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Abstract

This paper contributes to the literature on systemic risk measures for the banking
sector by proposing a set of measures to identify the banks that are systemically
relevant. In our framework a bank is said to be systemically relevant if its stock
returns are related to the stock returns of the whole market, especially when bank
returns are negative. In particular, the systemic relevance of a bank is determined
as the non-neutrality of the market returns with respect to the returns of the bank
in terms of i) correlation, ii) mean, iii) variance, iv) Value-at-Risk (VaR), and v) ex-
treme (tail) distributions. Using publicly available stock market returns, we identify
several financial institutions that should be deemed as systemically relevant. More-
over, using Italian banks as a case study, we also show that in some circumstances
it seems that systemically relevant banks are better identified during normal times
than during crisis periods.
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1 Introduction

The 2007–08 financial crisis highlighted the importance of having reliable measures of
systemic risk for macro-prudential purposes. Usually, systemic risk is defined as the
risk associated with one or more relevant financial institutions (or markets) being under
severe stress. This definition, however, does not clarify: i) what a relevant financial
institution (or market) is, and ii) how a situation of stress is defined. Because of the
lack at the international level of a unique definition of systemic risk and because of the
multiple facets in which systemic risk can materialize, international financial institu-
tions (as the International Monetary Fund, the European Central Bank and the Bank
for International Settlements) use a wide range of indicators to monitor one or more
particular aspects of systemic risk. Indeed, according to Lo (2009), monitoring sys-
temic risk requires a variety of measures that capture seven broad characteristics of the
entire financial system: leverage, liquidity, correlation, concentration, sensitivities, im-
plicit guarantees, and connectedness. Moreover, once a particular definition of systemic
risk is chosen and a related measure is implemented for the whole financial system, it
still remains the necessity for financial sector supervisors to determine which financial
institution is systemically relevant, i.e. which individual bank generates systemic risk.

This paper aims at contributing to the recent literature on systemic risk measures
for the banking sector (see, among others, Adrian and Brunnermeier, 2010; Tarashev
et al., 2009, 2010; Huang et al., 2009, 2010) by proposing a set of measures to identify
systemically relevant banks. In particular, a bank is said to be systemically relevant if its
stock returns are related to the stock returns of the whole market, especially when the
bank’s returns are negative. Thus, the aim of this paper is to measure the dependence
between the stock returns of a broad market index and individual banks in order to
identify the banks that are mostly connected with the market, if any. In this regard,
we build on Patton (2009) that defines five different measures of neutrality to market
risk for hedge funds. Systemic relevance for banks is thus evaluated by examining the
neutrality of market stock returns with respect to the stock returns of individual financial
institutions in terms of i) correlation, ii) mean, iii) variance, iv) Value-at-Risk (VaR),
and v) extreme (tail) distributions. The systemic relevance assessed according to this
methodology, which is based on several measures of co-movement for stock returns, has
the major advantage to circumvent the problem of relying on a single specific definition
or measure of systemic risk for the whole financial system.

We apply this methodology to two samples of banks, the first includes the major Eu-
ropean banks while the second focusses on the main Italian banks. Several systemically
relevant institutions emerge from our tests, although the results can vary depending on
which neutrality test is used. Moreover, from our results it also appears that in some
cases it is more appropriate to identify systemic institutions in “normal” periods, rather
than in a crisis period. This happens when the crisis that hits a country is mainly due to
external factors, so that the statistical tests involving national banks tend to lose their
explanatory power.

The remainder of the paper is organized as follows. Section 2 reviews the literature
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related with our approach. Section 3 outlines the methodology and presents the various
measures of dependence. Section 4 shows some preliminary results, and Section 5 con-
cludes. The Appendix presents the details about a bootstrap methodology used in the
paper.

2 Related literature

Because of the importance that monitoring systemic risk for financial stability purposes
has acquired since the onset of the financial crisis, several papers have recently proposed
different definitions and measures for systemic risk.

Huang et al. (2009, 2010) define systemic risk as the simultaneous default of several
large financial institutions and propose to measure it as the price of an hypothetical
insurance contract that would protect against large default losses (i.e. losses that exceed
a minimum share of total liabilities) in the banking sector in the coming 12 weeks. By
using market data information on CDS spreads and equity prices, Huang et al. (2009,
2010) estimate both the risk neutral probability of defaults (PDs) of individuals banks
and the correlations among asset returns one quarter ahead. Once these two key portfolio
credit risk parameters are estimated, Monte Carlo simulations are used to compute what
is called the “distress insurance premium”. Huang et al. (2009, 2010) also disentangle
the total systemic risk into the sum of marginal risk contributions. In particular, the
marginal contribution of a particular bank to the distress insurance premium is identified
as the expected loss arising from the default of that bank, conditional on a large loss for
the whole banking sector.

Adrian and Brunnermeier (2010) define the CoVaR of an institution as the VaR of
the financial system conditional on that institution being under distress (i.e. the return
of the institution is at its VaR level). They propose to measure the marginal contribution
of an institution to the overall systemic risk through the delta CoVaR (∆CoVar), defined
as the difference between the CoVaR conditional on the distress of a particular financial
institution and the CoVar conditional on the median state of that institution.

Finally, Tarashev et al. (2009, 2010) take another approach. They do not focus on
defining and measuring the systemic risk but instead propose two alternative procedures
for attributing the total systemic risk among the individual financial institutions. The
methodologies they suggest can be used independently of how systemic risk is defined
and measured (for instance, using VaR or expected shortfall methodologies). The two
procedures, based on the Shapley value methodology, disentangle the same magnitude
of systemic risk in different ways. A first procedure measures the contribution of each
bank to a given level of global systemic risk and it is therefore better suited for macro-
prudential purposes. The other measure calculates the expected share of an institution
in the overall cost of systemic events (taking such events as given), and it is more
appropriate for deriving actuarially fair premia for insurance against losses in case of
systemic events.

Our paper differentiate from these recent studies in several ways. First, we do not
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propose either a definition or a specific measure of systemic risk for the whole financial
system (as in Huang et al., 2009, 2010) and, second, we do not adopt a top-down approach
that gauges systemic relevance by allocating system-wide risk to individual institutions
(as in Tarashev et al., 2009, 2010). We aim at assessing the systemic importance of a
financial institution by directly focusing on the relationship it has with the whole market
through the use of several indicators. In this regard, we distinguish from Adrian and
Brunnermeier (2010) which rely on a single specific measure only.

3 Methodology

We adopt the idea that a financial institution is deemed to be considered systemically
relevant whenever its financial conditions can have an impact on the whole economic
system. In order to implement this concept, we use equity returns for both individual
banks and broad-based indices as proxies for the conditions of the banks and the overall
economy, respectively.

The extent to which a financial institution is related to the whole economy is mea-
sured using five concepts of dependence between the returns of individual institutions
and those of the market. These measures have been proposed by Patton (2009) to test
whether hedge funds are market neutral; they are used to appraise the relationships
between the returns of an individual institution and the returns of the whole market in
terms of neutrality with respect to i) correlation, ii) mean, iii) variance, iv) VaR and v)
tail risk. As in Patton (2009), in order to construct confidence intervals for each neutral-
ity test, we rely on a block bootstrap procedure that is able to deal with the econometric
issues related to sample size, serial correlation, volatility clustering and non-normality
of financial returns. In particular, since all these empirical issues make the calculation
of the exact distribution of our estimators not feasible, the bootstrap procedure, that
resamples the original data set with replacement, is used to calculate several bootstrap
replications of the estimators and the corresponding distributions, which are then used
to construct the confidence intervals and to make statistical inference (see the Appendix
for details on the bootstrap methodology).

Correlation neutrality

The first indicator which is used to analyze the relationship between the returns of the
whole market and those of the individual financial institutions is the standard linear
correlation (or Pearson correlation). In particular, the linear correlation between the
stock returns of each bank and the market index is first calculated and then the bootstrap
procedure is used to verify the statistical significance of the results obtained in the first
step. In addition to testing for the presence of a statistically significant correlation
(being either positive or negative) we also test specifically for the presence of positive
correlation, which is what one would expect for a systemically relevant institution.

Although the correlation is an admittedly simple measure, it nonetheless provides a
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first clue of the relationship between individual banks and the whole economy. First of
all, the correlation provides a sufficient statistic for the degree of dependence between
the whole market and individual institutions as long as the joint distribution of the
returns is multivariate normal. Moreover, Patro et al. (2010) find that daily stock return
correlation, regardless of its measure (parametric Pearson correlation or non-parametric
Kendall and Spearman correlations), is a simple, robust, forward-looking and timely
systemic risk indicator, since it captures the trend as well as the fluctuations in the
levels of systemic risk in the economy in the United States.

Mean neutrality

A second way to assess the connection between individual bank returns and market
returns is in terms of mean neutrality. Mean neutrality is defined as the independence
of the expected returns of the market from the returns of individual banks or, formally,

E[rmt|rit] = E[rmt], ∀t, (1)

where rmt and rit are the returns at time t of the market and bank i, respectively.
Equation (1) means that the expected returns of the market are not influenced by the
returns of bank i. It is worth noting that this concept of mean neutrality nests also
the standard correlation and beta neutrality, in the sense that the latter two approaches
can be tested by looking at the statistical significance of the regression coefficient of
a simple linear regression of the market returns on the returns of an individual bank.
Mean neutrality not only requires that there is no linear relationship between market
and bank returns but also that there is no nonlinear relationship. Equation (1) can
be tested by assuming a specific functional form for the conditional expected market
returns E[rmt|rit] = γi(rit) and verifying that γi(rit) in rmt = γi(rit) + εit is constant. As
in Patton (2009), we specify the conditional mean function as a third-order polynomial
to account for both the linear and the non-linear relationships between the returns of a
given financial institution and the market and test for the presence of mean neutrality
using a Wald test on β1, β2, and β3 of the following equation:

rmt = β0 + β1rit + β2r
2
it + β3r

3
it + εmt. (2)

When the null hypothesis of the Wald test (i.e. that β1, β2, and β3 are all equal to
zero) cannot be rejected, the hypothesis that bank i is not systemically relevant cannot
also be rejected, as the returns of bank i appear, on average, to have no relationship
with the returns of the whole market. On the contrary, a lack of mean neutrality for
the market with respect to bank i can be interpreted as the returns of bank i having
a connection with market returns. However, this property by itself is not sufficient
for saying that one should be worried for the negative returns of that bank, as the
relationship between market and bank returns could also be negative, in principle. For
this reason, we also test for “mean neutrality on the downside”, which is defined as
the expected market returns being neutral or negatively related to the returns of the
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individual institution when the latter are negative:

∂E[rmt|rit]
∂rit

≤ 0, for rit ≤ 0. (3)

The definition of market neutrality on the downside only focusses on the case in which
bank returns are negative. When the null hypothesis of mean neutrality on the downside
for the market with respect to bank i cannot be rejected, one should take bank i as not
systemically relevant, as the more negative its returns are the more positive, or less
negative, its contribution to overall market returns is. Following Patton (2009), we test
for the average value of the derivative in Equation (3) across all non-positive values of
rit, or

H0 : E
[
∂E[rmt|rit]

∂rit

∣∣∣∣rit ≤ 0

]
≤ 0. (4)

Using a third-order polynomial for E[rmt|rit] in Equation (4) and plugging in the pa-
rameter estimates gives

E

[
∂Ê[rmt|rit]

∂rit

∣∣∣∣rit ≤ 0

]
= β̂1 + 2β̂2E[rit|rit ≤ 0] + 3β̂3E[r2it|rit ≤ 0], (5)

so that the null hypothesis of Equation (4) can be tested by looking at the confidence
interval of the first derivative of the conditional mean function evaluated at the point(
Ê[rit|rit ≤ 0], Ê[r2it|rit ≤ 0]

)
. Also in this case, we rely on the bootstrap procedure to

construct the empirical distribution of the test statistic.

Variance neutrality

Another type of neutrality useful to identify financial institutions that can be considered
as systemically relevant is related to the riskiness of the market, which should be con-
nected with the institution’s returns. In particular, for non-systemically relevant banks
it can be expected that the risk of the market index is not related to the returns of the
individual institutions. The riskiness of the market can be measured in several ways, for
instance through the variance, the Value-at-Risk, or extreme tail probabilities. In the
following tests we also control for mean non-neutrality before testing variance, VaR and
tail neutrality. Actually, a failure to control for mean non-neutrality generally leads to
the presence of apparent variance non-neutrality, even if the variance of the market is
truly neutral to the institution returns (see Patton, 2009).

In particular, the variance neutrality, controlling for mean non-neutrality, is defined
as

Var [rmt − µm(rit)|rit] = Var [rmt − µm(rit)] . (6)

Equation (6) is the formal representation of the statement that the variance of the market
is not related to the returns of bank i.
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The control for violations of mean neutrality is done by estimating the conditional
variance of the error term of Equation (2) and using a conditional variance function with
an ARCHX(1) effect

σ2mt = α0 + α1r
2
it + α2ε

2
mt−1. (7)

Equation (7) can be used to test for the presence of variance neutrality by applying a
Wald test on α1. Indeed, when the null hypothesis of the Wald test (i.e. that α1 is
equal to zero) cannot be rejected, the hypothesis that bank i is not systemically relevant
cannot also be rejected. In that case, the returns of bank i appear to have no relationship
with the variance of the whole market.

Using the block bootstrap methodology we test also for variance neutrality “on the
downside”. The null hypothesis of this test is that the expected volatility of the market
is neutral or related positively to the institution’s returns when the institution’s returns
are negative. In other words, a financial institutions cannot be considered as systemically
relevant if the volatility of the market decreases when it is doing poorly, or

H0 : E
[
∂σ2mt(rit)

∂rit

∣∣∣rit ≤ 0

]
≥ 0. (8)

Following the same idea as for the test of mean neutrality on the downside, one has

E
[
∂σ2mt(rit)

∂rit

∣∣∣rit ≤ 0

]
= 2α̂1E[rit|rit ≤ 0], (9)

so that the null hypothesis of Equation (8) can be tested by looking at the confidence
interval of the first derivative of the conditional variance function evaluated at the point
Ê[rit|rit ≤ 0].

VaR neutrality

A second risk-related neutrality concept is the Value-at-Risk (VaR) neutrality, which
means that the VaR of the market is neutral to the institution’s returns. As before,
violations of mean neutrality or variance neutrality generally lead to violations of VaR
neutrality. We therefore consider the VaR of the standardized returns:

VaR

(
rmt − µm(rit)

σm(rit)

∣∣∣rit) = VaR

(
rmt − µm(rit)

σm(rit)

)
. (10)

Since the quantile estimation provides a nonparametric approach to VaR calculation, we
use a quantile regression to (Wald) test the influence of the institution’s returns on a
quantile of the market standardized returns distribution

quantile

(
rmt − µm(rit)

σm(rit)

)
= β0 + β1rit + β2r

2
it + β3r

3
it + εmt. (11)

When the null hypothesis of the Wald test (i.e. that β1, β2, and β3 are all equal to zero)
cannot be rejected, the hypothesis that bank i is not systemically relevant cannot also
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be rejected. In that case, the returns of bank i appear to have no relationship with the
market risk, as measured by its VaR.

Similarly to the previous neutrality concepts, we also test Equation (11) for VaR
neutrality “on the downside”, which corresponds to the idea that the expected quantile
of the standardized market returns are neutral or related negatively to the institution’s
returns when the latter are negative:

H0 : E

∂quantile
(
rmt−µm(rit)
σm(rit)

)
∂rit

∣∣∣∣∣rit ≤ 0

 ≤ 0. (12)

Since the VaR is defined as a loss and has a negative sign, the more it increases when the
institution’s returns are negative the less significant is the loss of the market. A financial
institution that fulfill this type of restricted VaR neutrality is therefore not systemic.

Similarly to the previous neutrality tests on the downside we have

E

∂quantile
(
rmt−µm(rit)
σm(rit)

)
∂rit

∣∣∣∣∣rit ≤ 0

 = β̂1 + 2β̂2E[rit|rit ≤ 0] + 3β̂3E[r2it|rit ≤ 0], (13)

so that the null hypothesis of Equation (12) can be tested by looking at the confidence
interval of the first derivative of the conditional VaR function evaluated at the point(
Ê[rit|rit ≤ 0], Ê[r2it|rit ≤ 0]

)
.

Tail risk neutrality

Finally, neutrality during extreme events, or tail neutrality, can be defined as an exten-
sion of the VaR neutrality to the extreme quantile. Tail neutrality is verified when the
probability of extreme negative returns on the market is not related to the fact that
extreme negative returns on a financial institution are observed:

P [rmt ≤ q|rit ≤ q] = P [rmt ≤ q] (14)

This type of neutrality presents similarities with the CoVaR notion proposed by
Adrian and Brunnermeier (2010). As a measure of tail dependence we use the extremal
correlation estimator of Quintos (2004), that allows for GARCH(1,1) process in the data:

ψ̂(2) =
α̂−1
12 (2)− α̂−1

1 (2)α̂−1
2 (2)

σ̂∗ε1+(2)σ̂∗ε2+(2)
(15)
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where

α̂−1
12 (2) =

1

L

T∑
t=1

ε∗1t+(2)ε∗2t+(2)

α̂−1
i (2) =

1

L

T∑
t=1

ε∗1t+(2), i = 1, 2

ˆσ2∗εi+(2) =
1

L

T∑
t=1

ε2∗1t+(2)−

[
1

L

T∑
t=1

ε∗1t+(2)

]2
, i = 1, 2

ε∗it+(2) = log

(
σ̂2it

σ̂2i(T−mi)

)
1(εit>1)

(16)

and L =
∑T

t=1 1(ε1t>1,ε2t>1) is the number of joint exceedances.

The extremal correlation estimator ψ is explicitly written in terms of the tail index,
which determines the shape of the tail. In Equation (15), α̂−1

12 (2) is an Hill estimator (or
shape parameter for the tail): the smaller the α, the slower the rate of decay and the
thicker the tail of the distribution.

Similarly to the case of correlation neutrality, we first calculate the extremal cor-
relation estimator between the stock returns of each bank and the market index and
then use the bootstrap procedure to calculate a large number of bootstrap replications
of the estimator. From the probability distribution of the replications we then construct
confidence intervals to test for the presence of correlation in the lower tail. We also
test for the presence of positive correlation in the lower tail, i.e. the sign of lower tail
correlation that applies to systemic financial institutions.

4 Results

In order to empirically assess the systemic importance of financial institutions, we run
the previous five neutrality tests on two groups of banks. The first group contains
twelve European large and complex financial institutions (LCFIs) and the second group
has twelve Italian banks of different size. The two largest Italian banks are included in
both groups. The systemic relevance of each bank is evaluated with respect to both the
Datastream non-financial and financial sector indices. For the LCFIs we use Datastream
indices referring to the European Union while for Italian banks we use Datastream indices
referring to the Italian market. We utilize weekly stock returns from December 2001 until
January 2011. The sample period is also divided into two subsamples, to take account of
the pre-crisis period (December 2001–June 2007) and crisis period (July 2007–January
2011).

We identify the banks that are not related with the market as those financial in-
stitutions for which the neutrality tests cannot be rejected at 10% significance level
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(highlighted in bold in the tables). These banks are certainly not systematically rel-
evant. The banks for which the null hypotheses are rejected have instead significant
statistical relationships with the market. These relationships, however, could be due to
either their systematic relevance or some underlying common factor. Strictly speaking,
our tests permit to separate the banks that are not systemically relevant from those that
are potentially systemically relevant. In this light, our approach is conservative, mean-
ing that all banks that are connected to the market are deemed to be systematically
relevant. Moreover, we believe that more accurate results can be attained by running
several tests, as we do.

Tables 1 and 2 examine the relationship between European LCFIs and the European
non-financial sector index (as a proxy of the real economy) during the pre-crisis and
the crisis period, respectively. The European non-financial sector index is positively
correlated with all the European banks in the sample. Similarly, the mean neutrality
hypothesis for the European non-financial sector index is rejected with respect to each
bank. These results imply that all the banks included in the sample are deemed to be
considered as systemically relevant according to the first two tests, for both the pre-
crisis and crisis periods. On the contrary, the variance of the non-financial sector index
is neutral to individual bank returns, as shown by the high p-values. The overall variance
neutrality of the European non-financial sector does not hold for three banks (Deutsche
Bank, HSBC, and UBS) during the crisis period, since the test of neutrality can be
rejected at 10% significance level in those cases. These three banks have had a more
relevant connection with the overall volatility of the non-financial sector index than the
other banks of the sample, and can be considered systemically relevant in this respect.
When focusing on the variance neutrality given that individual bank returns are negative
(variance neutrality on the downside), it turns out that stock returns for all banks are
significantly related to the volatility of the European non-financial sector index.

The results presented in tables 1 and 2 also show that the hypothesis of neutrality
of the VaR test can be rejected with respect to several banks at a low level of signifi-
cance during both the pre-crisis and the crisis period. This test has been conducted on
standardized returns of the non-financial sector to control for the mean and the variance
non-neutrality. Focusing instead on the restricted version of the VaR neutrality test on
the downside, almost all banks present high p-values. These results imply that generally
there is no statistical significant relationship between the negative returns of the banks
and the VaR of the non-financial sector index. One exception is HSBC, whose negative
returns are significantly connected with the VAR of the European non-financial sector
during the pre-crisis period. Therefore, it cannot be ruled out that this institution is a
systemic one. For comparison reasons, we have also run the VaR neutrality test on the
normal (i.e., non-standardized) returns of the non-financial sector index and we found
that avoiding to control for mean and variance neutrality lead to all the banks to be sig-
nificantly connected with the VaR of the index.1 Finally, according to the tail neutrality
test, the European non-financial sector index presents a low positive extremal correlation

1More detailed results are available from the authors on request.
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with several banks. In particular, during the pre-crisis period the index has recorded an
unambiguous positive correlation in the lower tail with Barclays, which therefore could
be considered as systematically relevant.

Similarly, Tables 3 and 4 analyze the relationships between Italian banks and the
corresponding non-financial sector index in the two sub-periods. Our results show that
during the pre-crisis period only Banca Popolare di Sondrio can be excluded from be-
ing a systemic relevant institution according to the mean neutrality test. However, its
stock returns showed a significant degree of connection with the riskiness of the market
as measured by the variance and the VaR. The VaR of the Italian non-financial sec-
tor index was also significantly related with the negative returns of several other banks
(Credito Valtellinese, Credito Bergamasco, Banca Popolare di Milano, Credito Emiliano,
Mediobanca, and Banca Monte dei Paschi di Siena) from December 2001 to June 2007.
Rather surprising, during the crisis period there is no statistical evidence that the neg-
ative returns of the banks have been related with the VaR of the index. In this respect,
no Italian bank can be deemed to be systemically relevant. This result is probably due
to the fact that Italian banks were not the drivers of the crisis, and that other external
factors had stronger impact on the Italian non-financial firms. Our findings suggest that
for some countries it would be probably more useful to discriminate between systemic
and non-systemic institutions using data from “normal” periods instead of “exceptional”
times, when several external factors may impact on the economy.

We also replicate the same estimations for the financial sector index. Tables 5 and 6
indicate that during the pre-crisis period only the negative returns of HSBC have been
related with the VaR of the European financial sector index. Moreover, according to the
tail neutrality test, almost all banks included in the sample present a positive extreme
correlation with the financial sector index during both the pre-crisis and the crisis period.
Likewise, from Tables 7 and 8 it comes out that the negative returns of Unicredit, Credito
Valtellinese, and Banca Popolare di Sondrio have been connected with the VaR of the
Italian financial sector index during the pre-crisis period. Several Italian banks have also
recorded a positive extreme correlation with the corresponding financial sector index
during the two sub-periods that are examined.

5 Conclusion

The 2007–08 financial crisis emphasized the importance for policymakers to monitor
financial stability not only with the traditional firm-level approach, but also using a
system-wide macro-prudential approach.

In this paper we propose several tests of neutrality to spot systemically important
financial institutions. Following the methodology of Patton (2009) we analyze the de-
pendence between market returns and individual institutions’ returns. Our results are
helpful to shed light on the fact that individual institutions are related to the market in
several ways, by affecting either its expected returns or its riskiness (measured by the
variance, the VaR, and the tail extreme correlation). Several banks that are potentially
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systemically relevant emerge from this paper, depending on the specific neutrality test.
For instance, during the pre-crisis period HSBC could be considered systemically rele-
vant as its negative stock returns have been connected with the VaR of the European
non-financial sector index. At the same time, Barclays’ stock returns recorded a signifi-
cant positive correlation in the lower tail with the index, so that this bank could also be
considered systemically relevant. During the crisis period, instead, the overall returns of
Deutsche Bank, HSBC, and UBS have all been strongly related with the variance of the
market. Our results for Italian banks also suggest that it could be more appropriate to
identify systemic institutions in “normal” periods, rather than during a crisis period.

Possible future work may include the enlargement of the sample, by considering
also a focus on the main German and French banks. Moreover, one could also analyze
the determinants of the dependence between banks and general indices by relating the
several measures of neutrality to the individual characteristics of the banks such as size,
leverage, and capitalization.

Appendix: Block bootstrap methodology

To test the neutrality of the market with respect to individual financial institutions,
this paper uses several measures (correlation, mean neutrality, variance neutrality, VaR
neutrality, extremal correlation) of which the probability distribution of the estima-
tors is unknown due to several empirical features of the data (small sample size, serial
correlation, volatility clustering and non-normality of financial returns). The bootstrap
methodology is a procedure that resamples the original data set with replacement. From
the bootstrap samples one can therefore calculate bootstrap replications of the parame-
ter of interest and obtain its probability distribution with the related critical values for
the tests. Since we are interested in testing the dependence between two time series of
returns, we resort to the “block” bootstrap methodology.

The procedure works as follows:

1. Start by “wrapping” the data X1, X2, . . . , XT around a circle.

2. Calculate the block size for the circular bootstrap. We use the algorithm of Politis
and White (2004) to the market returns, the squared market returns, the bank
returns, the squared bank returns and the product of the market returns and the
bank returns; we then select the largest of these lengths to use as the block length
for that bank.

3. The starting points of the blocks are randomly drawn; they are the same for the 2
variables (rm, ri).

4. From the starting points we attach the block size.

5. Cut the bootstrap sample at T observations (the number of observations of the 2
variables).

11



In particular, the block lengths selected ranges from 23 to 25 during the pre-crisis
period, and from 10 to 18 during the crisis period. All the tests have been conducted
based on 100 replications. Finally, to set the confidence intervals for the standard cor-
relation measure and the extremal correlation estimator we have constructed two types
of intervals: the percentile interval and the bias-corrected and accelerated interval.

12



References

Adrian, T. and Brunnermeier, M. (2010). CoVaR. Electronic copy available at http:

//www.princeton.edu/~markus/research/papers/CoVaR.pdf.

Huang, X., Zhou, H., and Zhu, H., (2009). A Framework for Assessing the Systemic Risk
of Major Financial Institutions. Journal of Banking & Finance, 33 (11), 2036–2049.

Huang, X., Zhou, H., and Zhu, H., (2010). Assessing the Systemic Risk of a Hetero-
geneous Portfolio of Banks during the Recent Financial Crisis. BIS Working papers,
No. 296.

Lo, A. W. (2009). The Feasibility of Systemic Risk Measurement. Testimony before the
Financial Services Committee of the US House of Representatives (October 19, 2009).
Electronic copy available at http://web.mit.edu/alo/www/.

Patro, D., Qi, M., and Sun, X. (2010). A Simple Indicator of Systemic Risk. Electronic
copy available at http://ssrn.com/abstract=1569805.

Patton, A. J., (2009). Are Market Neutral Hedge Funds Really Market Neutral? Review
of Financial Studies, 22 (7), 2295–2330.

Politis, D. N. and White, H., (2004). Automatic Block-Length Selection for the Depen-
dent Bootstrap. Econometric Reviews, 23 (1), 53–70.

Quintos, C., (2004). Extremal Correlation for Garch Data. Working paper, Simon
Graduate School of business, University of Rochester.

Tarashev, N., Borio, C., and Tsatsaronis, K. (2009). The Systemic Importance of Fi-
nancial Institutions. BIS Quarterly Review, September. Pages 75–87.

Tarashev, N., Borio, C., and Tsatsaronis, K., (2010). Attributing Systemic Risk to
Individual Institutions. BIS Working Papers, No. 308.

13



Tables

14



T
a
b

le
1

–
Im

p
a
c
t

o
f

E
u

ro
p

e
a
n

b
a
n

k
s

o
n

E
u

ro
p

e
a
n

n
o
n

fi
n

a
n

c
ia

l
se

c
to

r
in

d
e
x
:

p
re

-c
ri

si
s

p
e
ri

o
d
a

E
u

ro
p

ea
n

b
an

k
s

C
or

re
la

ti
o
n

n
eu

tr
al

it
y

M
ea

n
n

eu
tr

a
li

ty
V

a
ri

a
n

ce
n

eu
tr

a
li

ty
V

a
R

n
eu

tr
a
li

ty
b

T
a
il

ri
sk

n
eu

tr
a
li

ty
c

ρ
=

0
ρ
≤

0
g
lo

b
a
l

d
ow

n
si

d
e

g
lo

b
a
l

d
ow

n
si

d
e

g
lo

b
a
l

d
ow

n
si

d
e

ψ
=

0
ψ
≤

0

B
N

P
P

ar
ib

as
N

o
N

o
0
.0

0
0
.0

0
0
.7

9
0
.0

0
0
.9

2
0
.1

8
N

o
/
Y

es
N

o
/
Y

es
S

o
ci

et
e

G
en

er
al

e
N

o
N

o
0
.0

0
0
.0

0
0
.9

0
0
.0

0
0
.0

0
0
.1

3
Y

e
s

N
o
/
Y

es
D

eu
ts

ch
e

B
an

k
N

o
N

o
0
.0

0
0
.0

0
0
.5

8
0
.0

0
0
.6

1
0
.2

8
Y

e
s

Y
e
s

IN
G

G
ro

ep
N

o
N

o
0
.0

0
0
.0

0
0
.9

3
0
.0

0
0
.0

4
0
.2

8
Y

e
s

Y
e
s

B
an

co
S

an
ta

n
d

er
N

o
N

o
0
.0

0
0
.0

0
0
.9

6
0
.0

0
0
.0

0
0
.3

0
N

o
/
Y

es
N

o
/
Y

es
H

S
B

C
H

d
g.

N
o

N
o

0
.0

0
0
.0

0
0
.7

3
0
.0

0
0
.0

0
0
.0

5
N

o
/
Y

es
N

o
/
Y

es
B

ar
cl

ay
s

N
o

N
o

0
.0

0
0
.0

0
0
.4

6
0
.0

0
0
.0

0
0
.1

9
N

o
N

o
R

oy
al

B
an

k
of

S
ct

l.
G

p
.

N
o

N
o

0
.0

0
0
.0

1
0
.8

8
0
.0

0
0
.0

0
0
.3

2
N

o
/
Y

es
N

o
/
Y

es
U

B
S

N
o

N
o

0
.0

0
0
.0

0
0
.5

8
0
.0

0
0
.7

1
0
.5

4
Y

e
s

N
o
/
Y

es
C

re
d

it
S

u
is

se
G

ro
u

p
N

o
N

o
0
.0

0
0
.0

0
0
.7

1
0
.0

0
0
.4

4
0
.1

6
Y

e
s

Y
e
s

U
n

ic
re

d
it

N
o

N
o

0
.0

0
0
.0

0
0
.3

5
0
.0

0
0
.1

7
0
.1

5
N

o
/
Y

es
N

o
/
Y

es
In

te
sa

S
an

p
ao

lo
N

o
N

o
0
.0

0
0
.0

0
0
.5

1
0
.0

0
0
.2

2
0
.1

9
Y

e
s

Y
e
s

a
P

re
-c

ri
si

s
p

er
io

d
:

D
ec

em
b

er
2
0
0
1
-J

u
n
e

2
0
0
7
.

In
b

o
ld

a
re

h
ig

h
li
g
h
te

d
th

e
p
-v

a
lu

es
fo

r
w

h
ic

h
th

e
n
eu

tr
a
li
ty

te
st

s
ca

n
n
o
t

b
e

re
je

ct
ed

a
t

1
0
%

si
g
n
ifi

ca
n
ce

le
v
el

.
b

V
a
R

n
eu

tr
a
li
ty

ca
lc

u
la

te
d

o
n

st
a
n
d
a
rd

iz
ed

re
tu

rn
s.

c
T

a
il

n
eu

tr
a
li
ty

te
st

s
a
cc

o
rd

in
g

tw
o

ty
p

es
o
f

co
n
fi
d
en

ce
in

te
rv

a
ls

:
th

e
p

er
ce

n
ti

le
in

te
rv

a
l

a
n
d

th
e

b
ia

s-
co

rr
ec

te
d

a
n
d

a
cc

el
er

a
te

d
in

te
rv

a
l.

15



T
a
b

le
2

–
Im

p
a
c
t

o
f

E
u

ro
p

e
a
n

b
a
n

k
s

o
n

E
u

ro
p

e
a
n

n
o
n

fi
n

a
n

c
ia

l
se

c
to

r
in

d
e
x
:

c
ri

si
s

p
e
ri

o
d
a

E
u

ro
p

ea
n

b
an

k
s

C
or

re
la

ti
o
n

n
eu

tr
al

it
y

M
ea

n
n

eu
tr

a
li

ty
V

a
ri

a
n

ce
n

eu
tr

a
li

ty
V

a
R

n
eu

tr
a
li

ty
b

T
a
il

ri
sk

n
eu

tr
a
li

ty
c

ρ
=

0
ρ
≤

0
g
lo

b
a
l

d
ow

n
si

d
e

g
lo

b
a
l

d
ow

n
si

d
e

g
lo

b
a
l

d
ow

n
si

d
e

ψ
=

0
ψ
≤

0

B
N

P
P

ar
ib

as
N

o
N

o
0
.0

0
0
.0

0
1
.0

0
0
.0

0
0
.8

8
0
.7

8
Y

e
s

Y
e
s

S
o
ci

et
e

G
en

er
al

e
N

o
N

o
0
.0

0
0
.0

0
0
.5

5
0
.0

0
0
.1

5
0
.5

4
Y

e
s

Y
e
s

D
eu

ts
ch

e
B

an
k

N
o

N
o

0
.0

0
0
.0

0
0
.0

5
0
.0

0
0
.0

0
0
.7

7
N

o
/
Y

es
N

o
/
Y

es
IN

G
G

ro
ep

N
o

N
o

0
.0

0
0
.0

0
0
.1

9
0
.0

0
0
.8

3
0
.8

3
Y

e
s

N
o
/
Y

es
B

an
co

S
an

ta
n

d
er

N
o

N
o

0
.0

0
0
.0

0
0
.4

0
0
.0

0
0
.6

1
0
.9

7
N

o
/
Y

es
N

o
/
Y

es
H

S
B

C
h

d
g.

N
o

N
o

0
.0

0
0
.0

0
0
.0

6
0
.0

0
0
.0

2
0
.8

8
Y

e
s

N
o
/
Y

es
B

ar
cl

ay
s

N
o

N
o

0
.0

0
0
.0

0
0
.4

3
0
.0

0
0
.1

0
0
.4

5
Y

e
s

Y
e
s

R
oy

al
B

an
k

of
S

ct
l.

G
p

.
N

o
N

o
0
.0

0
0
.0

0
0
.1

5
0
.0

0
0
.9

9
0
.6

6
Y

e
s

Y
e
s

U
B

S
N

o
N

o
0
.0

0
0
.0

0
0
.1

0
0
.0

0
0
.0

0
0
.3

6
N

o
/
Y

es
N

o
/
Y

es
C

re
d

it
S

u
is

se
G

ro
u

p
N

o
N

o
0
.0

0
0
.0

0
0
.1

6
0
.0

0
0
.0

0
0
.8

7
N

o
/
Y

es
N

o
/
Y

es
U

n
ic

re
d

it
N

o
N

o
0
.0

0
0
.0

0
0
.3

3
0
.0

0
0
.6

9
0
.7

6
Y

e
s

Y
e
s

In
te

sa
S

an
p
ao

lo
N

o
N

o
0
.0

0
0
.0

0
0
.1

4
0
.0

0
0
.2

8
0
.8

3
N

o
/
Y

es
N

o
/
Y

es
a

C
ri

si
s

p
er

io
d
:

J
u
ly

2
0
0
7
-J

a
n
u
a
ry

2
0
1
1
.

In
b

o
ld

a
re

h
ig

h
li
g
h
te

d
th

e
p
-v

a
lu

es
fo

r
w

h
ic

h
th

e
n
eu

tr
a
li
ty

te
st

s
ca

n
n
o
t

b
e

re
je

ct
ed

a
t

1
0
%

si
g
n
ifi

ca
n
ce

le
v
el

.
b

V
a
R

n
eu

tr
a
li
ty

ca
lc

u
la

te
d

o
n

st
a
n
d
a
rd

iz
ed

re
tu

rn
s.

c
T

a
il

n
eu

tr
a
li
ty

te
st

s
a
cc

o
rd

in
g

tw
o

ty
p

es
o
f

co
n
fi
d
en

ce
in

te
rv

a
ls

:
th

e
p

er
ce

n
ti

le
in

te
rv

a
l

a
n
d

th
e

b
ia

s-
co

rr
ec

te
d

a
n
d

a
cc

el
er

a
te

d
in

te
rv

a
l.

16



T
a
b

le
3

–
Im

p
a
c
t

o
f

It
a
li
a
n

b
a
n

k
s

o
n

It
a
li
a
n

n
o
n

fi
n

a
n

c
ia

l
se

c
to

r
in

d
e
x
:

p
re

-c
ri

si
s

p
e
ri

o
d
a

It
al

ia
n

b
an

k
s

C
or

re
la

ti
on

n
eu

tr
al

it
y

M
ea

n
n

eu
tr

a
li

ty
V

a
ri

a
n

ce
n

eu
tr

a
li

ty
V

a
R

n
eu

tr
a
li

ty
b

T
a
il

ri
sk

n
eu

tr
a
li

ty
c

ρ
=

0
ρ
≤

0
g
lo

b
a
l

d
ow

n
si

d
e

g
lo

b
a
l

d
ow

n
si

d
e

g
lo

b
a
l

d
ow

n
si

d
e

ψ
=

0
ψ
≤

0

U
n

ic
re

d
it

N
o

N
o

0
.0

0
0
.0

0
0
.2

3
0
.0

0
0
.0

2
0
.1

1
Y

es
/
N

o
Y

es
/
N

o
In

te
sa

S
an

p
ao

lo
N

o
N

o
0
.0

0
0
.0

0
0
.5

4
0
.0

0
0
.3

4
0
.1

9
Y

e
s

Y
es

/
N

o
B

an
ca

M
on

te
d

ei
P

as
ch

i
N

o
N

o
0
.0

0
0
.0

0
0
.3

8
0
.0

0
0
.0

5
0
.0

9
Y

e
s

N
o

B
an

ca
P

op
.

d
i

M
il

an
o

N
o

N
o

0
.0

0
0
.0

0
0
.0

4
0
.0

0
0
.1

3
0
.0

6
Y

e
s

Y
es

/
N

o
B

an
ca

P
op

.
d

i
S

on
d

ri
o

Y
e
s

N
o

0
.2

6
0
.1

4
0
.8

7
0
.0

0
0
.0

7
0
.0

4
Y

e
s

Y
e
s

B
an

ca
P

op
.

d
el

l’
E

m
il

ia
R

.
N

o
N

o
0
.0

1
0
.0

1
1
.0

0
0
.0

0
0
.7

6
0
.2

9
Y

e
s

Y
e
s

B
an

co
P

op
ol

ar
e

N
o

N
o

0
.0

0
0
.0

0
0
.1

5
0
.0

0
0
.2

0
0
.1

3
Y

e
s

Y
e
s

B
an

ca
P

op
.

d
i

S
p

ol
et

o
N

o
N

o
0
.0

0
0
.0

0
0
.9

5
0
.0

0
0
.4

2
0
.1

8
Y

e
s

Y
e
s

M
ed

io
b

an
ca

N
o

N
o

0
.0

0
0
.0

0
0
.2

5
0
.0

0
0
.0

0
0
.0

8
Y

e
s

Y
es

/
N

o
C

re
d

it
o

E
m

il
ia

n
o

N
o

N
o

0
.0

0
0
.0

0
0
.4

6
0
.0

0
0
.1

5
0
.0

7
Y

es
/
N

o
N

o
C

re
d

it
o

V
al

te
ll

in
es

e
N

o
N

o
0
.0

0
0
.0

0
0
.8

5
0
.0

0
0
.0

0
0
.0

0
Y

e
s

Y
e
s

C
re

d
it

o
B

er
ga

m
as

co
N

o
N

o
0
.0

0
0
.0

1
1
.0

0
0
.0

0
0
.0

0
0
.0

3
Y

e
s

Y
e
s

a
P

re
-c

ri
si

s
p

er
io

d
:

D
ec

em
b

er
2
0
0
1
-J

u
n
e

2
0
0
7
.

In
b

o
ld

a
re

h
ig

h
li
g
h
te

d
th

e
p
-v

a
lu

es
fo

r
w

h
ic

h
th

e
n
eu

tr
a
li
ty

te
st

s
ca

n
n
o
t

b
e

re
je

ct
ed

a
t

1
0
%

si
g
n
ifi

ca
n
ce

le
v
el

.
b

V
a
R

n
eu

tr
a
li
ty

ca
lc

u
la

te
d

o
n

st
a
n
d
a
rd

iz
ed

re
tu

rn
s.

c
T

a
il

n
eu

tr
a
li
ty

te
st

s
a
cc

o
rd

in
g

tw
o

ty
p

es
o
f

co
n
fi
d
en

ce
in

te
rv

a
ls

:
th

e
p

er
ce

n
ti

le
in

te
rv

a
l

a
n
d

th
e

b
ia

s-
co

rr
ec

te
d

a
n
d

a
cc

el
er

a
te

d
in

te
rv

a
l.

17



T
a
b

le
4

–
Im

p
a
c
t

o
f

It
a
li
a
n

b
a
n

k
s

o
n

It
a
li
a
n

n
o
n

fi
n

a
n

c
ia

l
se

c
to

r
in

d
e
x
:

c
ri

si
s

p
e
ri

o
d
a

It
al

ia
n

b
an

k
s

C
or

re
la

ti
on

n
eu

tr
al

it
y

M
ea

n
n

eu
tr

a
li

ty
V

a
ri

a
n

ce
n

eu
tr

a
li

ty
V

a
R

n
eu

tr
a
li

ty
b

T
a
il

ri
sk

n
eu

tr
a
li

ty
c

ρ
=

0
ρ
≤

0
g
lo

b
a
l

d
ow

n
si

d
e

g
lo

b
a
l

d
ow

n
si

d
e

g
lo

b
a
l

d
ow

n
si

d
e

ψ
=

0
ψ
≤

0

U
n

ic
re

d
it

N
o

N
o

0
.0

0
0
.0

0
0
.4

3
0
.0

0
0
.9

2
0
.6

9
Y

e
s

Y
e
s

In
te

sa
S

an
p
ao

lo
N

o
N

o
0
.0

0
0
.0

0
0
.3

9
0
.0

0
0
.3

6
0
.7

8
N

o
/
Y

es
N

o
/
Y

es
B

an
ca

M
on

te
d

ei
P

as
ch

i
N

o
N

o
0
.0

0
0
.0

0
0
.2

7
0
.0

0
0
.6

3
0
.9

5
N

o
N

o
B

an
ca

P
op

.
d

i
M

il
an

o
N

o
N

o
0
.0

0
0
.0

0
1
.0

0
0
.0

0
0
.2

8
0
.5

8
N

o
/
Y

es
N

o
/
Y

es
B

an
ca

P
op

.
d

i
S

on
d

ri
o

N
o

N
o

0
.0

0
0
.0

0
0
.4

4
0
.0

0
0
.5

5
0
.4

1
Y

e
s

Y
e
s

B
an

ca
P

op
.

d
el

l’
E

m
il

ia
R

.
N

o
N

o
0
.0

0
0
.0

0
1
.0

0
0
.0

0
0
.0

9
0
.4

6
Y

e
s

Y
e
s

B
an

co
P

op
ol

ar
e

N
o

N
o

0
.0

0
0
.0

0
0
.0

3
0
.0

0
0
.6

3
0
.8

7
Y

e
s

Y
e
s

B
an

ca
P

op
.

d
i

S
p

ol
et

o
N

o
N

o
0
.0

0
0
.0

0
0
.4

6
0
.0

0
0
.4

1
0
.5

8
Y

e
s

Y
e
s

M
ed

io
b

an
ca

N
o

N
o

0
.0

0
0
.0

0
1
.0

0
0
.0

0
0
.0

0
0
.6

2
Y

e
s

Y
e
s

C
re

d
it

o
E

m
il

ia
n

o
N

o
N

o
0
.0

0
0
.0

0
0
.9

5
0
.0

0
0
.1

0
0
.5

5
Y

e
s

N
o
/
Y

es
C

re
d

it
o

V
al

te
ll

in
es

e
N

o
N

o
0
.0

0
0
.0

0
0
.3

1
0
.0

0
0
.1

1
0
.6

7
Y

e
s

N
o
/
Y

es
C

re
d

it
o

B
er

ga
m

as
co

N
o

N
o

0
.0

0
0
.0

0
0
.1

5
0
.0

0
0
.0

0
0
.2

1
N

o
/
Y

es
N

o
/
Y

es
a

C
ri

si
s

p
er

io
d
:

J
u
ly

2
0
0
7
-J

a
n
u
a
ry

2
0
1
1
.

In
b

o
ld

a
re

h
ig

h
li
g
h
te

d
th

e
p
-v

a
lu

es
fo

r
w

h
ic

h
th

e
n
eu

tr
a
li
ty

te
st

s
ca

n
n
o
t

b
e

re
je

ct
ed

a
t

1
0
%

si
g
n
ifi

ca
n
ce

le
v
el

.
b

V
a
R

n
eu

tr
a
li
ty

ca
lc

u
la

te
d

o
n

st
a
n
d
a
rd

iz
ed

re
tu

rn
s.

c
T

a
il

n
eu

tr
a
li
ty

te
st

s
a
cc

o
rd

in
g

tw
o

ty
p

es
o
f

co
n
fi
d
en

ce
in

te
rv

a
ls

:
th

e
p

er
ce

n
ti

le
in

te
rv

a
l

a
n
d

th
e

b
ia

s-
co

rr
ec

te
d

a
n
d

a
cc

el
er

a
te

d
in

te
rv

a
l.

18



T
a
b

le
5

–
Im

p
a
c
t

o
f

E
u

ro
p

e
a
n

b
a
n

k
s

o
n

E
u

ro
p

e
a
n

fi
n

a
n

c
ia

l
se

c
to

r
in

d
e
x
:

p
re

-c
ri

si
s

p
e
ri

o
d
a

E
u

ro
p

ea
n

b
an

k
s

C
or

re
la

ti
o
n

n
eu

tr
al

it
y

M
ea

n
n

eu
tr

a
li

ty
V

a
ri

a
n

ce
n

eu
tr

a
li

ty
V

a
R

n
eu

tr
a
li

ty
b

T
a
il

ri
sk

n
eu

tr
a
li

ty
c

ρ
=

0
ρ
≤

0
g
lo

b
a
l

d
ow

n
si

d
e

g
lo

b
a
l

d
ow

n
si

d
e

g
lo

b
a
l

d
ow

n
si

d
e

ψ
=

0
ψ
≤

0

B
N

P
P

ar
ib

as
N

o
N

o
0
.0

0
0
.0

0
0
.7

4
0
.0

0
0
.9

0
0
.2

3
N

o
N

o
S

o
ci

et
e

G
en

er
al

e
N

o
N

o
0
.0

0
0
.0

0
0
.9

4
0
.0

0
0
.6

3
0
.2

3
N

o
N

o
D

eu
ts

ch
e

B
an

k
N

o
N

o
0
.0

0
0
.0

0
0
.4

2
0
.0

0
0
.0

7
0
.1

8
Y

e
s

Y
es

/
N

o
IN

G
G

ro
ep

N
o

N
o

0
.0

0
0
.0

0
0
.7

7
0
.0

0
0
.8

4
0
.3

4
N

o
N

o
B

an
co

S
an

ta
n

d
er

N
o

N
o

0
.0

0
0
.0

0
0
.5

0
0
.0

0
0
.1

0
0
.5

0
N

o
N

o
H

S
B

C
H

d
g.

N
o

N
o

0
.0

0
0
.0

0
0
.3

2
0
.0

0
0
.0

0
0
.0

0
N

o
N

o
B

ar
cl

ay
s

N
o

N
o

0
.0

0
0
.0

0
0
.4

0
0
.0

0
0
.0

1
0
.4

9
N

o
N

o
R

oy
al

B
an

k
of

S
ct

l.
G

p
.

N
o

N
o

0
.0

0
0
.0

0
0
.7

4
0
.0

0
0
.9

1
0
.7

5
N

o
N

o
U

B
S

N
o

N
o

0
.0

0
0
.0

0
0
.1

9
0
.0

0
0
.8

7
0
.5

3
Y

es
/
N

o
N

o
C

re
d

it
S

u
is

se
G

ro
u

p
N

o
N

o
0
.0

0
0
.0

0
0
.5

1
0
.0

0
0
.5

5
0
.6

5
Y

es
/
N

o
Y

es
/
N

o
U

n
ic

re
d

it
N

o
N

o
0
.0

0
0
.0

0
0
.3

7
0
.0

0
0
.7

2
0
.1

3
N

o
N

o
In

te
sa

S
an

p
ao

lo
N

o
N

o
0
.0

0
0
.0

0
0
.4

2
0
.0

0
0
.2

6
0
.3

1
Y

e
s

Y
e
s

a
P

re
-c

ri
si

s
p

er
io

d
:

D
ec

em
b

er
2
0
0
1
-J

u
n
e

2
0
0
7
.

In
b

o
ld

a
re

h
ig

h
li
g
h
te

d
th

e
p
-v

a
lu

es
fo

r
w

h
ic

h
th

e
n
eu

tr
a
li
ty

te
st

s
ca

n
n
o
t

b
e

re
je

ct
ed

a
t

1
0
%

si
g
n
ifi

ca
n
ce

le
v
el

.
b

V
a
R

n
eu

tr
a
li
ty

ca
lc

u
la

te
d

o
n

st
a
n
d
a
rd

iz
ed

re
tu

rn
s.

c
T

a
il

n
eu

tr
a
li
ty

te
st

s
a
cc

o
rd

in
g

tw
o

ty
p

es
o
f

co
n
fi
d
en

ce
in

te
rv

a
ls

:
th

e
p

er
ce

n
ti

le
in

te
rv

a
l

a
n
d

th
e

b
ia

s-
co

rr
ec

te
d

a
n
d

a
cc

el
er

a
te

d
in

te
rv

a
l.

19



T
a
b

le
6

–
Im

p
a
c
t

o
f

E
u

ro
p

e
a
n

b
a
n

k
s

o
n

E
u

ro
p

e
a
n

fi
n

a
n

c
ia

l
se

c
to

r
in

d
e
x
:

c
ri

si
s

p
e
ri

o
d
a

E
u

ro
p

ea
n

b
an

k
s

C
or

re
la

ti
o
n

n
eu

tr
al

it
y

M
ea

n
n

eu
tr

a
li

ty
V

a
ri

a
n

ce
n

eu
tr

a
li

ty
V

a
R

n
eu

tr
a
li

ty
b

T
a
il

ri
sk

n
eu

tr
a
li

ty
c

ρ
=

0
ρ
≤

0
g
lo

b
a
l

d
ow

n
si

d
e

g
lo

b
a
l

d
ow

n
si

d
e

g
lo

b
a
l

d
ow

n
si

d
e

ψ
=

0
ψ
≤

0

B
N

P
P

ar
ib

as
N

o
N

o
0
.0

0
0
.0

0
0
.2

4
0
.0

0
0
.1

6
0
.4

9
Y

e
s

Y
e
s

S
o
ci

et
e

G
en

er
al

e
N

o
N

o
0
.0

0
0
.0

0
0
.2

1
0
.0

0
0
.0

0
0
.1

2
Y

e
s

N
o

D
eu

ts
ch

e
B

an
k

N
o

N
o

0
.0

0
0
.0

0
0
.0

2
0
.0

0
0
.0

0
0
.6

7
N

o
/
Y

es
N

o
IN

G
G

ro
ep

N
o

N
o

0
.0

0
0
.0

0
0
.2

2
0
.0

0
0
.2

6
0
.9

5
N

o
N

o
B

an
co

S
an

ta
n

d
er

N
o

N
o

0
.0

0
0
.0

0
1
.0

0
0
.0

0
0
.0

0
0
.5

2
N

o
/
Y

es
N

o
/
Y

es
H

S
B

C
H

d
g.

N
o

N
o

0
.0

0
0
.0

0
0
.0

4
0
.0

0
0
.9

2
0
.5

5
N

o
/
Y

es
N

o
/
Y

es
B

ar
cl

ay
s

N
o

N
o

0
.0

0
0
.0

0
0
.1

8
0
.0

0
0
.0

0
0
.4

5
N

o
N

o
R

oy
al

B
an

k
of

S
ct

l.
G

p
.

N
o

N
o

0
.0

0
0
.0

0
0
.0

4
0
.0

0
0
.0

4
0
.9

0
Y

es
/
N

o
N

o
U

B
S

N
o

N
o

0
.0

0
0
.0

0
0
.1

8
0
.0

0
0
.0

0
0
.4

2
N

o
/
Y

es
N

o
/
Y

es
C

re
d

it
S

u
is

se
G

ro
u

p
N

o
N

o
0
.0

0
0
.0

0
0
.0

4
0
.0

0
0
.0

0
0
.8

6
N

o
N

o
U

n
ic

re
d

it
N

o
N

o
0
.0

0
0
.0

0
0
.1

8
0
.0

0
0
.9

8
0
.6

3
N

o
N

o
In

te
sa

S
an

p
ao

lo
N

o
N

o
0
.0

0
0
.0

0
0
.1

2
0
.0

0
0
.0

0
0
.3

6
N

o
/
Y

es
N

o
/
Y

es
a

C
ri

si
s

p
er

io
d
:

J
u
ly

2
0
0
7
-J

a
n
u
a
ry

2
0
1
1
.

In
b

o
ld

a
re

h
ig

h
li
g
h
te

d
th

e
p
-v

a
lu

es
fo

r
w

h
ic

h
th

e
n
eu

tr
a
li
ty

te
st

s
ca

n
n
o
t

b
e

re
je

ct
ed

a
t

1
0
%

si
g
n
ifi

ca
n
ce

le
v
el

.
b

V
a
R

n
eu

tr
a
li
ty

ca
lc

u
la

te
d

o
n

st
a
n
d
a
rd

iz
ed

re
tu

rn
s.

c
T

a
il

n
eu

tr
a
li
ty

te
st

s
a
cc

o
rd

in
g

tw
o

ty
p

es
o
f

co
n
fi
d
en

ce
in

te
rv

a
ls

:
th

e
p

er
ce

n
ti

le
in

te
rv

a
l

a
n
d

th
e

b
ia

s-
co

rr
ec

te
d

a
n
d

a
cc

el
er

a
te

d
in

te
rv

a
l.

20



T
a
b

le
7

–
Im

p
a
c
t

o
f

It
a
li
a
n

b
a
n

k
s

o
n

It
a
li
a
n

fi
n

a
n

c
ia

l
se

c
to

r
in

d
e
x
:

p
re

-c
ri

si
s

p
e
ri

o
d
a

It
al

ia
n

b
an

k
s

C
or

re
la

ti
on

n
eu

tr
al

it
y

M
ea

n
n

eu
tr

a
li

ty
V

a
ri

a
n

ce
n

eu
tr

a
li

ty
V

a
R

n
eu

tr
a
li

ty
b

T
a
il

ri
sk

n
eu

tr
a
li

ty
c

ρ
=

0
ρ
≤

0
g
lo

b
a
l

d
ow

n
si

d
e

g
lo

b
a
l

d
ow

n
si

d
e

g
lo

b
a
l

d
ow

n
si

d
e

ψ
=

0
ψ
≤

0

U
n

ic
re

d
it

N
o

N
o

0
.0

0
0
.0

0
0
.5

4
0
.0

0
0
.0

0
0
.0

3
N

o
N

o
In

te
sa

S
an

p
ao

lo
N

o
N

o
0
.0

0
0
.0

0
0
.6

6
0
.0

0
0
.3

0
0
.1

3
Y

es
/
N

o
Y

es
/
N

o
B

an
ca

M
on

te
d

ei
P

as
ch

i
N

o
N

o
0
.0

0
0
.0

0
0
.2

3
0
.0

0
0
.3

2
0
.2

0
Y

es
/
N

o
N

o
B

an
ca

P
op

.
d

i
M

il
an

o
N

o
N

o
0
.0

0
0
.0

0
0
.3

0
0
.0

0
0
.0

0
0
.2

4
Y

es
/
N

o
Y

es
/
N

o
B

an
ca

P
op

.
d

i
S

on
d

ri
o

N
o

N
o

0
.0

0
0
.0

0
1
.0

0
0
.0

0
0
.5

2
0
.0

8
Y

e
s

Y
e
s

B
an

ca
P

op
.

d
el

l’
E

m
il

ia
R

.
N

o
N

o
0
.0

0
0
.0

0
1
.0

0
0
.0

0
0
.5

4
0
.1

6
Y

e
s

Y
es

/
N

o
B

an
co

P
op

ol
ar

e
N

o
N

o
0
.0

0
0
.0

0
0
.1

1
0
.0

0
0
.7

2
0
.4

7
Y

es
/
N

o
N

o
B

an
ca

P
op

.
d

i
S

p
ol

et
o

N
o

N
o

0
.0

0
0
.0

0
0
.9

9
0
.0

0
0
.2

1
0
.1

9
Y

e
s

Y
es

/
N

o
M

ed
io

b
an

ca
N

o
N

o
0
.0

0
0
.0

0
0
.3

5
0
.0

0
0
.0

0
0
.3

1
N

o
N

o
C

re
d

it
o

E
m

il
ia

n
o

N
o

N
o

0
.0

0
0
.0

0
0
.6

4
0
.0

0
0
.9

6
0
.4

7
Y

es
/
N

o
Y

es
/
N

o
C

re
d

it
o

V
al

te
ll

in
es

e
N

o
N

o
0
.0

0
0
.0

0
0
.9

9
0
.0

0
0
.0

0
0
.0

3
Y

e
s

Y
e
s

C
re

d
it

o
B

er
ga

m
as

co
N

o
N

o
0
.0

0
0
.0

6
0
.9

6
0
.0

0
0
.0

4
0
.1

6
Y

e
s

Y
e
s

a
P

re
-c

ri
si

s
p

er
io

d
:

D
ec

em
b

er
2
0
0
1
-J

u
n
e

2
0
0
7
.

In
b

o
ld

a
re

h
ig

h
li
g
h
te

d
th

e
p
-v

a
lu

es
fo

r
w

h
ic

h
th

e
n
eu

tr
a
li
ty

te
st

s
ca

n
n
o
t

b
e

re
je

ct
ed

a
t

1
0
%

si
g
n
ifi

ca
n
ce

le
v
el

.
b

V
a
R

n
eu

tr
a
li
ty

ca
lc

u
la

te
d

o
n

st
a
n
d
a
rd

iz
ed

re
tu

rn
s.

c
T

a
il

n
eu

tr
a
li
ty

te
st

s
a
cc

o
rd

in
g

tw
o

ty
p

es
o
f

co
n
fi
d
en

ce
in

te
rv

a
ls

:
th

e
p

er
ce

n
ti

le
in

te
rv

a
l

a
n
d

th
e

b
ia

s-
co

rr
ec

te
d

a
n
d

a
cc

el
er

a
te

d
in

te
rv

a
l.

21



T
a
b

le
8

–
Im

p
a
c
t

o
f

It
a
li
a
n

b
a
n

k
s

o
n

It
a
li
a
n

fi
n

a
n

c
ia

l
se

c
to

r
in

d
e
x
:

c
ri

si
s

p
e
ri

o
d
a

It
al

ia
n

b
an

k
s

C
or

re
la

ti
on

n
eu

tr
al

it
y

M
ea

n
n

eu
tr

a
li

ty
V

a
ri

a
n

ce
n

eu
tr

a
li

ty
V

a
R

n
eu

tr
a
li

ty
b

T
a
il

ri
sk

n
eu

tr
a
li

ty
c

ρ
=

0
ρ
≤

0
g
lo

b
a
l

d
ow

n
si

d
e

g
lo

b
a
l

d
ow

n
si

d
e

g
lo

b
a
l

d
ow

n
si

d
e

ψ
=

0
ψ
≤

0

U
n

ic
re

d
it

N
o

N
o

0
.0

0
0
.0

0
0
.3

2
0
.0

0
0
.6

5
0
.7

0
N

o
N

o
In

te
sa

S
an

p
ao

lo
N

o
N

o
0
.0

0
0
.0

0
0
.2

6
0
.0

0
0
.3

4
0
.9

7
N

o
N

o
B

an
ca

M
on

te
d

ei
P

as
ch

i
N

o
N

o
0
.0

0
0
.0

0
0
.0

5
0
.0

0
0
.0

0
0
.9

9
N

o
/
Y

es
N

o
/
Y

es
B

an
ca

P
op

.
d

i
M

il
an

o
N

o
N

o
0
.0

0
0
.0

0
0
.4

5
0
.0

0
0
.5

0
0
.5

6
N

o
/
Y

es
N

o
B

an
ca

P
op

.
d

i
S

on
d

ri
o

N
o

N
o

0
.0

0
0
.0

0
0
.1

5
0
.0

0
0
.7

8
0
.4

3
N

o
/
Y

es
N

o
/
Y

es
B

an
ca

P
op

.
d

el
l’

E
m

il
ia

R
.

N
o

N
o

0
.0

0
0
.0

0
0
.0

4
0
.0

0
0
.6

0
0
.6

1
Y

e
s

Y
e
s

B
an

co
P

op
ol

ar
e

N
o

N
o

0
.0

0
0
.0

0
0
.0

4
0
.0

0
0
.7

0
0
.8

7
Y

e
s

N
o
/
Y

es
B

an
ca

P
op

.
d

i
S

p
ol

et
o

N
o

N
o

0
.0

0
0
.0

0
0
.2

9
0
.0

0
0
.4

4
0
.7

7
Y

e
s

Y
e
s

M
ed

io
b

an
ca

N
o

N
o

0
.0

0
0
.0

0
0
.1

0
0
.0

0
0
.0

3
0
.5

1
Y

e
s

Y
e
s

C
re

d
it

o
E

m
il

ia
n

o
N

o
N

o
0
.0

0
0
.0

0
0
.3

8
0
.0

0
0
.6

9
0
.3

9
N

o
/
Y

es
N

o
/
Y

es
C

re
d

it
o

V
al

te
ll

in
es

e
N

o
N

o
0
.0

0
0
.0

0
0
.1

3
0
.0

0
0
.2

2
0
.4

7
Y

e
s

N
o
/
Y

es
C

re
d

it
o

B
er

ga
m

as
co

N
o

N
o

0
.0

0
0
.0

0
0
.1

6
0
.0

0
0
.0

1
0
.1

1
N

o
/
Y

es
N

o
/
Y

es
a

C
ri

si
s

p
er

io
d
:

J
u
ly

2
0
0
7
-J

a
n
u
a
ry

2
0
1
1
.

In
b

o
ld

a
re

h
ig

h
li
g
h
te

d
th

e
p
-v

a
lu

es
fo

r
w

h
ic

h
th

e
n
eu

tr
a
li
ty

te
st

s
ca

n
n
o
t

b
e

re
je

ct
ed

a
t

1
0
%

si
g
n
ifi

ca
n
ce

le
v
el

.
b

V
a
R

n
eu

tr
a
li
ty

ca
lc

u
la

te
d

o
n

st
a
n
d
a
rd

iz
ed

re
tu

rn
s.

c
T

a
il

n
eu

tr
a
li
ty

te
st

s
a
cc

o
rd

in
g

tw
o

ty
p

es
o
f

co
n
fi
d
en

ce
in

te
rv

a
ls

:
th

e
p

er
ce

n
ti

le
in

te
rv

a
l

a
n
d

th
e

b
ia

s-
co

rr
ec

te
d

a
n
d

a
cc

el
er

a
te

d
in

te
rv

a
l.

22


