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Abstract. We propose a new index for measuring the systaskiof default of the banking sector, which is
based on a homogeneous version of multivariatensity based models (Cuadras — Augé distributiorg. W
compute the index for 10 European countries, eiptpihe information incorporated in the CDS prerofa

44 large banks over the period January 2007 — Sapée 2010. In this way, we provide a market based
measure of the liability incurred by the Governnsedue to the implicit bail-out guarantees theyvle to

the financial sector. We find that during the fica crisis the systemic component of the defask in the
banking sector has significantly increased in atluntries, with the exception of Germany and the
Netherlands. As a consequence, the Governmenkslitfaimplicit in the bail out guarantee amounts &
quite relevant share of GDP in several countrigsisihuge for Ireland, lower but still importantrfthe
other PIIGS (ltaly is the least affected withinstigiroup) and for the UK. Finally, our estimate &y close

to the overall amount of money already committethenrescue plans adopted in Europe between October
2008 and March 2010, despite strong cross-counffgrénces: in particular, Germany and Ireland setem
have committed an amount of resources much latggr heeded; to the contrary, the Italian Government
has committed much less than it should.

1. Introduction

In the current phase of the financial crisis, thesjion attracting most of attention and debatkds
mutation and transmission of the credit virus frihv@ banking system, where the epidemic started,
to the Governments’ balance sheets. According teesimterpretations of the crisis, the diffusion of
the virus across financial institutions and marke#s magnified by the accounting rules that were
imposing to mark-to-marketassets and liabilities of all the players in theafcial system.
Someone could argue, with somewhat of a joke, tt@atmost acute phase of the crisis was over
when the problem exposures ended up in the onlgdiuthat is not evaluated at fair-value yet,
namely the Government budget. This argument dallsa question: if the implicit guarantee
provided by each Government to its financial systeeme marked-to-market, what would be the
impact on public debt figures? This paper addresisissquestion, focusing on the situation of
Europe. Addressing this question amounts to askimg much each Government should pay in
order to buy insurance against default of one firaninstitution or even of the whole financial
system. This can be done, as it is done for budgetompanies, by extracting this cost from
market quotes, in this case the valuesCoédit Default SwapgCDS) written on “names” of
financial institutions. Notice that this questiomshnothing to do with arguments concerning
whether the CDS markets provide faithful repredeoria of credit risk, or whether their forecasting
power is hampered by the risk premium embeddech&@mt No matter if one finds this risk
premium excessive or not, this is the market pac&overnment should pay to buy protection
against default of the financial system.

This issue is relevant not only for academics amanicial practitioners. It is becoming increasingly
important in the policy debate on the reform of 8tability Pact in Europe, where some policy-
makers argue that private debt should be includeithe evaluation of the financial soundness of



member countries. Our paper contributes to thistdeby introducing a methodology to estimate —
using market data — the burden to be added toeh8@DP ratio in each European country, due to
the implicit bail-out guarantee that Governmentsvpte to the financial sector. Following the
dramatic consequences of the Lehman Brothers defaahy Governments have announced and
implemented rescue plans for the financial sect@ating the expectation of a wide bail-out policy.
This expectation clearly emerges from CDS quotes:default risk priced by the market shows a
remarkable co-movement between the financial seetdrithe Government sector.

The plan of the paper is the following. After rewvieg the literature most closely related to our
work (section 2), we lay out a multivariate intépddased model of credit risk (section 3), which
provides the framework for our empirical methodgidg measure the fragility of the financial
sector of a country (section 4): we introduce ferew financial stability index (named “Cuadras-
Augé index”). In section 5 we present our empiriealdence, using a sample of 44 large banks
located in 10 European countries: among other thing provide here an estimate of the liability
incurred by the European Governments, due to thpligin bail-out guarantee. Section 6
summarizes our main results. The detailed derimaticthe financial stability index is postponed to
Appendix 1. Finally, Appendix 2 provides detailedormation on our sample and further analysis
at country level.

2. Related Literature

The idea that the implicit guarantee of bail qugvided by the Government to the financial
sector, should be taken into account in the balaheet of the public sector has been developed by
Gray, Merton and Bodie (2006), and by Gapen, Gtayy and Xiao (2005). They apply the
contingent claim analysis, where the bail out go#a — particularly relevant for the “too-big-to-
fail” intermediaries — is modelled as a put optiemabling a bank to sell its own assets to the
Government, which pays a strike price equal to uhkie of the bank liabilities backed by the
guarantee. They provide a methodology for quamigfithe value of the put option, which should be
included in the asset side of the balance sheinaricial intermediaries and in the liability sidé
the public sector balance sheet. Although diffefearh our work on technical grounds — they take
a structural approach while we use an intensitgthasodel — they share with us the idea that an
accurate measurement of sovereign risk cannot egiinar interlinks between the different sectors of
the economy, in particular between the financial tre public sectors.

The recent financial crisis has dramatically iased the need to asses the impact of the bail
out measures taken by several Governments in todavoid the collapse of the financial system.
Through these measures — capital injections, dedntagitees, asset purchases and asset guarantees —
the public sector has committed a huge amount surees in several countries (we report some
data below in section 5.3). The overall impactho$ kind of interventions has been positive as far
as the credit risk of financial institutions is cemned. BIS (2009) shows that the announcement and
the implementation of rescue packages have betwkd by a fall in bank CDS spreads, so they
have indeed been able to reduce the default pritgabf banks as perceived by the market.
However, they have at the same time increased tdan price of sovereign risk. Ejsing and
Lemke (2009) show that, following the announcemantescue packages in the fall of 2008, a
marked increase of sovereign CDS spreads has domg\w&ith the reduction of bank CDS spreads.

The analysis by Berndt and Obreja (2010) is closelated to ours. They study the
correlation structure of weekly CDS returns foraege sample of European firms over the period
2003 — 2008, showing that the co-movement among thereases dramatically after the onset of
the financial crisis in August 2007. They trace lb#ais result to the larger weight of a factor
mimicking the economic catastrophe risk. Theseiffigsl are in line with ours, which point to a
significant increase of the systemic componenthim default risk of European banks during the
financial crisis, as we shall see below.



Finally, our work contributes to the debate ongbstainability of public debt. Starting with
the seminal article by Hamilton and Flavin (1986)jumber of studies have analysed the ability of
the public sector to keep its debt on a sustainahile over time, namely a path consistent with the
inter-temporal budget constrdinfThe approach taken here suggests that the rgdane and the
implicit guarantee of future bail outs in suppofttbe financial sector create a liability for the
public sector, which should be taken into acconrgssessing the sustainability of the public debt.

3. The multivariate intensity based model

It is well known that credit risk models can belbaither on the basis of economic information on
the business activity and the balance sheet ablthigors, or on statistical information based oa th
probability distribution of the default evemtgfault probability DP) and the loss incurred in case of
default (oss given defaultLGD). The former class of models is referred # the structural
approachto credit risk, while the second is known as tresslofreduced fornmor intensity based
models In cases in which the default of the obligor magur for reasons that do not depend, or not
depend only, on the balance sheet structure, theceel form approach is clearly preferable. This is
actually the case when financial institutions dre dbligors. As recent experience proves (and the
ancient confirms), the default of a financial ihgion may occur for many reasons that are not
strictly dependent on the balance sheet, suchpgi& or a bank-run, or contagion and liquidity
crises. For this reason, the model that we usepesent the credit risk of financial institutioaad

of a financial system, is the simplest multivariatgension of an intensity based approach: this is
called the Marshall-Olkin (1967) model. This modeds first applied to credit risk by Esposito
(2002), and was recently extended to a hierarciicatture by Durante et al. (2009).

The idea is that the default probability of eactaficial institution is modelled as a Poisson preces

with intensity equal téi. We remind that intensity is the instantaneousgr@age increase of
probability of an event, in our case the defauéray

dr(t)=AR(t) (1)

where Pi(t) is the probability ofdefault In the most straightforward and easy applicatibe
intensity may be considered constant or conditlgnabnstant, that is constant given the
information available. The probability of no evexdcurring by a given tim&, that in our case is
the probability of survival of the obligor, is thgiven by the simple formula

R(6 >T)=exd-A4(T-t)) ®)

where @ denotes the default time. The default probabibtyi course the complement to one. The
natural multivariate extension of this approactoisonsider the probability of an event that causes
the default of more than one obligor. So, the defatensity of each obligor should be decomposed
into

A=A +& (3)

where; denotes the idiosyncratic components gnebllects the intensities of all events triggering
default of the obligor alongside of others. Spendyé is actually the major problem with this
model, since it would call for the default of atigsible combinations of obligors. Typical shortcuts

! See Baglioni and Cherubini (1993) for further refeces on this topic and for an application toyltal



are to limit the dependence structure to the batarsetting or to consider only a single factor
triggering default of all the obligors. The latsalution seems the fittest one for our problemgesin
it would represent the risk of a systemic crisistteg banking system. In this case, we would set

& = A for all the financial institutions in the sampleotite that imposing a specification amounts

to select a specific dependence structure to thdemdhe correlation among default times of any
pair of obligors is in fact given by

A

e 4
) @)

where A; denotes the intensity of default of both obligols.the systemic risk specification
suggested above, this would boil down to

A
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One could also specify the dependence structuraratey from the probability of default of each
obligor by extracting from the Marshall-Olkin diswtion the corresponding copula function (see
Nelsen, 2006 for a broad review). We remind thgtut® functions allow to specify separately the
marginal distributions of variables and their degence structure. The Marshall-Olkin copula turns
out to be

C(ul,uz,...,un) =uu,..u, min(ul‘”’l,u;”’2 ,...,u,;”") (6)

wherey; are uniformly distributed variables angdare dependence parameters given by

(7)
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The joint survival probability of the credit exposarin a basket (that is the probability that defaul
would not occur in a given period) can then be esented by computing

é(l— DR 1-DFPR,,...1- DPn), whereDP; is the default probability of thieth obligor. Notice that the
parametera; has an important interpretation in terms of systemelevance of each obligor,
meaning that the obligor for which this paramesevery close to 1 carries very little idiosyncratic
risk. Notice that the notion of differems; values for different obligors correspond to theaapt
known in statistics as non-exchangeability, meartiey é(l— DP 1- DPj)i é(l— DP 1- DR). If

one wished to endow the Marshall-Olkin copula wilte exchangeability property, he would have
to seta, =a for all exposures. This is known @siadras-Augé&opulaor exchangeable Marshall-
Olkin. As it is well known, copulas are non parametépresentations of association among
variables, and as such they are naturally linkedhdn-parametric measures of association. The
measures that are used the most are Kendalk®ncordance index and Spearmapsank
correlation measure. Copula function parametersbeaactually calibrated on these measures. In
the case at hand, Kendall’san be computed to be



and, only for the Marshall-Olkin case, is equathe correlation figure. As for Spearmapsone

can compute instead
Saial.

20, —a,a; +2a,

9)

In the case ofCuadras-Augecopulaa;, =@ implies 7; =7 and p,; = p, for all pairs. So, the

Cuadras-Augé copula is well suited to representjdiret default probability distribution of a
homogeneous set of exposures, where by homogeiteisusieant that the exposures have all the
same probability of default and the same bivarikgendence structure.

Psjj =

4. The Cuadras-Augé Financial Stability Index

Having laid out the basics of the multivariate gty based model, we propose here the
methodology of our empirical analysis. Our taskasextract a synthetic financial stability index
representing the creditworthiness of the finans&dtor of a country. The index must reflect both
the average level of risk of each financial insittn in the system and the correlation among them.
Possibly, the index should be able to representiéggee of systemic and idiosyncratic risk in the
financial system of a given country. As a warnirgnember that this task is entirely different from
that of specifying and estimating the joint proigpdistribution of the system. When we build a
financial stability index what we are actually dgiis to adapt a model, typically a homogeneous
credit exposure model, to provide a close enoutiigitasynthetic representation of risk. As the
most famous example, one of the first indexes et proposed in the industry, from the Moody’s
rating agency, was called theversity scoreThis index provided a representation of the creslt
of a portfolio in terms of a basket of homogeneandependent exposures. In this case,
homogeneous only means that each exposure hasutie @obability of default, that is actually
meant to represent the average credit risk in thekdt. Other financial stability indexes are
computed and published by the IMF on a regularsbasi
We propose a new financial stability index, whishbiased on the homogeneous version of the
multivariate intensity based models, that as we sawalled Cuadras-Augé distribution. For this
reason we call it “Cuadras-Augé index”. The indexsymthetically represented in terms of a

marginal intensityi which is the same for all the exposures in the axad, a dependence structure

that is the same across all pairs of exposuresdimea either in terms of concordance index, rank
correlation or thexy parameter). A natural choice to calibrate the xndeo set:

) the marginal intensity equal to the average nmaigntensity of the basket, and

i) the correlation figure equal to some averageheffigures in the correlation matrix.
Collapsing the correlation matrix in a single figus common usage in the basket credit derivatives
market, where for some products the implied cotiatas also used as a quoting device. The main
difference with respect to our model is that whihe gaussian copula is typically used in the
market, here we apply the Cuadras-Augé one. lisie worth noting that there is an interesting
symmetry in the fact that while the gaussian copmdaelation stems directly from structural
models of credit risk, the Cuadras-Augeé is thedlicgfspring of intensity based models. Here we
report the main idea. We start from the Pearsoretadion formula

A

=1 10
A=A (10)

for each pair and we want to come up with a repriesien of the average dependence of the system
based on
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for all the pairs. The straightforward choice forrgiaal intensities is to set them equal to the
average, namely

DYDY
=iy = =54 (12)

As for the solution of this problem, in Appendixtis shown that if the harmonic mean is used to

represent average correlation, this yields a fittett amounts to the figure = /T/jm in the
Cuadras-Augeé system, where

_ 2 ~
A=———A
m 13
1+i ( )
H

andH denotes the harmonic mean of the Pearson coeitici€he same procedure could be applied
to rank correlation, remembering that in Marshdki@structures we have

L= 14
Y2 A )4 .
whereps j denotes rank correlation. Using the same procesipkained in Appendix 1, one obtains

— 4 1 A
/] - §1+—1Am (15)
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whereHs denotes the harmonic mean of the rank-correlati@fficients.

5. Empirical analysis

5.1 The data set

We report here a general description of the ddtandech is described in greater detail in Appendix
2 (Table Al). We collected data for the banking exyst of 10 European countries, with a total of
44 banks. The selected banks were those used fostthss test exercise performed by the
Committee of European Banking Supervisors (CEBSulp 2010. From this sample, we dropped
those banks for which Credit Default Swap data werteavailable. Our sample includes the banks
with the highest systemic relevance in Europe, sialtethe major institutions are included,
accounting for a large market share in each couRty all the banks in the sample, as well as for
Governments, we collected a data set of CDS sprieaidbe 5 year maturity; the sample period
goes from January 2007 to September 2010.

The marginal intensities were computed using thedstal approximation rule

/i _CDs§,

o= 16
= an (16)



whereCDS; denotes th€ DS quote of tha-th name at timé. By market convention, the reference
LGD figure used to compute the price is set equalOih.60nce the five-year intensity figure has
been extracted, we computed survival probabilitikall the names in the sample. Then, for each
country we reckoned the rank correlation figurengsa rolling window of one year of data. This
way, for most of the countries we have a time sedkrank correlation matrices starting from
January 2008. In cases in which data quality wascpéarly poor, the time series started later. In
all cases, we have all the data for 2009 and 2@it@ (he slight exception of Greece for which the
first quarter is missing). Having done this, we lagpthe Cuadras-Augé filter described in section 4
to represent an index of the systemic risk compbr@oncerning the computation of the filter, we
faced the problem of some negative correlationréguwhile the computation of harmonic mean
can only be computed for positive variables. Irs tbase, we could have either excluded these
negative figures from the computation of the meanamputed the arithmetic mean instead of the
harmonic one. We decided to follow the latter rodtkis leads to an overvaluation of the filter,
because the harmonic mean is lower than the aritbroee: however, this effect is somewhat
mitigated by the fact that negative correlatioriadgpabout a decrease in the value of the mean.

op

5. 2. The Probability of a Banking Crisis

In figure 1 we report the intensities of a systemient for our sample. It is easy to note an upsurg
of this risk in February 2009 when the effectshaf banking crisis of 2008 displayed their effeqts i
full. Following the Greek crisis the increase ir throbability of a banking crisis reached heights
that had never been seen before, and not only feece. The countries that are exposed the most
are, beyond Greece, Ireland, Portugal and Spaie.oflmer countries are clearly part of a different
cluster, with Italy, Austria and UK with the highesk among those countries.
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Figure 1. Systemic intensities. Financial sectord selected countries



Table 1. Risk adjusted probability of a systemics  hock to the banking system

Date 17/03/2008| 15/09/2008| 16/03/2009| 15/09/2009| 15/03/2010( 15/09/2010
portugal 6,18% 7,05% 6,47% 5,26% 10,15% 26,06%
Ireland 16,06% 21,46% 40,61% 15,97% 15,70% 30,05%
Italy 9,22% 6,03% 11,86% 4,43% 6,17% 12,42%
Greece 29,02% 45,45%
Spain 19,03% 9,20% 9,49% 21,06%
Germany 6,27% 4,43% 8,12% 3,46% 5,85% 4,57%
France 11,27% 8,97% 8,82% 4,83% 4,56% 6,56%
UK 12,96% 10,07% 13,91% 5,10% 8,05% 9,85%
Netherland 10,79% 7,65% 10,45% 4,46% 5,84% 8,15%
Austria 14,01% 12,14% 31,96% 12,58% 11,42% 13,02%

Table 1 reports the values of the probability gfyatemic shock priced in the CDS for each country.
Figure 2 enables to appreciate the relevance daytbiemic risk out of the overall average risk. The
dynamics of the filter represents the ratio of sgstemic to the average intensity, which is acyuall
the @ parameter of the Cuadras-Augé formulas. This canattually seen as a dependence
parameter of the financial sector of each courithe main feature emerging from the graph is the
recent increase of the systemic content of defatdinsity for all countries, with the noticeable
exceptions of Germany and the Netherlands (see Tabte 2 below). The counterparty of this
evidence is that for all the countries, where weehfaund an increase of average rank correlation in
the latest period of the sample, we also observénemease of concentration of the correlation

values between pairs (see Appendix 2 for infornmatio individual countries).
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Table 2 reports, for the same dates as those ite Tlalthe values of the filter . The economic

meaning is the percentage relevance of a systdmicksout of the average probability of a credit
event. Note that in the final observations of thmple the filter is very close to 1 for all couasj
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except Germany and the Netherlands. The case oh&wris peculiar, since the filter is around
55%, much lower than anywhere else.

Table 2. Relevance of the systemic event

Date 17/03/2008| 15/09/2008( 16/03/2009| 15/09/2009| 15/03/2010| 15/09/2010
Portugal 64,14% 63,81% 48,68% 69,07% 89,69% 98,62%
Ireland 99,65% 97,71% 98,99% 98,39% 99,48% 98,91%
Italy 90,19% 82,16% 87,61% 85,75% 93,59% 96,14%
Greece 97,06% 99,11%
Spain 83,96% 67,32% 63,97% 95,78%
Germany 66,03% 52,69% 66,71% 42,77% 69,59% 55,51%
France 99,10% 98,05% 89,21% 84,59% 93,19% 98,24%
UK 99,05% 94,29% 90,82% 71,61% 93,28% 94,95%
Netherland 92,77% 88,41% 57,50% 55,06% 69,54% 80,03%
Austria 99,78% 98,19% 97,28% 97,15% 99,64% 96,91%

5. 3. The Bail-out Cost of a Banking Crisis

European Governments have committed a huge amdunboey to restore public confidence in
the financial sector, starting from the most acpbase of the financial crisis, namely in the
aftermath of the Lehman Brothers collapse. In tkeod running from October 2008 through
March 2010, the member States of EU-27 have comdhdh overall amount of resources equal to
4,131 bn euro, equivalent to 32.6% of their GDRable 3 reports a breakdown of the intervention
measures taken by the Governments of the ten gesitimvered by our analysis.

The bulk of the involved resources have been devtiguarantee scheme§&overnments have
relied extensively on this tool, particularly untilid-2009, as it is the most cost-effective way for
restoring the confidence of investors. Banks’ liibs are backed by the guarantee provided by the
State; at the same time the Government budgettisinby an immediate outlay. The “take-up rate”
— the actual use of funds relative to the allocat®dunts — is on average 32%, but it is much higher
in some individual countries (like Portugal: 51%).

Many banks turned out to be under-capitalized dutime financial crisis. Governments have
reacted by approving botfecapitalization schemefr the bank sector as a whole aad hoc
measures for individual troubled institutions. Ttake-up rate differs remarkably between the two
kinds of intervention: 27% for schemes and 90%ddrhoccases. The reason is that individual
measures have been designed to meet well defircbdirgent needs to restore a sufficient capital
base of some institutions.

Two countries, namely UK and Ireland, account Far bulk (80%) of the third kind of intervention:
impaired assets reliefwhere the Government either provides an insuraagainst assets
devaluation or it directly buys some bank trouldedets. While Ireland has approved a major asset
relief scheme, the intervention in UK has beenmmdividual basis.

2 See EU (2010).



Table 3 - Government commitments supporting the fiancial sector (Oct. 2008 — March 2010)
(billions euro)

Recapitalization

Guarantee schemes schemes Other (*) |Individual cases TOTAL
AUSTRIA 75 15 0,5 90,5
FRANCE 265 23,95 62,2 351,15
GERMANY 400 80 107,6 587,6
GREECE 15 5 8 28
IRELAND 376 54 25,6 455,6
ITALY 20 20
NETHERLANDS 200 56,2 256,2
PORTUGAL 16 4 0,5 20,5
SPAIN 200 99 30 329
UK 381,87 62,79 405,6 850,26
TOTAL 1928,87 309,74 92 658,2 2988,81

Source: EU (2010)
(*) Liquidity and asset relief schemes

Table 4 shows — for each of the countries includeour sample — the overall cost of the different
kinds of intervention outlined above, both as goprtion of the banking sector size and as a ratio t
GDP. The numbers reported in the table highliglé #@xistence of great differences across
countries. Ireland has committed an incredibly daegnount of resources, both in terms of bank
assets and as a ratio to GDP. It is followed by & the Netherlands: they have implemented
interventions for amounts equivalent to about & béltheir GDP. All the other countries have

committed important amounts of resources, puttingstake a significant share of their GDP,

although lower than in such extreme cases. The exteption is Italy: the Italian Government

distinguishes for having spent a negligible amainmhoney.

Table 4 — Government commitments over bank assetad GDP

Government
Commitments (% Government
of Bank Sector |Bank Sector Total| Commitments (%
Total Assets) |Assets over GDP of GDP)
(A) (B) (A*B)
AUSTRIA 8,78 3,72 32,68
FRANCE 4,59 4,01 18,41
GERMANY 7,90 3,09 24,41
GREECE 5,69 2,07 11,79
IRELAND 27,88 9,99 278,58
ITALY 0,53 2,46 1,32
NETHERLANDS 11,56 3,89 44,93
Portugal 3,94 3,17 12,51
SPAIN 9,55 3,28 31,30
UK 8,99 6,04 54,27

Sources. Government commitments: EU (2010).
Bank sector total assets (end-2009): ECB (BoE for UK). GDP (2009):Eurostat

The burden of the state interventions as a rat@@é is the outcome of two factors: the amounts
of public resources committed as a share of the gizhe banking sector, and in turn the size of
this sector relative to GDP. An interesting quesi®whether any relationship exists between such
two factors. Figure 3 provides a tentative answaad it is positive. It is easy to see that in those
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countries where the banking sector is larger irppproon to the economy, Governments have been
induced to intervene more heavily in support offihancial system. In particular, the huge amount
of funds pledged by Ireland and the UK can be pliytiexplained by the very large size of their
financial sectors. The well known “too-big-to-fadioctrine states that a Government cannot let a
very large financial institution go bust, since thmplied cost for the whole economic system would
be too high. The preliminary evidence reported Ipaiats to a sort of “too-big-to-fail” doctrine at
the macro level: the incentive for a Governmentbtl out the financial system altogether is
stronger, the larger the size of that sector ngdattd the economy of the country. Of course, this i
an issue deserving further analysis and explanation

Figure 3 - Government commitments and bank sector s ize
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5.4. Marking-to-Market the bail-out guarantees to he Financial System

We now gather (in Table 5) the risk-neutral figucesicerning the probability of a systemic shock
to the financial system and those concerning thieolia programs, in order to address the issue of
the adequacy of such programs with respect to ¢heagal cost of systemic events. In particular,
we provide a measure of the liability incurred hg public sector, due to a systemic shock to the
financial sector. This exercise rests on the assomghat Governments provide an implicit bail-out
guarantee to the financial sector. This assumpsigastified both by the huge amount of resources
already committed by Governments under the restarespllustrated in the previous section, and
by the strong correlation between the patterns@$ Gpreads between the public and the financial
sectors: this evidence shows that the Governmeamtexpected to take up the losses possibly
incurred by banks, following a bail-out policy (s&ependix 2).
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Table 5. Mark-to-market of the implicit guaranteet o a systemic shock (bn euro)
Intensity DP LGD Government | Commitments Liability -
Liability Commitments
Portugal 6,04% 26,06% 312,12 73,68 20 53,68
Ireland 7,15% 30,05% 980,4 266,85 430 -163,15
Italy 2,65% 12,42% 2248,62 252,98 20 232,98
Greece 12,12% 45,45% 295,14 121,51 28 93,51
Spain 4,73% 21,06% 2068,08 394,57 329 65,57
Germany 0,94% 4,57% 4461,66 184,89 480 -295,11
France 1,36% 6,56% 4594,02 273,00 288,95 -15,95
UK 2,07% 9,85% 5677,2 506,61 444,66 61,95
Netherland 1,70% 8,15% 1330,2 98,23 200 -101,77
Austria 2,79% 13,02% 618,12 72,90 90 -17,10
Total 2245,23 2330,61 -85,38

We briefly describe how to read the results ofttide. In the first column we report the intensity

a systemic shock evaluated according to our firrstability index on September12010. In the
column headed DP we report the probability of omnee of the systemic shock over the horizon
of our analysis, that is 5 year. Next to it, weaghe severity of the systemic shock, computed
assuming doss given defaulfigure (LGD) of 60% of the banking sector totakets for each
country. We use 60% because this is the value ectioveally used to derive quotes in the credit
default market. The Government liability is theusstal value of the implicit bail-out guarantee to
the financial sector, and it is computed by muiipd) the probability of occurrence of a systemic
shock times its severity and the five year discdaator (corresponding to a five year risk freeerat
of about 2%). The next column reports the commitisiém support the banking systems, excluding
those spent for individual cases.

As a word of caution we must say that the Govemnli@bility is computed under a strong
assumption, namely that the Government is calledaib out the whole banking system of the
country in case of a default shock. This can bé&fied by recalling that we are focusing here on
systemic risk, which plays a dominant role underchrrent crisis (see the last column of Table 2).
On one hand, it is true that this assumption migéd us to overstate the Government liability. On
the other hand, it is also true that the obseresd Qiven default is often larger than what we
assume (60%): for example, it is around 80% forrheh Brothers and Anglo-Irish Bank; under
this regard, we might be under-estimating the Gawent liability in a bail-out intervention.

We can see that the estimated market values dbdheut guarantees needed to face a systemic
crisis in the banking sector are associated toctmmitments actually devoted by European
Governments to such purpose. On one side, thedotalints are very similar, namely 2245 billion
euros against 2330. On the other side, the dedragsociation can be clearly appreciated in Figure
4. Note that if this association is quite clearogsrall countries, the difference between guarantee
and commitments shows quite a large degree ofti@ri&rom one country to the others. The two
extreme cases are: Germany, for which the commiisrare largely higher than the actual value of
the guarantee, and this can be associated towheylstemic content of default intensity; and Italy,
which reports the lowest level of commitments alomigh Portugal, in spite of much greater
dimension of the banking system. A surprise is thedand is the country that, after Germany, has
the highest positive difference between the vafusmmitments and that of the guaranfees

¥ We have run the exercise shown in Figure 4 alseufyracting the exposure to the Government obtkie country
from the total assets of each bank, since in seeertmtries this exposure is quite relevant. Inecakdistress, a bank
can transfer its portfolio of Government bondstsocreditors, thus reducing the liability of thev@mment involved in
a bail-out. However the results obtained are vamnlar to those reported here, so we decided nehtow them to save
space (of course, they are available upon request).
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Figure 4. Government liabilities due to systemic stcks and actual commitments

600 -

500 4 Germany

¢ y =0,8025x + 52,877

Ireland R?= 0,387
*

400

France
*

300 Spain

Netherlands
200 - *

100 -
Austria

Greece Italy
*
Portugal * *

0 100 200 300 400 500 600

Government Liability

Finally, in Table 6 we report the impact of theldmit guarantee on the public debt/GDP figures.
We can see that the problem is worst for Irelamdi the reason is the huge dimension of the
banking system relative to GDP (see Table 4, colBnihe impact is lower but still quite relevant
for the other PIIGS; among these countries, Italthe one which suffers the lowest burden, thanks
to the relative strength of its banking system. Aignthe other countries, UK is the one most hit by
the bail-out liability: just like it happens foreland, the size of the banking sector plays a atuci
role.

Table 6. Bail-out Government liability and
Debt/GDP

Debt/GDP Liability/GDP Total
Portugal 76,80% 44,96% 121,76%
Ireland 64,00% 163,17% 227,17%
Italy 115,80% 16,63% 132,43%
Greece 115,10% 51,16% 166,26%
Spain 53,20% 37,54% 90,74%
Germany 73,20% 7,68% 80,88%
France 77,60% 14,31% 91,91%
UK 68,10% 32,34% 100,44%
Netherlands 60,90% 17,23% 78,13%
Austria 66,50% 26,33% 92,83%
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6. Summary and conclusions

We have introduced a new methodology for measutiegsystemic risk of default of the
banking sector and we have applied it to the Elaopmuntries. Our methodology is built within
the framework of multivariate intensity based mgdahd it is based on a homogeneous version of
such models, called Cuadras — Augé distributiore filker we derive measures the relevance of
systemic risk (due to the likelihood of a shockesgling to the whole banking system) relative to
the average default probability of individual bankgée have computed the index for 10 European
countries, exploiting the information incorporaiadthe CDS premia of 44 banks over the period
January 2007 — September 2010. In this way, we pamide a market based measure of the
liability incurred by the Governments, due to theplicit bail-out guarantees they provide to the
financial sector of the economy. We then compaedktimate with the actual resources committed
so far by the European Governments through theueeptans adopted between October 2008 and
March 2010.

Our main results may be summarized as follows.ifguthe financial crisis, the systemic
component of the default risk in the banking sebts significantly increased in all countries, with
the exception of Germany and the Netherlands. Tbst mecent data (September 2010) show that
almost all the risk of default of individual banissaccounted for by the systemic component. As a
consequence, the Governments’ liability implicit time bail out guarantee amounts to a quite
relevant share of GDP in several countries: itugehfor Ireland, lower but still important for the
other PIIGS (Italy is the least affected withinstigroup) and for the UK. The two crucial factors
determining these results are: (i) the correlatomong the default probabilities of banks within a
country; (ii) the size of the banking system refatto the economy of each country. Finally, our
estimate is very close to the overall amount of @eyocommitted in rescue plans at the European
level. However, strong cross-country differencesrga under this regard: in particular, Germany
and Ireland seem to have committed an amount afuress much larger than needed; to the
contrary, the Italian Government has committed mash than it should.
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Appendix 1. Cuadras-Auge Filter

Assume we want to represent a set of variables Mi#inshall-Olkin distribution with a set of
homogeneous variables. Homogeneous means thaatiadles must have:

a) same marginal distribution

b) same bivariate correlation
We design here a filter to accomplish this taskc8ithe filter turns the Marshall-Olkin system into
a homogeneous one, we call the technique Cuadrgé-Alter because it turns the system into a
homogeneous (and so exchangeable) Marshall-Olkstesy that is known as Cuadras-Augé
system.
Let us denotgy; the Pearson correlation statistics betweeri-theandj-th variables, and we know
that

— /]ij
where /ii and )Tj denote marignal intensities angl collects common shocks that reach both assets.

Remember that in Marshall-Olkin model this is adsmal to the Kendall'tau statistic. We want to
design a system, as close as possible to the akigystem with

Pj (A1)

A
Peia (A2)

for all the pairs. The straightforward choice foanginal intensities is to set them equal to the
average, namely

W)
J=j ==
m n (A3)

As for the common intensity, a natural choice wdoddto recover it from some average correlation

value: in other terms, we want to extratt from an average value. To obtain this result, it is
natural to work with harmonic mean. We remind thét mean is defined as

k
k 1 (A4)

i=1 X

H =

for a set ok positive variables;. Let us then work with the inverse gf.
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; ( )iZ (A5)

i=1 j I+110|]
Notice that the sum includegn — 1)/2 terms, that is the number of elements belemwdiagonal of
the correlation matrix. We now substitute the datren terms

n n n-l A +A
IDIEDIDY (46)
i=1l j= |+110|J i=1l j=i+ |J

If we substituted for A; and we consider the number of elements in thewearabtain

n 0 gt A +A n(n-1
IPIERS 1) BB .

i=1l j= |+l/0|] i=1 j=i+l

Notice that in the double sum each marginal intyniii compares — 1 times. So, we have

Zn: Z =(n —1)ii—i - n(n2—1) =n(n ‘1)/}" - n(n2—1) (A8)

i=1 j=i+1 O =

where we have substituted the average marginahsiiye If we now substitute equation (A8) in
(A5) we have

>

1 n, 5 1
= Tm -1
H n(n )ZJ; j= I+110I] A (Ag)

Solving for A we obtain

2 ~
=—1+ 1 A (A10)
H

|

Using the same strategy it is possible to desifijites that uses rank-correlation, that is Spearsan
rho. In this case one exploits the relationship

o = 3
S,ij 2(/1 +jj) p (A10)
whereps i denotes rank correlation. Doing the math we obtain
— 4 1 ~
A —§1+ 1 A (A11)
3 H,

whereHs is the harmonic mean of rank correlation.
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Appendix 2. The data set and individual country inbrmation

Table A.1 below provides a description of our de¢d which includes 44 banks representing 10
European countries.
Table Al. Our sample

Sample banks' total Exposure to own
Assets (bn assets over bank Risk-weighted country Leverage
euro) sector assets (%) |assets (bn euro) |Government (% of | (assets/equity) |Tier 1 ratio

G (B) © assets) (D) (E) (F)
IALLIED IRISH BANKS 179,02 121,6 2,31 14,6 7,0
BANK OF IRELAND 181,82 104,6 0,65 14,0 9,2
IRELAND 360,84 22,1 226,2 1,48 14,3 8,1
PIRAEUS BANK 48,95 37,4 16,97 13,6 9,1
IALPHA BANK 67,83 51,1 7,47 10,1 11,6
EFG EUROBANK 84,62 47,6 8,81 14,3 11,2
NATIONAL BANK GREECE 113,99 67,4 17,33 15,0 11,3
GREECE 315,38 64,1 203,5 12,65 13,3 10,8
BANCO PASTOR 32,17 18,7 8,20 14,0 10,5
BANKINTER 54,55 30,7 3,18 17,0 7,5
CAIXA CATALUNA 273,43 52,9 1,49 50,6 6,6
SABADEL 83,22 58,0 5,85 13,6 9,0
BANCO POPULAR 129,37 92,6 5,85 14,5 9,1
CAJA MADRID 193,01 223,1 12,55 7,6 8,6
BBVA 394,41 290,1 13,22 10,0 9,4
SANTANDER 423,08 562,6 11,97 5,2 10,0
SPAIN 1583,22 45,9 1328,5 7,79 16,6 8,8
BANCO BPI 47,55 26,1 8,88 17,0 8,5
ESPIRITO SANTO 85,31 67,9 5,49 11,7 7,7
BCP 13,99 65,6 6,81 1,9 9,3
CAIXA GERAL 121,68 71,0 5,56 13,7 8,4
PORTUGAL 268,53 51,6 230,6 6,69 11,1 8,5
UBI BANCA 85,7 8,0
MONTEPASCHI 225,87 120,9 12,29 15,7 7,5
INTESASANPAOLO 424,48 361,8 15,00 9,9 8,3
UNICREDIT 375,52 452,4 10,34 6,9 8,6
ITALY 1025,87 27,4 1020,7 12,54 10,8 8,1
SNS BANK 58,74 25,9 6,00 22,6 10,7
IABN AMRO 203,50 118,7 4,83 9,8 13,0
RABOBANK 425,87 236,3 2,21 12,2 14,1
ING 888,11 332,4 0,47 19,9 10,2
NETHERLAND 1576,22 71,1 713,3 3,38 16,1 12,0
LLOYDS 648,25 580,4 0,93 9,0 9,6
BARCLAYS 1561,54 450,2 0,69 20,9 13,0
HSBC 851,05 871,7 0,00 7,1 10,8
RBS 1311,89 515,7 1,79 15,6 14,4
UK 4372,73 46,2 2418,0 0,85 13,2 12,0
BAYERN LB 135,7 10,9
LBBW 1425 9,8
WEST LB 35,7 14,4
HSH NORDBANK 171,33 71,4 6,75 14,9 10,5
POSTBANK 227,97 68,7 34,0 7,1
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DZ BANK 219,58 95,0 19,3 9,9
HYPO 362,24 81,0 41,6 9,4
COMMERZ 609,79 280,1 7,02 14,7 10,5
DEUTSCHE BANK 1542,66 273,5 40,7 12,7
GERMANY 3133,57 42,1 1183,5 6,88 27,5 10,0
SOCIETE GENERALE 891,61 324,1 1,69 21,2 10,7
CREDIT AGRICOLE 522,38 538,9 4,86 8,6 9,7
BNP 1246,15 620,7 1,45 14,1 10,1
FRANCE 2660,14 34,7 1483,7 2,67 14,7 10,2
RZB 148,95 94,5 2,78 12,1 9,3
ERSTE BANK 79,72 125,5 7,27 5,0 9,2
AUSTRIA 228,67 22,2 219,9 5,03 8,6 9,3

Country lines show total values for columns (A)-(B)-(C) and mean values for columns (D-(E)-(F)

Sources. Sample banks' assets: Bankscope. Bank sector total assets: ECB (BoE for UK).Other items: Unicredit (2010) and our own
computations.

In the following, we report for each country: (hettime series of CDS premia for each bank
included in our sample; (ii) the rank correlatiomang the survival probabilities of those banks;
(i) the systemic and average default probabsited the financial sector, as well as that of the
Government, over a five year horizon. Abstractingrf specific features of individual countries,

some general patterns emerge from the picturesvbd@lbe bank CDS premia closely reflect the

evolution of the financial crisis over the four y®&007 — 2010. More interestingly, we can
observe a significant increase of the mean coroelaif survival probabilities in the most recent

time interval, together with an increasing concatdn of bivariate correlation figures around the
mean. Finally, the third graph for each countryvehica remarkable co-movement of default
probabilities between the financial sector and@eernment sector, pointing to a strong impact of
the troubles hitting the banking system on theasnability of public debt. This evidence supports

the assumption that the Governments are expectetkeoup the losses possibly incurred by banks,
following a bail-out policy.
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Systemic and average default probability of the fiancial sector, and Government default

probability, over a five year horizon. Greece.
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Rank correlation of survival probability: 12 month moving window. France.
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CDS premia. Fiveaematurity. Germany .
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Rank correlation of survival probability. 12 month moving window. Austria.
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