -4,90x**
Europe 20.80** 5.40 15.40* 5.40 -3.60*
Period 2 Middle East & Russia  22.14** 2.53 19.61** 2.53 -4, 21x**
America 63.38*** 3.91 59.48*** 3.91 -7.97**
Europe Asia-Pacific 80.86*** 6.47 74.39*** 6.47 -8.96**
Europe 61.43*** 5.95 55.48*** 5.95 -7.67**
Middle East & Russia  53.11*** 2.33 50.79*** 2.33 -7.28**
America 49.35%** 3.56 45.79%** 3.56 -5.93==*
Middle East & Russi'g‘Sia'PaCiﬁC 41.12%*= 6.23 34.89*** 6.23 -5.91x**
Europe 52.54%** 6.00 46.54*** 6.00 -7.02**
Middle East & Russia ~ 36.55*** 2.33 34.22%** 2.33 -5.96**
America 6.79 2.23 456 2.23 -1.75
America Asia-Pacific 10.03 0.90 9.13 0.90 -1.86
Europe 9.62 4.40 5.23 4.40 -2.02
Middle East & Russija  13.27 3.62 9.65 3.62 -2.06
America 7.36 1.69 5.67 1.69 -2.00
. - Asia-Pacific 9.39 0.70 8.69 0.70 -2.18
Asia-Pacific
Europe 7.40 2.46 4.94 2.46 -1.83
Period 3 Middle East & Russia  10.99 3.49 7.50 3.49 -2.40
America 11.97 2.15 9.82 2.15 -1.72
Europe Asia-Pacific 18.33* 3.85 14.48* 3.85 -2.05
Europe 13.17 3.31 9.85 3.31 -1.75
Middle East & Russia  22.20** 4.39 17.81* 4.39 -1.11
America 10.37 1.98 8.38 1.98 -2.14
Middle East & RusséSia'PaCiﬁC 11.99 0.68 11.31 0.68 -2.63
Europe 10.25 4.12 6.13 4.12 -1.97
Middle East & Russia  14.69 4.81 9.88 4.81 -3.14
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Variable 1 Variable 2 Johansen Trace Stat. J#raMax Eigenvalue Engle-
Period Sovereign CDS Bank CDS r=0 r=1 r=0 r=1 Granger-Test
America 15.84 3.90 11.93 3.90 -2.54
America Asia-Pacific 15.69 5.54 10.15 5.54 -2.50
Europe 13.63 5.92 7.71 5.92 -2.48
Middle East & Russija  17.22 5.55 11.67 5.55 -2.91
America 18.48* 4.15 14.33* 4.15 -3.19
. o Asia-Pacific 22.44%* 9.49** 12.94 9.49** -1.95
Asia-Pacific
Europe 10.24 2.32 7.92 2.32 -1.69
Period 4 Middle East & Russija  16.23 4.63 11.60 4.63 -2.18
America 13.07 3.77 9.30 3.77 -1.92
Europe Asia-Pacific 25.93** 11.96** 13.98* 11.96** -2.17
Europe 25.71%* 7.70% 18.00%* 7.70% -2.72
Middle East & Russia  25.72*** 5.63 20.09** 5.63 -2.62
America 19.89* 4.29 15.60* 4.29 -3.09
Middle East & Russi'g‘Sia'PaCiﬁC 13.09 4.71 8.38 471 -2.07
Europe 17.75 4.71 13.04 471 -2.30
Middle East & Russia  22.80** 5.35 17.45%* 5.35 -2.99

Notes: The table shows the test-statistics from applylg lohansen Trace and Max Eigenvalue tests and the
Engle-Granger cointegration tests.denotes the null hypothesis with respect to thailalble cointegrating
vectors, e.g.r=0 denotes that the null hypothesiszefocointegrating vectors. *, **, *** denotes signifiice at

the 10%, 5% and 1% significance level, respectivBlgriod 1 ranges from Octobe¥, 2005 to February 8
2007, Period 2 ranges from Marcf, 2007 to July 3% 2008, Period 3 ranges from August 2008 to
December 3%, 2009, Period 4 ranges from Januaty2010 to April 3¢, 2011.
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Log Values Log Differences
Period Sovereign CDS sprea ADF PP KPSS | ADF PP KPSS
Us 0.13 0.24 3.3+ -31.16** -31.63** 0.01
Australia -0.49 -0.29 3.87** =27 .95** -31.27** 0.00
China 1.18 1.49 745k -25.47** -25.63** 0.05
Hong Kong 0.13 0.29 6.10+** -29.4¢** -31.77** 0.01
India -0.11 0.02 3.2¢%** -32.8¢** -33.32** 0.01
Japan -0.30 -0.29 4.3 -24,97+%* -25.50** 0.01
Kazakhstan 0.10 0.11 278k -18.65** -18.64** 0.03
Korea 0.64 0.74 3.37** -21.9¢+** -22.08** 0.03
Malaysia 0.42 0.51 6.8%%** -24.00+** -24.05** 0.03
Singapore 0.21 0.33 4, QCk** -30.63** -30.89** 0.01
Austria -0.10 -0.04 0.42+** -24.0¢** -24.70** 0.00
Belgium -0.07 0.04 0.32+** -27.28** -30.56** 0.00
Denmark -0.84 -0.69 3.8+ -22.67** -23.53** 0.01
Period 1 France -0.15 -0.09 Q.55 ** -25.46+** -26.40** 0.00
Germany -0.24 -0.24 3.0ex** -27.97** -29.83** 0.01
Greece 0.61 0.81 7.2€%** -25.97** -26.43** 0.01
Ireland -0.31 -0.21 3.37** -21.27k** -21.54** 0.01
Italy 0.22 0.28 6.50** -21.97%** -22.25** 0.03
Netherland -0.41 -0.31 0.97** -21.40** -21.81** 0.01
Portugal 0.23 0.36 6.50k** -26.5¢** -27.49** 0.01
Spain -0.25 -0.22 0.3+ -21.9¢+** -22.13** 0.01
Sweden -0.90 -0.67 3.5+ -26.00+** -27.09** 0.00
Switzerland -0.13 -0.05 1.97** -23.84%** -24.28** 0.01
UK -0.13 -0.04 1.84%%* -23.85** -24.30** 0.01
Bahrain -0.34 -0.22 2.47** =24 .28** -24.84** 0.00
Qatar 0.32 0.40 6.42%** -21.68** -21.92** 0.03
UAE -0.30 -0.20 1.58%** =24, 7% -25.25** 0.00
Russia 0.06 0.08 1,45 -22.60+** -22.63** 0.03
uUs -1.20 -1.37 2.8Ck** -23.10** -23.19** 0.03
Australia -0.39 -0.40 1.24%%* -23.5¢** -23.73** 0.03
China -1.77* -1.70* 2. 12k%* -17.50** -17.48** 0.08
Hong Kong -1.07 -1.06 0.8&x** -18.47%** -18.42** 0.03
India -1.74* -1.68* 2.65F** -18.37+** -18.33** 0.10
Japan -0.60 -0.57 I Rl -22.85** -23.56** 0.01
Kazakhstan -1.88* -1.64* 5.3 -15.87** -15.87** 0.20*
Korea -1.77* -1.65* 2.00** -16.58** -16.54** 0.11
Period 2 |Malaysia -1.78* -1.65* 1.45%%* -16.75** -16.74** 0.10
Singapore -2.01** -1.84* 3.3+ -16.33** -16.30** 0.1%
Austria -0.75 -0.81 0.90+** -23.67** -24.39** 0.01
Belgium -1.78* -1.95** 4.1¢x** =21 .57** -21.56** 0.14
Denmark -0.25 -0.20 2.42%** -22.60+** -22.73** 0.01
France -0.70 -0.75 2,50+ -24 53+ -25.18** 0.01
Germany -0.48 -0.48 2.34k%* -25.3¢** -26.068** 0.01
Greece -2.56** -2.52%* 340K+ -19.4¢** -19.49** 0.25**
Ireland -0.62 -0.51 2.74%%* -27.727%%* -29.40** 0.01
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Log Values Log Differences

Period Sovereign CDS spread ADF PP KPSS | ADF PP KPSS
Italy -1.70* -1.72* 3.24xxx% -19.1¢* -19.18** 0.14
Netherland -0.76 -0.73 1.38xx* =24 17 -25. 5+ 0.00
Portugal -1.96** -2.07** 3.3k -21.37* -21.34** 0.09
Spain -1.28 -1.50 2.97x** -24 40 -24.60** 0.02
Sweden -0.41 -0.25 2.5k -25.5¢** -25.99** 0.01
Switzerland -0.56 -0.64 1.32x* -30.0¢k** -30.5** 0.01
UK -0.66 -0.76 1.57x* -29.6¢** -30.24** 0.01
Bahrain -0.61 -0.61 1.22%x* -29.7¢** -30.19** 0.01
Qatar -1.02 -1.09 3.65x** =22 .27k -22.15** 0.13
UAE -0.60 -0.61 1.0k -31.28k* -32.20** 0.01
Russia -1.02 -0.93 4.07** -16.77* -16.73** 0.11
Us -0.97 -1.01 6.38x** -20.2¢+* -20.27** 0.18*
Australia -0.71 -0.69 7.26x** -19. 170+ -19.12** 0.15
China -0.34 -0.33 5.27*** -17. 7% -17.75** 0.13
Hong Kong -0.26 -0.26 6.73x** -19.80k** -19.85** 0.07
India 0.61 0.55 4.6** -17.500%* -17.56** 0.17*
Japan -1.35 -1.25 5.20x** -16.97+** -16.96** 0.12
Kazakhstan -0.20 -0.22 6.88x** -14 8ak** -14.79** 0.15+*
Korea -0.08 -0.10 5.74xxx =17 .40 -17.49** 0.12
Malaysia 0.01 -0.02 4. 770> -16.5¢** -16.54** 0.11
Singapore -1.43 -1.31 5.10x** -16.04+** -16.02** 0.11
Austria -2.14%* -1.85* 6.9€x** -14.42%* -14 . 39g** 0.27**
Belgium -1.23 -1.09 6.5+ -15.20+** -15.22** 0.25**
Denmark -1.29 -1.17 6.45x** -16.40** -16.46** 0.30**

Period 3 France -1.26 -1.10 6.586x** -15.0%** -15.06** 0.25**
Germany -1.38 -1.28 6.9Cx** -16.9¢** -17.02* 0.19+*
Greece -2.26** -1.96** 5.38x** -14 5gk* -14 .53+ 0.41***
Ireland -2.09** -1.83* 7.34xxx -14.67+* -14.64** 0.17*
Italy -1.37 -1.19 5.9¢x** -14 52+* -14.50** 0.29**
Netherland -1.19 -1.07 7.04xx% -16.3¢k** -16.45** 0.23**
Portugal -1.10 -0.99 5.3(0x** -15.30+** -15.24** 0.20*
Spain -1.40 -1.23 5.6+ -15.08k* -15.04** 0.19+*
Sweden -1.93* -1.60 6.1Cx** -13.1 0k -13.12** 0.31***
Switzerland -1.36 -1.28 7.36xx* -16.66** -16.65** 0.21+*
UK -2.09** -1.90* 6.7Cx** -17.0%** -17.10** 0.33**
Bahrain -0.83 -0.82 7.91** -19.4¢k* -19.48** 0.17*
Qatar -0.92 -0.86 7.1 -17.10* -17.25** 0.21+*
UAE -1.50 -1.35 6.92x** -15.7¢** -15.82** 0.18*
Russia -0.80 -0.74 5.34x** 14,88+ -14.83** 0.23**
us -0.47 -0.45 1.38xx* -16.77* -16.80** 0.03
Australia -0.25 -0.25 1.6+ -17.5a0%* -17.56** 0.03
China 0.05 0.05 1,73 -19.1a0%* -19.14** 0.04

Period 4 Hong Kong 0.32 0.33 2.05xxx -18.9¢k** -18.98** 0.02
India -0.75 -0.70 4.92%** -16.3¢** -16.40** 0.06
Japan 0.20 0.20 2.21x** -18.37** -18.37** 0.09
Kazakhstan 0.84 0.80 4.2 -17 5+ -17.54** 0.04
Korea -0.24 -0.24 1.65x* -18.90** -18.93** 0.04
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Log Values Log Differences
Period Sovereign CDS spread ADF PP KPSS | ADF PP KPSS
Malaysia 0.11 0.12 1.07%** -18.6(+** -18.62** 0.03
Singapore -0.80 -0.88 5.5 -22.644%* -22.48** 0.10
Austria 0.48 0.42 2.52%%* -15.6¢** -15.68** 0.07
Belgium -1.13 -1.04 378k -15.77** -15.73** 0.06
Denmark -0.20 -0.19 1.4€x** -16.46+** -16.46** 0.06
France -1.02 -0.88 3.28%* -13.70+** -13.75** 0.05
Germany -0.61 -0.60 1.08x** -18.03** -18.03** 0.05
Greece -1.82* -1.69* 4 3Lxxx -15.47%** -15.39** 0.06
Ireland -1.69* -1.54 2,95+ -15.40¢+** -15.40** 0.06
Italy -0.33 -0.33 4 4 Crrx -14.47** -14.37** 0.03
Netherland -0.26 -0.25 3. 20+ -15.7¢** -15.75** 0.04
Portugal -1.92* -1.72* 1.67%** -14. 17 -14.09** 0.04
Spain -0.81 -0.76 3.7¢x* -14.9%** -14.93** 0.03
Sweden 1.04 1.15 0.97** -19.87** -19.88** 0.03
Switzerland 0.55 0.52 1.20*** -16.95** -16.95** 0.05
UK 0.55 0.53 0.90** -17.43** -17.43** 0.02
Bahrain -0.65 -0.63 5.6+ -17.2¢** -17.28** 0.08
Qatar 0.22 0.23 1.55x** -18.70+** -18.7F** 0.03
UAE 0.66 0.59 0.5+ -15.38** -15.34** 0.05
Russia 0.50 0.50 2.00** -17.16** -17.12** 0.03

Notes: The table shows the test-statistics from applyimg ADF, PP and KPSS unit root tests. ADF and PP
examines the null hypothesis of a unit root. By tcast, the KPSS test examines the null hypothebis o
stationarity. *, **, *** denotes significance at ¢h10%, 5% and 1% significance level, respectivBlgriod 1
ranges from October12005 to February 38 2007, Period 2 ranges from Marcl, 2007 to July 3% 2008,
Pgrfiod 3 ranges from August’,12008 to December 312009, Period 4 ranges from Januaty 2010 to April
30", 2011.
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Log Values Log Differences
Period Bank CDS spread ADF PP KPSS | ADF PP KPSS
US 0.22 0.22 152+ | -19.36** -19.36**  0.11
Australia 0.61 0.77 1.90** | -22.92* -23.38**  0.01
China 0.66 0.78 5.62%** | -23.33* .23.38*  0.05
Hong Kong 0.71 1.18 2.04+** | -30.96** -33.37**  0.01
India -0.09 -0.01 2.69** | -20.38** -20.57**  0.01
Japan -0.05 0.13 0.72~** | -30.27** -33.09**  0.00
Kazakhstan -0.15 -0.14 1.87** | -21.85* -21.90** 0.01
Korea 0.02 0.07 172 | -24.63* -2527**  0.01
Malaysia 0.43 0.68 6.89** | -26.92* -28.38**  0.01
Singapore 0.51 0.64 6.89** | -22.78* -23.16**  0.03
Austria -1.04 -0.62 0.59** | -28.68* -33.53**  0.00
Belgium 0.58 0.82 1.02** | -26.37** -27.43*  0.01
Denmark 0.51 0.74 4.23* | -24.36* -257¥**  0.01
Period 1 France 0.45 0.63 1.13** | -25.0** -25.92**  0.01
Germany 0.51 0.67 157+ | -2458*  -2500**  0.01
Greece 0.09 0.18 1.98** | -25.04* -254F**  0.02
Ireland 0.26 0.36 3.47** | -23.30* -23.96**  0.01
Italy 1.16 1.33 2.25** | -21.368** -21.49**  0.03
Netherland 0.18 0.27 1.10** | -25.86** -26.38**  0.01
Portugal 0.17 0.27 1.36** | -25.56** -26.28**  0.01
Spain 0.34 0.44 3.46** | -23.08** -23.50**  0.02
Sweden 0.06 0.12 3.47** | -22.64* -23.50**  0.03
Switzerland 0.75 1.05 142+ | -26.07** -27.04**  0.01
UK 0.76 0.95 172 | -23.28*  -23.6F**  0.02
Bahrain 0.49 0.56 2.60** | -22.8F* 22,77  0.02
Qatar 0.50 0.56 2.60** | -22.8F* 22,77  0.02
UAE 0.54 0.61 247 | 22,74 22,70  0.03
Russia 0.03 0.11 3.78** | -22.18* -22.55*  0.02
US -1.86* -1.66* 2.87* | -15.39* -15.38*  0.08
Australia S2.71%x 2,31 3.7 | -14.56** -1455*  0.18*
China -1.93* -1.87* 1.9%* | -18.72** -18.72**  0.08
Hong Kong -2.06*  -1.93* 5.99* | -16.66** -16.64**  0.09
India -1.82* -1.72* 3.7 | -17.30** -17.29* 013
Japan -1.40 -1.25 1.10** | -1597** -15.99*  0.08
Kazakhstan -1.76* -1.80* 6.3% | -20.47* -20.45**  0.05
Korea -1.51 -1.84* 3.13* | -24.86** -25.20**  0.08
Period 2 |Malaysia -1.21 -1.26 3.15** | -20.35* -20.36**  0.05
Singapore -1.80* -1.70* 4.9% | -16.93* -16.90**  0.10
Austria -1.43 -0.91 1.28** | -32.68** -38.79**  0.00
Belgium -2.89%*  _2.66%** 5.69** | -16.66** -16.69**  0.10
Denmark -1.26 -1.26 3.97** | -19.1F* -19.1P**  0.07
France -1.97*  -1.80* 3.97* | -16.42* -16.43**  0.10
Germany -1.79* -1.69* 4.¥4* | -16.8F** -16.76**  0.06
Greece -0.31 -0.35 0.66** | -23.69* -23.74*  0.03
Ireland -2.76%* -2 56%* 57k | -16.17** -16.13**  0.09
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Log Values Log Differences
Period Bank CDS spread ADF PP KPSS | ADF PP KPSS
Italy -1.63* -1.50 5.34* | -16.08** -16.05**  0.10
Netherland -1.03 -1.03 4.56** | -19.15* -19.15*  0.07
Portugal -2.21%  -1.98* 3.4#%+* | -15.67** -15.66**  0.07
Spain -2.12*  -1.94* 4.48* | -16.29* -16.29**  0.07
Sweden -1.90* -1.88* 6.32 | -18.64* -18.64**  0.06
Switzerland -2.09%  -2.02* 3.28* | -17.49* -17.47*  0.06
UK -2.33**  -2,13* 5.007** | -16.39** -16.42**  0.07
Bahrain -2.79%*  -2.36** 3.7¥* | -14.26**  -14.23**  0.17*
Qatar -2.92%*% .2 46** 3.63* | -14.19* -14.16**  0.16*
UAE -2.79%* -2 35** 3.87** | -14.40* -14.40**  0.16*
Russia -0.90 -0.98 4.94** | -22.36* -22.48*  0.04
uUsS 0.10 0.05 5.70** | -15.28* -15.23**  0.03
Australia 0.04 0.01 5.53** | -16.28** -16.28**  0.07
China 0.06 0.06 4.74** | -18.67** -18.67*  (0.29**
Hong Kong -0.11 -0.12 777 | -17.1%* -17.08**  0.08
India 0.70 0.58 4.3 | -16.04** -16.07**  0.22%**
Japan -0.49 -0.46 3.64** | -15.03** -15.05* = 0.24**
Kazakhstan -1.0€ -1.04 4.75* | -18.04** -18.08**  0.09
Korea 0.75 0.66 5.95* | -16.8F** -16.84**  0.26**
Malaysia 0.19 0.20 3.64* | -19.46** -1947**  0.17*
Singapore 0.5C 0.43 3.08** | -17.04** -17.09**  0.14
Austria -0.22 -0.23 7.17%* | -17.83* -17.85**  0.06
Belgium -0.32 -0.32 6.83** | -22.09* -22.02**  0.05
Denmark -0.48 -0.48 7.0 | -18.9F** -18.9F*  0.07
Period 3 France -0.13 -0.14 372 | 1772 -17.72**  0.02
Germany -0.07 -0.09 4.95** | -15.09** -15.07**  0.03
Greece -1.40 -1.39 5.94** | -18.67* -18.67**  0.03
Ireland -0.61 -0.62 5.82** | -19.83** -19.82**  0.08
Italy -0.39 -0.38 6.07** | -17.28* -17.25**  0.06
Netherland -0.68 -0.68 7.26** | -19.07** -19.07%*  0.07
Portugal -0.04 -0.06 2.56** | -1528*  .1520**  0.04
Spain -0.19 -0.19 4.46** | -14.80** -14.83**  0.06
Sweden -0.26 -0.25 7.85** | -18.00** -18.0***  0.07
Switzerland 0.23 0.18 6.07** | -1558* -1552*  0.07
UK -0.15 -0.17 4.94** | -13.95* -13.85*  0.04
Bahrain -1.37 -1.47 7.19%* | -20.62** -20.67**  0.09
Qatar -0.95 -0.93 7.10%** | -18.13* -18.12**  0.1&
UAE -1.70* -1.49 6.29%** | -14.5F**  -14.48**  0.32**
Russia -0.73 -0.68 5.03** | -1528** -1525*  (0.21**
us -0.31 -0.30 4.34** | -15558* -1552*  0.03
Australia -0.81 -0.80 2.73* | -18.00** -18.00**  0.04
China -0.02 -0.01 4.86** | -18.13** -18.13*  0.04
Period 4 Hong Kong -0.40 -0.39 2.12%* | -17.04** -17.02**  0.03
India -0.67 -0.60 4.66** | -15.25* -1527*  0.07
Japan -0.49 -0.45 5.0p** | -15.96** -15.98**  0.10
Kazakhstan 0.84 0.77 1.69%** | -16.50** -16.49*  0.02
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Log Values Log Differences
Period Bank CDS spread ADF PP KPSS | ADF PP KPSS
Korea -0.26 -0.24 2.74* | -13.64* -13.66**  0.07
Malaysia -0.16 -0.16 2.38** | -19.83* -19.85**  0.04
Singapore -0.61 -0.58 4.38** | -16.1F** -16.08** 0.09
Austria 0.03 0.01 3.54* | -16.64** -16.65**  0.02
Belgium -0.68 -0.63 2.08** | -1529* 1527  0.09
Denmark -0.70 -0.75 4.4+ | -20.10** -20.19**  0.09
France -0.69 -0.65 3.02** | -16.37* -16.37**  0.03
Germany -0.50 -0.48 2.66** | -15.89* -15.86** 0.04
Greece -1.80* -1.68* 3.9% | -159p* -15.89**  0.04
Ireland -1.69* -1.66* 1.70* | -19.39* -19.37**  0.09
Italy -0.89 -0.84 221 | -16.2¢**  -16.20**  0.04
Netherland -0.52 -0.50 3.89 | -17.14** -17.14**  0.02
Portugal -2.70**  -2.31** 3.03** | -14.25* -14.30**  0.09
Spain -1.09 -1.01 2.73* | -15.69* -15.70**  0.04
Sweden 0.22 0.26 2.38** | -21.28* .21.34**  0.04
Switzerland -0.35 -0.34 3.87* | -16.52** -16.53**  0.06
UK -0.53 -0.52 2.69** | -17.70* -17.70**  0.03
Bahrain -0.04 -0.05 522 | -17.15* -17.17**  0.06
Qatar 0.23 0.25 2.50%** | -19.33* -19.36**  0.03
UAE 0.66 0.60 0.92** | -16.80** -16.82**  0.04
Russia 1.13 0.92 1.64* | -12.84** -12.87*  0.03

Notes: The table shows the test-statistics from applyimg ADF, PP and KPSS unit root tests. ADF and PP
examines the null hypothesis of a unit root. By tcast, the KPSS test examines the null hypothekis o
stationarity. *, **, *** denotes significance at ¢h10%, 5% and 1% significance level, respectivBlgriod 1
ranges from October12005 to February 38 2007, Period 2 ranges from Marcl, 2007 to July 3% 2008,
Pgrfiod 3 ranges from August’,12008 to December 312009, Period 4 ranges from Januaty 2010 to April
30", 2011.



Appendix K: Cointegration test for country sovereand bank CDS spreads
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Variable 1 Variable 2 Johansen Trace Stat J#raMax Eigenvalue Engle-
Period SovereignCDS BankCDS r=0 r=1 r=0 r=1 Granger-Test
US us 43.91%** 291 41.00%** 291 -5, 72
Australia Australia 51.24%** 9.88** 41.36*** 9.88** -6.56**
China China 23.51** 1.87 21.65*+* 1.87 -4 34+
Hong Kong Hong Kong 34 55+ 3.93 30.62*** 3.93 -5.40**
India India 69.64***  24,09*** 45.55%** 24 Q9*** -6.61***
Japan Japan 84.04*+* 29 52xxx 54.51%* 29 52%* -5.59**
Kazakhstan Kazakhstan 35.43*** 5.36 30.07*** 5.36 -3.61**
Korea Korea 60.45*+* 5.10 55.35%** 5.10 -5. 21k
Malaysia Malaysia 59.18*** 1.23 57.94%** 1.23 -7.61%+*
Singapore Singapore 59.14%** 1.91 57.23%** 1.91 -7.80**
Austria Austria 228.52*%* 72 33%* 156.19***  72.33*** -8.85**
Belgium Belgium 146.07*** 7.32 138.75%** 7.32 =12 .94+
Denmark Denmark 31.25%** 4.85 26.41 %+ 4.85 -5. 21
Period 1 France France 85.53**  10.94** 74.59**  10.94** -9.05**
Germany Germany 40.36*** 6.72 33.64%** 6.72 -5.93**
Greece Greece 31.21 % 1.57 29.64*** 1.57 -1.46
Ireland Ireland 44 67**  14.94%** 20.74%*  14.94%+* -5.52x**
Italy Italy 10.60 1.86 8.74 1.86 -2.59
Netherland Netherland 46.51%*  11.62** 34.89***  11.62* -6.02¢**
Portugal Portugal 42.68*** 5.09 37.59%** 5.09 -2.67
Spain Spain 57.18**  11.49* 45.68***  11.49** -6.8%**
Sweden Sweden 45.12%** 5.84 39.28*** 5.84 -6.17**
Switzerland Switzerland 53.69*** 4.52 49.17%** 4.52 -7.21F*
UK UK 47.26%** 2.84 44 .42%** 2.84 -6.85**
Bahrain Bahrain 44 .21 %** 4.54 39.67*** 4.54 -6.46**
Qatar Qatar 22.21** 2.02 20.19%** 2.02 -4, 17+
UAE UAE 52.52%** 4.93 47 .59%** 4.93 =712k
Russia Russia 33.92%** 4.87 29.05*** 4.87 -4.48**
US us 47.80%** 3.10 44.70%** 3.10 -5.13**
Australia Australia 32.85%* 3.73 29.12%** 3.73 -3.32
China China 49.39%*** 4.09 45.30*** 4.09 -5.62+**
Hong Kong Hong Kong 16.99 4.50 12.48 4.50 -2.32
India India 19.11* 3.04 16.07** 3.04 -3.94+**
Japan Japan 23.12* 2.4C 20.73** 2.40 -4.60**
Kazakhstan Kazakhstan 24.91** 4.37 20.54%** 4.37 -4, 47+
Korea Korea 25.30*** 3.72 21.58** 3.72 -4 43+
Malaysia Malaysia 14.77 3.43 11.34 3.43 -3.09*
Period 2 Singqpore Singapore 13.12 3.83 9.29 3.83 -1.83
Austria Austria 103.85*** 9.28** 94.57** 9.28** -8.1%**
Belgium Belgium 17.10 4.79 12.31 4.79 -1.87
Denmark Denmark 25.31%** 1.90 23.41 %+ 1.90 -4 82+
France France 41.06*** 491 36.15%** 491 -6.11%**
Germany Germany 40.93*** 5.24 35.69*** 5.24 -5.84+**
Greece Greece 21.81* 6.53 15.28* 6.53 -0.25
Ireland Ireland 41.61%** 8.07* 33.54 8.07* -5.75+*
Italy Italy 15.16 3.91 11.24 3.91 -1.42
Netherland Netherland 45,95+ 1.79 44.16*** 1.79 -6.79**
Portugal Portugal 16.76 5.22 11.54 5.22 -2.56
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Variable 1 Variable 2 Johansen Trace Stat J#raMax Eigenvalug Engle-
Period SovereignCDS BankCDS r=0 r=1 r=0 r=1 Granger-Test
Spain Spain 27.29%** 5.57 21.72%** 5.57 -4, 19+
Sweden Sweden 23.57** 3.71 19.86** 3.71 -4.48*
Switzerland Switzerland 59.60*** 5.50 54.10*** 5.50 -7.54**
UK UK 51.84*** 6.37 45.46*** 6.37 -6.93**
Bahrain Bahrain 68.96*** 7.76* 61.21%** 7.76* -8.07*
Qatar Qatar 33.15%** 5.05 28.10%*** 5.05 -2.73
UAE UAE 71.66*** 7.66* 64.01*** 7.66* -8.23**
Russia Russia 24.41* 2.26 22.15%* 2.26 -4.43*
US us 6.79 2.23 4.56 2.23 -1.75
Australia Australia 11.89 1.79 10.10 1.79 -2.28
China China 14.50 0.57 13.93* 0.57 -3.49*
Hong Kong Hong Kong 16.65 1.18 15.47* 1.18 -3.92
India India 14.17 0.56 13.61 0.56 -3.66*
Japan Japan 10.10 2.66 7.44 2.66 -1.61
Kazakhstan Kazakhstan 28.17*** 2.16 26.01%** 2.16 -1.36
Korea Korea 15.86 0.58 15.28* 0.58 -3.90¢*
Malaysia Malaysia 17.09 0.62 16.46** 0.62 -4.02¢%*
Singapore Singapore 20.99** 4.33 16.66** 4.33 -3.38%*
Austria Austria 13.78 1.62 12.16 1.62 -1.68
Belgium Belgium 10.29 3.46 6.84 3.46 -1.75
Denmark Denmark 10.38 451 5.88 451 -1.89
Period 3 France France 14.65 5.51 9.14 5.51 -1.90
Germany Germany 14.42 4.65 9.77 4.65 -1.98
Greece Greece 9.16 1.31 7.85 1.31 -1.71
Ireland Ireland 25.01** 6.30 18.71** 6.30 -2.39
Italy Italy 12.06 5.17 6.89 5.17 -2.19
Netherland Netherland 26.02*** 4.29 21.73%** 4.29 -291
Portugal Portugal 14.49 3.08 11.40 3.08 -1.70
Spain Spain 10.72 2.09 8.63 2.09 -1.44
Sweden Sweden 12.11 1.20 10.90 1.20 -1.49
Switzerland Switzerland 10.30 1.38 8.91 1.38 -1.76
UK UK 17.14 4.55 12.59 4.55 -2.26
Bahrain Bahrain 26.03*** 1.92 24.11%x* 1.92 -2.77
Qatar Qatar 34.91%** 3.75 31.16%** 3.75 -3.73*
UAE UAE 29.22%x* 8.87* 20.35%** 8.87* -3.97**
Russia Russia 18.12* 3.4C 14.72* 3.40 -3.63*
US us 15.84 3.90 11.93 3.90 -2.54
Australia Australia 30.59*** 6.89 23.70%** 6.89 -3.38*
China China 13.93 4.38 9.55 4.38 -2.82
Hong Kong Hong Kong 16.92 5.96 10.95 5.96 -2.73
India India 30.62*** 5.73 24.88** 5.73 -4.67**
Japan Japan 3.08 0.89 2.19 0.89 -1.14
Period 4 Kazakhstan Kazakhstan 11.3C 3.82 7.49 3.82 -2.15
Korea Korea 65.64*** 6.84 58.80*** 6.84 -5.60x**
Malaysia Malaysia 23.22** 4.55 18.67* 4.55 -4.137%*
Singapore Singapore 19.39* 7.23 12.15 7.23 -1.25
Austria Austria 23.90** 5.44 18.46** 5.44 -3.22
Belgium Belgium 25.19%** 6.64 18.55** 6.64 -2.54
Denmark Denmark 8.88 1.44 7.45 1.44 -2.70
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Variable 1 Variable 2 Johansen Trace Stat J#raMax Eigenvalug Engle-
Period SovereignCDS BankCDS r=0 r=1 r=0 r=1 Granger-Test

France France 23.86** 9.08* 14.78* 9.08* -3.45
Germany Germany 13.64 5.73 7.91 5.73 -2.38
Greece Greece 41.15%* 4.36 36.79%** 4.36 -4, 145>
Ireland Ireland 28.26*** 2.73 25 .53%** 2.73 -3.16*
Italy Italy 18.41* 6.85 11.56 6.85 -2.13
Netherland Netherland 20.43* 4,59 15.84* 4.59 -3.29%
Portugal Portugal 35.71%** 5.04 30.67*** 5.04 -2.27
Spain Spain 27.27%** 5.08 22.19%** 5.08 -3.12
Sweden Sweden 16.21 4.69 11.52 4.69 -3.01
Switzerland Switzerland 15.66 4.56 11.10 4.56 -2.61
UK UK 16.86 5.47 11.39 5.47 -2.04
Bahrain Bahrain 9.24 0.80 8.44 0.80 -1.99
Qatar Qatar 21.05** 6.10 14.96* 6.10 -3.72*
UAE UAE 30.78%** 2.81 27.97*** 2.81 -4 50%**
Russia Russia 20.11* 5.37 14.74* 5.37 -2.84

Notes: The table shows the test-statistics from applylg lohansen Trace and Max Eigenvalue tests and the
Engle-Granger cointegration tests.denotes the null hypothesis with respect to thailalble cointegrating
vectors, e.g.r=0 denotes that the null hypothesiszefocointegrating vectors. *, **, *** denotes signifiaice at

the 10%, 5% and 1% significance level, respectivBlriod 1 ranges from OctobeY, 2005 to February 28
2007, Period 2 ranges from Marcf, 2007 to July 3% 2008, Period 3 ranges from August 2008 to

December 3%, 2009, Period 4 ranges from Januaty2010 to April 3¢, 2011.



Appendix L: Unit-root test for regional corporatddS spreads
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Americe
Log Values Log Differences
Period Industry CDS spreads ADF PP KPSS | ADF PP KPSS
IAutomotive 0.14 0.13 5.68** | -18.46** -18.46** 0.08
Basic materials 1.11 1.23 3.26** | -24.24*  .23.99** 0.07
Chemicals, healthcare and pharma 0.85 0.77 3.06** | -20.18** -20.16** 0.03
Commerce and consumer 2.20 2.01 2.63** | -19.57**  -19.57** 0.04
Period 1 Construction and logistics 1.16 1.33 1.44%* | -24.33**  -24.67** 0.02
Energy and utilities 2.44 2.18 3.87** | -24.83*  -24.84** 0.04
Financial services (excl. banking) 2.37 2.14 7.60** | -20.53**  -20.49** 0.12
Industrial -0.47 -0.37 1.50** | -25.04** -26.13** 0.00
Telecommunication, media and tech. 1.05 0.96 3.79** | -18.48*  -18.50** 0.11
Overall 0.57 0.63 6.88** | -24.87*  -2575** 0.01
IAutomotive -1.51 -1.58 1.14%* | -19.97** -19,97** 0.03
Basic materials -2.60*** -2, 42%* 257 | -16.33*  -16.32** 0.09
Chemicals, healthcare and pharma -1.97** -1.73* 524 | -15.07**  -15.12** 0.1
Commerce and consumer -2.09** -1.76* 25| -15.458**  -15.49** 0.10
Period 2 Construction and logistics -2.30%* -2.08** 243 | -16.4F**  -16.43** 0.07
Energy and utilities -2.22%* -1.93* 2.56 | -16.28* -16.29** 0.11
Financial services (excl. banking) -3.01%** -2,39** 2.94* | -13.30** -13.3F** 0.13
Industrial -0.44 -0.38 3.66** | -29,58*  .31.08** 0.01
Telecommunication, media and tech. -2.37** -2.02** 242 | -14.64**  -14.63** 0.15*
Overall -1.72* -1.70* 1.53% | -21.94* -21.87** 0.05
Automotive 0.55 0.55 6.68** | -18.63** -18.63** 0.15*
Basic materials -0.07 -0.10 7.53* | -11.95*  -11.88** 0.54**
Chemicals, healthcare and pharma -0.05 -0.07 6.02** | -13.26** -13.25** 0.30**
Commerce and consumer 0.20 0.14 5.23** | -14.38** -14.38** 0.29**
Period 3 Construction and logistics 0.71 0.55 6.06** | -14.57**  -14.58** 0.18*
Energy and utilities -0.01. -0.04 5.50** | -13.26** -13.29** 0.24**
Financial services (excl. banking) -0.29  -0.29 6.24** | -15.08** -15.0F** 0.11
Industrial 0.47 0.36 6.92** | -16.59*  -16.59* 0.19+
Telecommunication, media and tech. 0.43 0.31 4,94 | -13.30**  -13.27** 0.25**
Overall 0.38 0.34 6.68** | -13.82*  -13.76** 0.23**
Automotive 1.52 1.33 3.56** | -15.08**  -15.08** 0.08
Basic materials 0.12 0.08 6.37* | -14.70* 14,71 0.06
Chemicals, healthcare and pharma -0.04  -0.04 541** | -14.66** -14.68** 0.09
Commerce and consumer -0.26 -0.24 2.21** | -15.00**  -14.94** 0.05
Period 4 Construction and logistics -0.59 -0.55 4.70%* | -17.45*  -17.46** 0.11
Energy and utilities -0.04 -0.05 6.37** | -15.07** -15.09** 0.17*
Financial services (excl. banking) 0.44 0.35 6.15** | -13.80** -13.79** 0.09
Industrial -0.19 -0.17 4.58* | -16.03**  -16.00** 0.04
'Telecommunication, media and tech.-0.12 -0.12 4.38** | -14.43**  -14.43** 0.1z
Overall 0.53 0.42 5.70** | -13.65* -13.63** 0.08
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Asie-Pacific
Log Values Log Differences
Period Industry CDS spreads ADF PP KPSS | ADF PP KPSS
IAutomotive -0.0% 0.01 6.00** | -25.0F**  -26.39** 0.01
Basic materials 0.07 0.10 7.69* | -20.78*  -21.04** 0.04
Chemicals, healthcare and pharma 0.02 0.13 1.37** | -20.72*  -21.30~** 0.01
Commerce and consumer -0.21 -0.22 1.52% | -21.9F**  -22.72** 0.01
Period 1 Construction and logistics -0.05 0.02 2.40** | -25,50** -30.67** 0.01
Energy and utilities 0.27 0.43 3.03** | -19.46** -20.3F** 0.01
Financial services (excl. banking) 0.42 0.42 1.06** | -19.24**  -19.24** 0.01
Industrial 0.3% 0.38 6.04** | -22.00**  -22.2T** 0.08
Telecommunication, media and tech. 0.00 0.03 557+ | -21.80*  -22.28** 0.01
Overall 0.19 0.24 5.28* | -20.17* -20.78** 0.01
IAutomotive -1.44 -1.47 2.59% | 24,90  -24,92** 0.06
Basic materials -1.94* -1.80* 278 | -16.16** -16.15** 0.19+
Chemicals, healthcare and pharma -1.20  -1.46 1.18** | -25,75**  -26.04** 0.02
Commerce and consumer -1.18 -1.04 3.97** | -18.06** -18.07** 0.14
Period 2 Construction and logistics S2.78%** D AQ** 3.36** | -15.56** -15.60™** 0.29**
Energy and utilities -2.13** -1.92* 3.28 | -19.92**  -19.93** 0.11
Financial services (excl. banking) -1.92* -1.89* 8% | -19.37**  -19.37** 0.03
Industrial -2.21** -1.79* 1.62* | -13.49*  -13.58** 0.22**
Telecommunication, media and tech. -1.63* -1.34 2.27** | -15.69**  -15.83** 0.24**
Overall -2.39** -1.92* 2.56* | -15.68** -15.75** 0.25**
Automotive -0.76 -0.66 7.00** | -14.56*  -14.60** 0.31+**
Basic materials 0.34 0.29 6.42** | -1558*  -15.63** 0.55**
Chemicals, healthcare and pharma 0.04 0.03 6.42** | -17.75*  -17.80** 0.27**
Commerce and consumer -0.68 -0.64 7.58** | -16.0%** -16.08** 0.45**
Period 3 Construction and logistics -0.39 -0.38 6.80** | -18.38** -18.40** 0.24+*
Energy and utilities 0.54 0.43 6.53** | -17.10** -17.12** 0.32**
Financial services (excl. banking) -0.20 -0.20 6.36** | -20.25** -20.23** 0.09
Industrial -0.39 -0.39 6.28** | -15.48*  .1553** 0.54**
'Telecommunication, media and tech.-0.29 -0.27 7.258* | -14.24**  -14.26** 0.38**
Overall -0.35 -0.30 7.12% | -12.04*  -12.00** 0.67**
Automotive 0.29 0.24 2.38* | -15.13*  -15.12** 0.10
Basic materials -0.57 -0.54 2.14% | -16.39*  -16.39* 0.05
Chemicals, healthcare and pharma 0.67Y 0.65 0.81** | -15.93** -15.92** 0.08
Commerce and consumer 0.70 0.75 2.54%% | 1942+ -19.42** 0.06
Period 4 Construction and logistics 0.95 0.87 5.03** | -16.65** -16.67** 0.06
Energy and utilities -1.23 -1.09 1.00** | -15.75**  -15.76** 0.04
Financial services (excl. banking) -0.53 -0.55 5.56** | -20.3F** -20.32** 0.09
Industrial 0.22 0.21 1.89%** | -16.77** -16.77** 0.07
Telecommunication, media and tech. 0.48 0.38 2.28* | -13.18** -13.16** 0.08
Overall 0.21 0.16 1.70%** | -13.26** -13.23** 0.10
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Europe
Log Values Log Differences
Period Industry CDS spreads ADF PP KPSS | ADF PP KPSS
Automotive 2.47 2.25 1.65** | -17.12** -17.15** 0.05
Basic materials 0.94 1.01 5.62** | -20.78*  -20.83** 0.03
Chemicals, healthcare and pharma 090 0.83 4.93** | -21.45* 2143 0.09
Commerce and consumer 1.36 1.21 1.43** | -21.3F**  -21.23** 0.08
Period 1 Construction and logistics 0.06 0.11 1.03** | -26.80**  -27.44** 0.01
Energy and utilities 0.91 0.89 2.32* | -25,03*  -25.30** 0.05
Financial services (excl. banking) 1.86 2.05 2.93** | -21.33* -21.35** 0.03
Industrial 1.8% 1.74 2.79* | -19.654*  -19.64** 0.05
Telecommunication, media and tech. 0.35 0.34 3.02** | -18.82*  -18.83** 0.04
Overall 2.55 231 1.67** | -19.55* -1955** 0.04
IAutomotive -1.52 -1.35 1.95** | -152%** -15,18** 0.1
Basic materials -2.31%* -2.08** 2.38* | -15.96** -15.96** 0.14
Chemicals, healthcare and pharma -1.68* 1600 3.38** | -15.27**  -15.29%* 0.15*
Commerce and consumer -1.61  -1.44 1.93** | -15.29**  -15.29** 0.10
Period 2 Construction and logistics -1.56 -1.41 2.37** | -16.2F**  -16.2F** 0.08
Energy and utilities -1.78* -1.52 449 | -14,10%*  -14.08** 0.19+*
Financial services (excl. banking) -2.30** -2.10**  3.96** | -15.8F**  -15.75** 0.11
Industrial -2.27** -1.99** 232 | -15.03**  -15.02** 0.15*
Telecommunication, media and tech. -1.33 -1.24 2.35* | -16.65* -16.65** 0.1%
Overall -2.06** -1.82* 3.10* | -14.72* 14,64 0.13
IAutomotive -0.1¢& -0.19 6.73* | -15.0F**  -14,99** 0.10
Basic materials 0.41 0.28 6.50** | -13.07** -13.07** 0.32**
Chemicals, healthcare and pharma 0.26 0.20 6.13** | -14.2F** -14.18** 0.21*
Commerce and consumer 0.31 0.24 5.12** | -13.83** -13.76** 0.15+*
Period 3 Construction and logistics 0.06 0.04 6.64** | -15.54*  -155F** 0.08
Energy and utilities -0.24 -0.23 6.26** | -14.44*  -14.42** 0.22**
Financial services (excl. banking) -0.19  -0.19 8.03** | -15.10** -15.08** 0.12
Industrial 0.20 0.13 6.22** | -13.65* -13.63** 0.27**
Telecommunication, media and tech. 0.43 0.38 5.02** | -15.4@6*  -15.36** 0.10
Overall -0.06 -0.08 7.70%% | -14.33*  -14.29** 0.15*
IAutomotive -0.07 -0.07 4.66** | -17.57**  -17.58** 0.06
Basic materials -0.11 -0.12 5.96** | -15.93**  -1502** 0.04
Chemicals, healthcare and pharma -0.30  -0.29 6.16** | -16.67** -16.69** 0.07
Commerce and consumer -0.50 -0.48 4.63** | -17.29*  -17.29** 0.05
Period 4 Construction and logistics -0.61 -0.58 6.78** | -17.10** -17.10** 0.05
Energy and utilities -0.81 -0.75 6.13** | -15.60** -15.60™** 0.07
Financial services (excl. banking) -0.44  -0.41 2.50** | -16.3¥** -16.34** 0.04
Industrial -0.07 -0.08 4,92+ | -16.79**  -16.80** 0.10
'Telecommunication, media and tech.-0.74 -0.70 5.67* | -16.57* -16.56** 0.03
Overall -0.46 -0.43 4.30** | -16.3F**  -16.33** 0.04

Notes: The table shows the test-statistics from applyimg ADF, PP and KPSS unit root tests. ADF and PP
examines the null hypothesis of a unit root. By tcast, the KPSS test examines the null hypothekis o
stationarity. *, **, *** denotes significance at ¢h10%, 5% and 1% significance level, respectivBlgriod 1
ranges from October™1 2005 to February 38 2007, Period 2 ranges from Marct, 2007 to July 3% 2008,
PgrEiOd 3 ranges from August’, 12008 to December 312009, Period 4 ranges from Januaty 2010 to April
30", 2011.
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Appendix M: Cointegration test for regional bankdagorporate CDS spreads

Americe
Variable 1 Variable 2 Johansen Trace Stat. Xk#raMax Eigenvalue Engle-
Regional Granger-
Period | bank CDS Non-bank corp. CDS r=0 r=1 r=0 r=1 Test
Automotive 13.03 3.42 9.61 3.42 -2.33
Basic materials 14.84 4.82 10.03 4.82 -1.20
Chemicals, healthcare and pharma 13.79 3.06 10.72 3.06 -2.15
Commerce and consumer 13.04 5.33 7.71 5.33 -0.36
Period 1 Regional Construction and logistics 17.1§ 3.10 14.09* 3.10 -2.66
bank CDS Energy and utilities 23.70** 7.41 16.28** 7.41 -0.71
Financial services (excl. banking) 24.06** 5.33| 18.73* 5.33 -1.00
Industrial 64.58*** 3.12 61.46*** 3.12 -2.69
Telecommunication, media and tech. 15.68 5.73 9.95 5.73 -1.38
Overall 13.37 5.09 8.28 5.09 -1.86
Automotive 10.22 2.97 7.25 2.97 -1.96
Basic materials 13.64 2.74 10.91 2.74 -2.05
Chemicals, healthcare and pharma 17.87 2.56 15.31* 2.56 -2.28
Commerce and consumer 10.33 341 6.62 341 -2.07
Period 2 Regional Construction and logistics 13.18 3.63 9.53 3.63 -2.36
bank CDS Energy and utilities 26.60*** 2,61 23.99%** 2.61 -2.85
Financial services (excl. banking) 24.23** 2.22|  22.01*** 2.22 -2.46
Industrial 47.04%** 3.79 43.25%** 3.79 -3.28
Telecommunication, media and tech. 13.44  2.21 11.23 2.21 -1.73
Overall 19.51* 2.75 16.76** 2.75 -2.90
Automotive 8.84 0.60 8.24 0.60 -2.76
Basic materials 19.66* 0.30 19.35%* 0.30 -2.38
Chemicals, healthcare and pharma 778 0.60 7.18 0.60 -1.96
Commerce and consumer 3.55 0.26 3.69 0.26 -1.87
Period 3 Regional Construction and logistics 6.42 0.48 5.94 0.48 -2.26
bank CDS Energy and utilities 8.96 0.62 8.34 0.62 -2.08
Financial services (excl. banking) 37.38*** 3.07 34.31%** 3.07 -2.97
Industrial 9.52 0.29 9.23 0.29 -2.41
Telecommunication, media and tech. 445  0.36 4.09 0.36 -2.02
Overall 8.07 0.29 7.78 0.29 -2.62
Automotive 19.00* 2.56 16.44** 2.56 -3.32*
Basic materials 29.53**  1.98 27.55%* 1.98 -4.38***
Chemicals, healthcare and pharma 12.47 1.89 10.58 1.89 -3.09*
Commerce and consumer 18.00* 6.74 11.26 6.74 -2.58
Period 4 Regional Construction and logistics 14.78 5.09 9.69 5.09 -3.03
bank CDS Energy and utilities 40.41** 1,99 38.42%+* 1.99 -4.,14%%*
Financial services (excl. banking) 42.20*** 1.20 41.00*** 1.20 -4.32%**
Industrial 16.90 4.14 12.76 4.14 -3.41*
Telecommunication, media and tech. 1245  2.19 10.26 2.19 -3.07*
Overall 31.64** 0.98 30.67** 0.98 -3.99%**
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Asie-Pacific
Variable 1 Variable 2 Johansen Trace Stat. Xk#raMax Eigenvalue Engle-
Regional Granger-
Period | bank CDS Non-bank corp. CDS r=0 r=1 r=0 r=1 Test
Automotive 42.27**  10.91** 31.35**  10.91* -5. 5
Basic materials 46.94** 422 42.71%** 4.22 -6.62-**
Chemicals, healthcare and pharma 88.23**21.57**| 66.67***  21.57** = -6.59**
Commerce and consumer 42.82%* 13.09***| 29.73***  13.09*** -5.21%**
Period 1 Regional Construction and logistics 82.80*** 18.39***| 64.41**  18.39*** -7.23%*
bank CDS Energy and utilities 100.06*** 11.43** 88.62**  11.43** -9.79**
Financial services (excl. banking) 47.38*** 538 42.00*** 5.38 -6.64**
Industrial 33.61*** 2.96 30.65*+* 2.96 -5.62**
Telecommunication, media and tech. 32.56*** 7.40 25.16*** 7.40 -5.03**
Overall 36.25*+* 7.12 29.14*** 7.12 -5.45**
Automotive 35.58*** 3.33 32.25%** 3.33 -2.84
Basic materials 12.8% 5.16 7.69 5.16 -2.28
Chemicals, healthcare and pharma 35.15*** 516 29.99%** 5.16 -4 .53**
Commerce and consumer 24.41* 7.04)  17.37* 7.04 -1.91
Period 2 Regional Construction and logistics 25.36*** 3.97 21.39%* 3.97 -1.77
bank CDS Enpergy and utilities 15.25 3.35 11.88 3.35 -1.92
Financial services (excl. banking) 20.68** 2.55| 18.03** 2.65 -1.65
Industrial 23.68** 3.05 20.63** 3.05 -2.13
Telecommunication, media and tech. 23.59** 4.48 19.12** 4.48 -1.71
Overall 27.49%+* 4.47 23.02%** 4.47 -1.61
Automotive 37.53%** 7.09 30.44%* 7.09 -1.02
Basic materials 31.30**  2.13 29.16*** 2.13 -2.01
Chemicals, healthcare and pharma 6.95 0.78 6.17 0.78 -1.50
Commerce and consumer 31.98*** 5.13 26.85%** 5.13 -1.01
. Regional Construction and logistics 20.52** 2.36 18.16** 2.36 -1.37
Period 3 e
bank CDS Energy and utilities 22.68** 1.24 21.43%* 1.24 -2.41
Financial services (excl. banking) 33.72*** 2.10 31.62*** 2.10 -2.23
Industrial 15.49 0.76 14.73* 0.76 -2.13
Telecommunication, media and tech. 35.65*** 4.94 30.71%** 4.94 -1.23
Overall 57.07** 5.94 51.14%** 5.94 -1.22
Automotive 8.61 2.18 6.43 2.18 -2.24
Basic materials 16.12 4.79 11.33 4.79 -2.75
Chemicals, healthcare and pharma 70.98** 4.23 66.75*** 4.23 -6.26***
Commerce and consumer 15.47 3.73 11.75 3.73 -2.12
. Regional Construction and logistics 20.08* 4.05| 16.03* 4.05 -2.06
Period 4 e
bank CDS Energy and utilities 15.37 5.28 10.09 5.28 -2.16
Financial services (excl. banking) 10.33 3.14 7.19 3.14 -1.78
Industrial 23.72** 5.31 18.41** 5.31 -3.54**
Telecommunication, media and tech. 14.14 2.96 11.17 2.96 -2.42
Overall 25,34+ 4.82 20.51*** 4.82 -3.08*
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Europe
Variable 1 Variable 2 Johansen Trace Stat. Xk#raMax Eigenvalue Engle-
Regional Granger-
Period | bank CDS Non-bank corp. CDS r=0 r=1 r=0 r=1 Test
Automotive 27.95%** 6.08 21.87** 6.08 -4.61**
Basic materials 14.4% 1.42 13.00 1.42 -3.59+
Chemicals, healthcare and pharma 17.78 1.30 16.49** 1.30 -3.89+*
Commerce and consumer 25.88** 2.89 22.99%** 2.89 -4.70%**
. Regional Construction and logistics 31.42** 3.17 28.25%** 3.17 -2.47
Period 1 .
bank CDS Energy and utilities 17.51 1.42 16.09** 1.42 -3.99**
Financial services (excl. banking) 63.31*** 4.35 58.96*** 4.35 S7. 71
Industrial 22.63** 3.5C 19.13** 3.50 -4.2°7**
Telecommunication, media and tech. 11.85 1.01 10.64 1.01 -2.96
Overall 43.31%** 5.71 37.60%** 5.71 -5.88**
Automotive 13.01 472 8.29 4,72 -2.34
Basic materials 11.8% 5.11 6.78 5.11 -1.99
Chemicals, healthcare and pharma 12.47  3.52 8.95 3.52 -2.55
Commerce and consumer 11.18 3.59 7.59 3.59 -2.26
Period 2 Regional Construction and logistics 11.G4 3.97 7.97 3.97 -1.78
bank CDS Enpergy and utilities 15.83 6.10 9.73 6.10 -2.92
Financial services (excl. banking) 25.01** 6.54| 18.37** 6.64 -4, 17>
Industrial 13.76 6.15 7.61 6.15 -2.38
Telecommunication, media and tech. 11.85  3.99 7.97 3.99 -2.23
Overall 15.77 6.11 9.66 6.11 -2.92
Automotive 5.73 1.04 4.69 1.04 -2.14
Basic materials 6.03 0.33 5.71 0.33 -2.31
Chemicals, healthcare and pharma 7.04 0.52 6.52 0.52 -2.20
Commerce and consumer 5.4%3 0.46 4.97 0.46 -1.97
. Regional Construction and logistics 6.19 1.33 4.86 1.33 -2.12
Period 3 e
bank CDS Energy and utilities 5.57 0.82 4.75 0.82 -2.02
Financial services (excl. banking) 30.01*** 1.86 28.16*** 1.86 -2.83
Industrial 5.10 0.25 4.85 0.25 -2.12
Telecommunication, media and tech. 6.41. 0.91 5.50 0.91 -2.08
Overall 14.16 0.83 13.33 0.83 -2.52
Automotive 11.95 1.22 10.74 1.22 -1.98
Basic materials 8.77 0.99 7.79 0.99 -1.75
Chemicals, healthcare and pharma 10.72 1.04 9.68 1.04 -1.79
Commerce and consumer 13.62 2.29 11.33 2.29 -1.45
. Regional Construction and logistics 11.92 3.83 8.09 3.83 -1.75
Period 4 e
bank CDS Energy and utilities 9.19 2.92 6.28 2.92 -1.60
Financial services (excl. banking) 17.04 7.11 9.93 7.11 -2.61
Industrial 9.13 0.96 8.17 0.96 -1.88
Telecommunication, media and tech. 8.74 2.01 6.73 2.01 -1.39
Overall 12.71 2.10 10.61 2.10 -1.21

Notes: The table shows the test-statistics from applylg lohansen Trace and Max Eigenvalue tests and the
Engle-Granger cointegration tests.denotes the null hypothesis with respect to thailalble cointegrating
vectors, e.g.;=0 denotes that the null hypothesiszefocointegrating vectors. *, **, *** denotes signifiace at

the 10%, 5% and 1% significance level, respectivBlriod 1 ranges from OctobeY, 2005 to February 28
2007, Period 2 ranges from Marcf, 2007 to July 3% 2008, Period 3 ranges from August, 2008 to
December 3%, 2009, Period 4 ranges from Januaty2010 to April 3¢, 2011.
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Log Values Log Differences
Period Regional bank equity prices ADF PP KPSS | ADF PP KPSS
America 0.22 0.22 1.520x* -19.99**  -19.99** 0.10
Period 1 Asia-Pacific 0.19 0.19 1.85** -29.02**  -29.02** 0.01
Europe 0.78 0.78 1.45** -22.18*  -22.18** 0.01
Middle East & Russia 0.12 0.12 3.77** -21.56*  -21.56** 0.02
America -1.86 -1.86* 2.8 -15.49**  -15.49** 0.08
Period 2 Asia-Pacific -2.54* -2.54** 2.37%** -13.52**  -13.52** 0.17*
Europe -2.28* -2.28** 4.30%** -15.50**  -15.50** 0.09
Middle East & Russia -1.14 -1.14 4,92+ -21.3p*  -21.3F** 0.07
America 0.10 0.10 5.70"** -15.12**  -15.12** 0.03
Period 3 Asia-Pacific 0.11 0.11 5.09** -14.24%  -14.24** 0.25**
Europe -0.17 -0.17 5.96** -15.09**  -15.09** 0.04
Middle East & Russia -0.94 -0.94 5.25** -14.60**  -14.60** 0.28**
America -0.31 -0.31 4 34+ -15.58**  -15.58** 0.03
Period 4 Asia-Pacific -0.55 -0.55 2.03** -14.68**  -14.68** 0.09
Europe -0.85 -0.85 2.46** -16.23*  -16.23** 0.04
Middle East & Russia 1.09 1.09 1.56%* -15.38**  -15.38** 0.04

Notes: The table shows the test-statistics from applyimg ADF, PP and KPSS unit root tests. ADF and PP
examines the null hypothesis of a unit root. By tcast, the KPSS test examines the null hypothekis o
stationarity. *, **, *** denotes significance at ¢h10%, 5% and 1% significance level, respectivBlgriod 1
ranges from October™1 2005 to February 38 2007, Period 2 ranges from Marct, 2007 to July 3% 2008,
Pgr:iod 3 ranges from August’, 12008 to December 312009, Period 4 ranges from Januaty 2010 to April
30", 2011.
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Appendix O: Unit-root test for regional corporatguaty prices

Americe
Log Values Log Differences
Period Industry equity prices ADF PP KPSS | ADF PP KPSS
IAutomotive -0.7¢& -0.77 4.66** | -18.3F**  -18.30** 0.05
Basic materials 0.41 0.40 4.16** | -18.04**  -18.02** 0.05
Chemicals, healthcare and pharma 0.08 0.08 3.75** | -19.29*  -19.30** 0.07
Commerce and consumer 0.27 0.30 4,76+ | -21.14**  -21.27** 0.04
Period 1 Construction and logistics -0.03 -0.03 2.52*% | -18.76** -18.76** 0.10
Energy and utilities -0.15 -0.16 2.19%* | -20.27**  -20.39** 0.04
Financial services (excl. banking) 0.56 0.61 4.67** | -20.7F**  -20.76** 0.07
Industrial 0.2% 0.24 2.64* | -19.67*  -19.69** 0.05
Telecommunication, media and tech. 0.66 0.73 6.00** | -21.16*  -21.27** 0.07
Overall 0.30 0.34 5,13** | -21.27*  -21.42%* 0.05
IAutomotive -1.04 -1.09 1.90** | -20.93** -20.89** 0.04
Basic materials 0.74 0.76 2,12 | -20.37**  -20.35** 0.04
Chemicals, healthcare and pharma =137 -1.47 6.30** | -20.58** -20.59** 0.05
Commerce and consumer -0.86 -0.95 179 | -22,19**  -22.23** 0.02
Period 2 Construction and logistics -0.74 -0.78 3.13** | -20.5F**  -20.50** 0.03
Energy and utilities -0.16 -0.17 2.14*% | -23.12*% 23,17 0.03
Financial services (excl. banking) -1.36 -1.43 4.28** | -21.08** -21.06** 0.05
Industrial -0.76 -0.84 6.34* | -22.04*  -22.08** 0.02
Telecommunication, media and tech. -0.96 -1.06 3.99** | -21.96** 21,92 0.07
Overall -1.04 -1.17 440 | 22 3F** 22 20 0.04
Automotive 0.8% 0.80 442+ | 18.29**  -18.33** 0.09
Basic materials -0.47 -0.49 578** | -19.07**  -19.08** 0.09
Chemicals, healthcare and pharma 0.23 0.18 7.05%** | -22.23**  -22.48** 0.02
Commerce and consumer 0.04 0.06 6.36%** | -22.50**  -22.8F** 0.02
Period 3 Construction and logistics -0.01 0.01 7.10** | -21.35**  -21.48** 0.03
Energy and utilities -0.22 -0.26 457 | -23.69*  -24 34 0.01
Financial services (excl. banking) -0.39 -0.41 6.95** | -20.50** -20.53** 0.04
Industrial -0.62 -0.67 7.55* | -20.94*  -20.94** 0.04
Telecommunication, media and tech. 0.07 0.11 5.70** | -22.72**  -23.06** 0.02
Overall -0.22 -0.24 7.14% | -21,18*  -21.24%* 0.03
Automotive 1.00 0.98 1.94>** | -18.53** -18.53** 0.07
Basic materials 0.98 0.92 3.56* | -17.78*  -17.76** 0.06
Chemicals, healthcare and pharma 0.80 0.84 2.58** | -19.08** -19.10** 0.04
Commerce and consumer 0.85 0.88 2.70%* | -19.32**  -19.33** 0.06
Period 4 Construction and logistics 1.05 1.06 2.44* | -18.65** -18.65** 0.04
Energy and utilities 1.18 1.26 4.32** | -20.04* -20.06** 0.04
Financial services (excl. banking) 0.83 0.91 2.65** | -19.7F**  -19.73** 0.06
Industrial 1.3% 1.33 2.54% | -17.68*  -17.65** 0.10
Telecommunication, media and tech. 0.59 0.61 1.9 | -19.6F**  -19.61** 0.03
Overall 1.04 1.09 1.98** | -19.26** -19.26** 0.06
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Asie-Pacific
Log Values Log Differences
Period Industry equity prices ADF PP KPSS | ADF PP KPSS
IAutomotive 0.6& 0.69 2.74* | -18.58*  -18.55** 0.05
Basic materials 1.02 1.11 3.0T** | -20.20**  -20.28** 0.04
Chemicals, healthcare and pharma .04 1.07 2.92%*% | -19.2F**  -19.2F** 0.09
Commerce and consumer 0.81 0.84 2.80%** | -19.87**  -19.87** 0.08
Period 1 Construction and logistics -0.05 -0.05 3.42** | -18.25**  -18.23** 0.10
Energy and utilities 1.46 1.55 3.40** | -20.72*  -20.7F** 0.07
Financial services (excl. banking) 1.64 1.79 3.16** | -19.65** -19.67** 0.02
Industrial 0.3% 0.36 3.10** | -19.28**  -19.28** 0.09
Telecommunication, media and tech. 0.56 0.58 3.20** | -19.20**  -19.20** 0.07
Overall 0.97 1.01 3.3F* | -19.56* -19.56** 0.07
IAutomotive -1.46€ -1.56 1.37* | -21.45* -21.43** 0.02
Basic materials 0.45 0.47 3.27* | -19.652*  .19,53** 0.03
Chemicals, healthcare and pharma -1.02 -1.13 2.48** | -20.93* -21.07** 0.05
Commerce and consumer -0.67 -0.76 4.84** | -21.93** 22 17 0.03
Period 2 Construction and logistics -1.99** -1.95%* 478 | -18.73*  -18.73** 0.02
Energy and utilities -0.15 -0.15 7.60** | -20.05**  -20.04** 0.04
Financial services (excl. banking) -0.90 -0.90 5.23** | -18.92**  -18.92** 0.03
Industrial -0.29 -0.31 3.0T** | -21.24*  .21.35** 0.03
Telecommunication, media and tech.-0.51 -0.54 3.84* | -21.33** -21.36** 0.02
Overall -0.59 -0.64 447 | -21.82**  -21,90** 0.02
Automotive 0.0& 0.11 4.09** | -21.7F**  -21.85** 0.04
Basic materials -0.19 -0.20 6.12** | -19.18*  -190.16** 0.07
Chemicals, healthcare and pharma -0.42  -0.42 3.28** | -18.47**  -18.46** 0.04
Commerce and consumer -0.23 -0.26 6.21** | -22.10**  -22.26** 0.04
Period 3 Construction and logistics -0.12 -0.12 2.60** | -19.26**  -19.28** 0.04
Energy and utilities -0.38 -0.38 3.22** | -19.67** -19.68** 0.02
Financial services (excl. banking) 0.20 0.21 7.22%% | -20.88**  -20.84** 0.03
Industrial -0.2% -0.23 5.50** | -19.28**  -19.28** 0.07
Telecommunication, media and tech.-0.43 -0.46 5.80** | -21.42**  -21.49** 0.04
Overall -0.26 -0.27 5.90** | -20.65* -20.70** 0.05
Automotive 0.11 0.13 2.28** | -19.52*  .19.66** 0.05
Basic materials 0.36 0.36 2.97* | -18.56*  -18.56** 0.05
Chemicals, healthcare and pharma 0.6v 0.70 1.35** | -18.78**  -18.80** 0.04
Commerce and consumer 0.80 0.85 2.07** | -18.42**  -18.45** 0.06
Period 4 Construction and logistics 0.45 0.53 3.87** | -21.12*%  -21.3F** 0.05
Energy and utilities 0.56 0.59 4.00%** | -18.27*  -18.28** 0.03
Financial services (excl. banking) -0.35 -0.35 3.82** | -18.19* -18.19** 0.02
Industrial 0.82 0.85 3.49%* | -18.27*  -18.27** 0.07
Telecommunication, media and tech. 0.19 0.21 1.67** | -19.38** -19.48** 0.05
Overall 0.51 0.54 1.81** | -19.08** -19.13** 0.05
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Europe
Log Values Log Differences
Period Industry equity prices ADF PP KPSS | ADF PP KPSS
Automotive 1.5¢ 1.61 4.00** | -18.93**  -18.93** 0.06
Basic materials 1.49 1.54 2.27* | -19.97*  -19.,96** 0.03
Chemicals, healthcare and pharma .10 111 2.03** | -19.45*  -19.45** 0.03
Commerce and consumer 2.21 2.27 4.10%* | -19.76*  -19.75** 0.05
Period 1 Construction and logistics 1.20 1.17 3.95** | -19.28**  -19.29** 0.07
Energy and utilities 0.79 0.79 2.43** | -18.98** -18.98** 0.06
Financial services (excl. banking) 1.43 1.51 3.58** | -20.50** -20.50** 0.08
Industrial 1.3% 1.39 3.99** | -20.37**  -20.35** 0.12
Telecommunication, media and tech. 0.45 0.45 7.36** | -18.59*  -18.59** 0.06
Overall 1.51 1.61 3.95* | -20.66** -20.66** 0.07
IAutomotive 0.5& 0.51 4.90** | -19.56**  -19.56** 0.05
Basic materials -0.21 -0.22 2.5F* | .21.28*  -21.25** 0.03
Chemicals, healthcare and pharma -0.20  -0.20 2.92*% | -20.6F**  -20.57** 0.07
Commerce and consumer -0.84  -0.88 2.49** | -20.89**  -20.87** 0.03
Period 2 Construction and logistics -1.55 -1.49 3.11** | -18.90** -18.93** 0.07
Energy and utilities -0.30 -0.30 5.0+ | -20.59*  -20.55** 0.05
Financial services (excl. banking) -1.37 -1.41 2.87** | -20.36**  -20.34** 0.02
Industrial -0.1% -0.13 4,73 | -21.39** 21,32 0.03
Telecommunication, media and tech.-0.74 -0.79 772 | L2122 2122 0.04
Overall -1.01 -1.05 3.77* | -21.04*  -21.00** 0.03
IAutomotive -0.50 -0.51 229 | -17.92*  -17.90** 0.06
Basic materials -0.43 -0.43 7.06* | -18.27*  -18.26** 0.05
Chemicals, healthcare and pharma -0.04  -0.03 7.94* | -20.07**  -20.1F** 0.02
Commerce and consumer 0.07 0.08 7.35%* | -19.02**  -19.05** 0.04
Period 3 Construction and logistics 0.19 0.19 4,97 | -18.09*  -18.06** 0.03
Energy and utilities -0.44 -0.48 7.0F* | -20.03*  -20.15** 0.02
Financial services (excl. banking) -0.38 -0.38 6.81** | -18.52**  -18.5F** 0.05
Industrial -0.46€ -0.46 5.89** | -18.48*  -18.44** 0.05
Telecommunication, media and tech. -0.14 -0.15 7.60** | -20.42*  -20.58** 0.02
Overall -0.39 -0.41 6.97* | -18.87* -18.87** 0.05
IAutomotive 1.5¢ 1.50 2.7 | -16.09*  -16.02** 0.08
Basic materials 0.52 0.51 4.09** | -17.55**  -17.53** 0.03
Chemicals, healthcare and pharma 095 0.95 2.69** | -18.19* -18.19** 0.03
Commerce and consumer 0.57 0.60 2.81** | -18.78**  -18.79** 0.03
Period 4 Construction and logistics 0.06 0.06 4.32%% | AT7.44% 1742 0.02
Energy and utilities -0.28 -0.27 6.34** | -17.4F**  -17.40** 0.05
Financial services (excl. banking) 0.35 0.34 3.95** | -17.6F** -17.60** 0.02
Industrial 1.0% 1.02 3.90** | -16.98*  -16.94** 0.02
Telecommunication, media and tech. 0.22 0.23 1.76** | -18.90** -18.9Z** 0.04
Overall 0.56 0.56 4.06** | -17.54**  -17.53** 0.03

Notes: The table shows the test-statistics from applyimg ADF, PP and KPSS unit root tests. ADF and PP
examines the null hypothesis of a unit root. By tcast, the KPSS test examines the null hypothekis o
stationarity. *, **, *** denotes significance at ¢h10%, 5% and 1% significance level, respectivBlgriod 1
ranges from October™1 2005 to February 38 2007, Period 2 ranges from Marct, 2007 to July 3% 2008,
PgrEiOd 3 ranges from August’, 12008 to December 312009, Period 4 ranges from Januaty 2010 to April
30", 2011.



Appendix P: Cointegration test for regional banldatorporate equity prices
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Americe
Variable 1 Variable 2 Johansen Trace Stat Johansen Max #abe
Regional Engle-
Period |bank equity Non-bank corp. equity r=0 r=1 r=0 r=1 Granger-Test
Automotive 14.30 2.99 11.31 2.99 -1.56
Basic materials 8.64 2.92 5.71 2.92 -1.65
Chemicals, healthcare and pharma 6.59 3.06 3.44 3.06 -1.74
Commerce and consumer 10.G1 3.10 6.91 3.10 -2.10
Period 1 Regiona} Construction and logistics 7.1% 2.89 4.22 2.89 -1.78
bank equityEnergy and utilities 23.47** 2.96 20.50%** 2.96 -3.44%
Financial services (excl. banking) 9.65 2.77 6.90 2.77 -1.61
Industrial 10.84 3.08 7.77 3.08 -1.87
Telecommunication, media and tech. 8.63 2.71 5.92 2.71 -2.09
Overall 9.22 3.28 5.93 3.28 -1.96
Automotive 12.89 3.79 9.10 3.79 -2.51
Basic materials 21.78** 4.55 17.23* 4.55 -1.43
Chemicals, healthcare and pharma 11.15 4.43 6.73 4.43 -1.72
Commerce and consumer 16.4Z 3.87 12.55 3.87 -3.3I*
Period 2 Regiona} Construction and logistics 10.5G 3.97 6.53 3.97 -2.09
bank equityEnergy and utilities 26.01%** 6.07 19.94** 6.07 -2.32
Financial services (excl. banking) 9.¢2 3.83 6.16 3.83 -2.20
Industrial 9.62 4.23 5.39 4.23 -1.91
Telecommunication, media and tech.14.14 4.73 9.40 4.73 -2.31
Overall 12.40 4.63 7.77 4.63 -2.24
Automotive 10.74 1.66 9.08 1.66 -2.80
Basic materials 10.64 2.43 8.20 2.43 -1.63
Chemicals, healthcare and pharma 12.38 2.58 9.81 2.58 -2.30
Commerce and consumer 13.27 3.29 9.98 3.29 -1.61
Period 3 Regiona} Construction and logistics 7.74 2.13 5.61 2.13 -1.89
bank equityEnergy and utilities 17.59 2.51 15.08* 2.51 -1.33
Financial services (excl. banking) 7.44 2.18 5.26 2.18 -1.38
Industrial 8.07 2.80 5.28 2.80 -1.28
Telecommunication, media and tech.13.02 2.45 10.57 2.45 -2.15
Overall 8.64 2.60 6.04 2.60 -1.59
Automotive 16.86 4.40 12.47 4.40 -3.02
Basic materials 14.74 3.68 11.06 3.68 -3.23*
Chemicals, healthcare and pharma 18.64* 5.33 13.31 5.33 -3.11*
Commerce and consumer 18.12* 7.0¢| 11.04 7.09 -2.81
Period 4 Regiona} Construction and logistics 16.95 5.13 11.81 5.13 -2.88
bank equityEnergy and utilities 14.69 2.74 11.96 2.74 -3.25*
Financial services (excl. banking) 20.59** 7.39| 13.20 7.39 -2.84
Industrial 23.39** 3.55 19.84** 3.55 -3.22*
Telecommunication, media and tech.13.65 4.73 8.92 4.73 -2.89
Overall 18.42* 4.87 13.55 4.87 -3.01




245

Asie-Pacific
Variable 1 Variable 2 Johansen Trace Stat Johansen Max #abe
Regional Engle-
Period |bank equity Non-bank corp. equity r=0 r=1 r=0 r=1 Granger-Test
Automotive 40.75%** 2.89 37.87** 2.89 -6.25**
Basic materials 41.92%** 1.7G 40.22*** 1.70 -6.51***
Chemicals, healthcare and pharma 32.83*** 3.85| 29.16*** 3.66 -5.50**
Commerce and consumer 31.79%** 6.62 25.16*+* 6.62 -5.08**
Period 1 Regiona} Construction and logistics 30.40%** 251 27.89** 251 -5.27**
bank equityEnergy and utilities A7 .35%+* 2.54 44,81 % 2.54 -6.89+*
Financial services (excl. banking) 58.44*** 3.0 | 55.44% 3.00 -7.69**
Industrial 29.29%** 3.76 25.53** 3.76 -5.08**
Telecommunication, media and tech.31.14*** 5.94 25.21%** 5.94 -5.06**
Overall 35.58*** 3.30 32.28*** 3.30 -5.79**
Automotive 27.11%* 1.98 25,14 1.98 -2.79
Basic materials 23.63** 5.2¢ 18.34* 5.29 -1.13
Chemicals, healthcare and pharma 24 .49** 3.78 20.72%** 3.78 -2.91
Commerce and consumer 33.70%** 458 29.12%** 4.58 -2.37
Period 2 Regiona} Construction and logistics 16.55 3.05 13.50 3.05 -1.51
bank equityEnergy and utilities 24.71%* 6.14 18.57** 6.14 -1.39
Financial services (excl. banking) 13.48 5.41 8.07 5.41 -2.32
Industrial 25.38*** 3.67 21.72%* 3.67 -1.45
Telecommunication, media and tech.30.26*** 3.92 26.35** 3.92 -2.27
Overall 32.01**+* 4.13 27.89** 4.13 -2.14
Automotive 14.78 0.62 14.16* 0.62 -2.38
Basic materials 14.24 1.15 13.09 1.15 -1.94
Chemicals, healthcare and pharma 22.80** 0.64 22.17*** 0.64 -1.59
Commerce and consumer 25.10%** 1.36 | 23.74%* 1.36 -1.58
Period 3 Regiona} Construction and logistics 14.82 0.39 14.43* 0.39 -1.43
bank equityEnergy and utilities 11.63 0.36 11.27 0.36 -1.42
Financial services (excl. banking) 14.80 1.99 12.82 1.99 -1.48
Industrial 19.96* 0.96 19.00** 0.96 -2.28
Telecommunication, media and tech.18.40* 1.01 17.39** 1.01 -1.23
Overall 18.21* 1.17 17.05** 1.17 -1.72
Automotive 22.60** 10.47** 12.13 10.47** -2.00
Basic materials 8.92 3.92 4.99 3.92 -1.99
Chemicals, healthcare and pharma 20.64** 8.77 11.8 8.77* -1.97
Commerce and consumer 13.63 4.46 9.17 4.46 -1.97
Period 4 Regiona} Construction and logistics 14.79 6.63 8.16 6.63 -1.97
bank equityEnergy and utilities 15.95 4.68 11.26 4.68 -2.09
Financial services (excl. banking) 14.40 4.01 10.40 4.01 -2.00
Industrial 11.82 3.33 8.49 3.33 -2.00
Telecommunication, media and tech.22.20** 9.86** 12.34 9.86** -1.97
Overall 15.69 6.66 9.03 6.66 -2.00
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Europe
Variable 1 Variable 2 Johansen Trace Stat Johansen Max #abe
Regional Engle-
Period |bank equity Non-bank corp. equity r=0 r=1 r=0 r=1 Granger-Test
Automotive 20.12* 4.03 16.10** 4.03 -4.05**
Basic materials 32.19%** 3.2% 28.98*** 3.21 -5.10**
Chemicals, healthcare and pharma 32.95%** 3.17| 29.78** 3.17 -5.07**
Commerce and consumer 40.09*** 5.6% 34.48*** 5.61 -5.90**
Period 1 Regiona} Construction and logistics 12.95 2.41 10.55 241 -3.20¢
bank equityEnergy and utilities 24.87** 2.11 22.76%*+ 2.11 -4 4Gr*
Financial services (excl. banking) 19.42* 3.8G| 15.62* 3.80 -3.85*
Industrial 11.81 3.21 8.60 3.21 -2.83
Telecommunication, media and tech.11.24 1.08 10.16 1.08 -2.74
Overall 20.71** 3.41 17.30** 3.41 -4, 11+
Automotive 15.20 4.03 11.17 4.03 -1.43
Basic materials 20.19* 7.59* 12.5% 7.59* -2.49
Chemicals, healthcare and pharma 18.10* €.58 11.42 6.68 -3
Commerce and consumer 12.43 3.35 9.08 3.35 -2.65
Period 2 Regiona} Construction and logistics 9.63 2.98 6.64 2.98 -1.43
bank equityEnergy and utilities 17.0¢ 6.98 10.11 6.98 -2.35
Financial services (excl. banking) 10.62 3.63 6.99 3.63 -2.21
Industrial 16.96 7.28 9.67 7.28 -2.32
Telecommunication, media and tech.11.86 3.59 8.27 3.59 -1.96
Overall 11.34 4.36 6.98 4.36 -2.37
Automotive 27 .54 3.74 23.81 % 3.74 -2.42
Basic materials 10.88 3.53 7.35 3.53 -2.18
Chemicals, healthcare and pharma 13.4C 3.25 10.15 3.25 -2.45
Commerce and consumer 9.57 2.07 7.50 2.07 -2.65
Period 3 Regiona} Construction and logistics 7.56 1.36 6.20 1.36 -2.33
bank equityEnergy and utilities 14.82 3.94 10.88 3.94 -2.10
Financial services (excl. banking) 8.38 3.56 4.82 3.56 -1.91
Industrial 10.37 3.51 6.86 3.51 -2.00
Telecommunication, media and tech.13.44 3.89 9.55 3.89 -2.48
Overall 9.40 3.37 6.03 3.37 -1.94
Automotive 12.19 4.13 8.06 4.13 -2.65
Basic materials 10.21 2.73 7.48 2.73 -2.61
Chemicals, healthcare and pharma 10.8% 2.02 8.81 2.02 -2.54
Commerce and consumer 14.96 3.89 11.07 3.89 -2.85
Period 4 Regiona} Construction and logistics 11.41 3.76 7.66 3.76 -1.86
bank equityEnergy and utilities 8.10 1.46 6.64 1.46 -1.58
Financial services (excl. banking) 9.75 2.87 6.89 2.87 -2.30
Industrial 11.12 4.55 6.57 4.55 -2.55
Telecommunication, media and tech.10.96 3.60 7.35 3.60 -2.34
Overall 10.14 2.69 7.45 2.69 -2.52

Notes: The table shows the test-statistics from applyhg lohansen Trace and Max Eigenvalue tests and the
Engle-Granger cointegration testsdenotes the null hypothesis with respect to thailabie cointegrating
vectors, e.g.;=0 denotes that the null hypothesiszefocointegrating vectors. *, **, *** denotes signifiace at

the 10%, 5% and 1% significance level, respectivBlgriod 1 ranges from Octobe¥, R005 to February 8
2007, Period 2 ranges from Marcf, 2007 to July 3% 2008, Period 3 ranges from August 2008 to

December 3%, 2009, Period 4 ranges from Januaty2010 to April 3§, 2011.
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