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Abstract
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risk of international banks during the period of 1999-20W2ing a comprehensive panel of large
global banks, we find that higher Tier 1 capital decreaseb Hw exposure and contribution
of individual banks to global systemic risk. We also show tthkeposit insurance schemes that
require banks and depositors to bear more financial risk ssecéated with a more pronounced
vulnerability and contribution of individual banks to asisg of the financial sector. Further results
show that bank size and interconnectedness are positisigied to global financial fragility. In
contrast, we find no convincing evidence that a bank’s sup@ny environment or non-interest
income significantly influence a bank’s exposure or contrduto systemic risk.
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“Stronger regulation and supervision [...] would have beemore gective and surgical approach to constraining
the housing bubble than a general increase in interest rates
Ben Bernanke, January 3, 2010

1 Introduction

To what extent can bank regulation and supervision limitibigd-up of systemic risks in a
financial secto@Many commentators of the recent financial crisis of 2007928&ve blamed (at
least in part) the lax regulation of U.S. banks prior to theisras a significant contributor to the
build-up of systemic risk (see, e.q., Stiglitz, ZDHO)’Since then, central bankers and regulators
around the world have been concerned with the question htvnah and international capital
requirements and supervision standards for banks showddybauled and improved upon to pre-
vent the next crisis. These initiatives by regulators amekita by an overwhelmingly unanimous
opinion in financial economics that banks should be obldy&beoperate with more capital (see,
e.g./Kashyap et al., 2008; Admati et al., 2011; Hart and &liexg) 2011; BIS, 2012). Moreover, the
available empirical evidence finds that more stringent lsgan and supervision attenuates bank
risk-taking (see Barth et al., 2004; Buch and Del.ong, 20G8ven and Levine, 2008). At the
same time, public outcries for tougher capital regulatind emore powerful supervisory agencies
have received considerable criticism by bank managers whaeedhat higher capital requirements
will negatively dfect bank performance which could in turn deteriorate firgngtiability. The
empirical evidence on thefects of higher bank capital, however, questions both vieis.the
one hand, several studies (see, €.9., Jiménez et al|, Béider and Bouwman, 2013) find no evi-
dence supporting a value-destroyirftpet of higher capital requirements. On the other hand, more
stringent capital regulations also do not necessarily anpfinancial stability as, e.g., Barth et al.

(2004) find that a country’s capital stringency has onlydigiower for explaining banking crises.

1 Throughout this paper, we follow the Group of Teén (2001) aafing systemic risk as the risk that an “exoge-
nous shock will trigger a loss of economic value in a subgapbrtion of a financial system causing signif-
icant adverse féects on the real economy”. More precisely, we follow Adriaad 8runnermeien (2011) and
Acharya et al.[(2010) and define an individual bank’s contridm to such a systemic risk as the degree to which
the bank contributes to the financial sector as a whole beaidgnecapitalized.

2 Insightful discussions of the causes and lessons from tlemtdinancial crisis are given by (e.q.) Brunnermeier
(2009) and Gorton (2010a).



However, Cihak et al. (2013) find that crisis countries ressIstringent definitions of capital and
exhibited lower capital ratios. As both the academic liiema and public opinion appear to be
divergent on the issue of how bank capital, regulation aperusion d@ect financial stability and
the optimal design of a regulatory system, we address thigraral question in our paper. To be
precise, we analyze the question how bank capital, reguland supervision around the world
influence systemic risk at the firm-level based on a comprhepanel of international banks.
The nexus between bank regulation and supervision on thehand and financial stabil-
ity on the other hand has been discussed extensively in thadial intermediation literature
as it is directly linked to the benefits and drawbacks of gorent interventions (see, e.g.,
Shleifer and Vishny, 1998, for a critical view on the role alvgrnments). These interventions
regularly include (see Barth etial., 2004) the introductdmegulations on capital adequacy, re-
strictions on domestic and foreign bank entry and bank iietsy tougher supervision, regula-
tions on private-sector monitoring of banks and the intatidun of an explicit deposit insurance
scheme. The first measure, more stringent capital requiresnleas been widely advocated both
before and after the financial crisis as a regulator's weagfochoice to prevent bank crises.
Higher capital functions as a fiar against losses making bank failures less likely and slign
the incentives of a bank’s shareholders, creditors andgieps (see Keeley and Furlong, 1990;
Dewatripont and Tirole, 1994; Berger et al., 1995; Acharyalie 2011; Herring and Calomiris,
2011). Economic theory, however, is divided on the questtrether capital adequacy re-
guirements are purely beneficial to financial stability. Egample, Diamond and Rajan (2001)
show that a bank requires a fragile capital structure thaulgect to bank runs to enable de-
positors to withdraw capital at low cost andftar firms from the liquidity needs of their in-
vestors. Furthermore, ficiently high capital could incentivize banks to increaseirthisk-
taking (see Koehn and Santomero, 1980; Kim and Santomegd, Besanko and Kanatas, 1996;
Calem and Rob, 1999) which in turn could destabilize the firrsystem. Nonetheless, the em-
pirical evidence of, e.g., Calomiris and Mason (2003), @ais and Wilson|(2004), Berger et al.

(2012) and Berger and Bouwman (2013) clearly supports thefimal éfects of higher bank cap-



ital on bank performance.

Financial stability, however, could also be influenced leygktent to which national regulators
restrict banks from engaging in certain business actszithes theoretical justification for such bank
activity restrictions, it is often argued that diversificat of banks into trading, underwriting and
investment banking causes conflicts of interest (see Jo#in €i994), increased risk-taking (see
Boyd et al., 1998; Brunnermeier et al., 2012) and helps thatmn of financial conglomerates that
are too complex to monith.On the other hand, restrictions on bank activities ultinydiit a
bank’s ability to diversify and to exploit economies of ®ahd scope. In line with this argument,
the empirical evidence by Ang and Richardson (1994); P@96) and Barth et all (2004) finds
bank activity restrictions to solely have detrimentidiéets on financial stability. In fact, rather than
limiting excessive risk-taking, tighter restrictions oartik activities appear to incentivize banks to
simply increase risk-taking outside their home countrse®(Ongena et al., 2013).

In addition to activity restrictions, financial stabilityould also be fiected (positively and
negatively) by tougher supervision and better private tooimg of banks (see Barth et al., 2004;
Hoque et al.} 2014). More powerful supervisors could fotanse improve the inghlicient or
inefficient monitoring of banks, in turn improving financial stéli Similarly, a regulator could
force banks to disclose comprehensive information on thasiling activities and risk management
to improve private monitoring. Second, tougher supemisiould help mitigate the probability of
a bank run or at least mitigate its real economic consequehtease a deposit insurance scheme
is in place, tougher supervision could additionally siabilthe financial sector by tackling the
moral hazard problem induced by deposit insurance as sgpes\imit the excessive risk-taking
of banks. Despite the positivéfects of supervision on financial stability, supervisorsiddae
tempted to exploit their powers with the ensuing corrupteading to greater financial fragility
(see, e.g., Djankov et al., 2002).

Finally, governments often hope to limit systemic risk biyaducing explicit deposit insurance

Additionally, activity restrictions could thus also leaaless competition and subsequent to the “concentration-
fragility” hypothesis (see, e.d., Kane, 2000) to more systeaisk.

Even without corruption, self-interested supervisorsi@gatill act in a socially sub-optimal way due to irfiu
cient monitoring by taxpayers (see Boot and Thakor, 1993).
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schemes. Diamond and Dybvig (1983) show in their classicahib@t deposit insurance can help
prevent self-fulfilling runs by depositors while Bhattagfeaet al. (1998) show that deposit insur-
ance systems are superior to suspensioret, explicit deposit insurance schemes are also known
to create a moral hazard problem as they tempt bank manageakseton excessive risks leading to
more bank failures and possibly systemic risk (see Kane9;.P8mirgiic-Kunt and Detragiache,
2002). The empirical literature is also inconclusive ondbestion whether the benefits of deposit
insurance outweigh its drawbacks. While earlier work by Dgitc-Kunt and Detragiache (2002)
stresses the detrimentafect of deposit insurance on financial stability, Anginerle{2014b)
find that moral hazard seems to be dominating during calnogenivhile the stabilizingféect of
deposit insurance dominates during times of financialgrisi

Consequently, as economic theory and empirical work in ivenrovide interesting yet con-
flicting results, our paper addresses this need for a corapsdle analysis of the relation between
bank regulation and global financial stability. We study de¢erminants of several measures of
global systemic risk for a sample of large internationalksafiom 1999 to 2012 concentrating
on the banks’ regulatory and supervisory environment. Moegisely, we compute the banks’
SRISK (see Acharya et al., 2012), Marginal Expected SHo(NE,ES) (see Acharya et al., 2010)
andACoVaR (see Adrian and Brunnermeier, 2011) and estimatel pageessions of the annual
values of these three measures of global systemic risk @ablas on a country’s regulatory system
and deposit insurance schemes taken from the databasestifeBal. (2013) while controlling
for several idiosyncractic factors (e.g., bank size, tdanectedness, leverage, and debt maturity).
The novel aspect of our paper is the focus on global systaskdnstead of systemic risk at the
country level. We argue that due to théeets of increasing globalisation large international lsank
are part of a global banking network. Hence, financial figgiithin this global banking network
does not only fiect markets on a country level but is likely tiect markets of overseas countries

as well. The most prominent example for our line of argumigonas the recent global financial

5 Bankruns are of course not the only source of systemic riskrasby creditors can also destabilize the financial
sector (see, e.g., Gorton and Metrick, 2012, for an anabfdiee “run on repo” during the recent financial crisis).
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crisis that took its origin in the United States but damagealfcial institutions gIobalI@.

We empirically test various hypotheses from the financi@rimediation literature on the bene-
ficial (or possibly detrimental)feects of bank capital, bank regulation and deposit insurasiey
a sample of 1,536 bank-year observations from 211 publistgd international banks. We con-
centrate on large banks with total assets in excess of $ Eﬂgbnd find evidence that strongly
supports the view that higher bank capital decreases sicstesk. In contrast, a bank’s size and
interconnectedness with the global financial sector araddo be positively related to its con-
tribution to financial fragility. Additionally, we also skothat the moral hazard created by the
generosity and design of an explicit deposit insuranceraehie a main driver of global systemic
risk. Interestingly, while we do find that higher Tier 1 capitlecreases and bank size increases
systemic risk, we find no convincing evidence that a coustrggulatory capital requirements of
a bank’s supervisory environment significantlfegt a bank’s contribution or exposure to sys-
temic risk. Moreover, our analysis of an international skvgf large banks yields several in-
sights that contradict previous findings in the literatufer example, contrasting the findings of
Brunnermeier et al. (2012) for U.S. banks, a bank’s nonrgsteincome to interest income ratio
is not a significant driver of systemic risk. Additionallytflough of high importance during the
recent financial crisis (see, e.g., Gorton, 2010b; DiamentRajan, 2009), the debt maturity of
banks did not play such a significant role during our full segeriod.

The empirical work in this study is related to several reqeayers on the factors that cause
banks to become systemically relevant. Our paper is moselloelated to the recent work by
Brunnermeier et all (2012) on the drivers of the MES A@bVaR of U.S. banks. However, their

study does not analyze a sample of international banks whilstudy exploits the variation in na-

6 Contrasting this line of argumentation researchers atwate¢gulation takes place at the country level and hence
systemic risk at the country level is more relevant. Howgiver Basel Accords are a global regulatory standard,
even though a voluntary one. Nonetheless, the standardesteg by the Basel Accords are transfered into
national regulation in most countries. Additionally, Bast et al. (2012) suggest that financial safety nets reduce
bank internationalization because international banisialikely to be bailed out by governments of the overseas
countries where they operate. However, we argue that finbfragility of a large bank in overseas countries is
likely to affect the home banking sector as well and consequently the goweenment would ensure a bailout.

7 Our motivation follows the Dodd-Frank Act of 2010 which definbanks to be systemically important if they
have total assets in excess of $ 50 hillion.



tional bank regulation and supervision to explore the aeit@gnts of global systemic stability. Our
work is also related to the studies by Hovakimian et al. (3@l Anginer et al. (2014b). While
the former focuses on systemic risk in the U.S., the lattenlg concerned with the correlation be-
tween deposit insurance and systemic risk during the fiehogsis. In contrast, our paper studies
not only the influence of deposit insurance but also natibaak regulation and supervision based
on an international panel of banks. Besides, our study &eaeélto Anginer et all (2014a). Using a
panel approach of international banks with time-fixed anikkfiaxed dfects the authors study the
relation between bank competition and systemic risk as agethe influence of the institutional
and regulatory environment on bank systemic risk. They tirad €nhanced competition, supervi-
sion and private monitoring fosters systemic stabilitycdmtrast to their study, we focus on global
systemic risk and control for the influence of several aspefctegulation and supervision simulta-
neously. Similarly, Beck et al. (2013) also study tHieet of bank competition and bank stability
while controlling for cross-country variation in the regtdry environment. The authors find that
the d@fect that an increase in competition has on banks’ risk dependcountry-specific charac-
teristics, e.g., activity restrictions or the deposit irsice scheme. Laeven et al. (2014) focus on
the relationship between size and systemic importanceatitiers find evidence that large banks
have a distinct, possibly more fragile, business model argklbanks that have lower capital and
less stable funding create more systemic risk. Howeveir, $iiedy is limited to the crisis period
of 2007-2008 while our study covers the period from 19992 ®dditionally, our study is related
tol/Anginer and Demirgiic-Kunt (2014). The authors analymedtect of various types of capital
on system-wide fragility. However, we additionally stutigtinfluence of national bank regulation
and supervision on global systemic risk. The recent studjHbgue et al.|(2014) also consid-
ers the influence of the regulatory and supervisory enviemtnbut their study is limited to the
credit and sovereign debt crises while our study consid#ls lorises as well as non-crisis periods.
Furthermore, our analysis is related to the work by DrehnaamthTarashev (2013). The authors
propose two dferent measures to quantify the systemic importance of benatsfocus on the

interconnectedness between financial institutions: tmeécgzation approach and the generalized



contribution approach. The measures capture the extertitdva bank propagates shocks across
the system and is vulnerable to propagated shocks. The ewtinré of their study is to verify the
intuition that a banks’ interconnectedness is a main diyéts systemic importance. Moreover,
Houston et al. (2012) analyze whether cross-countifgdinces in the regulatory environment in-
fluence international bank flows and find strong evidence lthaks transfer capital to markets
with fewer regulations. However, while the authors obsexrvace to the bottom in global regu-
lations, in order for massive capital flows a strong insibidl environment (e.g. creditor rights,
property rights) for the receiving market is necessaryalynour paper is also related to the recent
studies by Berger and Bouwman (2013); Beltratti and Stud4 £2; Fahlenbrach and Stulz (2011);
Pelster et al.| (2014); Demirgiic-Kunt et al. (2013) andl&albrach et &l. (2012). Their studies,
however, are all concerned with the determinants of banlopaance during the crisis in contrast
to a bank’s exposure and contribution to systemic risk.

The paper proceeds as follows. In Secfidon 2, we describe atarahd discuss the expected
influence of various idiosyncratic and regulatory variaghde financial stability. In Sectidd 3, we

document our main findings on the drivers of systemic riskti8e[4 concludes.

2 Data

This section describes the construction of our sample, eefime diferent systemic risk mea-
sures and presents the choice of our main independent lesriab well as descriptive statistics of

our data.

2.1 Sample construction

We construct our initial sample using all publicly tradedhksiincluded in the country and
dead firm list ofThomson Reuters Financial Datastredmom 1999 through 201£ While daily

share price data are retrieved frarhomson Reuters Financial Datastreafimancial accounting

8 We include banks that went bankrupt during our sample pedadinimize an otherwise possible survivorship
bias.



data are taken from thé&orldscopedatabase. From our initial sample, we drop banks with miss-
ing Worldscopedata and exclude all secondary and non-primary issues a®ngder a bank’s
country to be the country of its primary listing. Furthermowe drop both all banks with “Pink
Sheet” and OTC Bulletin Board stocks as well as banks witlsimgsDatastream Codes. Stock
prices fromDatastreamare known to sfier from data errors that require several filter screens to
minimize a potentially biasingfiect on our results. We follow the screening procedures @@go
bylince and Porter (2006) who analyze thieet of daily bank stock returns retrieved frddatas-
tream In particular, banks with an average share price below $iimvone year are excluded to
avoid distorting €ects in returns due tDatastrean's practice of rounding stock prices. In addi-
tion, we require for each bank available share price datéhi®ifull observation year to estimate
a bank’s systemic risk measures on a daily basis. Next, wedxdank-years if the number of
zero-return days exceeds 80% in a given month of a year. Bixgjubank-years from our analysis
as a result of missing or incomplete data might induce a setebias which could be attributed to
the banks’ opaqueness. We address these concerns and donfinwst banks excluded from our
sample that data taken from tibatastreamor Worldscopedatabases are only partially missing
with at least one key data item (like, e.g., total asset9)davailable. Moreover, we manually
check if we can find at least one annual report from a respet@nk if Worldscopedoes not
provide any data on a given bank.

As our study is concerned with the influence of bank regutatio systemic risk, we want to
focus on those banks that are large enough to destabilizintrecial system at the global level.
The Dodd-Frank Act of 2010 defines banks to be systemicalpomant if they have total assets
in excess of $ 50 billion. We follow its line of argumentatiand only include those banks in
our sample with total assets of $ 50 billion or more. We all@mks to merge during our sample
period as banks are likely to have used mergers and acquisito become larger and possibly
more systemically relevant or as exit channels in times @infonal stress. While the banks in our
sample took part in several M&A transactions as acquirery, ane bank was acquired. Our final

sample consists of 1,536 bank-year observations of 211shiark0 countries over the period of



1999 to 2012. For increased transparency, we list all bamksii final sample together with the
respective number of bank-year observations in Appdndix |.

Figure[l shows the total number of bank-year observatioai bhnks in our sample sorted by
country. An overview of the number of banks included in ounpge sorted by country is given in

Figure2.
[Place FigureEll arid 2 about here]

Japan has the largest number of bank-year observationyi(26&r sample, followed by the
United States and Italy with 177 and 151 bank-year obse@mstrespectively. For several smaller
countries, however, we only have few bank-year observatidrherefore, we do not winsorize
bank-specific variables in our main analysis, to avoid distg effects in our panel regression
analyses. The total number of banks at the start of our sapepied is 86 (1999), and the number

of banks increases up to 150 banks through 2012.

2.2 Systemic risk measures

To capture dierent aspects of the systemic importance of internatioaak® in each year,
we compute several measures based on daily stock markel ¥f#achoose these systemic risk
measures based on three aspects. On the one hand, we asteden measures that are used by
regulators and central bankers for monitoring financiddifitg. At the same time, we are looking
for measures that constitute the current state-of-thesadtthat have been extensively discussed
in the recent literature (see Benoit et al., 2013). Finaliy,are interested in measures that can be

estimated for a large number of financial institutions.

9  The need to consider several distinct measures of systéskidsralso stressed by the findings of Giglio et al.

(2013) and Allen et all (2012).

Aside from the measures we use, several other measurestefrigsisk have been proposed in the literature
as a conseguence to the recent financial crisis. One examgptbea CDS spread-based measures introduced
by|Oh and Pattor (2013). However, including these measuoegdwimit the number of banks in our sample
significantly, as data on CDS spreads is not available forgelaumber of banks. Further examples for systemic
risk measures are duelto De Jonghe (2010); Huang et al.| (28&hWwaab et al! (2011); Hautsch et al. (2012);
Hovakimian et al.[(2012) and White et al. (2012). The systerisk measures we employ, however, share the
property that they are all based on economic theories of bagklation. For a recent survey see Bisias et al.
(2012), an earlier survey is given by De Bandt and HartmafAAZp

10
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First, we compute daily Marginal Expected Shortfall (MES})imates in all years using the
dynamic model of Brownlees and Engle (2012). The MES capttire marginakxposureof an
institution to a system-wide collapse and is defined as thathe mean net equity return of a bank
conditional on the global (financial) market experiencingy@nme downward movemerts.As a
proxy for the financial sector, we use trld Datastream Bank Indg0S code BANKSWD
The dynamic approach we use is econometrically more chitigrthan the original static ver-
sion of the MES due to the fact that the proposed model by Biessand Engle (2012) accounts
for time-varying volatility and correlation as well as nodar tail dependence in the banks’ and
market’s returns. We employ the TARCH (see RabemananjatZakoian, 1993) and Dynamic
Conditional Correlation (DCC) (see Engle, 2002) specificest for computing daily MES esti-
mates for all trading days within one y@nn our panel regressions, we use the annual maximum
of the daily MES estimates as a dependent var@ﬂe.

In addition, we use the SRISK measure proposed by Acharva@04.2). The SRISK is the
capital that a firm is expected to need conditional on a ¢iiigisS RIS K= E;;[CapitalS hortfal |
Crisis]. |Acharya et al.|[(2012) argue that the expected capitaltflocaptures several important
characteristics for systemic risk and thus merges sizerdge, interconnectedness and the co-
movement of the firm’s assets with the total financial secta single measure. The SRISK for
banki at timet is given byS RIS K; = min{0, CS;;}, where the Capital Shortfall for bamkat timet
CSitis given byCS;; = k(Debt;) - (1-k)(1- LRMES;)Equity;. kis a regulatory variable which

is set to 8%Debt; denotes the bank’s book value of debtuity; is the daily market value of the

11 To define extreme downward shocks of the financial sectoxinge follow!Acharya et &l..(2010) and use the
5% quantile of a respective sector index.

12 In additional regressions we use tBatastream MSCI World Indeto proxy for the global economy. As the
focus of our paper lies on the role of bank regulation and thasystemic risk of banks (and not other financial
institutions like, e.g., insurers) we opted for the use olicdogl bank sector index for calculating our measures of
systemic risk in our baseline analysis. Unreported rolesstianalyses confirm that out main results are robust to
such a change in the index used for measuring a bank’s systiski

13 Annual estimates of systemic risk as measured by the MESIsoeaaalyzed by Brunnermeier et &l. (2012)
while quarterly estimates are studiedlby Hovakimian 21201). However, both studies exclusively focus on
U.S. banks.

14 Another approach to annualize the daily MES estimates coelth average the daily estimates for each bank-
year. However, we argue that the average of the daily estenmsdglects the worst realizations during the consid-
ered time period as they are leveled by less extreme values.

10



bank’s equity and RMES; is the daily estimated long run Marginal Expected Shortlalined

as 1- exd—18- MES), whereMES is the dynamically estimated Marginal Expected Shortfall.
For each bank-year, we then take the maximum of the daily KRISimates to proxy for this
bank-year’'s annual SRISK estimate.

To additionally capture theontributionof a bank to systemic risk, we employ tAi€oVaR
method proposed by Adrian and Brunnermeier (2011), whiddaged on the tail covariation be-
tween a financial institution and the financial system. Adaad Brunnermeier (2011) criticize the
MES measure as not being able to adequately address theclicatity that arises from contem-
poraneous risk measurement whl€oVaR measures the externalities a bank causes on the sys-
tem For each bank-year observation in our sample, we compuientihditionalACoVaR which
is time-varying and estimated using a set of state variablgscapture the evolution of tail risk
dependence over time. Following the estimation procedutiéned inlAdrian and Brunnermeier
(2011), we use the change in the three-month Treasury bd] the diference between the ten-
year Treasury Bond and the three-month Treasury bill rage¢change in the credit spread between
BAA-rated bonds and the Treasury Bond, the MSCI World Indea aroxy for the market return,
the return on the Case-Shiller Home Price Index, and im@ordty market volatility from VIX as

state variables in the estimation of the conditio@@bVa

2.3 Bank characteristics

We investigate the hypothesis that th&eliences in global systemic risk can be explained with
idiosyncratic bank characteristics and (regulatory) ¢ouspecific factors. To this end, we collect
a set of variables that covers bank characteristics, thksbhamacroeconomic and regulatory en-
vironment as well as the individual bank’s risk culture. TB@&nk for International Settlements

(2013) recognizes five important dimensions of systemi&: riSThe size of the banking

15 Conversely, Acharya et al. (2010) criticize th€oVaR measure as being based on a non-coherent risk measure.
Finally, both measures can be criticized for not taking ektsagize and leverage into account (see Acharyalet al.,
2012).

16 We take the data from the U.S. Federal Reserve Board’s H.4& &elieve the U.S. to have the biggest influence
on the world’s economy.
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firms, their interconnectedness, the lack of available tdulbss, their cross-jurisdictional ac-
tivity and their complexity. We choose fiirent variables to incorporate each of the factors
in our panel regressions. While we explicitly consider aleficategories proposed by the
Bank for International Settlements (2013), our variabl@biw the categories dier. To some de-
gree we choose flerent indicators as we believe our choice to be more fittifggreas in some
cases we have to choosdfdrent indicators of systemic importance due to data avatiabAll
variables used in our study as well as their respective aatass are defined in Appendix II.

The first set of variables we use includes standard idiosyiednank characteristics. To proxy
for bank size we use the natural logarithm of a bank’s totaeg The bank’s market-to-book
ratio defined as the book value of common equity divided byntlagket value of common equity
serves as a proxy for the bank’s valuation. We would expegk Isize to be an economically
significant driver of systemic risk. For a larger bank it is madifficult for its activities to be
quickly replaced by other banks. Additionally, with incsegay size a failure is more likely to
damage confidence in the financial system as a whole. In awoedwith the too-big-to-fail
hypothesis (see O’Hara and Shaw, 1990; Acharya and Yor@m2a@03), an increased probability
of a government bailout in case of default could cause marsdgeengage in excessively risky
projects (see Gandhi and Lustig, forthcoming). Howeves,ttend to ever larger banks might be
limited as Demirgic-Kunt and Huizinga (2013) show thatlewge banks downsizing or splitting
up mightincrease their value. Conversely, banks with gredtarter value could provide managers
with incentives to have higher capital ratios and to limdittrisk-taking to insure against losses in
charter value in case the bank defaults (see also Keele@) 18%ank’s valuation and its systemic
risk contribution could thus be negatively correlated. Weude both variables as controls in our
study and expect both variables to be highly significantswf systemic risk. In line with the too-
big-to-fail hypothesis, we limit our sample to larger banksir fundamental hypothesis, however,
is that the relationship between banking firms and globaksyi risk is subject to reasons that go

beyond sheer size or valuation.

17 Note that we only include banks with more than $50 billiondtat consolidated assets in our sample.
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As a further explanatory variable, we employ a bank’s legenahich is defined as the quasi-
market value of assets divided by the market value of equitwhich the quasi-market value
of assets is given by the book value of assets minus the bolole vd equity plus the mar-
ket value of equity (see Acharya et al., 2010). Earlier gssdionfirm hypotheses that highly
levered banks contribute more to systemic risk and perfdrmerse than less levered banks
during the recent financial crisis (see Brunnermeier ei2z)12) as well as Beltratti and Stulz
(2012)). L Shleifer and Vishny (2010)tam that highly levered banks contribute more to sys-
temic risk as well as economic volatility while Acharya angakor (2011) argue that liquidity
creation through the threat of premature liquidation care gise to contagion. On the contrary,
Berger and Bonaccorsi di Patti (2006) find that managersratswith low leverage are inclined
to commit free cash flows to risky projects thus increasimgittelinood of the bank’s default, and
consequently, its contribution to systemic risk. As a resué expect the sign of leverage to be
unrestricted in our regressions.

Next, we proxy for a bank’s dependence on non-interest imcbynusing the ratio of a bank’s
non-interest income to total income as an explanatory blriaBrunnermeier et al. (2012) show
in their empirical study that banks with higher non-intériesome have a higher contribution to
systemic risk. The authors argue that non-core bankingiaes like, e.g., investment banking,
are fundamentally dierent from the traditional deposit taking and lending fiortd of banks
leading to more risk-taking by banks. These findings are alsterlined by the evidence of
DeYoung and Torna (in press) who find that a bank’s defaulbabdity is significantly driven
by higher stakeholder income from non-traditional adigtthat require banks to make asset in-
vestments. Additionally, Mercieca etlal. (2007) and Baék.g2007) both show that non-interest
income banking activities increase systemic risk. Basetherunanimous empirical evidence in
the literature, we expect our variable Non-interest Incambke highly significant and positively
correlated with global systemic risk.

We also use the variables Loans, Foreign Loans and Cash & Bune Banks defined as the

ratio of a bank’s total loans, a banking firm’s foreign loand a bank’s cash & due from banks to
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total assets, respectively. A forecast of these variabtesystemic risk is not clear-cut. A higher
loans-to-assets ratio could be an indicator of a more toadit business model. Therefore, in line
with the argumentation on thefects of non-interest income, the degree to which a banksrelie
on granting loans could be negatively correlated with itstesyic importance. Contrasting these
arguments, banks that grant more loans could as well bedéssise and hence have riskier loans
in their portfolio. Consequently, the default probabilitfyloans increases and likewise the bank’s
likelihood of becoming insolvent (see Bartram et al., 200This line of argumentation is also
supported by Foos et al. (2010) who show that loan growthsléad peak in loan loss provisions
and lower capital ratios. Additionally, banks that grantrenlmans could have a higher exposure to
credit contagion (see Jorion and Zhang, 2007).

To proxy for the quality of a bank’s loan portfolio, we considhe variable Loan Loss Provi-
sions. A bank’s loan loss provisions is defined as the natagarithm of expenses set aside as
an allowance for uncollectable or troubled loans in our @ésgions. Consequently, we expect a
positive relation between loan loss provisions and systeisk. |Beltratti and Stulz (2012) argue
that banks with fewer loans could be holding either moreitmgky securities which could make
them more susceptible to increases in credit spreads or goernment securities which would
make them less risky. The variable Foreign Loans could be&disator of greater diversification
and higher cross-jurisdictional activity. While diversdtion in loans would decrease the bank’s
likelihood of becoming insolvent and likewise its expostaaystemic risk, the latter could result
in a higher contribution to global systemic risk. Thiéeets of Cash & Due From Banks could
be ambiguous as well. On the one hand knock4bacts become possible which could increase
systemic risk exposure, on the other hand the stabilizilgabinterbank lending remains thereby
decreasing systemic risk contribution (see lori et al.,6d00rhus, we expect our variables on a
bank’s lending to have afllerential influence on global systemic risk.

To proxy for the funding of a bank, we include in our regressithe variables Tier 1 Capital
and Debt Maturity which are defined as the ratio of Tier 1 Gdpit total risk-weighted assets

and the ratio of total long term debt to total debt, respetyivTier 1 capital is the highest quality
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component of a banking firm’s capital. It is capable of fullysarbing losses without interrupt-
ing the bank’s business in any way. However, it is the mostlydsrm of capital for a bank
to raise.| Cihak et all (2013) find that crisis countries hagdr actual capital ratios. Hence, we
would expect systemic risk to be negatively correlated Widr 1 capital. Allen et &l.. (2013) ar-
gue that the use of short-term debt might lead tdfioently liquidated banks if creditors receive
negative information about banks’ overall solvency. Time lof argumentation is also supported
by Shleifer and Vishny (2010) who advocate that the cydligalf credit risk-taking and the use
of short-term debt contributed to the financial crisis. Mprecisely, the dependence of certain
banks on short-term funding exposed these institutionsjtidity risks during the financial crisis
and ultimately led to significant systemic risks (see Brunreer and Pedersen, 2009). Based on
these findings, the authors argue that direct regulatiohaftgerm borrowing by banks is needed,
amongst others, to dampen cyclical credit fluctuations armbntrol for systemic risk. Similarly,
Fahlenbrach et al. (2012) find empirical evidence that bémkisperformed poorly during the re-
cent crisis were more reliant on short-term funding thareothanks (see also Adrian and Shin,
2010). Consequently, we expect Debt Maturity to be negigto@related with systemic risk.

As a final balance-sheet variable we consider Deposits imm@in regressions. Deposits is
defined as total deposits to total liabilities. Banks thatehkess deposits have to rely on high
overnight money market funding. Thus, we anticipate bankh & higher portion of deposit
taking and therefore a less fragile funding to contribugs e systemic risk and to have a smaller
exposure to systemic risk than banks engaging more strongign-core banking activities (see
also Brunnermeier et al., 2017).

In addition to the balance-sheet information, we also dateuseveral bank-specific variables
that are related to a bank’s performance and its stock lityuigollowinglFahlenbrach et al. (2012),
we calculate and employ the variable Performance which ieelas a bank’s annual buy-and-

hold return on its stock lagged by one year as a proxy for ginste in a bank’s risk culture. Our

18 Many countries in our sample have an explicit deposit insceascheme. In these cases, in contrast to money

market funding, deposit funding is thus not subject to riges(Gortan, 2010a) and higher values of Deposits
should clearly have a stabilizingfect on the financial system. As we will discuss later, howe¥wer presence
of an deposit insurance scheme on the other hand could iredonzeral hazard problem.
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prediction is that banks that performed well in the paskstictheir (successful) culture of taking
risks and contribute less to systemic risk. To include a nmeasf a bank’s exposure to illiquid
assets, we calculate the variable Liquidity Beta. If a banests in illiquid assets, its exposure
to liquidity beta could impede the bank’s ability to redutsebalance sheet and to avoid financial
distress. Hence, we expect the liquidity beta to be posjtiverrelated to systemic risk. Liquidity
betas are estimated as the regression liquidity beta of kdarcess return on the market-wide
liquidity innovations of Pastor and Stambaugh (2003) Wwhace computed from data for the 14
months preceding a respective bank-year.

A financial institution in financial distress can raise thelihood of distress at other insti-
tutions due to the contractual obligations between thesﬂxd@ Thus, together with size we
expect interconnectivity to be a main driver of global systerisk (see Memmel and Sachs, 2013;
Drehmann and Tarasheyv, 2()Q)Unfortunately, data on interconnectedness is not readdyl-a
able from public sources. Information on interbank loansn®uded in the annual financial
statement, but annual information on such a crucial vagiablnowhere near enough. Unlike
Memmel and Sachs (2013), our international sample is mugeidand thus we do not have ac-
cess to detailed supervisory data but have to rely on méwksd indicators of interconnectedness.
Thus, to include more information on the interconnectedrmdsa bank with the global financial
system in our regressions, we employ the variable Intereciedness as defined by Billio et al.
(2012). The authors define the number of connections as thesall in- and out-connections of
a bank where one out-connection of bakks given by financial institutior statistically signif-
icantly Granger-causing the stock returns of a second fiahimstitution B. Simultaneously, this
connection is an in-connection for banking fiBnOur variable Interconnectedness then measures

the number of connections of each bank to other banks in coplea

19 Onthe crucial role that existing linkages among banks amahtiial institutions play in channeling and amplifying
shocks hitting the system, see Chinazzi and Fagiolo (2018).authors survey the recent literature on contagion
and conclude that the regulatory framework should rathéoica macroprudential instead of a microprudential
approach (see for example Huang et al., 2011; Hanson efall,)2

20 We expect size and interconnectivity to be positively datexl as well. As a banking firm becomes larger it will
naturally enter into more contractual obligations withesthanks. However, a bank is also likely to increase in
size when entering into more contractual obligations witieofinancial institutions.
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2.4 Regulatory environment

To analyze the relation between bank regulation and finbstaibility, we include in our regres-
sions several regulatory variables and additionally adritr macroeconomic and other country-
specific characteristics. To investigate whether thesiaiags can explain the fierences in the
systemic risk exposure and contribution of banks, we takarmtdge of the database|by Barth et al.
(2013) on bank regulation and supervision in 180 countries the past 12 years. The authors
supply several variables and indices as a result of foureystvThese variables are not available
for every year of our full sample period. However, Barth e{2004) find that most of their vari-
ables only adapt slowly in time. Therefore, we update mgssiata points with the most recent
data that is available to us (see also Anginer et al., 20bda $imilar approach).

Empirical evidence suggests that the risk taking of banlserssitive to domestic regulation
and in particular, restrictions on bank activities and reagntry (see for example Barth et al.,
2004; Laeven and Leving, 2008; Buch and Del.ong, 2008). Cageal. (2013) find lower barri-
ers to entry and tighter restrictions on bank activities amestic markets to be associated with
lower bank lending standards not only in domestic markatsatso in foreign markets. Hence,
differences in the exposure and contribution to global systesk@could be driven by dierences
in the way regulators prohibit banks from engaging in cartaisiness activities or shield mar-
kets from (foreign) competitors. We employ several vaealthat capture thesefiiirences in
banking regulation. We start with the variable Activity Redions taken from the database of
Barth et al. |(2013). The variable is an index of the overatnietions on banking activities and
measures to which extent a bank is allowed to engage in sesuinsurance or real estate ac-
tivities. |Cihak et al.|(2013) find that in crisis countriegntking firms faced fewer restrictions on
non-bank activities. Thus, we expect activity restrici@md global systemic risk to be negatively
correlated.

Additionally, we consider the power and independence ofumtrg’s banking supervisory au-
thority as further regressors in our empirical study. Agaa rely on the database |of Barth et al.

(2013). First, we include the variable Independence of Bugary Authority which measures the
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degree to which the supervisory authority is independetih@fexecutive branch of government.
Higher values stand for greater independence. To proxyh®pbwer of the supervisory author-
ity, we use the @icial Supervisory Power Index which measures the extent iohwdupervisory
authorities have the authority to discipline banks by tglgpecific actions to prevent and correct
problems. Again, higher values denote greater power. Fdhede variables, we expect stricter
supervision and regulation to have a limiting influence ostemic risk. This is consistent with
the argumentation that lax regulation facilitated the neaises and in line with the results of
Hoque et al.[(2014). The authors show that bank risk can blaievggl by lack of dficial supervi-
sory power and private monitorittg.

The stringency of capital regulations in a given bankingteaysis proxied by the Capital
Regulatory Index. This index measures whether the camtalirements reflect certain risk el-
ements and deduct certain market value losses from capitatdothe minimum capital adequacy
is determined. The index ranges from zero to ten with higladwes denoting greater stringency.
Barth et al.|(2012) show that many countries made capitailagigns more stringent over the last
twelve years. We expect stricter capital regulations td leamore systemic stability.

Next, we also employ the Private Monitoring Index| of Bartlakt(2013) that captures the
incentives and capabilities provided by regulatory andesuipory authorities to encourage the
private monitoring of banks. Higher monitoring of banks lmwate investors should be linked to
less systemic risk._Cihak etlal. (2013) verify that the @t@v/sector in crisis countries had weaker
incentives to monitor banking firms’ risks. Barth et al. (2Dhighlight that most countries have
not enhanced the incentives or ability of the private sectanonitor banks and several have weak-
ened private monitoring incentives over the last twelveye@he incentives of private monitoring
are also connected with the deposit insurance schemes liegpective country.

To proxy for the design of a country’s deposit insurance sehewe use the Moral Hazard
Index of Barth et al. (2013) that summarizes various factorscerning the design of the deposit

insurance into one index. To be specific, the index captlresiegree to which banking firms

21 However| Beltratti and Stulz (2012) show that stricter faan does not yield better bank performance.
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have to contribute financial resources to the deposit imega&cheme as well as the degree to
which depositors are insured for less than 100% of their siepoHigher index values on a scale
from 0 to 3 indicate less moral hazard. Anginer etlal. (20X¥#tn) that deposit insurance reduces
the incentives of depositors to monitor banks and thus asge bank risk in good times. During a
crisis, however, deposit insurance coverage increasésnsigsstability as it limits bank runs. This
line of argumentation is also supported by Yorulmazer (204 argues that bank managers could
be inclined to engage in more risk-taking thereby increpa#fire individual bank’s contribution to
systemic risk. Conversely, following the classic resulthe Diamond and Dybvig (1983) model,
the pure existence of deposit insurance should prevent harkand thus reduce systemic risk.
However, not only the existence but also the design of an@kgeposit insurance scheme could
be a key determinant of systemic fragility. Consequensythe index included in our regressions
measures factors mitigating moral hazard in the context@tiased risk-taking and less incentives

to monitor banks, we expect the variable to have an ambigumdlugnce on systemic risk.

2.5 Further control variables

Complementing the variables on the banks’ regulatory enwirent from Barth et all (2013),
we additionally use several standard country controls franous data sources. From the World
Bank’s World Development Indicator (WDI) Database, we ud# the variable GDP growth as
a standard macroeconomic control variable. To addressaheeen that our systemic risk esti-
mates are simply driven by fierences in the relative importance of local stock markdsgive
to the global market portfolio, we compute each countrylatiee stock market importance in
the world defined as a country’s stock market turnover nedab the total worldwide stock market
turnover. Finally, to capture the market structure in aeesipe country, we include the Herfindahl-
Hirschman Index (HHI) computed as the sum of the squaredehahares of a country’s domestic
and foreign banks from the WDI database. High values of texrsuggest that one or few banks
control the market. Thus, a substitute of a given bank is eatlity available and its systemic

importance increases. This line of argumentation is alppaued by Anginer et al. (2014a) who

19



find a robust positive relation between bank competition sysdlemic stability. Furthermore, the
authors show that the negativiext of lack of competition can be compensated by mdieient
private and public monitoring of banks. However, increasechpetition erodes profits and thus
lowers the charter value of banks which coupled with theterise of limited liability leads to
increased risk taking. Hence, Margues-lbanez et al. (2@fzt)e that competition increases bank
risk and this &ect is not compensated by higher capital levels for banksféta fiercer compe-
tition. Furthermore, Beck et al. (2006) show that systemiges are less likely in economies with
more concentrated banking systems. Finally, we contrdhfeexistence of a financial crisis using
the crisis index proposed by Laeven and Valencia (2012).dlinemy variable takes the value one

if a crisis is identified in a given country for a given yeardaero otherwise.

2.6 Descriptive statistics

Summary statistics for all dependent and independentblasaised in our study are reported
in Tabledl andll. For variables describing the regulataryimnment of our sample banks, the
median value is reported. While Talble | provides descripstatistics of our international bank
sample averaged for each country across years, Table Bigedescriptive statistics averaged for
each year across countries. In addition, correlationsd&tvour explanatory variables are reported

in TableIA in the Internet Appendix.
[Place Tableg | andlll about here]

Panel A of TableB | and]ll present mean estimates of our systésk measures. Our measure
of dynamic MES varies widely across all countries and actioss. The average mean dynamic
MES across all countries is 7.3%. The average dynamic MESa is highest for banks in
Hungary and lowest for banks in Jordan. Interestingly, &mbst bank in our sample are predom-
inantly located in Japan, these banks show a below average dygmamic MES of 4.76%. U.S.
banks, on the other hand, have a mean dynamic MES of 10.5%hwiéans that U.S. banks lose

5.74% points more during times of financial market turmaodrtilapanese banks. Thisfdrence
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is economically significant and large.

Our results on SRISK support this view. SRISK combines bobiaiak’s liabilities as well
as the bank’s exposure to shocks in equity prices, whichaddbvest for Saudi Arabia and the
highest for the Netherlands and the United Kingdom. Turningur yearly analysis, we can see
that the dynamic MES across all years is 7.3%. While the aeedynamic MES increased for
the year 2000 as a result of the Dotcom crash to 15.1%, theastireached its peak level with
17.4% in the year 2008 during the Subprime crisis. Similaalts can be found for SRISK as well
as the static MES. Analyzing the results on the ma@oVaR, the estimate is highest for Qatar
and lowest for Turkey. For instance, while banks in emergiogntries like India and Brazil have
a meanACoVaR of minus 1.32% and minus 1.25%, respectively, banldeireloped countries
like the United Kingdom and the Finland contribute less terall systemic risk, i.e., 1.06% and
accordingly 0.65%.

The time variation of our systemic risk measures is illuslan Figure$13,14, arid 5.

[Place FigureE]3 tol5 about here]

The three individual systemic risk measures take a simdarse when averaged over all coun-
tries and sorted by year. The Dynamic MES, SRISK a@bVaR measures all show an upward
slope in the buildup to the Financial crisis and peak in 8.

The average exposure and contribution of banks to systeskisorted by countries is shown

in figured 6[ ¥ and]8, respectively.

[Place FigureEl6 tol8 about here]

All plots show that the average exposure and contributi@ystemic risk diered significantly
from country to country. As we would expect, banks from the &id the United States had the

highest average SRISK estimates in our sample. In conbrasks from the United Kingdom and

22 Note that while banks were severely exposed to the markshaharing the Dotcom crisis in 2000, they did not
contribute to the downturn of the market.

21



the United States had the highest average exposure to sgsisknwhile banks in South Korea,
Turkey, and Austria had the highest average contributiadotenturns of the financial sector.

The summary statistics on our bank-specific variables inellabhow the average size of our
sample bank varies widely across all countries. More pefgci®n average all banks have total
assets of approximately $ 345 billion, with highest totaleds for banks in France and at the same
time the lowest value for banks in Jordan. Moreover, our canispn of summary statistics over
time given in Tablé 1l shows that average bank size has mare dloubled over the past 14 years
to a value of $ 425 billion in 2012. At the same time, we can olssthat larger banks, on average,
have a higher leverage that ranges from 3.71 for banks inr @a#1 for Swiss banks.

Table[l also reveals that banks from Qatar have the lowesimenest to total interest ratio
of 18.37%, while Spanish banks, on average, have a four tmgdser NIl ratio. U.S. banks,
however, show an above-average non-interest income tanotane ratio of approximately 49%
and at the same time a total loans to total assets ratio of 60&hws below-average. Interestingly,
Swiss banks have the lowest total loans to total assetsaftiearly 17%. Further, Tier 1 capital
ranges from 7.45% for India to 18.65% for the UK. We also obsaeignificant diferences for the
Interconnectedness variable across countries. Perhamunmisingly, the United States report
one of the highest values, but banks from Cyprus, South Kaneé Australia report even higher
average values for Interconnectedness. Next, the sumnaisties on our bank-specific variables
show that the average funding structure of banks in our sawliffers quite substantially from
country to country. For example, values for the banks’ dipds liabilities ratio diter from
19.88% (Switzerland) to 91.05% (Cyprus). Similarly, bamkSaudia Arabia and Cyprus have the
lowest average debt maturity, while banks in South Korealadid had average debt maturities of
79.15% and 82%, respectively.

Finally, the summary statistics for our regulatory and rmnaconomic variables given in Table
[ show that the countries in our sample are characterized diyease set of regulatory systems.
In particular, the main regulatory indices on capital reguoients and supervision show without

exceptions a high variation across countries, thus umdegithe motivation of our study. Begin-
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ning with the Activity Restrictions Index of the overall tastions on banking activities, we see
differences in the restrictiveness across countries. Whilgong and most European Countries
have a score of 3 to 5, the United States and Japan have a kiggherof 8. Also, the values for
the Capital Regulatory Index range widely across all coestrunderlining the findings from the
variable Tier 1 capital. For example, Poland and Sweden travdowest stringency of capital
regulations in the banking system, while countries likg,,édungary and Turkey have the highest
values in our sample. Values for the indices for the indepand and power of the supervisory
agency also diier substantially from country to country. As do the resimics on the activity of
banks and the entry barriers to banks from foreign countries

We now turn to the time variation in our explanatory varialyeesented in Tablel Il. Starting
with the bank-specific variables and their annual changes;am observe that our sample banks’
performance increased, on average, in the pre-crisisgand not surprisingly, stered drastic
decreases of 45% during the financial crisis in 2009. Theaotenectedness of each sample bank
with other banks experienced an immense increase bothgdilmenfinancial crisis and also in the
aftermath of the Subprime crisis. Most likely due to the eigreces from the crisis, our proxy
for interconnectednes decreased to pre-crisis levelsiagfter the crisis in 2012. Other bank-
specific factors showing high volatility during the crisisripd include non-interest income and
the market-to-book ratio. Non-interest income decreaftes the crisis period but has reached
pre-crisis levels again by 2012. Theffdrences in the banks’ market-to-book ratios are rather
drastic and highlight the turbulences in the financial miadkging the crisis. In fact, most bank-
specific variables show at least some variation over timee Qotable exception is our variable
Loans that has been constant at 61% for eleven years in@(]]hb banks’ average Tier 1 capital
shows a steady increase since 1999 illustrating fifeete undertaken by regulators during that time
span to improve financial stability.

Panel B and C of Tablelll present median and mean estimatas eégulatory and country-

specific variables and their variation over time, respetyiv The statistics on our variables de-

23 This finding is consistent with Kashyap and Stein (2000) whd that the aggregate declines on loan supply
during financial crises are mostly driven by smaller banks.
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scribing the regulatory environment in our study highli¢/et regulation is adapting over time.
Especially the External Governance Index and the ActiviggtRctions Index show a steady in-
crease since 1999. Not surprisingly, the median CapitauRégry Index exhibits a jump from

2011 to 2012, increasing from 5 to 8. Foreign Bank Limitasiaithe only regulatory variable that
is constant over time. However, some regulatory varialfeghe Diversification Index, Entry Re-
guirements as well as Foreign Bank Limitations also do not sanificantly across all countries
or across time.

To conclude our presentation of the summary statistics ansample, we address the fre-
guently stated concern (see, e.g., Benoit et al., |2013;idxgkl.,| 2013) that the systemic risk
measures we employ in our empirical study are simply suliettfor a bank’s equity beta. As
shown by Benoit et al. (2013), the MES corresponds to theymioaf the market’s tail risk and the
institution’s beta whileACoVaR corresponds to the product of the institution’s VaR #e linear
projection coéicient of the market return on the individual institutioné&urn. In addition to our
measures of systemic risk, we also estimate our sample baakity betas and compare them to
the systemic risk estimates. Tablg 11l shows the correfatioetween our systemic risk measures

and the banks’ betas.
[Place Tablé&Ill about here]

Two major findings can be seen in Tabl€ Ill. First, concerrad thur systemic risk measures
only capture a bank’s equity beta are unjustified as coroglatbetween beta and our systemic
risk measured do not exceed 36%. Second, the moderateatmmnsl (o] < 0.54) among our
three systemic risk measures emphasize the notion thatne@abures captures dférent aspect

of systemic risk.

3 Systemic risk around the world: The role of bank regulation

In this section, we present the results of our panel regressiwhich we analyze the determi-

nants of both the banks’ exposure and contribution to glsiystemic risk. We begin by presenting
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the results of our main regressions in the first part of thisise. In the second part of this section,

we discuss the robustness of our main findings.

3.1 Regression analysis

For the analysis of the determinants of our systemic risksmess, we estimate panel regres-
sions with time-fixed and bank-fixedfects of the following form using at the bank level clustered

robust standard errofs.

Systemic risk measurgs= 3, - Tier-1-capitgl,_; + Bregulatory* Xit-1

+IBBank controls® Yi,t—l +,8Country controls’ Zi,t—l +U + Vi + 6y

We run separate regressions for each of our three systeskianeéasures, the dynamic MES,
SRISK andACoVaR. We regress each variable on a set of bank-specifiglategy and country-
specific variables to determine which factors drive the sype and contribution of banks to sys-
temic fragility. To mitigate the problem that our dependesiables and some of our independent
variables could be determined simultaneously, we lag allesplanatory variables by one year.

The results of our baseline panel regressions are showrbie[lTé.
[Place Tablé 1V about here]

Models (1) to (3) in Tablé IV use the banks’ MES as dependeriabke. The results of our
panel estimation show that in all three model specificatitims Tier 1 capital ratio is negatively
related to the banks’ exposure to overall systemic risks Tésult is intuitive as Tier 1 capital rep-

resents the highest quality of a bank’s capital. A higher Tieapital ratio coincides with a higher

24 This procedure is valid due to the fact that the residualsateorrelated across both time and bank. For further

analyses see, e.q., Thompson (2011)land Beck and De Jorft.(2n contrast, Anginer and Demirgiic-Kunt
(2014) use country x year fixedfect regression specifications. However, this approacheispiicable for our
purposes as this specification would eliminate the influericair regulatory variables.
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probability of absorbing losses and therefore decreaseddhnks’ exposure to systemic rga
Interestingly, and in contrast to the results of Brunnegmnet al. [(2012), the ratio of a bank’s non-
interest income to total income enters our most comprehemsgression (3) with a statistically
significant negative sigja This result indicates that banks engaging more in non+icadil ac-
tivities decrease their exposure to systemic risk. In oustnsomprehensive model (3), a bank’s
leverage is positively related with its exposure to systemsk. Furthermore, and in line with in-
tuition, we find Interconnectedness to be positively relatedynamic MES in regression (1). In
other words, banks that are highly interconnected with #s¢ of the financial system also have
a higher exposure to adverse spillovéiieets from the financial sector. This result is in line with
the findings of Drehmann and Tarashev (2013). The authorgeditat interconnectedness is an
essential driver of the systemic risk of a banking firm. Hogrewhe significance of thisfiect
vanishes as soon as our control variables on the banks'ategulenvironment are included in the
regression. Similarly, several of our idiosyncratic vahes do not possess any explanatory power
in the regressions of the banks’ exposure to systemic risistMotably, both the banks’ deposits
to liabilities and loans to assets ratios are not statiggisggnificant in regressions (1) to (3).
Turning to the variables on the banks’ regulatory environitnee see that the Private Mon-
itoring Index is negatively related to the dynamic MES. Thésiable captures the supervisory
authorities’ incentives for a better private monitoringbainks. Therefore, more private monitor-
ing reduces an individual bank’s exposure to systemic Askditionally, we find that the design of
an explicit deposit insurance scheme is significantly eelab the exposure of an individual bank
to global systemic risk. In fact, banks in a country in whicdtheme is in place that requires banks

to contribute more resources to deposit insurance possegeer MES on average.

25 However, Ellul and Yerramilli(2013) analyze the relatiogtlveen a bank holding company'’s risk management
index and its tail risk for a sample of 72 publicly listed Ulsank holding companies over the 1995 to 2010
period and find that higher tier 1 capital to assets ratiosespond to higher tail risk. The authors argue that the
result is based on the fact that riskier banks have highet toapital.

26 Qur codficient estimates for control variables ardfeiient from other studies as we are the first to focus
on global systemic risk and consider an international samplthe same time. For example, the sample of
Brunnermeier et al| (2012) is limited to U.S. banks.
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Finally, the analysis of our macroeconomic control vagabdhows that, as expected, banks
located in countries with a high GDP growth tend to have a toggosure to systemic risk,
though this &ect is only weakly significant in models (1) and (2). The intpace of a bank’s
respective home country’s stock market in the world is neght related to MES. Even more
interestingly, concentration in the banking sector is gicgntly positively related to the average
bank’s systemic risk exposure. This finding is in line witbest results of Anginer et al. (2014a)
who find that more competition incentivizes bank managetake on more diversified risks.

In models (4) to (6) of Table_IV, we repeat our regressionsagSRISK as our dependent
variable. In contrast to our previous regressions on dyo&iiS, a bank’s total assets now enters
all regressions with a significant and positive fméent. However, this result is not too surprising
as SRISK is designed as a measure of the sensitivity of a bankity and its total debt to market
stress. In addition, the quality of a bank’s loan as proxigddloan loss provisions is positively
related to a bank’s contribution to systemic risk. Bankd ti@ld more non-performing loans
also have a significantly higher contribution to systensk.riMoreover, in regression (6) we find a
bank’s SRISK to be increasing in the bank’s interconneasdmand decreasing in the loans to total
assets ratio. More interconnected bank that grant less liteus appear to be more systemically
important than others.

Again, in our most comprehensive regression model (6), wktfie concentration of a bank’s
home country’s financial sector to be a highly statisticafig economically significant determinant
of a bank’s contribution to systemic risk. Turning to theukegory environment, again, we do
not find any clear-cut results. Most strikingly, we do not ficldar evidence that higher capital
requirements or deposit insurance significanffeet the Capital Shortfall of international banks.

Finally, in columns 7 to 9 of Table IV, we present the resuftsuw panel regression &fCoVaR,
which captures a bank’s contribution to global systemik.ri&gain, we consider the same set of
independent variables as in our previous regressionsl&itaiour regressions of the banks’ MES,
bank size does not enter any of our regressions with a signtf&ign. More interestingly, and in

line with our findings for the banks’ exposure to systemik,ré increase in a bank’s Tier 1 capital
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has a negative impact on the systemic risk contribution afr&kbThis €fect is highly statistically
and economically significant and shows that more regulatapital, on average, significantly
decreases an individual bank’s contribution to the fragif the financial system. Corroborating
our findings for MES, a higher non-interest income to interesome ratio is positively related to
the ACoVaR of banks. Again, our results for a bank’s non-interegime are thus in contradiction
to the findings of Brunnermeier etlal. (2012). Further, we fivat a bank’s interconnectedness with
the rest of the banking sector significantly increases itgrdmution to global systemic risk. Banks
that are highly interconnected can thus more easily fatdishocks across financial systems.
Complementing our previous findings, we also find a bank’drdaution to systemic risk to
be increasing in the extent to which banks have to contrifintncially to deposit insurance.
Taken together with our results on the banks’ MES, we thusdiidence that the design of an
explicit deposit insurance scheme significantly impactsrfaial stability. Furthermore, the index
of a regulatory system’s restrictions on bank activitiesigmificantly positively related to a bank’s
ACoVaR. Preventing banks from engaging in too risky acesitoutside the classical lending and

deposit-taking business thus limits the build-up of systamsk.

3.2 Additional analyses

In addition to our multivariate analyses, we perform selviergressions in which we employ
the same set of systemic risk measures as in Table IV but ifii@ido our control variables
additionally include dterent interaction terms. Again, we estimate panel regrassof MES,
ACoVaR, and SRISK with robust standard errors as well as fireet and bank-fixedféects. The

results are presented in Table V.
[Place TabléV about here]

In the regressions in Tablé]V, we also employ a dummy variapteposed by
Laeven and Valencia (2012) that takes on the value one if atopexperienced a financial cri-

sis in a given year, and zero otherwise. To investigate ffexteof times of financial crisis on
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our systemic risk measures, we interact this dummy variaiilea selection of our bank-specific
variables. The results show that during crisis periods,ghadr Tier 1 capital ratio significantly
decreased a bank’s systemic risk exposure. This resulosisppur previous finding that Tier 1
capital shields banks from adverd@eets spilling over from the financial sector to individual in
stitutions. Even more importantly, a higher ratio of Tierdpital enables banks to absorb losses
especially during times of financial crisis hence reducibgiak’s exposure to systemic risk. More-
over, we find that banks that are highly interconnected dueiisis periods on average, possess a
lower dynamic MES. Interestingly, while the variable im@nnectedness is positively related to a
bank’s systemic risk exposure in our previous panel estimajthis éfect is reversed during crisis
periods.

Turning to SRISK as our main dependent variable, we find tlaaklsize significantly ex-
acerbates the positive relation between a bank’s inteexdedness and its SRISK. In line with
common economic intuition, banks become highly systeryicalportant if they are of critical
size and if they are highly interconnected with the rest effthancial system. Also, a higher por-
tion of cash and due from banks increases banks’ SRISK irs@eriods. Most probably driven
by the bank-year observations in the Subprime crisis, #sslt is in line with the notion that more
interconnections with the banking sector increases a bayktemic importance, especially during
times of crisis. A similar argument applies to the interactierm of a bank’s debt maturity with
the proxy for a bank’s interconnectedness. In regressiahein(@), the interaction term is weakly
statistically significant and negative. Banks that are ligiterconnected thus contribute more to
systemic risk if their funding structure is more fragile. ag, this result is in line with experiences
from the recent financial crisis.

In Panel C of TabléV, we repeat our regressions includingraution terms with the banks’
ACoVaR as the dependent variable. In model (1), we again fiadTier 1 capital exerts a posi-
tive effect on systemic risk. The adversgeet of a deposit insurance scheme that requires more
financial resources from banks on systemic risk is atteduétiee bank holds more Tier 1 capital.

Underlining our result from the corresponding regressib8RISK, we again find that the nega-
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tive impact of interconnectedness on an institution’s gbation to systemic risk is worsened by
a higher value for cash and due from banks. This result isurprising as a higher interconnect-
edness through the interbank market can thus more easiliafacshocks through the interbank
market. On the other hand, a higher interconnectednesssis periods significantly decreases
banks’ contribution to systemic risk. Finally, in line withe result of Anginer et all (2014b) we
find the negativef@ect of deposit insurance on systemic risk to be less sevemaas of financial
crisis.

Next, in untabulated regressions, we compare U.S. banksButopean banks in our sample.
The Financial Stability Board (FSB) recently identified 3&temically important banks. Out of
these 28 banks, 8 are from the U.S., 16 from Europe and onlyrm éountries outside these two
regions. Hence, we assume that U.S. and European banks $xélpduisome additional insight
into global systemic risk. The most interesting fact thatfind, is the increased influence of size
for European banks. While size is still the main driver of @apShortfall for U.S. banks, for
European banks, size is the main driver for all our systersicmeasures.

In addition, we perform several robustness checks in omeomnplement the main regressions
in the previous sections. For this purpose, we considetiaddi data and variables and examine
if the results of our analysis change. First, we check thastiess of our results using the MSCI
World Index as a proxy for the global market portfolio. Ourimeonclusions remain qualitatively
and quantitatively unchanged.

Additionally, our main results could be biased by the maskeicture in some countries. Many
foreign- or government-owned banks could have significafftuténce on global systemic risk.
Hence, to control for the market structure, we include thealdes Capital account openness,
Foreign-Owned Banks and Government-Owned Banks in ouess@mn. In unreported results, we
find that the additional variables do not influence our cosiolos.

Furthermore, we run regressions to additionally checkfeinfluence of supervision on global
systemic risk. Consequently, we include all variables #rat concerned with the supervisory

environment (Multiple Supervisor, ficial Supervisory Power and Independence of Supervisory

30



Authority) in an additional regression. Again, we find théuence of the variable Multiple Su-

pervisor to be statistically insignificant. Thus, our maimclusions remain unchangéd.

4 Conclusion

In this paper, we investigate whether regulation and sugiervcan limit the build-up of global
systemic risk in the banking sector. To this end, we studymaprehensive panel of international
banks over the period of 1999-2012 with 1,536 bank-yearmhtiens from 211 banks with total
assets in excess of $ 50 billion in 40 countries. We use pageéessions to analyze the deter-
minants of each bank’s average annual exposure as well asbchion to systemic risk using
bank-specific, country-specific as well as regulatory exgary variables. We study three mea-
sures of systemic riskyCoVaR, Dynamic MES and SRISK. We find that all three measudeibi
a similar temporal distribution as all three measures as®ever time and peak before and during
the financial crisis.

The key result of our empirical study is that higher regutatcapital in the form of Tier 1
capital is negatively related to the banks’ exposure andridmnion of banks to global systemic
risk. This result implicates that more capital on averagesdodeed support financial stability
with banks with higher Tier 1 capital being less exposed dritieasame time contributing less
to systemic crises. In addition, we find that a deposit insteascheme that requires banks to
provide more financial resources is associated with a higherage exposure and contribution of
individual banks to systemic fragility.

Moreover, a bank’s size and interconnectedness with thieagloanking sector all exert an
increasing ffect on systemic risk. Larger banks that are more intercaedewith other large

banks contribute more to global systemic risk. At the same tiwe find no compelling evidence

2T We also test the influence of the variable_in_Djankov etlalOfd00LS regressions. For each period during
which|Barth et al.|[(2013) perform a separate survey, we ruf @igressions like suggested|by Djankov ét al.
(2007). Doing so, we can invalidate the objection that tlyail@ory variables show little variation and thus the
measurement of their influence is intercepted by time-fixtetes. Once again, we find no statistically significant
influence.
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that supervision influences systemic fragility in the bagksector.

The policy implications of our results are twofold. Firstgulators appear to be going in the
right direction with regulatory capital requirements lgeioughened around the world since the
financial crisis. Our results support this view as banks Witiher Tier 1 capital clearly contribute
less to systemic risk as measured by distinct measures otcfaldragility. Second, proposals to
monitor bank size and interconnectedness more closelyesr gplit up banks that are too-big-to-
fail are backed by our results. Moreover, the detrimenfi@ot of business activities that are not

related to lending appear to be of lesser concern to regalatdside the United States.
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Appendix

Appendix I: Sample banks.

The appendix lists all sample banks (in alphabetical ordBgnk names are retrieved from thi@domson Reuters
WorldscopeDatabase (data item WC060033). Together with the bank ndme&umber of bank-year observations in
our sample for that particular bank is shown.

Bank name Bank-year obs. Bank name Bank-year obs. Bank name  aBk-year obs.
77 Bank 6 Chugoku Bank 7 Mitsubishi UFJ Financial Group 11
Abbey National 6 CIC Union Europeenne CIP 14 Mizuho Finar@imup 9
ABN Amro Holding 11 Cimb Group Holdings 3 Nanto Bank 2
Absa Group 8 Citigroup 14 National Australia Bank 14
Akbank 5 Comerica 11 National Bank of Abu Dhabi 3
Al Rajhi Bank 1 Comit 3 National Bank of Canada 10
Alliance and Leicester 8 Commerzbank 14 National Bank oGee 10
Allied Irish Banks 10 Commerzbank 14 National WestminstanB 2
Almanij 6 Commonwealth Bank of Australia 14 Natixis 13
Alpha Bank 5 Credit Agricole 11 Nedbank Group 8
Anglo Irish Bank 2 Credit Lyonnais 4 Nippon Credit Bank 1
Aozora Bank 4 Credit Suisse Group N 14 Nishi-Nippon City Bank 7
Arab Bank 2 Dai-Ichi Kangyo Bank (AMS) 4 Nordea Bank 14
Argentaria 2 Daishi Bank 2 North Pacific Bank 9
Asahi Bank 2 Danske Bank 14 Northern Rock 7
Australia and New Zealand Banking Group 14 DBS Group Holsling 14 Ogaki Kyoritsu Bank 1
Banca Antonveneta 4 Deutsche Bank 14 sterreichische \Vafkan 7
Banca Carige 2 Deutsche Pfandbrief Bank 6 OTP Bank 1
Banca Civica 1 Deutsche Postbank 8 Oversea-Chinese Banking 8
Banca Lombarda 1 Dexia 12 PKO Bank 3
Banca Monte dei Paschi 9 Discount 1 PNC Financial Servicesifsr 14
Banca Nazionale Lavoro 7 DNB 10 Pohjola Pankki 2
Banca Popolare di Milano 4 Dresdner Bank 4 Public Bank 5
Banca Popolare Emilia Romagna 8 Erste Group Bank 14 PunjabriddBank 3
Banca Popolare Italiana 4 Espirito Santo Financial Group 9 atafNational Bank 2
Banco Bilbao Vizcaya Argentaria 14 Eurobank Ergasias 5 ff&aen Bank International 6
Banco BPI 3 Eurohypo 10 Realdanmark 2
Banco Brasil 9 Fifth Third Bancorp 11 Regions Financial New 8
Banco de Sabadell 8 Firstrand 6 Resona Holdings 10
Banco Espafi ol de Credito 10 Fuji Bank 4 Rheinische Hypathbank 4
Banco Espirito Santo 7 Fukuoka Financial Group 4 Royal Bdrkamada 14
Banco Popolare 9 Gunma Bank 9 Royal Bank of Scotland Group 14
Banco Popular Espafi ol 8 Hachijuni Bank 9 Saint George Bank 5
Banco Santander 14 Hana Bank 3 Samba Financial Group 1
Bangkok Bank 3 Hana Financial Group 7 San Paolo IMI 9
Bank Austria Creditanstalt 5 Hang Seng Bank 14 San-in GodkBa 1
Bank Hapoalim B M Limited 12 HBOS 7 Santander Bearer Units 3
Bank of America 14 HDFC Bank 1 Sanwa Bank 4
Bank of Athens Property 7 Higo Bank 1 Sberbank of Russia 5
Bank of Baroda 2 Hiroshima Bank 11 Schweizerische NatioralkB 12
Bank of Cyprus 2 Hokuhoku Financial Group 8 Senshu lkeda iAgkl 2
Bank of East Asia 5 HSBC Holdings 14 Shiga Bank 2
Bank of Greece 5 Hudson City Bancorp 3 Shinhan Financial Brou 10
Bank of India 2 Huntington Bancshares 5 Shinsei Bank 4
Bank of Ireland 9 Hyakugo Bank 2 Shizuoka Bank 14
Bank of Kyoto 5 Hyakujushi Bank 1 Siam Commercial Bank 1
Bank of Montreal 14 Icici Bank 6 Sociétée Générale 14
Bank of Nova Scotia 14 Idbi Bank 1 Standard Bank Group 9
Bank of Piraeus 3 IKB Deutsche Industriebank 3 Standardt€tedt 14
Bank of Scotland 4 Industrial Bank of Korea 10 State Bank dfdn 13
Bank of Tokyo-Mitsubishi 4 Intesa Sanpaolo 14 Sumitomo Mit&inancial Group 9
Bank of Yokohama 14 Itauunibanco 7 Sumitomo Mitsui Trustditogs 10
Bank Polska Kasa Opieki 1 1YO Bank 4 Sumitomo Trust and Bagkin 13
Bankia 1 Joyo Bank 14 Suntrust Banks 14
Banque Nationale de Belgique 9 JP Morgan Chase and Company 14 Toronto-Dominion Bank 14
Banque Nationale de Paris Paribas 14 Julius Br Gruppe 1 yeitkaranti Bankasi 5
Barclays 13 Juroku Bank 2 UFJ Holdings 4
Bayerische Hypo-und-Vereinsbanken 11 Kansai Urban Bankin 2 Unibanco Holding 2
BB&T 12 Kasikornbank 2 Unicredit 14
Bendigo and Adelaide Bank 2 Kaupthing Bank 2 Unidanmark 2
BOC Hong Kong 7 KB Financial Group 12 Unione di Banche lItalian 9
Bradesco 9 KBC Bancassurance 14 United Overseas Bank 11
Bradford and Bingley 4 KBC Group 14 United States Bancorp 14
Caixabank 5 Keycorp 14 Wells Fargo and Company 14
Caja de Ahorros del Mediterraneo 3 Kookmin Bank 3 WestpadkBan 14
Canadian Imperial Bank Commerce 14 Korea Exchange Bank 10 ori\Bank 1
Canara Bank 2 Leumi Limited 11 Woorifinance Holdings 10
Capitalia 8 Lloyds Banking Group 9 ‘Yamaguchi Financial Grou 5
CCF 2 M&T Bank 8 Yapi VE Kredi Bankasi 2
Chiba Bank 14 Malayan Banking 6 Zions Bancorporation 5
CHO Hung Bank 2 Mediobanca Banca di Credito Financial 7
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Appendix II: Variable definitions and data sources.

The appendix presents both, definitions and data sourcesdlfdependent and independent variables that are used
in the empirical study. The bank characteristics wereeedid from theThomson Reuters Financial Datastreamd
Thomson Worldscopdatabases. The country control variables are taken frortiréd Bank’s World Development
Indicator (WDI) database. Data on the banks’ regulatoryrenment and deposit insurance schemes are taken from
Barth et al.|(2006), Barth et al. (2013) end Demirgiic-Ketnal. (2008), respectively.

Variable name

Definition Data source

Dependent variables
Dynamic MES

SRISK

ACoVaR

Bank characteristics
Total assets

Market-to-book

Leverage

Non-interest income

Loans

Loan Loss Provisions

Foreign Loans

Cash & Due from Banks

Tier 1 Capital

Dynamic Marginal Expected Shortfall as defing@bharya et al.[(2010) and calculated Datastream, own. calc.
following the procedure laid out by Brownlees and Engle €201

SRISK estimate as defined |by Acharya et al. (2012). TRISK for banki at timet is
given byS RIS K¢ = min{0, CS;}, where the Capital Shortfall for banlat timet CS; is
given byCS;; = k(Debt)-(1-K)(1-LRMES 1) Equity ;. kis a regulatory variable which
is set to 8% Debt i denotes the bank’s book value of deBguity; is the market value
of the bank’s equity andRMES; is the long run Marginal Expected Shortfall defined
as 1- exg—18- MES), whereMES is the dynamically estimated Marginal Expected
Shortfall.

Datastream, own. calc.

ConditionalACoVaR as defined by Adrian and Brunnermeler (2011), measaseitie
difference between the Value-at-Risk (VaR) of a World finan@atar index conditional
on the distress of a particular bank and the VaR of the seoti®xi conditional on the
median state of the bank. As state variables for the conipntaf conditionalACoVaR,
we employ the change in the three-month Treasury bill réte,delta of the dference
between the ten-year Treasury Bond and the three-monttsdmeaill rate, the change
in the credit spread between BAA-rated bonds and the Tred¥amd, the MSCI World
Index as the market return, the return on the Case-ShillenédBrice Index, and implied
equity market volatility from VIX.

Datastream, Chicago
Board Options Exchange
Market, Federal Reserve
Board's H.15, S&P, own.
calc.

Natural logarithm of a bank’s total assetsatlfiear end. Worldscope (WC02999).

Market value of common equity divided by kealue of common equity. Worldscope  (WC07210
and WC03501).
Book value of assets minus book value of equity mplaiket value of equity, divided by Worldscope (WC02999,
market value of equity (s€e Acharya et al.. 2010). WC03501, WC08001),
own calc.
Non-interest income divided by tatétiest income. Worldscope  (WC01021
and WC01016).
Ratio of total loans to total assets Worldscope  (WC02271
and WC02999).
Ratio of expenses set aside as an atbewfar uncollectable or troubled loans to totalWorldscope  (WC01271
loans. and WC02271).
Ratio of foreign loans to total assets Worldscope  (WC02268
and WC02999).
Ratio of cash & due from banks to totattass Worldscope  (WC02004
and WC02999).

Ratio of Tier 1 Capital to total risk-weightedsets Worldscope (WC18157).
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Appendix II: Variable definitions and data sources. (caumndith)

Variable name Definition Data source

Debt Maturity Total long-term debt (due in more than one ydarded by total debt. Worldscope  (WC03251
and WC03255).

Deposits Total deposits divided by total liabilities. Worldscope  (WC03019
and WC03351).

Performance Buy-and-hold returns of a bank lagged by one yea Datastream, own calc.

Liquidity Beta

Liquidity

Interconnectedness
Regulatory environment

Activity Restrictions

Capital Regulatory Index

External Governance In-
dex

Independence of Supervi-

sory Authority
Official Supervisory
Power

The beta factor of a bank in yedwith respect to liquidity innovations as defined byDatastream, own calc.

Pastor and Stambaugh (2003) using a regression of morttidk seturns in excess of
the three-month Treasury bill rate during the years3 tot — 1 on the excess returns of
country-specific market indexes and liquidity innovations

Amihud measure of an individual stock’s illiqutyl adjusted following the proce- Datastream, own calc.

dure proposed by Karolyi etlal. (2012). The adjusted Amihughsure is defined as

—In (1 + PJF'\'/‘Q"t) whereR;; is the return,P;; is the price and/ Q¢ is the trading vol-

ume of stock on dayt.

The number of connections of eachrgafikin to other banks (sum of in and out con-Datastream, own calc.

nections) as defined by Billio etlal. (2012).

Index of the overall restrictions banking activities that measures the extent to which|Barth et al.|(2013).
bank can engage in securities, insurance, and real estafées: Index ranges from 3 to
12. Higher scores denote greater restrictiveness.

Index of the stringency of capiéglulations in the banking system, capturing whether thBarth et al.|(2013).
capital requirement reflects certain risk elements andasdertain market value losses
from capital before minimum capital adequacy is determiriedex ranges from 0 to 10.
Higher values denote greater stringency.

Index of external governance variables. Includes but idimited to the éfectiveness of |Barth et al.|(2013).
external audits of banks, the transparency of bank finastaéément practices, the type

of accounting practice used and assessment of exterrmad agiencies. Index ranges from

0 to 18. Higher scores denote better corporate governance.

Index of the degree to which the supervisory authority ispehdent of the executive |Barth et al.|(2013).
branch of government. Index ranges from 0 to 3. Higher scdeeste greater indepen-
dence.

Index of the extent to which supervisory authorities haweatthority to discipline banks |Barth et al.|(2013).
by taking specific actions to prevent and correct problemslex ranges from 0 to 14.
Higher scores denote greater power.

35



Appendix II: Variable definitions and data sources. (caundith)

Variable name

Definition Data source

Moral Hazard Index

Private Monitoring Index

Deposit Insurer Power

Deposit Insurance Ratio

Funding with Insured De-
posits

Country characteristics
GDP growth

Stock market importance
HHI

Crisis dummy

Market coverage

Captures the degree to which moral hazdsts. Index ranges from 0 to 3. Higher valuesBarth et al.[(2013).
indicate a greater mitigation of moral hazard.

Index of the incentives and cafiids provided by regulatory and supervisory authoritiedBarth et al.|(2013).
to encourage the private monitoring of banks. Index rangms D to 12. Higher scores
indicate greater regulatory empowerment of the monitooihiganks by private investors.

Index of the ability of the depositiiagice authority to intervene in a banking firm andBarth et al.|(2013).
to take legal action against bank directors fitaials. Index ranges from 0 to 4. Higher
scores indicate greater insurer power.

Ratio of the size of the depositrarsee fund to total bank assets. Barth etlal. (2013).
Ratio of total deposits covered by insurance scheme todstats (as of end of 2010). Barth etlal. (2013).
Annual real GDP growth rate (in %). WDI database.

Ratio of the stock market turnoveroantry i to the worldwide stock market turnover WDI database.
(computed as the sum over all countries in the WDI database).

Herfindahl-Hirschman Index computed as the sum of thesgplimarket shares of a coun- WDI database.
try’s domestic and foreign banks.

Dummy variable that equals one if a financiaisris identified by Laeven and ValericialLaeven and Valencia
(2012) in a country for a given year, and zero otherwise. (2012).

Percentage of all locally listed firms in aniy that are covered in th&Vorld- Datastream, World Fed-
scopgDatastreamdatabases. eration of Exchanges,
national stock exchange

websites, own calc.
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Figures and Tables

Figure 1: Bank-years in sample sorted by country, 1999-2012

This figure shows the total number of bank-years of all banlksir sample sorted by country.
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Figure 2: Banks in sample sorted by country, 1999-2012
This figure shows the total number of banks included in ourdarsorted by country.
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Figure 3: Development of the contribution to global systensk of banks from 1999-2012

This figure shows the development of th€oVaR of all banks included in our sample averaged per yde.cbndi-
tional ACoVaR is calculated as proposed by Adrian and Brunnerni2drl). The extreme value of the daily estimates
for each bank in each year is taken as the value for the batleiresp. year. These values are then averaged by year.
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Figure 4: Development of the systemic risk exposure of bémke 1999-2012

This figure plots the development of the Marginal Expecteargll (MES) of banks in our sample averaged per year.
The yearly MES estimates are the extreme value from daily l&Bnates computed by the use of the dynamic model

proposed by Brownlees and Engle (2012). These values aratleeaged by year.
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Figure 5: Development of the Capital Shortfall of banks frb@99-2012

This figure shows the development of the Capital ShortfdRIEK) of banks in our sample averaged per year. The
yearly SRISK estimates are the extreme value from daily 8Ri&imates computed as proposedﬁ@et al.
(2012). These values are then averaged by year.
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Figure 6: Contribution to global systemic risk of banks edrby country, 1999-2012

This figure plots the averageCoVaR of all banks included in our sample sorted by counthe gonditionahCoVaR

is calculated as proposed lby Adrian and Brunnermeier (2078 extreme value of the daily estimates for each bank
in each year is taken as the value for the bank in the resp. Vhase values are then averaged by country.

South Korea
South Africa
United States
Brazil
Switzerland
United Kingdom
Portugal
Australia
Ireland
France
Belgium
Hong Kong
Singapore
Denmark
Canada
Malaysia
Netherlands

0.000 -+

-0.002 -

-0.004 -

-0.006 -

-0.008 -

-0.010 -

-0.012

-0.014 -

-0.016

-0.018

47



Figure 7: Systemic risk exposure of banks sorted by couh®§9-2012

This figure shows the average Marginal Expected Shortfalt $)lof banks in our sample sorted by country. The
yearly MES estimates are the extreme value from daily MEBnastés computed by the use of the dynamic model

proposed by Brownlees and Engle (2012). These values atatteeaged by country.
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Figure 8: Capital Shortfall of banks sorted by country, 1299 2

This figure shows the average Capital Shortfall (SRISK) ofidsan our sample sorted by country. The yearly SRISK
estimates are the extreme value from daily SRISK estimatespated as proposed by Acharya etial. (2012). These
values are then averaged by country.
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Table I: Descriptive statistics by country.

This table presents mean values of all firm-level and mmaadian values for all country-specific variables for baelyobservations we use in our empirical study.
The sample consists of 211 publicly traded internationaksdrom 40 countries with assets in excess of $ 50 billiorr tve period 1999-2012. Stock market
data are retrieved fromhomson Reuters Financial Datastrearhile financial accounting data are taken fromerldscopelatabase. Regulation variables come
from|Barth et al.|(2013) and country characteristics argenatd from World Bank’s World Development Indicator (WDgatabase. Definitions of variables as
well as descriptions of the data sources are given in Talietie Appendix. Panel A shows mean values for firm-level abtristics while Panel B and C report
mearimedian values for country-level characteristics. The nmaadian values of the variables are computed from data qayé¢hie time period from 1999 to
2012. All variables are created using U.S. dollar denomeithdiata. SRISK and Total assets are given in billion U.SadsllLiquidity Beta is reported in trillions
and Liquidity in thousands.

Panel A: Bank-level characteristics

Market- Non- Loan Cash

Dynamic Total to- interest loss Foreign & Tier 1 Debt
Country MES  ACoVaR SRISK MES assets book Leverage income Loans progision Loans Due capital Maturity
Abu Dhabi 0.0156 -0.0063 1.33 0.0020 60.24 1.47 8.05 0.2832.7608 0.0076 NA 0.0351 15.94 0.3636
Australia 0.0563 -0.0097 5.01 0.0163 272.59 222 9.11 @262 0.7098 0.0031 0.1149 0.0237 7.75 0.6111
Austria 0.1005 -0.0146 4.73 0.0317 153.82 1.49 32.38 0.2973.6898 0.0077 0.2033 0.0349 8.96 0.5048
Belgium 0.0883 -0.0092 9.83 0.0230 32791 1.41 35.05 0.393D.5475 0.0028 NA 0.0081 9.96 0.3604
Brazil 0.0826 -0.0125 5.97 0.0372 217.74 241 6.53 0.5772 4328 0.0431 0.0242 0.0966 13.58 0.3192
Canada 0.0580 -0.0072 1.83 0.0224 286.39 2.07 12.67 0.4783520D 0.0043 0.1719 0.0094 10.79 0.1934
Cyprus 0.1115 -0.0143 0.20 0.0357 53.37 0.99 18.08 0.2139 6726. 0.0094 NA 0.0273 8.00 0.0000
Denmark 0.0819 -0.0083 12.65 0.0209 313.04 1.32 26.43 6.2220.6491 0.0036 0.1680 0.0137 9.29 0.4324
Finland 0.1182 -0.0065 2.50 0.0392 52.11 1.05 15.96 0.6126.5150 0.0049 NA 0.0954 11.20 0.4875
France 0.0819 -0.0092 15.67 0.0306 862.99 1.19 36.44 0.6868.4208 0.0046 NA 0.0192 8.88 0.2291
Germany 0.0801 -0.0097 19.33 0.0269 620.13 1.33 41.07 0.2290.5834 0.0037 0.1439 0.0091 8.52 0.4999
Greece 0.0723 -0.0143 2.47 0.0286 100.76 1.75 55.03 0.2101.684D 0.0109 NA 0.0445 10.13 0.2304
Hong Kong 0.0504 -0.0089 7.05 0.0112 588.14 271 7.27 0.4800.6125 0.0042 0.1040 0.0427 10.64 0.2625
Hungary 0.1642 -0.0123 1.05 0.0589 51.79 1.20 7.01 0.1937 753Q. 0.0339 NA 0.0518 15.00 0.5282
Iceland 0.0401 -0.0186 3.56 0.0254 71.07 1.89 7.87 0.2686 7296. 0.0016 NA 0.0224 10.05 0.6272
India 0.0448 -0.0132 0.99 0.0190 112.92 1.62 15.15 0.3180 5816. 0.0096 0.0675 0.0628 9.31 0.8200
Ireland 0.0728 -0.0094 3.19 0.0217 112.03 277 8.71 0.2846.7206 0.0017 NA 0.0202 7.50 0.2374
Israel 0.0390 -0.0103 0.51 0.0191 69.43 1.06 17.15 0.3759 7536. 0.0064 0.0008 0.0680 8.16 0.7726
Italy 0.0673 -0.0097 8.04 0.0265 243.69 1.44 16.05 0.4487 7092 0.0070 NA 0.0165 7.48 0.5407
Japan 0.0476 -0.0109 3.11 0.0075 292.22 1.13 25.58 0.5291630®. NA 0.0222 0.0440 9.62 0.4563
Jordan -0.0019 -0.0061 0.37 0.0002 50.78 1.10 6.23 0.2824 6529. 0.0101 NA 0.0694 15.65 0.3046
Luxembourg 0.0354 -0.0100 3.70 0.0104 92.84 3.05 7353 1850 0.6693 0.0064 0.1369 0.0220 7.62 0.5487
Malaysia 0.0304 -0.0071 0.81 0.0076 79.16 2.63 6.19 0.3597.7088 0.0049 0.1450 0.0759 11.30 0.3397
Netherlands 0.0655 -0.0071 22.60 0.0212 805.84 2.49 18.90.3160  0.6234 0.0034 NA 0.0176 8.80 0.3148
Norway 0.0830 -0.0132 7.12 0.0374 217.54 1.26 17.78 0.5298.7159 0.0019 NA 0.0269 7.99 0.4764
Poland 0.0961 -0.0143 0.30 0.0493 54.36 2.66 3.90 0.4988 760.7 0.0100 NA 0.0395 NA 0.6685
Portugal 0.0676 -0.0098 2.67 0.0269 76.24 1.48 15.59 0.4500.7312 0.0069 0.0822 0.0307 7.55 0.6596
Qatar 0.0137 -0.0055 0.28 0.0005 72.14 2.64 3.72 0.1837 30.74 0.0039 NA 0.0929 18.65 0.2852
Russian Federation 0.0903 -0.0136 1.83 0.0376 214.59 2.96 .51 4 0.2283 0.7656 0.0220 NA 0.0757 11.04 0.6432
Saudi Arabia 0.0123 -0.0056 0.17 0.0054 55.14 2.33 3.86 28.43 0.6709 0.0059 NA 0.0693 16.41 0.0160
Singapore 0.0512 -0.0086 1.31 0.0169 122.04 1.54 8.11 9.3210.6167 0.0033 NA 0.0653 12.43 0.2663
South Africa 0.0739 -0.0131 0.78 0.0294 100.95 1.97 9.52 5846 0.6052 0.0086 0.0140 0.0345 11.06 0.4138
South Korea 0.0659 -0.0168 2.69 0.0219 138.54 1.11 19.75 706.3 0.6997 0.0099 0.0711 0.0503 9.16 0.7915
Spain 0.0814 -0.0100 11.62 0.0311 356.14 1.90 23.48 0.8403.6930 0.0071 NA 0.0233 852 0.4408
Sweden 0.0922 -0.0104 9.43 0.0333 436.12 1.67 16.50 0.4362.659® 0.0013 NA 0.0127 7.85 0.4887
Switzerland 0.0750 -0.0110 16.59 0.0217 515.41 1.03 700.960.6746 0.1957 0.0011 0.0571 0.0468 14.25 0.1626
Thailand 0.0297 -0.0112 0.49 0.0133 58.31 1.63 6.65 0.6238.7852 0.0055 NA 0.0221 11.25 0.3426
Turkey 0.0971 -0.0166 1.49 0.0377 70.23 1.77 5.70 0.2938 1166 0.0097 0.0139 0.0613 16.48 0.3045
United Kingdom 0.1347 -0.0106 15.78 0.0262 643.26 2.24 20.6 0.3798 0.6501 0.0048 0.1060 0.0176 8.51 0.3455
United States 0.1051 -0.0130 8.10 0.0371 444.15 1.77 9.35 4928.  0.6045 0.0126 0.0219 0.0278 9.65 0.5065
Sample 0.0737 -0.0109 7.27 0.0233 344.75 1.65 32.79 0.4557.6188 0.0071 0.0607 0.0322 9.48 0.4421
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Table I: Descriptive statistics by country (continued)

Panel B: Bank-level characteristics and regulatory vatih

Inter- Cap. Conglo- Entry Ext. Foreign Ind. flo

Perfor- Liquidity connected- Activ. Reg. merate Div. Regui  Govern. Bank Superv. Superv. Moral
Country Deposits mance Beta Liquidity ness Restr. Index trRes Index ments Index Limit. Auth. Power Hazard
Abu Dhabi 0.6553 0.2333 NA -2.2472 0.1510 5 6 4 2 8 NA 4 2 14 NA
Australia 0.5829 0.1213 -115.39 -0.0087 0.2546 8 7 7 1 8 15 4 3 11 0
Austria 0.4320 0.1333 -6.57 -0.0238 0.1673 9 10 6 1 8 NA 4 3 145 3
Belgium 0.4036 0.0508 178.90 -0.2007 0.1449 3 6 7 2 6 145 4 2 9 2
Brazil 0.4078 0.3687 NA -1.1287 0.2292 5 6 5 1 8 11.25 4 2 8 1
Canada 0.6863 0.1500 20.80 -0.0022 0.1860 7 4 6 1 8 16 4 2 14 1
Cyprus 0.9105 0.0117 NA -0.0721 0.2713 7 4 8 1 8 18 4 1 11 0
Denmark 0.2757 0.0744 -31.04 -0.0186 0.1630 5 6 6 1 4 16 4 1 8 3
Finland 0.1658 -0.1002 NA -0.0386 0.2053 9 10 6 1 8 16 4 2 12 2
France 0.3544 0.0828 39.12 -0.0506 0.1709 8 8 7 1 3 14 4 3 12 1
Germany 0.2889 0.0609 NA -0.4994 0.1563 6 5 4 1.5 7.5 13 4 25 9 2
Greece 0.5211 -0.0077 NA -0.1672 0.1551 8 5 9 2 8 17 3 3 155 2
Hong Kong 0.7631 0.1025 80.66 -0.0025 0.2501 7.5 7 5.5 1 8 15 4 0 65 2
Hungary 0.6643 0.9275 NA -0.0050 0.2447 9 75 9 1.5 8 NA 15 2 12 1
Iceland 0.2396 0.1109 NA -0.0070 0.1660 NA NA NA NA NA NA NA NA AN NA
India 0.7894 0.2072 NA -0.0566 0.1184 8 5 7 2 7 14 4 2 12 NA
Ireland 0.5606 0.1600 NA -0.0805 0.1453 9 8 10 2 0 NA 0 3 9 NA
Israel 0.8431 0.1403 NA -0.0139 0.1351 8 7 7 1 8 NA 4 1 NA NA
Italy 0.4101 0.0860 80.20 -0.0462 0.1579 9 7 9 2 6 17 4 3 10 0
Japan 0.8404 0.0808 16.60 -0.3245 0.2138 5 4 8 2 8 12 4 2 6 NA
Jordan 0.8282 -0.1930 NA -0.0542 0.0436 5 9 6 2 8 NA 4 1 NA NA
Luxembourg 0.3733 -0.0166 NA -3.0476 0.1324 7 3 5 1 8 15 4 2 9 2
Malaysia 0.7919 0.2460 NA -0.0113 0.2474 8 9 NA 2 8 16.5 A 2 9 NA
Netherlands 0.4769 0.1194 NA -0.0018 0.1687 10 6 9 2 3 14 4 1 9 NA
Norway 0.4170 0.2644 NA -0.0053 0.2055 7 7 8 2 8 14 4 2 13 1
Poland 0.8746 0.0310 NA -0.0060 0.2131 6 6 6 2 7 16 3 1 6 NA
Portugal 0.4729 0.0010 NA -0.0423 0.1927 5 7 9 1 8 15 4 3 9 2
Qatar 0.8025 0.3613 NA -0.0364 0.0707 4 7 NA 1 8 13 A 1 11 NA
Russian Federation 0.8719 1.1822 NA -0.3715 0.1876 6 7 6 1 8 NA 3 1 8 1
Saudi Arabia 0.8784 -0.2060 NA -0.0364 0.1661 NA NA NA NA NA NA NA 2 NA NA
Singapore 0.6955 0.1424 98.34 -0.0265 0.2172 6 4 6 0 7 14 4 1 10 1
South Africa 0.6130 0.2172 NA -0.0111 0.1830 9 9 7 2 8 13 4 3 14 NA
South Korea 0.6355 0.2033 NA -0.1712 0.2659 8 4.4 7 1 8 15 4 0 7 2
Spain 0.4584 0.0369 141.93 -0.1359 0.1837 5 7 6 2 8 14 4 25 125 1
Sweden 0.5112 0.1122 24.03 -0.0027 0.1795 5 4.6 6 2 7 13.25 4 3 9 2
Switzerland 0.1988 0.0525 -110.26 -0.0008 0.1468 4 6 5 2 6 11 4 2 75 2
Thailand 0.8026 0.2992 NA -0.0047 0.1773 7 3 5 1 8 13 4 2 6 1
Turkey 0.6353 0.2493 NA -0.0027 0.1506 6 7 7 2 8 17 4 3 135 3
United Kingdom 0.4753 0.0510 60.83 -0.0029 0.1485 6 7 7 1 8 2513. 4 2 85 1
United States 0.6809 -0.0282 -2.57 -0.0041 0.2522 7 75 6 2 8 4 1 4 2 11 2
Sample 0.5872 0.0943 17.49 -0.1466 0.1948 7 6 7 2 8 15 4 2 11 2
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Table I: Descriptive statistics by country (continued)

Panel C: Regulatory variables and country-specific chaggstics

Private Deposit Deposit Funding Anti- Creditor Stock Stock Capital Foreign- Govnm.-

Mon. Insurer Insur. Insur. GDP Self- Rights market market  coant Owned Owned Market
Country Index Power Ratio Deposits Growth ADRI Dealing nde import. turnover openness HHI Banks Banks Coverage
Abu Dhabi NA NA NA NA 4.23 3 NA 1 NA NA 2.4557 NA NA NA NA
Australia 10 2 NA 7.30 3.65 4 0.7903 3 NA NA 1.1827 0.0821 16.20 0 NA
Austria 9 2 0.3470 18.97 2.57 NA 0.2094 1 0.0192 48.94 2.4557 1181 15.75 1.79 99.91
Belgium 8 1 0.0007 39.47 1.92 5 0.5403 4 0.0156 40.25 2.2247 0980. 27.42 0 100.00
Brazil 8 0 0.0848 5.00 4.74 3 0.2913 3 NA NA 0.2554 0.0587 2294 40.58 NA
Canada 9 0 0.0078 15.25 242 5 0.6510 1 0.0286 73.41 2.4557 8110.6 6.00 0 NA
Cyprus NA 2 0.0011 34.00 3.57 35 NA NA 0.0051 13.38 2.4557 NA  7.08 3.0000 96.61
Denmark 8 1 0.0387 42.00 1.42 25 0.4656 3 0.0296 76.41 2.4550.0672 11.62 0.0333 97.38
Finland 8 NA 0.0017 14.00 6.30 2 0.4601 2 0.0449 103.89 2.4550.0470 65.60 0 NA
France NA 0 0.0015 7.69 2.88 NA 0.3823 NA 0.0366 92.91 2.4557 .0632 14.86 0.56 91.83
Germany 7.5 0 0.0050 NA 2.01 3.5 0.2788 1 0.0495 126.74 2.455D.0474 5.04 41.21 100.00
Greece 9 2 0.0048 37.66 1.46 5 0.2250 3 0.0207 53.35 2.4557 49@.0 12.55 19.53 92.98
Hong Kong 7 0.5 0.0001 10.99 3.34 NA 0.9635 NA NA NA 2.4557 NA NA 0 NA
Hungary 9.5 1 0.0050 43.62 2.16 4 0.2036 2 NA 110.69 2.4557 NA 6.0 0 NA
Iceland NA NA 0.0100 22.50 2.50 NA 0.2372 NA 0.0371 112.58 323 NA 0.00 0 NA
India 9 0 0.0076 34.33 5.94 3.5 0.5490 2 NA NA -1.1593 0.0505 066. 74.94 NA
Ireland 0 NA 0.0020 NA 6.67 NA 0.7868 2 0.0212 53.82 2.4557 002 NA NA 91.65
Israel 7 NA NA NA 4.22 1 0.7135 1 0.0240 58.51 2.1138 0.1493 814  36.88 NA
Italy 8 1 NA 95.41 0.73 5 0.3854 2 0.0519 130.87 2.4557 0.0561 497 11.37 99.17
Japan 9 4 0.0000 NA 0.24 4 0.4830 1 NA NA 2.4273 0.0950 6.23 0.52 NA
Jordan 9 2 NA NA 7.61 5 0.1568 2 NA NA 2.4557 NA 9.30 0 NA
Luxembourg 8 0 NA 12.85 2.62 NA 0.2490 0 0.0002 0.53 NA 0.1265 4.58 5.09 100.00
Malaysia 9 NA 0.0008 17.89 5.09 NA 0.9479 NA NA NA -0.4692 NA .29 0 NA
Netherlands 10 NA 0.0000 44.83 2.56 4 0.2090 3 0.0521 136.27 .4552 0.0932 4.43 4.92 68.84
Norway 75 1 0.0150 21.88 2.14 NA 0.4354 NA 0.0461 115.87 2745 0.1037 22.03 0 100.00
Poland 10 NA 0.0113 48.20 5.45 5 0.3000 3 0.0210 50.73 0.0793.0930 67.93 20.73 79.76
Portugal 7.5 1 0.0036 44.40 0.75 3.5 0.4861 2 0.0274 76.24 552.4 0.1145 16.68 24.12 NA
Qatar 10 NA NA NA 25.48 5 NA NA NA NA 2.4557 NA 0.00 NA NA
Russian Federation 7 2 0.0027 27.20 6.05 NA 0.4757 2 NA NA 8815 0.0340 10.44 37.76 100.00
Saudi Arabia NA NA NA NA 4.23 3 NA 1 NA NA 1.1323 NA NA NA NA
Singapore 9 1 0.0030 35.09 5.09 2 1.0000 1 NA NA 2.4238 NA 52.86 0 NA
South Africa 7 NA NA 0.00 4.40 2.5 0.8135 1 NA NA -1.1593 0.0476  20.15 0.016 NA
South Korea 8 2 0.0013 31.30 3.75 2.5 0.4609 2 NA NA 0.0574 208 37.27 28.98 NA
Spain 6 1 0.0038 29.60 2.51 25 0.3705 3 0.0632 160.96 2.4557.0800 9.63 0 5.33
Sweden 10 2 0.0130 1.10 2.34 4 0.3396 1 0.0439 112.31 2.4557054D. 1.00 0 NA
Switzerland 6 2 NA 9.09 2.07 3 0.2667 0 0.0376 96.24 2.4557 78Y0 9.56 13.84 100.00
Thailand 7 0.5 0.0057 31.35 2.46 35 0.8490 1 NA NA -0.5797 NA .555 16 NA
Turkey 9 NA 0.0080 15.32 1.33 5 0.4260 3 0.0604 146.10 -0.1271.0366 16.56 31.60 100.00
United Kingdom 9 1 NA 49.01 2.54 4 0.9271 3 0.0452 115.24 21455 0.0652 46.62 1.083 89.51
United States 7 2 -0.0095 38.85 1.87 2 0.6510 2 0.0808 206.19 .4552 0.0811 10.59 0 100.00
Sample 9 2 0.0085 34.26 2.34 35 0.5423 2 0.0465 118.52 2.0133.1130 15.03 9.95 90.03
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Table II: Descriptive statistics by year.

This table presents mean values of all firm-level and nfreadian values for all country-specific variables for evesgaryfrom our empirical study. The sample
consists of 211 publicly traded international banks froncd@ntries with assets in excess of $ 50 billion over the petR99-2012. Stock market data are retrieved
from Thomson Reuters Financial Datastrearhile financial accounting data are taken from Werldscopeadatabase. Regulation variables come from Barthlet al.
(2013) and country characteristics are retrieved from WBdnk’'s World Development Indicator (WDI) Database. Ddifomis of variables as well as descriptions
of the data sources are given in Table 1l in the Appendix. PArslows mean values for firm-level characteristics whiled® and C report megmedian values
for country-level characteristics. The mé@aedian values of the variables are computed from data cuyetl banks in a given year. All variables are created
using U.S. dollar denominated data. SRISK and Total assefgieen in billion U.S. dollars, Liquidity Beta is reportédtrillions and Liquidity in thousands.

Panel A: Bank-level characteristics

Market- Non- Loan Cash

Dynamic Total to- interest loss Foreign & Tier 1 Debt
Year MES  ACoVaR SRISK MES assets book Leverage income Loans progision Loans Due capital Maturity
1999 0.0388 -0.0081 4.98 0.0128 210.35 2.33 14.64 0.3028 590.6 0.00699 0.1161 0.0297 7.6818 0.3670
2000 0.1506 -0.0082 5.03 0.0104 214.57 2.35 14.09 0.3564 528.6 0.00626 0.1008 0.0266 7.5883 0.3854
2001 0.0582 -0.0099 5.65 0.0198 243,52 2.16 36.74 0.3656 319.6 0.00430 0.1051 0.0259 8.1268 0.3889
2002 0.0548 -0.0087 5.95 0.0214 262.30 191 30.46 0.3500 069.6 0.00581 0.0832 0.0260 8.3126 0.3935
2003 0.0421 -0.0048 5.63 0.0147 254.08 1.53 38.17 0.4152 130.6 0.00833 0.0664  0.0269 8.2327 0.3779
2004 0.0398 -0.0062 5.88 0.0141 278.63 1.65 33.39 0.4834 139.6 0.00843 0.0527 0.0273 8.6051 0.4063
2005 0.0376 -0.0055 6.07 0.0086 295.55 2.12 23.08 0.4984 120.6 0.00540 0.0478 0.0270 8.8334 0.4315
2006 0.0328 -0.0083 6.45 0.0144 315.50 1.94 20.75 0.5458 082.6 0.00430 0.0454 0.0300 8.4953 0.4637
2007 0.0603 -0.0096 8.37 0.0190 364.03 2.11 17.48 0.5074 139.6 0.00421 0.0492 0.0286 8.7687 0.4710
2008 0.1739 -0.0245 10.44 0.0551 429.86 1.68 21.90 0.4334 6146. 0.00475 0.0623 0.0309 8.3455 0.4430
2009 0.1571 -0.0226 9.33 0.0422 445.16 0.91 48.74 0.3855 168.6 0.00872 0.0500 0.0324 9.1194 0.4633
2010 0.0599 -0.0059 8.44 0.0279 420.75 111 37.45 0.5359 198.6 0.01458 0.0558 0.0374 10.8452 0.4779
2011 0.0729 -0.0133 7.86 0.0318 418.13 1.23 43.34 0.5222 140.6 0.00884 0.0551 0.0419 11.2590 0.5056
2012 0.0385 -0.0105 7.60 0.0155 425.75 1.02 61.10 0.4796 120.6 0.00642 0.0516 0.0464 11.6340 0.4820

Table II: Descriptive statistics by year (continued)

Panel B: Bank-level characteristics and regulatory vatih

Inter- Cap. Conglo- Entry Ext. Foreign Ind. flo

Perfor- Liquidity connected- Activ. Reg. merate Div. Regui  Govern. Bank Superv. Superv. Moral
Year Deposits mance Beta Liquidity ness Restr. Index Restrindex ments Index Limit. Auth. Power Hazard
1999 0.5517 0.2237 NA -0.2317 0.1354 7 6 7 1 8 13 4 2 11 2
2000 0.5624 0.1128 -84.81 -0.2062 0.1253 6 6 7 1 7 12 4 2 11 2
2001 0.5496 0.0383 -157.36 -0.0408 0.2042 6 6 6 1 8 12 4 2 11 2
2002 0.5594 -0.1056 134.39 -0.0562 0.1674 6 6 6 1 7 13 4 2 11 2
2003 0.5765 -0.0586 282.53 -0.1731 0.1547 6 6 6 1 7 12.4 4 2 10 2
2004 0.5804 0.5521 49.36 -0.0978 0.1204 7 5 7 2 8 15 4 1 11 2
2005 0.5847 0.2556 131.15 -0.0318 0.1048 7.5 5 7 2 8 15 4 1 11 2
2006 0.5544 0.1699 -120.31 -0.1246 0.1962 7 5 7 2 8 15 4 1 11 2
2007 0.5387 0.2739 -220.51 -0.1875 0.2505 7 5 7 2 8 15 4 1 11 2
2008 0.5598 0.0256 68.4 -0.0348 0.2814 7 5 7 1 8 15 4 2 11 2
2009 0.5798 -0.4505 105.87 -0.1434 0.2312 8 5 7 2 8 15 4 2 11 2
2010 0.6183 0.4153 -454.95 -0.0921 0.2659 8 5 7 2 8 15 4 2 11 2
2011 0.6594 0.0844 119.36 -0.3597 0.2202 8 5 7 2 8 15 4 2 11 2
2012 0.6691 -0.2070 59.56 -0.2168 0.1730 7 8 7 2 8 16 4 2 11 1
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Table II: Descriptive statistics by year (continued)

Panel C: Regulatory variables and country-specific chaggstics

Private

Deposit

Deposit Funding Anti- Creditor Stock Stock Capital Foreign- Govnm.-

Mon. Insurer Insur. Insur. GDP Self- Rights market market  coant Owned Owned Market
Year Index Power Ratio Deposits Growth ADRI Dealing Index part. turnover openness HHI Banks Banks Coverage
1999 8.5 2 0.0121 NA 2.33 3.5 0.5507 3 0.0269 83.64 22115 7Q.12 7.26 7.31 96.18
2000 8 2 0.0117 NA 3.42 3.5 0.5445 2.5 0.0340 77.65 22205 0@.13 7.18 8.15 95.50
2001 8 2 0.0136 NA 4.51 3.5 0.5662 2 0.0244 96.23 2.2014 0.1398 7.11 9.19 94.43
2002 8 2 0.0135 NA 1.63 3.5 0.5741 2 0.0472 103.16 2.2518 @.130 8.14 8.58 96.89
2003 8 2 0.0117 NA 222 35 0.5557 2 0.0511 113.98 2.1220 0.123  7.20 9.96 89.38
2004 9 2 0.0014 41.19 1.95 35 0.5484 2 0.0440 95.94 2.0983 216.1 16.27 10.28 91.04
2005 9 2 0.0013 40.92 3.43 35 0.5493 2 0.0458 103.18 2.0604 1130. 14.70 9.99 97.88
2006 9 2 0.0015 38.87 2.99 35 0.5462 2 0.0434 107.93 2.017311040. 15.16 10.64 96.16
2007 9 2 0.0016 39.50 3.48 35 0.5373 2 0.0452 124.36 2.0095 1059. 14.66 11.24 88.62
2008 9 1 0.0051 31.38 3.44 35 0.5208 2 0.0464 153.16 1.9577 1008. 17.66 9.26 87.60
2009 9 2 0.0050 30.38 0.86 35 0.5198 2 0.0584 176.66 2.0274 NA 16.82 8.47 85.82
2010 9 2 0.0047 30.68 112 35 0.5277 2 0.0609 145.66 1.9210 1000. 18.15 8.84 81.59
2011 9 2 0.0046 28.64 1.31 3.5 0.5418 2 0.0571 117.25 1.7715 0990. 15.98 11.49 79.94
2012 9 1 0.0306 31.54 1.33 3.5 0.5431 2 0.0548 124.42 1.7664 098D. 24.84 13.11 72.85




Table IlI: Correlations of systemic risk measures.

This table shows correlations between #ff@oVaR, Dynamic MES, SRISK, and ecLuity beta of banks in ourpglam
The sample consists of 211 publicly traded internationakisdrom 40 countries with assets in excess of $ 50 billion
over the period 1999-2012. Stock market data are retrieed Thomson Reuters Financial Datastrearhile finan-
cial accounting data are taken from M@rldscopedatabase. Regulation variables come from Barthlet al. (2ai@
country characteristics are retrieved from World Bank’sr\d/®evelopment Indicator (WDI) Database. Definitions
of variables as well as descriptions of the data sourcesiaea @ Tabld1l in the Appendix.

|max(dynMES) mean(dynMES) max(SRISK) mean(SRISK) m{¢VaR) meanfCoVaR) Beta

max(DynMES) 1
mean(DynMES) 0.7612 1
max(SRISK) 0.2651 0.1777 1
mean(SRISK) 0.2659 0.184 0.9947 1
min(ACoVaR) -0.526 -0.407 -0.1391 -0.141 1
meanfACoVaR) -0.5388 -0.4496 -0.1043 -0.106 0.8938 1

Beta 0.1895 0.2209 0.3586 0.3531 -0.1105 -0.0406 1
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Table IV: Regressions of a bank’s systemic risk measures.

The regressions estimate the relation betw&€nVaR, Dynamic MES, and SRISK and bank characteristicsytrgtcharacteristics and regulatory variables over
the period 1999-2012. The sample consists of 211 publiayed international banks from 40 countries with assetseesxof $ 50 billion. Stock market data are
retrieved fromThomson Reuters Financial Datastreavhile financial accounting data are taken from YNerldscopedatabase. Regulation variables come from

Barth et al. |(2013) and country characteristics are resddvom World Bank’s World Development Indicator (WDI) Datse. Definitions of variables as well
as descriptions of the data sources are given in Table llenMppendix. The regressions include all banks from our samyle apply a panel regression with
time-fixed and bank-fixedffects using heteroskedasticity-robust standard errovglues are in parentheses, *, **, and *** indicate statiatisignificance at the

10%, 5%, and 1% levels, respectively. Adf R adjusted R-squared.

Model (1) Model (2) Model (3) Model (4) Model (5) Model (6) Meti(7) Model (8) Model (9)
Dependent variable dynMES dynMES dynMES SRISK SRISK SRISK ACoVaR ACoVaR ACoVaR
Bank-level characteristics
Total Assets 0.079 0.024 0.011 31300000.000 32000000.0 *** 32300000.000 il 0.003 0.002 0.005
(0.138) (0.668) (0.866) (0.000) (0.000) (0.000) (0.600) .6%0) (0.440)
Market-to-book 0.028 0.017 0.020 -1156282.000 -62193.120 167304.400 -0.002 -0.003 -0.004
(0.106) (0.427) (0.414) (0.174) (0.952) (0.881) (0.386) .398) (0.352)
Leverage 0.000 0.001 0.001 ** 7853.740 5179.602 17828.980 .0000 0.000 0.000
(0.920) (0.102) (0.031) (0.650) (0.846) (0.527) (0.934) .118) (0.103)
Non-interest income -0.032 * -0.034 -0.044 * -328575.200 574848.000 957892.100 0.002 * 0.002 0.003 **
(0.083) (0.101) (0.090) (0.882) (0.586) (0.749) (0.088) .116) (0.049)
Cash and Due from Banks -0.299 -0.731 -0.998 * 15300000.000 490@000.000 55700000.000 * 0.055 0.072 0.098
(0.301) (0.209) (0.088) (0.583) (0.294) (0.096) (0.221) .390) (0.228)
Loans 0.014 0.020 -0.032 -12000000.000 -8641442.000 ACRmMO00 * 0.003 0.009 0.014
(0.799) (0.800) (0.680) (0.126) (0.204) (0.090) (0.624) .388) (0.179)
Loan Loss Provisions 0.945 0.789 0.824 176000000.000 1BA0o00 bl 186000000.000 *x -0.020 0.020 0.037
(0.178) (0.142) (0.178) (0.123) (0.030) (0.023) (0.723) 7%3) (0.579)
Tier 1 Capital -0.006 * -0.006 * -0.007 * 310870.100 36193875 64883.280 0.001 Fokk 0.001 Fork 0.001 Fork
(0.056) (0.079) (0.062) (0.276) (0.861) (0.779) (0.001) .008) (0.007)
Debt Maturity 0.047 0.042 0.067 -2125289.000 454961.400 22233.000 -0.003 -0.003 -0.004
(0.162) (0.368) (0.238) (0.412) (0.867) (0.605) (0.280) 432) (0.420)
Deposits -0.033 -0.108 -0.175 -14600000.000 -18600@.0 * -11700000.000 0.019 * 0.018 0.022 *
(0.735) (0.390) (0.217) (0.086) (0.055) (0.193) (0.079) .188) (0.098)
Performance -0.013 -0.005 -0.012 21413.270 6746.547 18220 0.003 ** 0.003 i 0.004 b
(0.237) (0.631) (0.284) (0.977) (0.993) (0.803) (0.011) .006) (0.003)
Interconnectedness 0.127 ** 0.056 0.035 464831.600 332800 8360315.000 * 0.017 il -0.014 ** -0.015 **
(0.028) (0.394) (0.672) (0.916) (0.444) (0.088) (0.001) .018) (0.041)
Country characteristics
GDP Growth -0.010 * -0.009 * -0.008 -629974.800 -1075250.00 ** -790584.800 0.000 0.000 0.000
(0.075) (0.091) (0.128) (0.312) (0.037) (0.127) (0.839) .556) (0.686)
HHI 0.355 il 0.563 il 0.548 * 48700000.000 Fokk 31800000.0D 44700000.000 *x -0.043 *x -0.020 0.003
(0.003) (0.002) (0.067) (0.000) (0.135) (0.037) (0.013) .370) (0.924)
Stock market importance -0.693 *x -0.872 bl -1.321 Fokk 74882.000 -24300000.000 -11000000.000 -0.011 -0.010 0.018
(0.011) (0.001) (0.000) (0.814) (0.211) (0.559) (0.604) .692) (0.552)
Regulatory environment
Activity Restrictions 0.005 -0.015 -2400312.000 i -684436.600 0.001 0.003 **
(0.533) (0.272) (0.007) (0.407) (0.139) (0.034)
Capital Regulatory Index -0.004 -0.007 1405214.000 ** 831316.300 0.000 0.001
(0.507) (0.352) (0.011) (0.132) (0.574) (0.241)
Independence of Supervisory Authority -0.003 -0.003 369760.100 -435784.900 -0.001 -0.001
(0.787) (0.827) (0.723) (0.690) (0.474) (0.426)
Official Supervisory Power 0.005 * 0.000 -557849.200 * -313999.600 0.000 0.000
(0.063) (0.936) (0.090) (0.366) (0.924) (0.248)
Private Monitoring Index -0.015 il -0.022 *x 913393.500 57%1.000 -0.001 0.000
(0.035) (0.021) (0.279) (0.410) (0.392) (0.696)
Moral Hazard Index 0.038 hid 307696.400 -0.004 i
(0.015) (0.866) (0.006)
Bank-fixed défects Yes Yes Yes Yes Yes Yes Yes Yes Yes
Time-fixed dfects Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 662 521 464 662 521 464 662 521 464
R2 0.426 0.493 0.508 0.581 0.557 0.566 0.574 0.579 0.601
Adj. R2 0.402 0.46 0.471 0.563 0.528 0.533 0.555 0.551 0.57




Table V: Bank-specific and regulatory interactions.

Panel A, B and C report the results of our baseline regre$sianTabl€ 1V over the period 1999-2012 using Dynamic
MES, SRISK andACoVaR respectively as our main dependent variables. Irtiaddd our multivariate analyses, we
include several interaction terms. The sample consistd dffiblicly traded international banks from 40 countries
with assets in excess of $ 50 billion over the period 199922@&tock market data are retrieved frdimomson Reuters
Financial Datastreanwhile financial accounting data are taken from Werldscopedatabase. Regulation variables
come from Barth et all (2013) and country characteristiesairieved from World Bank’s World Development Indi-
cator (WDI) Database. Definitions of variables as well acdpsons of the data sources are given in Table Il in the
Appendix. Again, we apply a panel regression with time-fiaed bank-fixed fects using heteroskedasticity-robust
standard errors. P-values are in parentheses, *, **, andrdicate statistical significance at the 10%, 5%, and 1%
levels, respectively. Adj. Ris adjusted R-squared. We suppress thefments of our control variables for brevity.

Panel A: Regressions of banks’ dynamic MES

@ 2 (3) 4) (5) (6) (7 (8)
MES MES MES MES MES MES MES MES
Moral Hazard Index Tier 1 Capital -0.002
(0.728)
Crisisx Tier 1 Capital -0.008*
(0.090)
Total Assetsx Interconnectedness -0.070
(0.612)
Cash and Due from BanksInterconnectedness 2.286
(0.669)
Crisisx Cash and Due from Banks -0.051
(0.943)
Crisisx Moral Hazard Index -0.032
(0.229)
InterconnectednessCrisis -0.192*
(0.085)
Interconnectedness Debt Maturity 0.220
(0.252)
N 464 416 464 464 416 416 416 464
R2 0.509 0.493 0.509 0.509 0.490 0.494 0.493 0.510
adj. R 0.470 0.446 0.470 0.470 0.443 0.447 0.446 0.471
Panel B: Regressions of banks’ SRSIK
(1) 2 (3) ) (5) (6) (Y] (8)
SRISK SRISK SRISK SRISK SRISK SRISK SRISK SRISK
Moral Hazard Index Tier 1 Capital -255349.0
(0.380)
Crisisx Tier 1 Capital 222850.3
(0.544)
Total Assetsx Interconnectedness 57100000.0%**
(0.000)
Cash and Due from BanksInterconnectedness -601094.7
(0.998)
Crisisx Cash and Due from Banks 37400000.0***
(0.000)
Crisisx Moral Hazard Index -71482.0
(0.958)
InterconnectednessCrisis 1184517.0
(0.897)
Interconnectedness Debt Maturity -21300000.0*
(0.095)
N 464 416 464 464 416 416 416 464
R2 0.567 0.581 0.645 0.566 0.581 0.580 0.580 0.568
adj. R 0.532 0.542 0.617 0.532 0.542 0.542 0.542 0.534
Panel C: Regressions of banksCoVaR
() (2) (3) (4) (5) (6) (7) ®)
ACoVaR ACoVaR ACoVaR ACoVaR ACoVaR ACoVaR ACoVaR ACoVaR
Moral Hazard Index Tier 1 Capital 0.001**
(0.011)
Crisisx Tier 1 Capital 0.000
(0.687)
Total Assetsx Interconnectedness 0.008
(0.418)
Cash and Due from BanksInterconnectedness -1.576*
(0.020)
Crisisx Cash and Due from Banks -0.007
(0.921)
Crisisx Moral Hazard Index 0.007*
(0.055)
InterconnectednessCrisis 0.013
(0.411)
Interconnectedness Debt Maturity -0.034
(0.146)
N 464 416 464 464 416 416 416 416
R2 0.611 0.638 0.602 0.627 0.637 0.653 0.638 0.64
adj. R 0.58 0.604 0.57 0.598 0.604 0.621 0.605 0.606
Time fixed dfetcs Yes Yes Yes Yes Yes Yes Yes Yes
Bank fixed éfects Yes Yes Yes Yes Yes Yes Yes Yes
Bank characteristics control Yes Yes Yes Yes Yes Yes Yes Yes
Country characteristics control Yes Yes Yes Yes Yes Yes Yes es Y




Internet Appendix to
“Systemic risk, bank capital, and deposit insurance
around the world”

This Internet Appendix contains several additional Figuaad Tables that present the results of
further analyses and robustness checks.



Table IA.I: Correlations of independent variables.

This table shows the correlations between the independeiatbles used in our main regressions. The sample con$i2is ublicly traded international banks

from 40 countries with assets in excess of $ 50 billion overglriod 1999-2012. Stock market data are retrieved ffbmmson Reuters Financial Datastream
while financial accounting data are taken fromtherldscopelatabase. Regulation variables come from Barthlet al. [28-iBcountry characteristics are retrieved
from World Bank’s World Development Indicator (WDI) Datatea Definitions of variables as well as descriptions of thta daurces are given in Talilé Il in the

Appendix.

Market- Non- Cash Loan Inter- Act. Capital Inde. @ic. Private
Total to- interest & Loss Tier 1 Debt Perfor- connected- GDP estR- Reg. of Superv. Moni.
Assets book Leverage income Due Loans Prov. Capital Mgturit Deposits mance ness Growth HHI ctions Index Superv. Power ndex
Total Assets
Market-to-book | -0.1187
Leverage 0.1864 -0.4672
Non-interest income | 0.2196 0.0296 -0.0956
Cash & Due | -0.1543 0.1083 -0.0648 0.0372
Loans | -0.6029 0.0255 -0.1332 -0.3644 -0.0172
Loan Loss Prov. | -0.0384 -0.1459 -0.0059 0.0617 0.3447 -0.0473
Tier 1 Capital 0.0833 -0.1366 0.1208 0.1754 0.2346 -0.3469 0.2576
Debt Maturity -0.2978 -0.3028 0.0047 -0.1443 0.1093 0.3616 0.1339 -@.135
Deposits -0.2889 0.1222 -0.4259 -0.0136 0.2282 0.2236 0.1517 0.1443 0.071
Performance | -0.0609 0.2200 -0.1636 0.0069 0.0197 0.0006 0.0862 -0.029 0.0569 -0.0391
Interconnectednesy  0.2075 -0.0582 -0.0689 0.1096 0.0843 -0.1934 0.1781 0.0376-0.0357 0.1147 -0.1456
GDP Growth | -0.0750 0.4297 -0.1830 -0.1140 0.3447 -0.0513 -0.1185 08®2  -0.0100 0.1081 0.1256 -0.0480
HHI 0.0506 0.2802 -0.1232 0.0871 -0.2345 -0.2101 -0.1597 0.199 -0.4451 0.2722 0.0873 0.0080 -0.0111
Act. Restr. -0.1832 -0.2614 -0.1746 0.0864 0.1966 0.0517 0.2346 -6.035 0.3532 0.2779 -0.1373 0.2163 -0.1715 -0.2701
Capital Regulatory Index| 0.0646 -0.0437 0.0131 -0.0147 0.1003 0.0064 0.0355 0.0128 .1668 -0.0276 -0.0681 -0.0535 0.1712 -0.3735 -0.0372
Independence Superv. Authority 0.0953 -0.1161 0.0969 0.0624 0.1573 -0.1901 0.0444 0.3724 0.0433 0.2428 -0.1105 0.1818 0.0533 0.3467 -0.0126 0.2027
Off. Superv. Power [ -0.0427 0.0555 -0.1600 0.0892 0.2169 -0.0729 0.2675 0.2085 0.0466 0.3713 -0.2084 0.2897 0.0485 -0.1051 0.1521 0.2444 1730
Private Monitoring Index | -0.0002 0.0516 -0.1385 0.0551 -0.1006 -0.0205 0.121 0.0611-0.0367 0.3417 -0.2134 0.1319 -0.0545 0.1349 0.1077 -0.059-0.2029 0.4668
Moral Hazard Index |  0.1648 -0.1237 0.0414 0.0262 -0.5466 -0.1202 -0.1502 3205 -0.211 -0.1984 0.061 -0.0485 -0.3932 0.3384 -0.1195 2271 -0.0846 -0.1446 0.0347
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