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Therole of on- and off-balance-sheet lever age of banksin
thelate 2000s crisis

Abstract

Extensive regulatory changes and technological advances have treetsfoanking
systems to a great extent. Banks have reacted to the challpaoged by the new
operating environment by creating new products and expanding theitiestto
some uncharted business areas. In this paper, we study how modern lémiking
gave birth to the off-balance-sheet leverage activitiextaffiethe risk profile of U.S.
banks as well as the level of systemic risk before and aieoriset of the late 2000s
financial crisis. Towards this, we separate on- from off-balaheet leverage and
capture the latter with different, yet complementary, measuhésh do not exist in
the current literature. Special attention is paid on the delgiey process that
occurred in the banking market after the crisis erupted, whichnisdalitional
innovative feature of this study. Our findings reveal that leveragth explicit and
hidden off-the-balance-sheet, increases the individual risk of bankimg fnaking
them vulnerable to financial shocks. Reverse leverage, on the othershbedeficial
for individual banks’ health, but is found to be harmful for financial BtabWe also
demonstrate that the banks which concentrate on traditional linesiofess typically

carry less risk compared to those involved with modern financial instruments.

Keywords bank leverage; deleveraging process; individual bank risk; systemic rigkGifiherisis
JEL classificationiC23; C26; D02; G21; G28
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1. Introduction

The late 2000s financial crisis, whose origins can be traced iisithge delinquencies in the
U.S. subprime mortgage market in 2006 and the succeeding collapse in hpyicsgagn August
2007, has revealed several inadequacies in the functioning of theifihaystem: loose
monetary policies, performance-based remuneration practices, afidignefregulatory and
supervisory rules in the years preceding the crisis are amtheggerceived causes of making
the entire system more vulnerable to shocks. A factor which aseceko the aforementioned
shortfalls and is identified in the current crisis literatase having a substantial role in the
buildup of severe structural weaknesses and adverse market dyrduming the pre-crisis
period is the high leverage of financial institutions worldwide.

In general terms, leverage is viewed as one of the main undeidanhges of banks’ balance
sheets. Traditionally, leverage arises directly through fbdelt where the most popular types
of debt are bonds and credit lines. Nevertheless, in the years before théamisisg firms were
deemed to have leveraged their positions to a much greatet thae they used to by taking
advantage of financial engineering techniques, which allowed tbemansfer a large part of
their leverage off their balance shek®herefore, a significant degree of leverage was assumed
implicitly, in the sense that it was not recorded on the balaheet of bankddowever, shortly
after the crisis erupted, financial organisations sought to delgeetheir positions thus
amplifying the already existing downward pressure on assetspwbich, in turn, encouraged
the deleveraging spiral even further. This procyclical proesssexacerbated by the large size
and the systemic importance of the financial institutions theatwengaged in the off-balance-
sheet activities. Overall, the malfunctions of the banking industmglly affected the rest of the
financial system resulting in a massive contraction of liquiditgd credit availability which,
shortly later, exerted a serious adverse influence on the real economy.

Even though the impact of leverage on the health of the financiahsysas been discussed
in several policy and academic studies (see, e.g., CRMP Report, G@gilaw et al., 2008),
not enough empirical evidence has been gathered to provide definiterabout the relevance
of leveraging and the role of deleveraging in the propagation and patlmmgf the latest

financial crisis. Along these lines, little attention has begid to the overall leverage behaviour

It is true that the corporate financial sector &B® engaged in high-leverage business projeétsebthe onset of
the crisis. However, this issue is out of the saoijhe current study.
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of banks in the sense that the extant literature mainly focusé® dratlitional on-balance-sheet
leverage, neglecting, to a great extent, the importance of fhieiinteverage in the operation
and the soundness of the banking system. In this paper, we make an aitéithpart of this
void by empirically assessing how modern banking, which gave birthetoft-balance-sheet
leverage, has affected the health of the U.S. systemically important baokapgnies as well as
the level of risk of the entire U.S. banking system before awd tife onset of the late 2000s
crisis. To this aim, we separate on- from off-balance-steetrdge activities and capture the
latter set of activities with different, yet complementarygasures which do not exist in the
current literature. Importantly, we devote special attentiorhéodeleveraging process which
took place in the banking market after the crisis erupted.

Our findings reveal, among other things, that on-balance-sheet lehasagenegative impact
on the health of individual banks as well as on the stability ofytsters. By the same token, we
find that the different types of off-balance-sheet leveragaegatively linked to the soundness
of the banking system as a whole. This result is even strongesdarsgstemic risk is considered.
Reverse leverage, on the other hand, has beneficial effectsdmdiuial banks’ health, but
increases the fragility of the entire system. We also demateghat the banks that concentrate
on the traditional activity of taking deposits from households and mabans to agents who
require capital carry less risk to the system compared to hahich are involved with new
financial services. On the whole, our results provide a better uadensg of one of the root
causes of the global financial crisis and contribute to theussen on the restructuring and
strengthening of the existing regulatory framework for banks.

The remainder of the paper proceeds as follows. In Section 2, ménexaow on- and off-
balance-sheet leverage as well as reverse leveragenkee lio the soundness of individual
banks and to the health of the banking system; both an empirical badratical approach are
taken to illustrate the aforementioned relationships. Section 3 pravidescription of the data
set and a justification of the variables used in our baseline ealpamalysis; the regression
model, together with the descriptive statistics and the estmatethodology are also presented
in this section. Section 4 then reports and discusses the empesals, which are subjected to
robustness checks in Section 5. The policy implications of our findihgsy awith the

concluding remarks are presented in Section 6.
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2. The nexus between leverage, reverseleverage and risk in the banking system
2.1. An empirical perspective

Generally speaking, bank leverage refers to the use of debt in figamew assets and
investments. Regarding the on-balance-sheet leverage of barkss tielated to the use of
deposited funds or any other balance sheet items like, for instaomods to supplement banks’
equity capital in financing fresh loans and investments. Banks ettadhe granted loans will
produce a higher rate of return compared to the interest ratindlyshave agreed to pay to their
depositors (or, investors in the case of bonds). If the loan/investetant rates turn out to be
lower than anticipated, the bank’s equity capital (or net wortH)imalitably shrink since the
bank will have to cover the difference between deposit and lending rates by getsoitsnequity
capital. Further, if we presume that a loan fails to perform andht@dank is not able to recover
it, the loan will be charged off, implying that the institution will lose an amount etsasgual to
the loan loss. Charge-offs will have an impact on the liabilgide of the bank’s balance sheet
as they will reduce the bank’s net worth by the amount of the@s=rall, equity is viewed as a
buffer against the losses a bank suffers in case loans -or othennvaskments- go sour.
Apparently, if several -let alone many- borrowers default on tigigations, then the equity
capital will be in peril. Should nonperforming and defaulted loans acctanuldich is a
common phenomenon in bad economic times, equity capital would disappear. ,lrorsum
balance-sheet leverage maps the riskiness of a bank’s ass&npwdad the riskiness of its
equity stake.

Leverage can also be traced off the balance sheet of bangagsations. Specifically, in
the years running up to the crisis, banks have been transferring af faetr leverage and the
accompanying risk off their balance sheets mainly through #rgagement in securitisation
activities and Over-The-Counter (OTC) derivatives trading. Botbetluadertakings are strongly
linked to the so-called ‘regulatory arbitragehis sort of arbitrage refers to the response of banks
to regulatory restrictions (especially those on capital reqeinesh that were imposed by Basel |
and Il. In more details, regulatory arbitrage is the gametaikats place between banking firms
and regulatory authorities, whereby the former innovate and developimawiél instruments

in order to elude the scrutiny of supervisors and increase theinsetaind the latter tighten the
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rules to avoid excessive risk-taking with the utmost purpose tousatkghe stability of the
financial systent.

Securitisation was mainly achieved through the setup of Asste@aCommercial Paper
(ABCP) conduits and Structured Investment Vehicles (SIVs) wharks could transfer large
portions of their assets. More concretely, a considerable amount ohfsetk was transferred to
the above-mentioned investment pools, whilst, at the same time,ptmsosing banking
institutions were providing these pools with liquidity and credit enhraroés (or backstops) in
order to ensure funding liquidity for them. Those backstops could attremt charge under
Basel Agreements and were funded mostly by short-term sisedrdebt and only by very little
equity capital -or any other long-term investments- which has besysalostly for banks. In so
doing, the sponsoring institutions were able to free up capital and,h@ginate more assets -
generally of lower quality (like, e.g., subprime mortgage Ipathait were typically hidden in the
so-called shadow banking systértherefore, banks deliberately avoided issuing new equity
capital in order to originate new assets and, more generallynancé their activitie$.As a
consequence, conduits and SIVs contained a significant degree of bamigéeaad risk in an
implicit form that was achieved through the structuring of fihancial instrumentper se
Nonetheless, under the aforementioned business scheme of funding which had come to be known
as the ‘originate-to-distribute model’, investors in conduits and Slvsld return the assets
back to the originating bank once they suffered a loss; and ban&simageed, legally obliged to
take bad assets back on their books. This is to say, asset rigtillasrdened the sponsoring
institutions.

Derivative products, on the other hand, grew up as part of an effoettey manage the
investment risks amongst international market participants. In fepederivatives trading
facilitated capital flows worldwide by unbundling and more effidien¢allocating the various
sources of risk which were associated with traditional banking pmducth as bank loans,

bonds, and securities. Hence, the financial innovation of introducing ders/atveapital

2 For a thorough discussion of regulatory capithlteage through derivative instruments, see Bré2@92).

% Shadow banking consisted of non-bank financiditirtons like hedge funds, insurance funds, investt funds,
pension funds, SIVs, conduits, to name the mosbitapt ones. Some of these institutions, like Sdvd conduits,
are not in operation anymore.

* Banks were very keen on engaging in securitiséititiees not only because they could qualify fowkr capital
requirements, but also because securitisation leéxtra advantage of generating fee income. FHdasod have to
be returned in case securities suffer losses thmgding banks with an additional incentive to stire products
and leverage their positions even further.
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markets allowed the rather traditional arrangements of ridketoedesigned in order to better
meet the desired risk profiles of the issuers and holders of these instruments.t Tiffeoemtly,
through the use of derivatives, a part of risk is taken away fngesiors who are not willing to
undertake it and move towards those who are more risk-lovers and thaswitlorg and
(probably) more able to bear it.

While the risk-shifting function of derivatives can play the usefiel of hedging and thereby
facilitating capital flows, derivatives can at the same toreate new risks for the health of
banking institutions and for the soundness of the system. The extensivd dseivative
contracts is likely to lead to a lower degree of transpardetyween counterparties and also
between regulators and market investors which can potentially harstability of the financial
system. This holds true especially for derivative products whighraded over-the-counter and
are directly related to the off-balance-sheet leverage expagubanking enterprises. Indeed,
derivatives are traded in two main ways: either on exchangese trading is public and can be
regulated by governments while observed and controlled by marketigearts, or in the OTC
markets where trading is non-public and remains outside authoritjgsvésion and regulation.
That is, unlike derivatives trading on stock exchanges, transactiotie i@ TC markets are
neither registered nor systematically reported to the pulbii, as such, comprehensive
information on them is limited.

In addition, derivatives can be utilised for non-productive purposes swasoidsng capital
adequacy requirements (what has been already mentioned astwegwrbitrage’), evading
taxation, manipulating accounting figures, and misleading creditgraggencies. For instance,
derivative products can be used to raise the level of market nisese relative to the bank
capital in the pursuit of banks for higher-yielding investment oppdi#sniln case of an
unexpected or a sharp change in the exchange rate or any othet pneé® the larger the
amount of market exposure -most likely created by open positicthearivatives contracts-, the
greater will be the effect on the asset portfolio of individual bamd; hence, on the banking
sector as a whole. In this regard, the use of derivatives to rétieenount of capital which acts
as a cushion to market turmoil raises the risk of bank failure aigtitees doubts about the
soundness of the entire sector.

As is apparent from the discussion so far, leverage, either on{-thiedfalance-sheet of

banks, can be potentially harmful for the stability of the finangyatem. Equally, if not more
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harmful than leverage itself is the so-called ‘reverse Igerar ‘deleveraging’, which refers to
the phenomenon in which financial intermediaries all attempt tmksltheir balance sheets
together by selling part of their assets or by reducing their debt witthigepurpose to return to
a safe level of capital. When a significant number of banks attengleverage their balance
sheets with the aim to strengthen their leverage ratios, vatesiabilising factors can be set in
motion. If, for instance, several institutions attempt to sell phatheir assets at the same time,
the market prices of these assets will almost immedididilyespecially in the case that the
selling assets are of the same class (e.g., mortgage hwarssng assets, etc.). Asset prices will
then decline to the point where the sale proceeds will not retinegd debt to improve leverage
ratios. In fact, ratios may actually deteriorate. Banks williurn, hold off selling as long as
possible and the market will freeze up. As a consequence, a largeevaldrard-to-value assets
carried by highly leveraged institutions is looming over the etarkOverall, any serious fall in
asset prices, or any large losses in loans or securitiagyarut in cash flows can exert reverse
leverage effects on the system. Arguably, the deleveraginggsquuts additional downward

pressure on financial markets, especially in a system that consists oflaigitgged banks.

2.2. A theoretical perspective

In a theoretical analysis of the causes of the late 20@0s, &runnermeier (2009) focuses on
the U.S. banking industry to claim that the traditional relationshipnbssi model, in which
banks issue loans and hold them until they are repaid, has been réplacadw model. Under
this new model, financial engineering techniques help banks to poaahs, Islice them into
tranches, and sold them to both primary and secondary markets otidtisation. This
transformation has, on the one hand, weakened the ability of banksiimmtbe incentives of
the agencies involved in this ‘originate-to-distribute-processle, on the other, it has increased
the possibility for investors of holding a large amount of secanitighout fully understanding
the associated risk.

Van Oordt (2013) makes an attempt to shed more light on the dark sligersification. He
constructs a theoretical model to show that tranching plays portamt role for the economy
from both microprudential and macroprudential perspectives. Regahdirfgriner perspective,
tranching is found to promote a fall in the likelihood of individualuigs beyond the minimum

level that could be achieved by linear diversification policidss Tatter kind of policies is
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referred to the diversification of asset holdings by the construcfilinear combinations of loan
portfolios. In fact, Wagner (2010), again in a theoretical modellimgext, illustrates how linear
diversification can lead to an upsurge in the probability of joirurfes amongst financial
institutions and, hence, to an increase in the level of systersic fiurning to the
macroprudential view, Van Oordt (2013) proves that tranching dfierepportunity to banks to
adopt diversification strategies which are non-linear, and that ti@slinearities can reduce the
bankruptcy risk of individual institutions beyond the minimum level @dtale by linear
diversification. Importantly, these non-linear diversification peicare not found to increase
systemic risk.

Kiff and Kisser (2013) investigate the economics of securdisaiomparing the results of
equity and mezzanine tranche retention in the context of systiskienoral hazard, accounting
frictions and funding distortions. They show that loan screening @ctszimaximised via the
maximisation of due diligence when the bank which originates the rei@ms the equity
tranche. Moving further into the heart of securitisation puzzle, évauate the relevance of
market frictions in their conclusions testing whether equity orzam@me tranche retention
maximises the profits of banks. They document that, in case capital structleveaince does not
hold and the costs of debt and equity are very high, mezzanine tratehigon is more likely to
help banks maximising their profits.

Regarding the derivatives trading activity of banks, Fabozzi and Cho(2flt§) argue that
the use of credit derivatives allow banks to increase the useamescapital by means of risk
mitigation where, at the same time, help them to improve their managemegtiaitory capital.
Duffee and Zhou (2001) and Morrison (2005) develop two theoretical models wincmskeate
how credit derivatives markets can reduce economic welfare. Stteay that credit risk transfer
can lead to a decline in welfare through contagious effectscmharm the stability of the
entire system. More specifically, Morrison illustrates theddit derivatives can destroy the
signaling value of debt and this may cause disintermediation and welfardoeduct

Turning to reverse leverage which typically takes place dudagoenic downturns, Cornett
et al. (2011) demonstrate that the pressure for banking firmdeweedage after the onset of the
crisis was exacerbated by the fact that they had to honour gmmomitments to credit lines

which were mainly nominated in U.S. dollars. They further show ttiatsharp decrease in
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leverage is due to the need of banks to dump off risky assets. Thesgnprextent to which

financial institutions deleveraged during the crisis is also discussedisn/aird Shin (2010).

3. Empirical analysis
3.1. Description of the data set

Our empirical analysis is based on a data set that consZsbf. banks as reported in the
Table 1 that follows. These banks are of the same institutjps &g they are all defined as
‘Domestic U.S. Financial Holding Companies’ by the National Intram Center of the Federal
Financial Institutions Examination Council (NIC/FFIEC). The sampkitutions have been
selected primarily on the basis of their systemic importaaseve discuss in detail below) and
the degree of their off-balance-sheet exposure as documented BattieDerivatives Reports’
of the Office of the Comptroller of the Currency (OCC).

Tablel
Sample of banks. This table reports the 20 U.Skdbarmich are employed in our empirical analysis.

Bank name

1. BANK OF AMERICA CORP. 11. JP MORGAN CHASE & CO

2. BANK OF NY MELLON CORP. 12. KEYCORP

3. BB&T CORP. 13. NORTHERN TRUST CORP.

4. CAPITAL ONE FINANCIAL CORP. 14. PNC FIN. SERVICES GROWR.
5. CITIGROUP INC. 15. REGIONS FINANCIAL CORP.
6. CITY NATIONAL CORP. 16. STATE STREET CORP.

7. COMERICA INC. 17. SUNTRUST BANKS INC.

8. FIFTH THIRD BANKCORP 18. US BANK CORP.

9. FIRST HORIZON NATIONAL CORP. 19. WELLS FARGO & CO

10. HUNTINGTON BANKSHARES INC. 20. ZIONSBANKCORP.

We incorporate a larger number of institutions in our analysis cechparprevious studies
(see, e.g., O'Hara and Shaw, 1990; Flannery & Sorescu, 1996; De MMitol&wast, 2002)
which are also focused on Systemically Important Financigitutisns (SIFIs)> The 20 banks

of our sample possess more than 50% of the entire sector'siss&k, whereas their relative

> A sample of the more recent works that belong élthrgeoning crisis literature and focus exclugivet large,
systemically important financial institutions areose of Huang et al. (2009) that constructs a freonle for
measuring and stress testing the systemic riskRdf.5. major commercial and investment banks, Adaiad Shin
(2010) that examines the procyclicality in leveragethe 5 biggest U.S. investment banks beforectims, and
Patro et al. (2013) that uses the 22 largest conialemd investment banks in U.S. to analyse thevamce of stock
return correlations in assessing the level of syiteisk.

® This percentage is based on the average size&bfssanple bank as measured by the ratio of a basksts to the
sector’s total assets over the whole data period.
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importancei(e., their relative size) is getting higher throughout the datagéth fact, the U.S.
federal authorities have been reluctant to let any of them to goupdrds this would have
shattering effects on the entire financial system. To providaegsupport to this argument, we
mention that all sample banking firms are amongst the top 50 Holding#&uas as reported in
the relevant list of the NIC/FFIEC. Further, not a singletgmatinong those failed or acquired by
some other financial institution from the beginning of the crisisavdwis included in our data
set. To the contrary, all sample banks have received significamicial assistance from the U.S.
government through the Troubled Asset Relief Program (TARRY@icg to data from the U.S.
Department of Treasury. It is also important to note that, ity 2809, the U.S. government
performed a series of stress tests on the 19 largest banks atihmies that were of systemic
importance for the economy. Under that exercise, which was chaneSupervisory Capital
Assessment Program (SCAP), each bank would need to safeguatdh#uasufficient capital in
case the economy got even worse. All the 14 commercial pure bamjanisations which took
part in SCAP in 2009 are included in our saniple.

To sum up, we have constructed a homogeneous set of banks which provide tbke bulk
financing to industry and households in U.S. and elsewhere, meaning #rat of them were
allowed to fail, this would inevitably causeter alia, serious systemic liquidity shortages in the
economy’ As a consequence, our data set is very representative of thatiogédrehaviour’ of
this very special category of banking firms (that is, thEls$land also of the way the U.S.
banking industry operates as a whole. We, therefore, expect to egatingful and robust
empirical results.

On the basis of the discussion so far, it does not come by sutipsisehe banking

organisations that comprise our data set have been engaged indittonrathbanking activities

" Several prominent studies focus on the biggest Ba®k Holding Companies -on the basis of theiatie¢ size-
that account for approximately half of the totaBUbank population: Keeley (1990), Demsetz andh&trg1997),
Galloway et al. (1997), just to name a few.

8 Five of the institutions which participated in SEAvere not part of the commercial banking industhese were:
American Express Company, GMAC Inc., Goldman SaGhsup, Inc., Metlife Inc., and Morgan Stanley.
Apparently, none of these institutions is includedur analysis.

® SCAP was limited to Holding Companies with totssets not less than $100 billion. Based on U.SaRement of
Treasury data, the 14 banks that were qualifiggarticipate in SCAP and take part in our sampletlz@efollowing:
Bank of America Corp., Bank of NY Mellon Corp., BB& orp., Capital One Financial Corp., Citigroup.|r€ifth
Third Bankcorp., JP Morgan Chase & Co, Keycorp, PNi@ncial Services Group Inc., Regions FinanciatpG
State Street Corp., Suntrust Banks Inc., US Barmp Cand Wells Fargo & Co.

10 Clearly, institutions other than commercial baliks, for instance, insurance companies (e.g., AGinvestment
banks (e.g., Lehman Brothers) also had a systestécand largely contributed to the emergence ottiss.
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to a much greater extent than their smaller counterparts. bardges have indeed been entangled
with a very broad range of bank-related activities, others than pammercial banking activities
like loan granting and deposit taking. These activities are atkpldefined by the Gramm-
Leach-Bliley Act of 1999 and include, amongst others, secumtggding and underwriting,
insurance underwriting, financial and investment advisory servicesgchant banking, and
issuing or selling securitised interests in bank-eligibletassedeed, literature (see, e.g., Rime
and Stiroh, 2003) demonstrates that big banks are very prone to unbaerkeng activities in
contrast to small and mid-sized institutions, which are lesgdiiel and resemble single-line
businesses. Therefore, by relying on a sample that considtsiegly of very large financial
entities, we expect the distinction between on- and off-balan@t-#herage to be clear and
transparent.

The key reason why we restrict our attention on commercial ban#snft, for instance, on
investment or savings banks) is because the commercial bankiagisdmth heavily regulated
and largely supervised. This is in sharp contrast to what holds fastineet banks as well as
near- and non-banks that do not rely on deposits and, hence, do not neednode@poney in
the form of capital. To give an example, the larger U.S. investBank Holding Companies
and their subsidiaries were regulated by the U.S. SecunitteExxchange Commission and were
not subjected to any leverage requirements. Indeed, under the ‘rtel calei, light leverage
restrictions were only imposed (at individual firm level) on theanmt of customer receivables
an investment bank could hold as a multiple of capital. In other widrdsnon-commercial
banking institutions face no significant restrictions on the level of theirdgeer

We believe it is also important to justify at this point whyfa®us our analysis on the U.S.
banking sector. First and foremost, the crisis originated in thelddfSre spilled over to other
economies around the globe. Hence, by looking at the U.S. banking industaye wapable of
better tracing some of the root causes of the current financmbil. Second, the differences in
the accounting regimes can lead to large variations in the affitesheet leverage, which lie at
the centre of the present study. Evidently, Generally Accepteduiting Principles (GAAP)
allowed U.S. commercial banks to treat their SIVs and ABCP conalsiitging entirely off their
balance sheets before the crisis. In contrast, the Internatiomahcial Reporting Standards
(IFRS) that European institutions followed were somewhat ¢tdssant toward off-balance-sheet

business as they required from banks to keep record of this stamnsfon their balance sheets.

11

Page 12 of 82



Along the same lines, the use of IFRS may result in significdigher amounts of total assets
and, hence, lower leverage ratios for the same or similar esggyscompared to the use of U.S.
GAAP. The reason for this is the netting of OTC derivatives, wisiétlowed under the former
reporting systems. More concretely, the netting conditions actestunder IFRS in that the
gross replacement value of derivatives is generally shown on thacbasheet even when
positions are held under master netting agreements with theceaimerparty. To illustrate this
with an example, we examine Deutsche Bank's balance sheet vghigparted under both
accounting principles. In 2009, the systemically important German fiegakted an amount of
total assets of approximately 1.5 trillion euros under IFRS stdsdwhere total assets were
equal to almost 0.9 trillion euros if U.S. GAAP were taken int@aet Given that the reported
equity capital is (more or less) the same under both accoymiimgjples, the on-balance-sheet
leverage ratio for Deutsche Bank in 2009 was much higher in IFR@®svaAnd, of course, this
has been the case for every other accounting year. Apparentlyp? @fo&ided U.S. banks with
more incentives to undertake a higher degree of leverage compardeir European
counterparts. In consequence, our emphasis on U.S. banking organisationsisitovagvelop
more solid measures of their off-balance-sheet leverage erpoand then proceed to
empirically gauge the effects of this exposure on individual bank sosmane on the system’s

health, which are the key issues examined in this study.

3.2. Sample period

The data we employ in our analysis are of quarterly frequanttg@ver the period 2002q1-
2012g3. We do not examine the years before 2002 mainly for two reasoms.tHarswo
international financial crises which erupted in East Asia andussid at the end of the 90s
together with the Long Term Capital Management (LTCM) £ragi1998 all had a destabilising
impact on the U.S. banking system. Second, no considerable regulatoryrasimites reforms
occurred in the U.S. banking market from 2002 onwards, meaning that tfi@p®f banks
has remained largely unaffected by exogenous factors throughoexahened period. In fact,
the latest legislative activity in the U.S. that largelyluehced the operation of the entire
banking sector was the already mentioned Gramm-Leach-Blib¢y#A1999, which opened up
the local market allowing commercial and investment banks, sesufitms and insurance

companies to merge their activities. If any considerable mefdrad taken place in the banking
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regulatory environment during our sample period, it would be highly liteelyave exerted an
impact on the leverage decisions of banks and hence to have biasedutist'réndeed, it is
well-established in the banking literature that regulation stroaffbcts industry structure and
alters the behaviour of banks in terms of performance and rislgtéee, e.g., Brissimis et al.,
2008).

The whole data period is divided into two sub-periods: the earlier one (220Qd42)
includes the years before the outbreak of the crisis, that isebéfogust 2007 when the
difference between the yield on three-month London Interbank Offered (RBOR) and the
yield on three-month U.S. Treasury bills (the so-called TED spwained to 150-200 basis
points relative to a historically stable range of 10-50 basisgpdNpparently, the pre-crisis years
were characterised by stable financial conditions and stromgosuc expansion. The second
period extends from 200793 to 201293 and refers to the crisis period in vitwécicidl
turbulence, uncertainty, and distress prevailed in the ecoffomy.

We perform a simple Chow (1960) test for a structural break diethiening of the crisis
(that is, in 200793), and find strong evidence of a structural changerticulaa, the Chow test
rejects the null hypothesis of no break (or constant parametaes), thereby providing
evidence that the difference in the sub-period regressiongigistdly significant. We further
split the crisis period into two and run a Chow test for the following two periods: 2007g3-200893
and 2008g4-201293. The breakpoint in 200893 is based on the collapse of Lehmann Brothers on
15 September 2008. We basically fail to rejégt thus providing little or no evidence of
structural changes in the on- and off-balance-sheet levesa@bies which we employ in our

analysis and are described below.

3.3. Variables selection
In this Section, we describe the variables employed in oefif@®fconometric model. All

variables together with the relevant data sources are summarised in Apfendix

"t has to be mentioned here that the U.S. goverbrasacted the Sarbanes-Oxley Act in mid-2002 wiité t
purpose to set new or enhanced disclosure stanftard U.S. public company boards including thaédanking
firms. However, that Act had a partial effect oe thperation of the banking industry as it only ¢tegl the listed
banks; further, it was introduced in the very begig of our sample period implying that its overatipact is
reflected in our data.

12 Other recent studies -like that of Cornett e{2011)- also use 200793 as the starting point@ttisis.
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To start with the left-hand-side variables, we measure individo&l $@undness with total
bank risk TOTRISK, which is calculated as the quarterly standard deviation af sample
bank’s daily stock market returf.This metric of risk captures the total volatility of equity
prices for each individual bank. As such, it incorporates credit riskkanask, and liquidity
risk. To calculateTOTRISK we first obtain the weekly (Friday-to-Friday) returns for heac

individual bank using its stock market prices:
Rw =N P —In P (1)

where R, denotes the weeklyv=1, 2, ..., W stock market returns of bamnki=1,2,..., N=20,

and In Pw stands for the natural logarithm of the weekly average of bsusitock market daily
price P, where daily returns are adjusted to account for dividend payoutdaamkdsglits. In the
cases where Friday is a holiday and no stocks are traded, wbeu3&ursday-to-Friday, or
Friday-to-Thursday returns instead. Additionally, when the return givan stock is not
available on a given Friday, that stock’'s weekly return is codadissing. TOTRISKis then

obtained by the following formula:

w=1

w-1

(R, - R)’
=R @

where g, is the quarterlyd=2002q1, 2002q2,..., 2012p8tandard deviation of barils daily

returns andR is the quarterly average of baiik weekly returns. The lower-case sigma is
strongly related to bankruptcy both statistically and conceptuéld/:bank has more variable
cash flows (and, hence, more volatile stock returns), then the baxpeisted to have a higher
probability of bankruptcy.

We measure systemic ris€qVaR relying on the approach of Adrian and Brunnermeier

(2011). CoVaRis the Value at RiskMaR of a financial institution conditional on other

13 Similar risk measures have been used in the stfidgalloway et al. (1997) and -more recently- ot of
Gonzalez (2005) and Wu et al. (2011).
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institutions of the financial system being in distress. They#oal procedure we follow to

calculateCoVaRis as follows:
We start by defining'aR;',,q as thep-quantile of the asset retuRj', that bank will lose with

probabilityp over timeq, whereq, as previously noted, stands for quarters:
Prob(R, <VaR},) =p 3

We then definefoVaR;?;Stem'ias theVaR of the entire banking system (treated as a portfolio of

banks) conditional upon bamkeing in financial distress:
Prob (RY**“™ < CoVaRyy*“™|Ry = VaRby ) = p (4)

.. . . t i
In a similar vein, we defin€oVar,sYstemlinormal

s as theVaR of the banking system conditional

upon bank operating under normal conditionse(, WhenRﬁl is equal to its median level):

Prob (Rsystem < COVaRsystemli,normallRCiI — Ri,normal) =p (5)

q = P4 q
The contribution of bankto the risk of the whole system (systemic risk) is given by:
i i 3 l
ACoVaR} , = CoVaR>*™! — CovaRyystemitnorma (6)

To estimate the contribution of banko systemic risk as given kyCoVaR}, , in eq. (6), we
need to first estimate the two right-hand side terms and theuate their simple difference. To
this purpose, we resort to quantile regression analysis. A quagiession, first introduced by

Koenker and Bassett (1978), estimates the conditional probability thatiable falls below a
given threshold (quantile) when another random variable is also below theysantiée* In the

14 An overview of quantile regression analysis iltatd with a comprehensive empirical application ba found
in Chernozhukov and Umantsev (2001).
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context ofCoVaRmeasurement, quantile regression techniques are preferred cortgéneir
OLS counterparts. In Appendix B, we analytically explain the main reasons belsind thi
We obtairfoVaR;?;Stem'i by running the following two quantile regressions settirgjual to

0.01, which corresponds to the 1% distress level:
R =a'+ B'My_ + €} (7)

systeml|i i i i pi system|i
qu | :asystemll +ﬂsy5tem|qu_1 +}/Sy5tem|lRé + gqy | (8)

where Rf, is the quarterly growth rate of banls total assets conditional on bamnkbeing

system|i

distressed, anf, is the quarterly growth rate of total assets oNadR0 institutions which

comprise our banking system conditional on bableing distressed. Both barnk total assets

and system'’s total assets are expressed in market values.

Similarly, we calcuIatéoVaR;?;“em“'”ormal by running the following quantile regressions at

the 50% level this time, where 50% corresponds to the median lewassef returns under

normal financial and economic conditions:

i,normal _ _inormal i,normal i,normal
Ry —a + Mg_1 + &4 (9)

Rsystemli,normal _

i i i i,normal
. asystemll,normal +ﬁsystemll,normaqu_1 +ysystem|1,normaqu +

egsysteminormal (20)

where R.™"™ is the quarterly growth rate of bails total assets conditional on bank

operating under normal conditions aRi stemlinormal js tha quarterly growth rate of total assets
of all N=20 banks of our system conditional on b@skiormal operation. Like it was the case in
eg. (7) and (8), total assets in eq. (9) and (10) are also expressed in market values.

In eq. (7), (8), (9) and (10M,_, is the one-quarter lag of the vector of the financial and
macroeconomic state variables that influence bank soundness. Theseastbles are: i) the

market return volatility measured with the implied volatility ird®1X) found in the Chicago
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Board Options Exchange Market, ii) the liquidity risk spread mgilbg the quarterly difference
between the 3-month LIBOR rate and the 3-month U.S. T-bill ratéh@ixhange in the slope of
the yield curve given by the change in the quarterly differéeteeen the 10-year U.S. T-bill
rate and the 3-month U.S. T-bill rate, iv) the interest rale diefined as the quarterly standard
deviation of the day-to-day 3-month U.S. T-bill rAtend v) the credit risk, measured by the
guarterly change in the credit spread between the 10-year BAd4pands and the 10-year U.S.
T-bill rate.

We resort to the Im-Pesaran-Shin (2003)’s unit root test for gdateko test for stationarity
of the data series included in the return equations (eq. 7, 8, 9 and X))eSthielies upon the
Augmented Dickey-Fuller (ADF) methodology and, contrary to thaelyiused Levin-Lin-Chu
(2002) test, it allows for heterogeneity in both the constant angloipe terms of the ADF
regression. We incorporate an individual specific constant term arideuest with and without
a time deterministic trend that picks up the non-stochastic influgihcemmon factors on asset
returns across banks over time. The null hypothesis of the InmaPeShin test is that the
considered variables contain a unit root against the alternativehlegobdf stationarity. The test
rejects the null at 1% and 5% significance levels for alesezxcept the liquidity risk spread,
and the credit risk. In other words, only these two data seriebiesome non-stationary
behaviour as shown in Table 2 (Panel A).

Since the levels of liquidity risk spread and of credit riskared to be integrated of order 1,
we express the two variables in first differences with the purpose to remove sh@epwends in
their variances. The differences specification guarantegsathpanels are stationary as we are
able to reject the null hypothesis of Im-Pesaran-Shin’s te&fasignificance level for both
variables, which implies that the non-stationary process thawtheariables follow is a random
walk. Consequently, instead of level series we include the diffedetata series of liquidity risk

spread and credit risk in the return equations (eq. 7, 8, 9 and 10).

!5 This measure describes the changes in interest aaid/or security prices that are expected to havepact on
bank income and on the market value of bank eqliitybe more specific, interest rate risk arisesipnginantly
from mismatches in the durations of assets andlitiab. It, therefore, reveals the interest rayele movements
which influence the deposit-taking and lending\atiéis of banks.
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Table2
Panel unit root test and cointegration test. Panel A refiertgalues otV-statistic from the panel unit
root test of Im-Pesaran-Shin (2003) and the corresporgirajues. All data series included in the
return equations (eq. 7, 8, 9 and 10) in @@®/aRmeasurement are tested for stationarity. The null
hypothesis under study is that of a unit root against the afterrd stationarity. Panel B summarises
the results of the Pedroni cointegration test, which examireesiull hypothesis of no cointegration
between the variables of interest. The Pedroni test relie®ur statistics: the paneistatistic, the
panel PPp-statistic, the panel PPstatistic, and the panel DiFstatistic. These statistics account for
common time factors and heterogeneity across the sample bankingiorstit

Pand A: Panel Unit root test

Variables Im-Pesaran-Shili-statistic p-value
Growth rate of total assets -2.345%* (0.031)
Market return volatility -3.519** (0.028)
Liquidity risk spread -1.810 (0.341)
Yield curve -3.109%** (0.007)
Interest rate risk -2.930%** (0.005)
Pand B: Cointegration test Pedroni test statistics p-value
v-statistic 0.184 (0.150)
p-statistic (PP) -1.593* (0.094)
t-statistic (PP) -0.328 (0.139)
t-statistic (DF) -0.540 (0.111)

*x o+ % correspond to 1%, 5%, and 10% level afysificance respectively for a two-tailed distritort.

In view of the non-stationary characteristics of the datassef liquidity risk spread and of
credit risk and in order to avoid spurious regression problems, we mawveattel cointegration
framework. The cointegration test proposed by Pedroni (1999) is ditiiese to show whether
there exists a long-run relationship between the variables wsiddy. The cointegration
technique of Pedroni has been a significant improvement over conventomaégration
techniques applied in a time series framework, as it allowsadirgegrating vectors to vary
across the members of the panel data set. Examining the nulcofntegration, the Pedroni test
is basically a test of unit roots in the estimated residuals of the panel.

The within dimension approach of the Pedroni test relies on foustistatithe panel-
statistic, the panel Philips-Peron (198&tatistic, the panel Phillips-Peron (198&}atistic, and
the panel Dickey-Fuller (197®statistic. These statistics account for common time facod
heterogeneity across the sample banking institutions. The reshits, are summarised in Table
2 (Panel B), cannot reject the null of no cointegration between the examinddesriéence, no
long-run cointegration relationship can be established.

We now continue with the description of the right-hand side variablesirokmpirical

analysis. We use three measures to describe the on-balaetdestexrage of banks. These
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measures refer to the so-called gross balance sheet levatiagahich is calculated as the ratio
of bank’s total assets to the book value of total equity caditaV), the inverted Tier 1
leverage ratiol(EV?2), and the ratio of total liabilities to book equity capitaE¥3). The latter
two measures are utilised as instruments LfBV1 in the instrumental variables regression
model, which is analytically presented in the following subsectiorthat subsection, we also
discuss why all the on- and off-balance-sheet leverage meastrels are presented in the
current paragraphs are introduced in our model in first differences insteaelsf le

Several various measures of banks’ off-balance-sheet levehagje ave complementary to
each other are employed in our econometric analysis. More telycnee capture derivatives
leverage by using the on-balance-sheet asset equivalent compotieateaposure implied by
the off-balance-sheet derivative contracts. This measure isla@ad by the ratio of credit
equivalent amount of OTC derivatives outstanding to book equity capiERI(EV) and maps
the off-balance-sheet derivatives positions of the sample banks logitoon-balance-sheet
equivalents. We instrumemERLEV1with the credit exposure across all derivative contracts
divided by the bank regulatory capital which is given by the suffiefl and Tier 2 capital
requirements BERLEVJ, and with the ratio of trading revenue from derivatives actsvite
total revenueERLEV3J.'®

In addition to the derivatives activities of banks, we also medsan securitisation through
conduits and other special vehicles. As earlier discussed, numerousihshother assets were
securitised and sold to other institutions in the years precedingisiee The originating banks,
however, retained the servicing rights to the bundle of securlbaed. We thus report the ratio
of the outstanding principal amount of loans and other assets sold@andised with servicing
retained or with recourse or any other credit backstops providedatoagstets SECLEV] to
capture the magnitude of banks’ off-balance-sheet leverage dusetiosasuritisation activity.
SECLEVl1is instrumented with the amount of credit exposure arising framuree or other
seller-provided credit enhancements to SIVs and other conduits dividetbtdly assets
(SECLEV2.

16 A detailed explanation of the derivation and theperties oDERLEV2can be found in Breuer (2002).
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We further employ two versions of the OBS leverage ratio gsoped by the Bank for
International Settlements (BCBS, 2009).The first measure is given by the sum of
commitments, direct credit substitutes, acceptances, and repuedrasenents divided by the
book equity capital @BSLEV). The second measur@BSLEV2 is employed as an instrument
for OBSLEViand is equal to the ratio of standby letters of credit and guaranteeseguteary
capital. Apparently, securitised assets and derivative contrdeish vare captured in the
measures discussed above are neither conside@8ShEV] nor inOBSLEV2 This reveals the
complementary nature of the off-balance-sheet leverage meagaremploy in our analysis,
which is confirmed by the relevant pairwise tests which are perfofungabr below.

Following Angrist and Krueger (2001), Hausman (2001), and Murray (2006), thariests
we employ in our econometric analysis are all variants osdhes theme. To give an example,
DERLEV1is instrumented wittDERLEV2 and DERLEV3as already mentioned. Both these
instruments express the activity of the sample banks in derivatiagsets but from different
perspectives. In particulabERLEV?2follows a regulatory approach of the exposure of banks in
derivative contracts since its denominator is given by the suifiesf1 and Tier 2 capital.
DERLEV3 on the other hand, reflects the revenue stream which is gesthérain derivatives
trading activity. Hence, the economic relationship that holds betviddeRLEV1 and its
instruments is straightforward and this is also true for ther @hdogenous regressors of our
model. Of course, economic intuition need not stand naked and alone; intuitsbrbentested
and confirmed. For this reason, we also use a set of alternatinenests foDERLEV1which
are again variants on the same theme, and we do the same witsttted the endogenous
variables. We add them one by one in our regression model and tleepdbtistness of our
results. Parameter estimates are not found to vary a lot, vainshdes justification to the
economic criteria we apply to select our instruments.

In Table 3 that follows, we perform Pearson pairwise correldésts for the two risk
variables as well as for the on- and off-balance-sheet lggereeasures and their instruments.
The tests are performed for both the pre-crisis and the crisexipgsee Panel A and Panel B,
respectively). We observe that the correlations between the sameftipesage are significant

at 1% and 5% levels. However, no (or low) statistically sigaift correlations are reported

" The BIS off-balance-sheet ratio is considerablyilsir to the one used by the Bank of Canada. Th&n ma
difference between the two ratios is the valuesarfsaction- and trade-related contingencies waiehadded in the
numerator of the Canadian leverage ratio, butmtiat of the BIS ratio.
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between the different leverage types like, for example, betive¥1 andOBSLEV] or between
SECLEV2and OBSLEV2 This verifies that the chosen off-balance-sheet leverageunesaare
indeed complementary to each other in the sense that do not overlap drex #net covering
the broad spectrum of modern banking activities. We, moreover, obfsave€oVaR is

significantly correlated witf OTRISKonly in the pre-crisis period.
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The combination of the recent financial stability literafges, e.g., Berger et al., 2009; Uhde
and Heimeshoff, 2009) and bank risk literature (see, e.g., Gonzalez, 2606eprus with the
basis for the selection of two metrics for possible alteraiionise traditional services of banks.
The first is banks’ asset compositiochR§SETCOMPthat captures the changes in bank lending
activity. This is measured by the ratio of net loans and |dastsal assets. The second is a
measure for the composition of bank liabilitie<sABCOMBP), which shows any changes in the
traditional funding sources of banks and which is calculated as tbheofatemand deposits to
total liabilities.

It is widely accepted that economic performance has a cordalérgpact on demand and
supply of banking services. More precisely, high levels of bankingtsicire generally related
to favourable economic conditions like price stability and economic develdpnn this
context, the macroeconomic environment is largely considered to hagteah on the risk-
taking behaviour of banks. We thus employ the quarterly change in.g§eGdnsumer Price
Index (NF) to control for fluctuations in the level of prices, and the GDP owgpptGDP) to
control for variations in economic growth.

Importantly, we trace the history of each banking firm in oumpsatho investigate whether a
bank has experienced some merger and/or acquisition (M&A) ovegntiirte data period. To
achieve this, we resort to the relevant information provided by MHIEC. We find that the
great majority of our sample banks and, more specifically, 18 out dfaR8s have been
involved in at least one M&A transaction over the examined period. Howieve important to
mention here that none of these banks has been targeted from sonimaticél institution; to
the contrary, all 18 banks have only been acted as acquirers in the&edbhls. This
strengthens even further our choice of sample banks on the basi# alyttemic importance,
which has been analytically discussed earlier in the paper.owmtfor the possible impact of
M&As with the purpose any spurious bursts of systemic risk and indivihargk risk due to
M&A transactions to be excluded from our sample. We introduce a duwamgble in our
model MA), which is equal to unity in the quarigthat bank has been involved in some M&A
transaction. For example, if a transaction has occurred on, say, 152008, then this
transaction is recorded in the second quarter of 2008, meaning tlétdhe variableMA takes

the value of one in 2008g2.
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Table 4 reports the summary statistics for all the variatesmploy in our analysis for each

of the two periods under examination. What mainly comes out from #tatistics and is

important for our research is the reported upsurge in the off-balareélsverage activities of

banks during the pre-crisis period, which is followed by a downward ireatl such kind of

activities in the later time period. This supports the argumbkat banking institutions

accumulated a high degree of leverage off their balance stieetsy the economic upturn,

whilst they moved to reduce their off-balance-sheet holdingsrg lafter the eruption of the

crisis in mid-2007. Moreover, total bank risk is found to be on averagerhigtiee years before

the outbreak of the crisis compared to the post-2007g2 period. The converserumlés

systemic risk, which shows an upward trend in the crisis era.

Table4

Descriptive statistics. The summary statistics of h# wariables employed in our baseline
empirical analysis are reported in this table. Paneh@ws the statistics for the pre-crisis period
which extends from 2002qg1 to 200792, while Panel B refers to the peisisl that commences in
200793 and ends in 2012qg3. Variables are distinguished into four ntegogas: the left-hand
side risk variables, the leverage variables, the bankfgpeontrol variables, and those variables
that capture the macroeconomic environment. The descriptioacbf \ariable together with the
relevant data sources are provided in Appendix A.

Panel A: Pre-crisisperiod Mean Median Maximum Minimum St. Dev. Obs
Risk variables

TOTRISK 2.287 1.212 5.259 0.214 2.221 432
CoVvaR 3.112 2.860 7.194 0.713 1.890 429
Leverage variables

LEV1 7.879 7.174 12.121 5.732 0.256 436
LEV2 0.121 0.118 0.197 0.069 0.021 435
LEV3 7.123 6.875 10.564 4784 0.598 436
DERLEV1 10.989 9.112 17.804 3.731 3.098 419
DERLEV2 1.865 1.775 3.122 0.484 2.883 427
DERLEV3 3.167 3.001 5.713 0.965 1.119 426
SECLEV1 7.005 6.603 11.434 1.740 1.794 431
SECLEV2 11.995 10.953 21.805 3.842 1.980 432
OBSLEV1 14.719 13.992 26.141 3.095 2.395 420
OBSLEV2 9.813 9.175 19.530 1.408 3.592 421
Traditional banking variables

ASSETCOMP 0.522 0.513 0.798 0.185 0.178 438
LIABCOMP 0.223 0.208 0.421 0.063 0.063 439
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MA 0.154 0.143 1.000 0.000 0.211 440

M acr oeconomic environment

INF 0.036 0.034 0.093 -0.035 0.086 439
GDP 0.026 0.023 0.067 -0.019 1.514 439
Panel B: Crisisperiod Mean Median Maximum Minimum St. Dev. Obs
Risk variables

TOTRISK 1.989 1.897 4.342 0.089 1.341 401
CoVaR 6.959 6.794 10.853 2.805 1.852 392

Leverage variables

LEV1 6.184 5.953 10.909 3.882 0.954 413
LEV2 0.110 0.107 0.174 0.041 0.017 413
LEV3 6.007 5.843 8.904 3.211 0.765 412
DERLEV1 5999 5.755 12.004 0.653 4.783 400
DERLEV2 1.126 1.100 2.275 0.087 3.341 397
DERLEV3 1.605 1.509 3.009 0.252 3.006 404
SECLEV1 4976 4.672 8.843 0.656 2.845 407
SECLEV2 8.784 8.432 14,734 1.956 2.165 408
OBSLEV1 9.643 9.462 19.943 1.134 2.742 389
OBSLEV2 7.683  7.459 15.629 0.747 4131 392

Traditional banking variables

ASSETCOMP 0.652 0.643 1.074 0.099 0.349 416
LIABCOMP 0.241 0.231 0.382 0.061 0.089 417
MA 0.127 0.119 1.000 0.000 0.087 420

M acroeconomic environment
INF -0.029 -0.032 0.121 -0.274 3.731 418
GDP -0.034 -0.038 0.282 -0.341 4.174 418

As regards the data sources, all bank accounting variables areoldtam the FR Y-9C
forms filed by U.S. Bank Holding Companies with the Federal Resé&ke also collect data
from OCC’s Quarterly Reports on Bank Derivatives Activitieslévelop the off-balance-sheet
leverage measures employed in our analysis. The market intgesstised in the construction of
total bank risk TOTRISK and of systemic riskGQoVaR are obtained from Thomson Reuters
Datastream, GFDatabase, and Moody’s. As concerns the shoiititerest rates, which are also

needed for the production @oVaR these are taken from the Federal Reserve Board website
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and the U.S. Department of the Treasury. To continue, data on M&AsolHeeted from
NIC/FFIEC, as previously mentioned. Finally, inflation data are nbthifrom the Bureau of
Labor Statistics of the U.S. Department of Labor, whereas @dd#® are taken from the Bureau

of Economic Analysis of the U.S. Department of Commerce.

3.4. The model
To evaluate the effects of leverage and reverse leverage wduadlbank soundness and on

systemic risk, we estimate the following model:

Yig = Qg + B1igALEVyy + BoiqADERLEV 1, + B3;;ASECLEV 1y + B4,:4AOBSLEV1,,
+ ¥1,igASSETCOMP, + v, LIABCOMP,; + y3,,MA,
+ 814INF, + 6,,GDP, + €
(11)
wheres 1, 2...,N=20
g=2002q1, 2002g2,.Q=201293

In our model,Yq stands for eithefOTRISK or CoVaR ALEV1;,, ADERLEV1;, ASECLEV1,,,
AOBSLEV1,, are the average quarterly changetkivl, DERLEV] SECLEV]1andOBSLEV1]
respectivelyASSETCOMP,;,, LIABCOMP,,, MA;, are the three bank-specific control variables;
INF,, GDF, are the two macroeconomic variableg;is the regression error term, whereas the
vectorsa, S, y, ando contain the parameters of interest to be estimated. Bsenmaevhy the on-
and the off-balance-sheet leverage variables are introduced imdtel in first differences
rather than in levels is because we wish to capture the effédtecreasing (positive) and
declining (negative) trends of leverage on bank risk-taking and systemic risk

It is likely that our model suffers from endogeneity bias geessors may be endogenously
determined along with the dependent variables. At a micro-lexel,when TOTRISK is
considered to be the dependent variable of our model, the cause fes, thissumably, the
endogenous character of leverage and risk-taking decisions, whidiotareaaken from bank
managers. Of course, we recognise that these decisions d@&pendhe extent on the rules

imposed on banking firms by regulatory and supervisory authorities. INdes$, even under

27

Page 28 of 82



these constraints that managers face in their banks’ profitmsation problem, it is their own
decisions that eventually affect the level of leverage and the degree okitgk-ta

From a macroprudential perspective, systemic risk -captur€b¥gR is viewed as being
dependent on the collective leverage behaviour of banks and, as suchy I&kelgrto be
endogenous. To be more specific, the leverage decisions of banks have anamphe
guantities transacted (e.g., borrowed and lent), the prices otfaassets, and, subsequently,
on the soundness of the economy and the stability of the entire finapsiam. This, in turn,
has powerful feedback effects on the health of banking institutions, affetts their ability to
extent credit by leveraging their resources.

Parameter estimates from simple Ordinary Least Squak&s (Bgression might be biased in
the case of endogeneity and this can lead to erroneous infefemdackle the problem of
potential endogeneity, we estimate the model by means of tge-East squares instrumental
variables (2SLS 1V) regression for each of the two examinedgweriThereforedLEV1 is
instrumented witLEV2 and4LEV3 in the first-stage OLS regressioi®milarly, ADERLEV2
and ADERLEV3are used as instruments {0DERLEV] whereasdSECLEV1is instrumented
with ASECLEV2 and4OBSLEV1with AOBSLEV2 The second-stage regressions of the 2SLS
IV approach are then estimated with the predicted valued 6¥/1, ADERLEV1 ASECLEV],
and4OBSLEV1

To estimate eq. 11 we rely on a set of variables that wevebseer time and which have
been already described in Section 3.3. Nevertheless, there migfhdé@xie unobserved variables
which are likely to have an impact on the examined relationshiprendo& incorporated in our
model. Omitted variables in general can be either constant awer, tir time-dependent.
Regardless of their time dimension, omitted variables are uliffior sometimes impossible to
be measured and be controlled for. If we search to find instrumentbles, or proxies, for the
likely omitted variables, a series of rather strong assomptivhich are hardly met in practice
has to be made. Moreover, it is necessary to know how to correcilielneach omitted
variable’s influence on the dependent variable of the regressiortieyues well as the
relationship that holds between the instruments and the possible owettiedbles. Most
importantly, it is hard to identify the specific variables vwhaze correlated with the main model

variables thus producing flawed estimates and which have been omitted fromddle m
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We include individual (bank-level) fixed effects in our regressiotysisato account for the
influence of the time-invariant factors which are correlated with our waiables. Fixed effects
can control for these factors as they focus on within-bank variatiothdfua statistical test that
unobserved bank heterogeneity does not drive the empirical findirgevided by the use of
fixed effects. From this perspective, the choice of the fixegttffestimator is based on the view
that our sample banks are not drawn randomly from the entire populatih®.obanks; rather,
as previously discussed, our sample consists of all the major LhEngpacompanies, which
have a systemically important role in the U.S. economy.

The fixed-effects model is more appropriate when differencess banks deemed to be
substantial, time-invariant, and correlated with the explanatorablas. The random-effects
model, on the other hand, is appropriate when correlated omitted vaaablest an issue to be
considered. Given the potential for omitted variables bias and thertaimce of bank-specific
effects in our model setup, we anticipate the fixed-effectsoapprto be the most appropriate
one. Indeed, we can easily reject the use of random effects dagtseof the Hausman (1978)
test. At standard levels of statistical significanioe,(1% and 5%), we reject the null hypothesis
that the differences in coefficients obtained from the two esiiom methods are not significant.
Accordingly the fixed-effects model is our preferred estim&tor.

Before moving to discuss the produced outcome of the regressionianaigsuse the
Maddala and Wu (1999) panel unit root test to examine the statioodrdur data set. The
Maddala and Wu test is a Fisher-type test, which combings\hkies of the test-statistic for a
unit root in each sample bank. This test does not necessarilyereqbalanced panel data set
like most of the relevant tests do. We reject the null hypathashon-stationarity at the 5%

significance level for all the variables of our model.

8 From a theoretical viewpoint, Hsiao (1986) argtiest, when inferences are made about a populafi@ffects
from which those in the data are considered to kendom sample then the effects must be considesedndom.
As analytically explained in Section 3.1, our ds¢ covers the 20 U.S. systemically important baglkastitutions
and, as such, it cannot be considered as a snmaplsaof a much larger population of systemicallypartant
institutions. That is, even from a conceptual vieimp the fixed-effects model is more appropridtart its random-
effects counterpart.
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4. Discussion of the empirical results
4.1. First-stage results

The results of the first-stage regressions of the 2SLS IV agpror both data periods are
summarised in Tables 5a and 5b that follow. We resort to Sargasehlaest (od-test for
overidentifying restrictions) which relies on the studies of)&ar(1958) and Hansen (1982) to
examine whether the chosen instrumental variables are cedelath the error term of the
model. This is, in fact, the essential condition for an instrumentsbla to be valid. The
application of the Hansehtest provides us witp-values which range from 0.264 to 0.464. We
therefore fail to reject the null hypothesis that overidentifymestrictions are valid thus
providing support to the validity of the selected instruments. Weealsmine the joint statistical
significance of our instruments using a heteroskedasticity-rdbssttistic test. The results of
the F-test confirm the validity of the instrumental variables used in our asalysi

It is important to mention at this point that, in practice, nas easy to know whether an
explanatory variable is endogenous or not. Apparently, if the OLSaetisrare consistent, they
should be preferred from those obtained with 2SLS IV regression. Tomibathis in our
baseline model (eq.11), we test the null hypothesis of no endogenraitgtats alternative using
the Hausman’s (1978) test:

Hy: Cov (X,,6) =0
Hy: Cov (X5,€) #0

In essence, what the Hausman test does is to evaluate tlieangpa of two estimators obtained
with different econometric techniques: one with OLS, and the othkr28LS IV. If a statistical
difference is documented between the two estimators, then ouernon€ endogeneity is
substantiated. The Hausman test we run examines the null hypotiiesis statistically
significant difference between the OLS and 2SLS IV estima@sle 5a and Table 5b show that
the calculated Hausmamvalues are all lower than the selected level of statistigaificance &

= 0.050r 5%). This is to say, our concern of endogeneity is substantatgdhis provides
support to the use of 2SLS IV instead of OLS.
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4.2. Second-stage results

The estimation results of the second-stage regressions agatpdesn Tables 6a and 6b

below. The former table shows the estimation output uUB@{RISKas the dependent variable

of the model; the latter relies on systemic ri€lo{YaR regressions. The left column in each

table reports the empirical results for the time period preceding the eroergfethe crisis, while

the right column contains the results for the crisis period.

Table 6a

Second-stage regression results. This table presents the-sémgadesults obtained

by 2SLS IV fixed-effects regression analysis for the prsisrperiod (2002q91-
20079g2) and for the crisis period (200793-20129g3). The dependent vasidbtal i
bank risk TOTRISK. The main explanatory variables are the average quarterly
changes in: on-balance-sheet leverajeEl/1), derivatives leveragedDERLEV]),
leverage from securitisatio$ECLEV], and off-balance-sheet leverage ratio
(4OBSLEV). All explanatory variables are instrumented in thet fatage; the
instrumental variables areflLEV2 ALEV3 ADERLEV2 ADERLEV3 ASECLEV?

and 4OBSLEV2 The set of bank-specific control variables used in our asalysi
includes the asset composition of banks' balance sh&&SHTCOMR banks’
liabilities composition (IABCOMB), and a dummy variable which accounts for
M&A transactions 1A). Two macroeconomic control variables are also used: the
level of inflation (NF) and the level of economic growtlGDP). A detailed
description of each variable can be found in Appendix A. A cahgerm is
included in the regression model, but is not reported in the talierddkedasticity-
robustt-statistics are reported in parentheses.

ALEV1

ADERLEV1

ASECLEV1

40OBSLEV1

ASSETCOMP

LIABCOMP

MA

INF

GDP

TOTRISK
Pre-crisis period Crisis period
0.089*** -0.009***
(5.07) (-2.34)
1.041%** -0.784**
(4.75) (-1.77)
1.119* -1.005***
(1.87) (-4.21)
0.834x** -0.193***
(2.52) (-1.99)
-4.767** -3.163**
(-2.44) (-1.80)
-1.702** -0.932**
(-1.79) (-1.73)
0.012 0.016
(1.21) (0.98)
-0.099** -0.052***
(-1.76) (-2.07)
-1.165** -0.865*
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(-1.86) (-1.61)

Observations 419 389
R? 0.163 0.179
F-statistic 11.54 10.88
p-value 0.00 0.00

*x xx % correspond to 1%, 5%, and 10% level ofgsificance respectively for a two-tailed
distribution.

Table 6b

Second-stage regression results. This table presents the-stagadesults obtained

by 2SLS IV fixed-effects regression analysis for the pigiscmperiod (2002q1-
2007g2) and for the crisis period (200793-2012qg3). The dependent variable is
systemic risk CoVaR. The main explanatory variables are the average quarterly
changes in: on-balance-sheet leverafjeEl/1), derivatives leveragedDERLEV]),
leverage from securitisatiord$ECLEV]), and off-balance-sheet leverage ratio
(AOBSLEV]). All explanatory variables are instrumented in thet fstage; the
instrumental variables areflL EV2, ALEV3 ADERLEV2 ADERLEV3 A4SECLEV?

and 4OBSLEV2 The set of bank-specific control variables used in our asalysi
includes the asset composition of banks' balance sh&&SHTCOMR banks’
liabilities composition I(IABCOMP), and a dummy variable which accounts for
M&A transactions A). Two macroeconomic control variables are also used: the
level of inflation (NF) and the level of economic growttGDP). A detailed
description of each variable can be found in Appendix A. A cohd&rm is
included in the regression model, but is not reported in the tablerddkédasticity-
robustt-statistics are reported in parentheses.

CoVaR
Pre-crisis period Crisis period
ALEV1 0.165*** 0.197**
(2.31) (1.69)
ADERLEV1 0.078*** 0.286***
(4.31) (4.24)
ASECLEV1 0.552%** 0.669**
(2.99) (1.75)
AOBSLEV1 0.834** 1.275%**
(1.87) (2.03)
ASSETCOMP 1.304 0.899
(2.29) (1.41)
LIABCOMP 0.868 1.103
(0.99) (0.90)
MA 0.028 0.033
(1.32) (2.14)
INF -1.106*** -1.539***
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(-2.46) (-1.97)

GDP -1.883** -2.376*
(-1.89) (-1.76)
Observations 406 375
R? 0.144 0.129
F-statistic 14.12 12.76
p-value 0.00 0.00
*k Rk % correspond to 1%, 5%, and 10% level ofgsificance respectively for a two-tailed
distribution.

4.2.1. The pre-crisis period

A positive and statistically significant impact #£EV1 on bothTOTRISKand CoVaRis
reported. This implies that, before the outbreak of the crisis, tHealance-sheet leverage
exerted an increasing effect not only on the degree of total belgkorit, most importantly, on
the risk exposure of the entire banking system. Along the sam® line risk profile of
individual banks was deteriorated and the level of systemic riskravsasd as a result of the
expansion of the off-balance-sheet business of baking institutitreseTare revealed by the
significantly positive relationship we document betwedDERLEV1, 4SECLEV1 and
AOBSLEV1with TOTRISK and CoVaR In fact, by comparing the coefficient values on
ADERLEV1,4SECLEV1and 4AOBSLEV1with that on4LEV], we can argue that off-balance-
sheet leverage played a relatively more harmful role for bothdh#h of individual banks and
for the stability of the entire system. To sum up, in the yeafsre the onset of the crisis, the
growth in bank leverage through derivatives in association withnrease in securitisation
activity, and the expansion of other off-balance-sheet undertakingsigg hurt the health of
individual banks and, at the same time, produced substantial instability to the system.

Consistently, over the past decade or more, banks responded to theecthceasnd for
credit instruments with higher yield by developing financialieeering techniques and creating
modern types of productd.Although these developments may have come about as a result of
the wider financial advances aimed at increasing the prditiyabf banks, strengthening their

risk profile, and improving the efficiency of the system, theso ghrovided opportunities for

¥ The banking literature provides ample empiricablemce on the upsurge in the volume of modern iievof
U.S. banking institutions before the crisis (seg,, €kogers and Sinkey, 1999; Stiroh, 2004).
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growing off-balance-sheet leverage and for shifting risks gstomarket participants in highly
complicated ways. Consequently, according to our findings, most othee) (new financial

instruments were indeed opaque and masked the extent of leverageeatmhivéctedness of
risk, which appeared to be spilled-over across a wide range ofuiiegts and markets

worldwide.

4.2.2. The crisis period

Let us now turn to analyse the regression output for the pessd. During that period, the
off-balance-sheet holdings of banks were largely reduced #srestiown in the relevant
summary statistics. When asset prices and liquidity staablithgf in mid-to-late 2007, the
collateral values of assets held by financial institutionergeited. This made it difficult for
banking institutions to raise funds and, hence, the majority of banks faweed to decrease
leverage. The shrink of leverage (deleveraging), though probablyolddrther asset price
reductions, occurred mainly off the balance sheet of banks improvimgrigie profile by
lowering their overall risk-taking, as revealed by the sigaiitly negative link between
ADERLEV1 ASECLEV1and 4OBSLEV1with TOTRISK For example, by focusing on the
impact ofASECLEV1on TOTRISK we can argue that the low-quality subprime loans offered by
U.S. banks to their conduits and other relevant financial vehicles before the ohgetrigis put
an upward pressure on their overall risk-taking. The collapse et tfinancial organisations
when the crisis erupted led to the decrease in the off-balaneelsherage of banks and, hence,
to the reduction of the stand-alone bank risk.

Equally strong in terms of statistical significance, but ndtdttrang in terms of the estimated
coefficient value if compared to the corresponding coefficient vabfighe off-balance-sheet
leverage variables, is the effect of the traditional leveradsoks (as captured by EV1) on
TOTRISK On the whole, we can maintain that both the on- and off-balancedsieeeraging
process which commenced immediately after the outbreak of the bas strengthened the
soundness of banking institutions on an individual basis. To the contragrjcas threat to
systemic stability was formed after the beginning of the&ixhy the large number of bad assets
that SIFIs used to hold (and still do, though to a decreased extémtjriportfolios as a result of
the above-described deleveraging process. This is reflected in the plositiwe report between

the on- and off-balance-sheet leverage measure€avidR
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4.2.3. Across the two periods

Both ASSETCOMPand LIABCOMP are found to have a significantly negative effect on
TOTRISKacross the two data periods under study. By contrast, the impact of these thlewvaria
on CoVaRis not statistically significant in any of the two periods. ¢&m therefore postulate
that the banks which concentrate on traditional bank lending activitigsilute less to the
overall individual bank risk, even though the business mix of traditional baskingces is not
statistically related to the stability of the whole banking system.

We can make an effort to combine the above-described positive iofpeacditional banking
products on total risk with the negative effect of off-balancetshesiness on risk as reported in
the pre-crisis period. Evidently, the relationship that holds betweeditbesification of bank
output through the production and release of modern financial items wshttcain be either
negative or positive. In the former case, there are at leasthamnels through which product
diversification leads to a reduction in the overall bank risk-taking. fireg which is largely
related to the conventional wisdom among banking scholars (see, panjkéou, 2009) and
practitioners, shows that non-interest (fee) income, which is producéthovative financial
assets, is less sensitive to changes in the economic and busiwesangnt than interest
income, which is produced by traditional assets like bank loans. Tluss&y that banks which
rely more on the former type of income are typically exposelds risk as they manage to
reduce the cyclical variations in profits and revenues. Turning tesdbend channel, in case
there is a negative or a weak correlation between the above twmEortome, then -according
to the traditional banking and portfolio theories (see, e.g., Diamond, 188%)-observed
increase in the share of fee-generating business in the geerifdilio of banking items reduces
the volatility of total earnings via diversification effects. As a consecpiaisk is again reduced.

Nevertheless, every coin has two sides: in line with our emipimcings for the pre-crisis
period, DeYoung and Roland (2001) argue that non-interest incoms &stddde compared to its
interest counterpart, implying that non-traditional products andcesrwincrease bank riskiness,
while the converse holds true for the traditional banking operatidns.h&ppens mainly due to
the following three reasons: the nature of bank-customer relationships, tibelgamput mixes,
and the lower capital requirements for fee-generating activities.

To start with the first reason, traditional activities likenli@suance generate relatively stable

relationships between the banks and their customers in that thaisgiénd information costs
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for both lenders and borrowers are high and, hence, it is not in thesinbérither side to walk
away from this sort of stable relationships. To the contrary, the aforemeshtiosts are lower in
the case of modern financial products and this renders the demahd fatter lines of business
far from solid and continuous. Accordingly, where interest income appede rather stable,
non-interest income is highly likely to fluctuate over time.

Second, a banking institution can extend a lending relationship onlyavitirden on its
variable costi(e., interest expenses). However, if the bank takes the decisimerease the
volume of non-traditional services offered to its customers, itivalle to hire additional fixed
labour inputs and this will inevitably lead to an increase in itsabipey leverage. A higher
operating leverage, in turn, is expected to amplify revenue vblatito higher profit volatility.
That is, the involvement in modern banking activities that produce EHhtasheet leverage is
again related to a higher degree of risk.

Finally, the banking regulatory environment, as described in Basel ll, allowed banks to
hold just a small amount of capital against fee-based acsivitieomparison with the amount
they were required to hold for traditional items and which wgsifgantly higher than the
former one. These differences in capital adequacy requiremeggest an enhanced degree of
financial leverage, which is related to higher earnings volatibr non-traditional banking
business.

An additional finding that remains unchanged across the two periodssondiny is that
GDP andINF are significantly negatively related with bat® TRISKandCoVaR This suggests
that economic growth which, as expected, is accompanied by a higher pricbdegés banking
soundness and contributes to the establishment of safer finarsteinsyregardless of the state
of the economy (upturngs. downturns). In this context, the macroeconomic environment is
largely considered to have an impact on the risk-taking behaviour of lbankell as on the
stability of the entire financial system. Lastly, we find tMa&As do not significantly affect

TOTRISKandCoVaRregardless of the time period under consideration.

5. Robustness analysis
To test the robustness of our results, we repl&€ERISKand CoVaRwith two alternative
metrics of individual bank soundness and of systemic risk. These a#Sth@OREand the

Marginal Expected ShortfalMES), respectively.
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ZSCORHSs a measure of bank insolvency risk and is calculated as follows:
Let failure occurs when the total equity capifd)(of a bank is smaller than its losses where
— stands for negative profits:
TE < —m (12)

Then, the bank’s probability of failure can be written in the following way:

p(TE < —m) = p(n < —TE) =p (2= < —1=) = p(ROA < = 1) (13)

wherep(-) is a probability andROA(Returns On Assets) = w/TA, with 7 is measured with
bank’s Net Income After Taxes aridA stands for Total Assets. Suppose that ROA and

A=- (g) wherer and/ are two random variables. We can then write that:

pr <) =" p@E)dr (14)

where 1 (r) is a density function. If is assumed to follow a normal distribution, we can rewrite

the likelihood of bankruptcy in terms of the standard normal def#§ifyas follows:

p(r <) = [2,¥(d¢ (15)
where ¢ = ? and z = ’1?7’) with p being the true mean andthe standard deviation of*

ZSCOREHSs the sample estimate oz {sincez<0) and is defined in the following way for each

sample bank and for each sample quarter:

, _ROA+(TE/ Th)

| , i=1,2...,N=20 g=2002q1, 2002q2,...,Q=2012q3 (16
q o(ROA,) I 0q q 92,...,.Q q3 (16)

2 Normality is a rather strong assumption for theriiution ofr. Nevertheless, because of Chebyshev’s inequality,
we know that regardless of the distributiorr gfhe upper bound to the bankruptcy probability is:

p(rSﬂ)S(l%»z:ZiZ
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whereROA stands for the Return On Assets of bardalculated by the ratio of net income to
total assetsTAq); (TE,/TA,)is the ratio of total equity to total assets; am(ROA,)is the

period standard deviation BOAwhich captures the volatility of bank returns. Hert® CORE
combines profitability, capital risk, and return volatility in imgde measure. Evidently, it is
increasing in banks’ average profitability and capital sttengnd decreasing in return
variability. Overall, larger values aSCOREimply lower probability of default and, hence,
greater bank soundness. Si#®COREis highly skewed, we follow the recent literature (see,
e.g., Laeven and Levine, 2009; Schaeck et al., 2012) and use its log tratishorin our
analysis.

The alternative measure of systemic risk which we conssrMES as proposed by Acharya
et al. (2012)MES measures how banls risk exposure adds to the system’s overall risk and, as
such, it can be viewed as a straightforward alternativeéodaR It is based upon the established
in the banking literature measure of Expected Shortid). ESis defined as the expected loss

of a financial institution conditional on the loss being larger WaR
ES,=—E(R|R < —VaR,) (17)

where VaR is the maximum value loss with confidence a,1- that s,
Pr(R < —VaR,) = a . If we decompose banking sector’s ret®imto the sum of each sample
banki’'s returnsrk;, we get that® = )}; y;R; wherey; is the weight (in terms of size) given to

banki.?* We use the formula &S (see above) to get that:
ESq = —XiyiE(R; | R < =VaR,) (18)

By calculating the first order conditions with respect to thigjhte/;, we obtain the sensitivity of

the risk of the entire system to the risk exposure of mank

"’a’% = —E(R; | R < —VaR,) = MES}, (19)

21 The notation followed here is the same with thestdlin the construction éfoVaR.
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We estimateMES at a risk level ofx = 0.05 or 5% using daily data of Credit Default Swaps
(CDS) returns from Bloomberg. Specifically, we first picktbp 5% worst days for an equally-
weighted portfolio of CDS returns on the banks of our sample in every quarter, and therecomput
the CDS return for any given sample bank for these particular days.

In our robustness checks, apart from repla¢i@dRISKandCoVaRwith ZSCOREandMES
respectively, all bank leverage variables are instrumented keéth past realisations under the
thought that the latter are given before the current leveragesvale realised. Lagged values of
bank leverage are not expected to be systematically correlatedhainges in the current levels
of leverage, especially when these changes are due to some eefose®nt like the global
financial crisis®®> Admittedly, selecting the number of lagged differences to bdlemthan the
correct ones may distort the size of the tests, while sajeotders which are larger is likely to
result in a significant loss of power. We thus consider all posisiglerders as these selected by
two of the most popular model selection criteria, namely thek&kbiformation Criterion and
the Schwarz-Bayesian Information Criterion. We instrument leverag@bles with their
second- and third-period lags since their first-order lagsat selected by the aforementioned
criteria as valid instruments. The use of longer lags isdbasethe supposition that they can
provide better instruments as they can potentially reduce thstbfgosorrelation between the
instruments and the disturbances in the error term of the original regression.

In addition, we incorporate time (quarterly) dummies in our modelldas dor common
factors that may have an influence on individual bank risk and on sgstiskn over time. By
doing so, we can capture the unobserved as well as the non-meastinadgivarying
characteristics of the likely omitted variables, and alsoetlodghe other variables included in
our model. Before estimating the model, Maddala and Wu (1999) unit root tests ae cattio
ensure the stationarity of our panel data sets. All data series are foundatopautsy.

22 A number of studies in the banking literature laggyed values of the endogenous variables in theirumental
variable analysis. Two of the most recent studiaghvfollow this approach are those of Elsas e{2010) and
Cornett et al. (2011).
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Table 7a

Robustness tests. This table presents the second-staje oesained by 2SLS IV
fixed-effects regression analysis for the pre-crisisope(2002g1-2007g2) and for
the crisis period (2007g3-20129g3). The dependent variable is bankeneplvisk
(ZSCORE The main explanatory variables are the average quarterhges in: on-
balance-sheet leveragdLEV]), derivatives leveragedDERLEV]), leverage from
securitisation ASECLEV]}, and off-balance-sheet leverage rati®@BSLEV]. All
explanatory variables are instrumented in the first stageinBtrimental variables
are given by the two- and three-period lagg/loEV1, ADERLEV1 ASECLEV]and
AOBSLEV1 according to the Akaike Information Criterion and the Schwarz
Bayesian Information Criterion. The set of bank-specific conadbhbles employed
in our analysis includes the asset composition of banks' dm=lasheets
(ASSETCOMR banks’ liabilities composition {ABCOMP), and a dummy variable
which accounts for M&A transaction1f)). Two macroeconomic control variables
are also used: the level of inflatiofNF) and the level of economic growt&DP).

A detailed description of each variable can be found in Appendix An&tant term
with time (quarterly) dummies is included in the regression mpdels is not
reported in the table. Heteroskedasticity-robusitatistics are reported in
parentheses.

ZSCORE
Pre-crisis period Crisis period
ALEV1 -0.164*** 0.032**
(-3.21) (2.79)
ADERLEV1 -0.332*** 0.050**
(-4.78) (1.86)
ASECLEV1 -0.847*** 0.208***
(-2.90) (3.44)
AOBSLEV1 -0.834** 0.372*%**
(-1.85) (2.13)
ASSETCOMP 4.402** 4.175**
(1.88) (2.78)
LIABCOMP 2.004*** 2.389***
(3.21) (3.98)
MA 0.002 0.008
(0.79) (0.90)
INF 0.904* 0.673**
(1.62) (1.87)
GDP 0.976** 1.153*
(1.86) (1.58)
Observations 413 382
R? 0.148 0.129
F-statistic 11.04 12.88
p-value 0.00 0.00
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*x xx % correspond to 1%, 5%, and 10% level ofgsificance respectively for a two-tailed
distribution.

Table7b

Robustness tests. This table presents the second-staje oésained by 2SLS IV
fixed-effects regression analysis for the pre-crisisopef2002g1-2007g2) and for
the crisis period (200793-20129g3). The dependent variable is systshiMES.
The main explanatory variables are the average quarterhgekan: on-balance-
sheet leverage ALEV]), derivatives leverage ADERLEV), leverage from
securitisation ASECLEV]}, and off-balance-sheet leverage rati®@BSLEV]. All
explanatory variables are instrumented in the first stageirBtreimental variables
are given by the two- and three-period lagg/loEV1, ADERLEV1 ASECLEV]and
AOBSLEV1 according to the Akaike Information Criterion and the Schwarz
Bayesian Information Criterion. The set of bank-specific conadhbles employed
in our analysis includes the asset composition of banks' dm=lasheets
(ASSETCOMP banks’ liabilities composition (ABCOMB), and a dummy variable
which accounts for M&A transaction®Mf)). Two macroeconomic control variables
are also used: the level of inflatioiNE) and the level of economic growt&DP).

A detailed description of each variable can be found in Appendix AnAtant term
with time (quarterly) dummies is included in the regression mpdels is not
reported in the table. Heteroskedasticity-robusitatistics are reported in
parentheses.

MES
Pre-crisis period Crisis period
ALEV1 0.202** 0.243***
(1.88) (2.04)
4ADERLEV1 0.709*** 0.791x**
(3.67) (3.54)
ASECLEV1 0.988** 1.197*
(1.83) (2.79)
AOBSLEV1 0.754** 0.830***
(2.64) (2.27)
ASSETCOMP 0.489 0.786
(1.44) (0.63)
LIABCOMP 0.818 1.178
(0.89) (0.59)
MA 0.027 0.039
(1.02) (1.15)
INF 0.830 0.938*
(1.32) (1.63)
GDP 1.794* 1.754*
(1.67) (1.59)
Observations 402 361
R? 0.116 0.148
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F-statistic 9.64 8.18

p-value 0.00 0.00
ek xx % correspond to 1%, 5%, and 10% level ofgsificance respectively for a two-tailed
distribution.

Tables 7a and 7b summarise the results of the 2SLS IV secgedatgessions, which are
very similar to those obtained from the baseline regression @&lys particular, all types of
leverage are found to significantly increase both insolvency risksgstémic risk in the years
before the outbreak of the crisis (recall here that larger vati@SCOREare related with lower
probability of default and, hence, greater bank soundness). In fact,ghetims stronger for the
off-balance-sheet banking business. After mid-2007, reverse levacdigdy is found to be
harmful for the entire system, albeit it reduces individual basi As we can further see, the
deleveraging process that takes place off the balance shesilksf is more harmful compared to
the corresponding process that occurs on the balance sheet. To caviamuéhough the level of
statistical significance of the estimated coefficients ASSETCOMPand LIABCOMP on
TOTRISKare slightly reduced when compared to the results of the ngaesstons, the signs of
the coefficients remain largely unchanged. This is to say, traditionaltiestiike the issuance of
loans and the taking of deposits reduces individual risk and renders bangamgsations more
resilient to shocks. Lastly, no statistically significant ielahip is documented between
ASSETCOMRINALIABCOMPwith MES In summary, the reported results are robust to the use
of ZSCOREandMESas the dependent variables of the econometric analysis.

Since our sample of banks has been selected on the basis of sankrsphecific criteria on
systemic importance, it might suffer from some sort of selecbias. Therefore, a second
robustness test investigates whether our empirical findings Ieee influenced by selection
bias induced by the non-randomness of our sample. To account for this biagpply the
traditional Heckman (1979) two-stage methodology. In the first stagegonstruct a dummy,

which plays the role of the selection variable in the model. Thiabla is name®&CAPand is

% The results of the first-stage regressions areshown here for the sake of brevity, but are at#laipon request.
It is important to mention though that the appli@atof the Hansed-test provides us with-values which belong to
the closed interval [0.153, 0.377]. These valueamtbat we fail to reject the null hypothesis thaeg¢ridentifying

restrictions are valid and, hence, we can proviggsrt to the validity of the selected instrumentatiables. A

robustF-statistic test further confirms the validity ofromstruments. Furthermore, the Hausman test stpploe

use of 2SLS IV estimation methodology as it wasd#ge in our main regression analysis.
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equal to unity if bank has taken part in tft@eCAPexercise, and zero otherwisRCAPiIs linked
to one of the six criteria we applied to select our sample of basksalytically discussed in
Section 3.1.

The first-stage (selection) model is a probit model wHe@AP is run on ALEV1,
ADERLEV1, ASECLEV1,40BSLEV1,and on a constant term using maximum likelihood
estimation. The Inverse Mills RatioMR) is obtained, which represents the selection control
variable of the first-stage regression. TIMR is a monotonically decreasing function of the
probability that an observation is selected into the sample. Movirtgetcsecond stage, we
estimate our baseline model (eq. 11) by OLS incorporating the ofbtidie in the set of
explanatory variables to correct for possible sample selectisnlbiaasdMR is not found to be
statistically significant, then the null hypothesis of no samsplection bias cannot be rejected.
The first- and second-stage results of the Heckman samplé@ei@odel for the two examined
time periods usingCAPas the selection variable in the first-stage regressionsepogted in
Table 8.
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The first-stage results reveal that those banks which partidipa the SCAP exercise in
2009 have been largely involved in on-balance-sheet leverage asthiitieespecially, in off-
balance-sheet activities. This can be inferred from the posang statistically significant
relationships that we document betwetiieV1, ADERLEV1ASECLEV1and4OBSLEV lwith
SCAR This sort of relationships remains strong and unaffected for botledpeunder
examination. Hence, we can argue that the SCAP banks were leghitgged before the crisis,
meaning that, after the outbreak of the crisis, they would be anf@ndirst ones to start
deleveraging their portfolios. If we consider that the SCAP bargksfahe biggest banks in the
U.S. market (size has been the main criterion for a bank tccipaté in SCAP), then the
reported results are perfectly in line with the positive i@hahip that holds between size and
off-balance-sheet leverage exposure of banking organisations as discusszihim3Sk

As regards the second-stage regression results, these broadiym ¢bef findings of our
baseline empirical analysis. The Inverse Mills Ratio isstatistically significant at the 5% level
in any of our regressions, indicating that selection problemsmaginal in our context.
Therefore, controlling for potential sample selection bias does ne ha impact on our
empirical findings. Additionally and more importantly, the esties of the Heckman-type

regression models are consistent with those obtained from our baselingsanalys

6. Concluding remarks and policy implications

In this paper we examined how modern banking that gave birth toffthalance-sheet
leverage business affected the risk profile of U.S. banks dsawehe level of systemic risk
before and after the onset of the late 2000s financial crisis. Hievacthis, we employed a very
representative data set of 20 U.S. SIFIs that covered both tleeipseperiod and the period
after mid-2007 when the crisis erupted. We appropriately modelledetatonship between
individual bank soundness and systemic fragility with on-balance-sivemiafje variables but,
most notably, with several complementary measures of off-batdrest activities which have
never been used in the relevant literature. Markedly, we paid specialbattenthe deleveraging
process that occurred after the outbreak of the crisis, which cesisadditional innovative
feature of our study.

Our formal evidence reliably indicates that leverage hargmitributes to both total bank risk

and systemic risk thus corroborating the findings that appear ireldnant literature (e.g., see

Page 50 of 82



Wu et al, 2011) as well as in the popular press. To put it in a detaded way, we lend support
to the view that, before the onset of the crisis, banks accumulatethge both on and,
especially, off their balance sheets. Indeed, banks were able to expandd@vevaygs that were
previously impossible: by largely relying on new financial prasluthey managed to extend the
short-term funding of their medium- and long-term assets. Thisasedematurity mismatch and
raised the probability of bank runs and, in turn, the levels of the lbviskathus forcing the
system to either fail or consider large-scale bailouts.

Accordingly, in the pre-crisis era, the positive relationshipuieatiocument between the off-
balance-sheet leverage and risk shows that leverage was onenddithtactors responsible for
the fragility of the banking system. Nevertheless, a much nargille threat to systemic
stability was formed after the beginning of the crisis when batdsed to dispose the large
number of bad assets they used to hold either in their portfolios or themf The deleveraging
process, which mostly took place off the balance sheet of banksuns to be virtuous for
individual banks’ health, but harmful for the stability of the system.

We postulate that the expansion of derivatives trading assoaciatedthe increased
securitisation activity was disregarded by national and supraniatemdatory and supervisory
authorities in the years running up to the crisis. The direct link destwoff-balance-sheet
leverage and systemic risk provides the necessary conditioncartieat debate on stricter bank
regulations through the imposition of an explicit off-balance-slesetrdge ratio as it is the case
in Canada for many years now (see Bordeleau et al., 2009). Aadeveatio that does not
consider off-balance-sheet items encourages banks to either festpand such kind of
activities, or to innovate other products that can also take pfadbeir balance-sheets. Put
differently, the failure to incorporate off-balance-sheet #ema measure of leverage exposure
provides additional incentives to banking firms to shift thesesitefhtheir balance sheets so as
to avoid the traditional on-balance-sheet leverage restrictions.

We should always bear in mind that traditional capital requirameate one of the chief
reasons that turned banks to hide part of their assets and, hence, part of theirhesk lmdfance
sheets. Therefore, two different, complementary leverage ratidstodé® imposed in our view:
one that targets on the on-balance-sheet items and one thah agsgicting implicit leverage
(both embedded and off-balance-sheet leverage). And, in fact, the new Basgleruiasel 111)

are moving towards this direction.
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What we also document is that the banks which concentrate on tradititimgies typically
carry less risk compared to those involved with modern financialumsnts. To be more
specific, on the asset side of banks’ balance sheets, the replacefrtraditional loans with
tranches of Asset Backed Securities (ABS), Collateralisglt @bligations (CDOs) and other
associated derivatives is found to increase total bank risk. Althsugh tranches are often
AAA-rated and thus of low risk, the newer assets originatedhdanks are down-the-quality-
curve. And, in fact, this seems not to have been taken into serious camsiddry rating
agencies before the crisis. Turning to the liability side oflihnce sheets, the traditional
business of taking deposits from households, which has been relativiehede@ompared to the
non-interest income business is found to decrease individual bank risk.

All things considered, the aforementioned findings could play arrdheicurrent discussion
about a possible revival of the Glass-Steagall Act, which had baromethercial banks from
underwriting, holding or dealing in corporate securities, hence edbeseparating investment

from commercial banking activities.
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Appendix B: Quantilevs. OL Sregressions
The purpose of this Appendix is to explain the main reasons why avguantile regression
techniques instead of standard OLS techniques to estimate theeqtations (eq. 7, 8, 9, and

10) in the context o€oVaRmeasurement. We focus on the following five reasons:

a) In the framework oCoVaRanalysis, we can make the assumption that the return equation

(say eq. 8) has the following linear factor structure:

R;ystemli =0+ My_1 2y + Rcil/12 + (A3 + My_1 24 + Réls)gflystemli (8a)

system|i

whereRq

is the quarterly growth rate of total assets ofN&R0 banks that comprise our
banking system conditional on bankeing financially distressed’é is the quarterly growth rate
of banki’s total assets conditional on bankeing distressedy,_; is the one-quarter lag vector
system|i

of the state variables that influence bank soundness as describection 3.3; andsq =

1404, With 0, Oi.i.d. N(0,1), wheren, is independent af/,_, , i.e., E[s;y“em'i | My_1 ,RL] =
0.

Both the conditional expected retLErﬁRf,y“em” | Mg_y,RE] = 2o + My_1 44 + R.2,, and
the conditional VolatilityVol[RsyStemli | Mg_y,RL] = 23 + My_144 + RiAs depend onM,_,
and Rg. The coefficientsdy, 4,,and A, can be consistently estimated by running an OLS
regression oRfly“em'ion M,_, and R. However, in order th¥aRandCoVaRmeasures to be
estimated by OLS, we need to also estimate the coefficigntg, and A5. This implies that we
need to make a prior distributional assumption about the errorsgé(ffﬁm'i of our model (eq.

8a). On the other hand, quantile regression analysis incorporateatestiof the conditional
mean and the conditional volatility, which are needed to produce conditiordllegiavithout
having to make any prior distributional assumptions about the errar (8#e Boyson et al.,
2010; Chan-Lau, 2010; Adrian and Brunnermeier, 2011; Girardi and Tolga Ergun, 2018; R
and Sanchis-Marco, 2013).
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b) Quantile regression models can be estimated for a large @nhpossible quantiles (see
Boyson et al., 2010; Adrian and Brunnermeier, 2011). We can therefoie senof different

guantile regressions to estimate eq. 8a for different percentiles.

¢) Quantile regression techniques capture the possible non-liegawtiich can be found in the
default risk of some banking institutions as well as in the osishiips that hold between the
default risk of different banks and that of the entire banking sy&tman-Lau, 2010). In this or
similar contexts, Engle and Manganelli (2004) study a large groupopnflinear quantile

regression models, called Conditional Autoregressive Value-at-Risk @RAVi

d) Quantile regression extends the OLS intuition beyond the estimatidhe mean of
conditional distribution of the default risk of a bank, allowing the dooml distribution to be
sliced at the quantile (percentile)of interest thus obtaining the corresponding cross-section of
the conditional distribution (Chan-Lau, 2010).

e) Quantile regression techniques allow for heteroskedasticity (Boyabn2210).

61

Page 62 of 82



*Highlights (for review)

Highlights

e We examine the relevance of on- and off-balance-sheet leverage of banks in the crisis.

e Attention is paid to the deleveraging process which occurred after the onset of the crisis.
e Both on- and off-balance-sheet leverage increase individual bank risk and systemic risk.
e Deleveraging is found to be beneficial for banks’ health, but harmful for the system.

e Traditional lines of banking business carry less risk compared to modern products.
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Table

Tablel
Sample of banks. This table reports the 20 U.Skdbarmich are employed in our empirical analysis.
Bank name
1. BANK OF AMERICA CORP. 11. JP MORGAN CHASE & CO
2. BANK OF NY MELLON CORP. 12. KEYCORP
3. BB&T CORP. 13. NORTHERN TRUST CORP.
4. CAPITAL ONE FINANCIAL CORP. 14. PNC FIN. SERVICES GROURON
5. CITIGROUP INC. 15. REGIONS FINANCIAL CORP.
6. CITY NATIONAL CORP. 16. STATE STREET CORP.
7. COMERICA INC. 17. SUNTRUST BANKS INC.
8. FIFTH THIRD BANKCORP 18. US BANK CORP.
9. FIRST HORIZON NATIONAL CORP. 19. WELLS FARGO & CO
10. HUNTINGTON BANKSHARES INC. 20. ZIONSBANKCORP.
Table2

Panel unit root test and cointegration test. Panel A repiartgalues otW-statistic from the panel unit
root test of Im-Pesaran-Shin (2003) and the correspormirajues. All data series included in the
return equations (eq. 7, 8, 9 and 10) in @®/aR measurement are tested for stationarity. The null
hypothesis under study is that of a unit root against the aiierd stationarity. Panel B summarises
the results of the Pedroni cointegration test, which examireesidll hypothesis of no cointegration
between the variables of interest. The Pedroni test relie®ur statistics: the paneistatistic, the
panel PPp-statistic, the panel PPstatistic, and the panel DiFstatistic. These statistics account for
common time factors and heterogeneity across the sample bankingiorstit

Pand A: Panel Unit root test

Variables Im-Pesaran-Shili-statistic p-value
Growth rate of total assets -2.345%* (0.031)
Market return volatility -3.519** (0.028)
Liquidity risk spread -1.810 (0.341)
Yield curve -3.109%** (0.007)
Interest raterisk -2.930%** (0.005)
Pandl B: Cointegration test Pedroni test statistics p-value
v-statistic 0.184 (0.150)
p-statistic (PP) -1.593* (0.094)
t-statistic (PP) -0.328 (0.139)
t-statistic (DF) -0.540 (0.111)

*x o+ % correspond to 1%, 5%, and 10% level afysificance respectively for a two-tailed distritmrt.
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Table4

Descriptive statistics. The summary statistics of b wariables employed in our baseline
empirical analysis are reported in this table. Panehdws the statistics for the pre-crisis period
which extends from 2002q1 to 200792, while Panel B refers to the peisisl that commences in
200793 and ends in 2012g3. Variables are distinguished into four magodas: the left-hand
side risk variables, the leverage variables, the bankfgpeontrol variables, and those variables
that capture the macroeconomic environment. The descriptioacbf \ariable together with the
relevant data sources are provided in Appendix A.

Panel A: Pre-crisisperiod Mean Median Maximum Minimum St. Dev. Obs
Risk variables

TOTRIK 2287 1.212 5.259 0.214 2.221 432
CoVaR 3.112 2.860 7.194 0.713 1.890 429
Leverage variables

LEV1 7.879 7.174 12.121 5.732 0.256 436
LEV2 0.121 0.118 0.197 0.069 0.021 435
LEV3 7.123 6.875 10.564 4.784 0.598 436
DERLEV1 10.989 9.112 17.804 3.731 3.098 419
DERLEV2 1.865 1.775 3.122 0.484 2.883 427
DERLEV3 3.167 3.001 5.713 0.965 1.119 426
SECLEV1 7.005 6.603 11.434 1.740 1.794 431
SECLEV2 11.995 10.953 21.805 3.842 1.980 432
OBS_EV1 14.719 13.992 26.141 3.095 2.395 420
OBSLEV2 9.813 9.175 19.530 1.408 3.592 421
Traditional banking variables

ASSETCOMP 0.522 0.513 0.798 0.185 0.178 438
LIABCOMP 0.223 0.208 0.421 0.063 0.063 439
MA 0.154 0.143 1.000 0.000 0.211 440
Macroeconomic environment

INF 0.036 0.034 0.093 -0.035 0.086 439
GDP 0.026 0.023 0.067 -0.019 1.514 439
Panel B: Crisisperiod Mean Median Maximum Minimum St. Dev. Obs
Risk variables

TOTRIK 1.989 1.897 4.342 0.089 1.341 401
CoVaR 6.959 6.794 10.853 2.805 1.852 392
Leverage variables

LEV1 6.184 5.953 10.909 3.882 0.954 413
LEV2 0.110 0.107 0.174 0.041 0.017 413
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LEV3

DERLEV1
DERLEVZ2
DERLEV3
SECLEVL
SECLEV2
OBS_EV1
OBS_EV2

Traditional banking variables
ASSETCOMP
LIABCOMP

MA
M acroeconomic environment

INF
GDP

6.007
5.999
1.126
1.605
4.976
8.784
9.643
7.683

0.652
0.241

0.127

-0.029
-0.034

5.843
5.755
1.100
1.509
4.672
8.432
9.462
7.459

0.643

0.231

0.119

-0.032
-0.038

8.904
12.004
2.275
3.009
8.843
14.734
19.943
15.629

1.074

0.382

1.000

0.121
0.282

3.211
0.653
0.087
0.252
0.656
1.956
1.134
0.747

0.099

0.061

0.000

-0.274
-0.341

0.765
4.783
3.341
3.006
2.845
2.165
2.742
4.131

0.349

0.089

0.087

3.731
4.174

412
400
397
404
407
408
389
392

416

417

420

418
418

5
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Table 6a

Second-stage regression results. This table presents the-stmgadesults obtained
by 2SLS IV fixed-effects regression analysis for the prsisrperiod (200291-
20079g2) and for the crisis period (200793-20129g3). The dependent vasidbtal i
bank risk TOTRISK). The main explanatory variables are the average quarterly
changes in: on-balance-sheet leverajeEl/1), derivatives leveraged DERLEVY),
leverage from securitisatiordBECLEV1), and off-balance-sheet leverage ratio
(AOBSLEV1). All explanatory variables are instrumented in thet fstage; the
instrumental variables areflLEV2, ALEV3, ADERLEV2, ADERLEV3, 4SECLEV2,

and 4OBSLEV2. The set of bank-specific control variables used in our asalysi
includes the asset composition of banks’ balance sh&S&ETCOMP), banks’
liabilities composition I(|ABCOMP), and a dummy variable which accounts for
M&A transactions A). Two macroeconomic control variables are also used: the
level of inflation (NF) and the level of economic growttGDP). A detailed
description of each variable can be found in Appendix A. A caohderm is
included in the regression model, but is not reported in the talierddkedasticity-
robustt-statistics are reported in parentheses.

TOTRISK
Pre-crisis period Crisis period
ALEV1 0.089*** -0.009***
(5.07) (-2.34)
ADERLEV1 1.041%** -0.784**
(4.75) (-1.77)
ASECLEV1 1.119** -1.005***
(1.87) (-4.21)
AOBSLEV1 0.834*** -0.193***
(2.52) (-1.99)
ASSETCOMP -4.767*** -3.163**
(-2.44) (-1.80)
LIABCOMP -1.702** -0.932**
(-1.79) (-1.73)
MA 0.012 0.016
(1.21) (0.98)
INF -0.099** -0.052%**
(-1.76) (-2.07)
GDP -1.165** -0.865*
(-1.86) (-1.61)
Observations 419 389
R? 0.163 0.179
F-statistic 11.54 10.88
p-value 0.00 0.00
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*x xx % correspond to 1%, 5%, and 10% level ofgsificance respectively for a two-tailed
distribution.

Table 6b

Second-stage regression results. This table presents tmelsstage results obtained
by 2SLS IV fixed-effects regression analysis for the pigiscmperiod (2002q1-
2007g2) and for the crisis period (200793-2012qg3). The dependent variable is
systemic risk CoVaR). The main explanatory variables are the average quarterly
changes in: on-balance-sheet leverajeEl/1), derivatives leveraged DERLEVY),
leverage from securitisatiordBECLEV]), and off-balance-sheet leverage ratio
(AOBSLEV1). All explanatory variables are instrumented in thet fstage; the
instrumental variables areflLEV2, ALEV3, ADERLEV2, ADERLEV3, 4SECLEV2,

and 4OBSLEV2. The set of bank-specific control variables used in our asalysi
includes the asset composition of banks’ balance sh&S&ETCOMP), banks’
liabilities composition I(|ABCOMP), and a dummy variable which accounts for
M&A transactions A). Two macroeconomic control variables are also used: the
level of inflation (NF) and the level of economic growttGDP). A detailed
description of each variable can be found in Appendix A. A eonsterm is
included in the regression model, but is not reported in the tablerddkédasticity-
robustt-statistics are reported in parentheses.

CoVaR
Pre-crisis period Crisis period
ALEV1 0.165*** 0.197**
(2.31) (1.69)
ADERLEV1 0.078*** 0.286***
(4.31) (4.24)
ASECLEV1 0.552*** 0.669**
(2.99) (1.75)
AOBSLEV1 0.834** 1.275%**
(1.87) (2.03)
ASSETCOMP 1.304 0.899
(2.29) (1.41)
LIABCOMP 0.868 1.103
(0.99) (0.90)
MA 0.028 0.033
(1.32) (2.14)
INF -1.106*** -1.539***
(-2.46) (-1.97)
GDP -1.883** -2.376*
(-1.89) (-1.76)
Observations 406 375
R? 0.144 0.129

11
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ACCEPTED MANUSCRIPT

F-statistic 14.12 12.76

p-value 0.00 0.00

*x xx % correspond to 1%, 5%, and 10% level ofgsificance respectively for a two-tailed
distribution.

12
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Table 7a

Robustness tests. This table presents the second-stalie obsained by 2SLS IV
fixed-effects regression analysis for the pre-crisisope(2002g1-2007g2) and for
the crisis period (200793-20129g3). The dependent variable is bankensplvisk
(ZSCORE). The main explanatory variables are the average quarterhges in: on-
balance-sheet leveragdLEVY), derivatives leveragedDERLEVY), leverage from
securitisation {/SECLEV1), and off-balance-sheet leverage rat®BS_EV1). All
explanatory variables are instrumented in the first stageinBtrimental variables
are given by the two- and three-period lagg/loEV1, ADERLEV1, 4SECLEV], and
AOBSLEV1 according to the Akaike Information Criterion and the Schwarz
Bayesian Information Criterion. The set of bank-specific conadhbles employed
in our analysis includes the asset composition of banks' dmlasheets
(ASSETCOMP), banks’ liabilities composition. { ABCOMP), and a dummy variable
which accounts for M&A transaction1f). Two macroeconomic control variables
are also used: the level of inflatiofNF) and the level of economic growt&DP).

A detailed description of each variable can be found in Appendix AnAtant term
with time (quarterly) dummies is included in the regression mpdels is not
reported in the table. Heteroskedasticity-robusitatistics are reported in
parentheses.

ZSCORE
Pre-crisis period Crisis period
ALEV1 -0.164*** 0.032**
(-3.21) (2.79)
ADERLEV1 -0.332%** 0.050**
(-4.78) (1.86)
ASECLEV1 -0.847*** 0.208***
(-2.90) (3.44)
AOBSLEV1 -0.834** 0.372***
(-1.85) (2.13)
ASSETCOMP 4.402** 4.175**
(1.88) (1.78)
LIABCOMP 2.004*** 2.389***
(3.21) (3.98)
MA 0.002 0.008
(0.79) (0.90)
INF 0.904* 0.673**
(1.62) (1.87)
GDP 0.976** 1.153*
(1.86) (1.58)
Observations 413 382
R? 0.148 0.129

13
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F-statistic
p-value

11.04
0.00

12.88
0.00

*x xx % correspond to 1%, 5%, and 10% level ofgsificance respectively for a two-tailed

distribution.

Table7b

Robustness tests. This table presents the second-staje oesained by 2SLS IV
fixed-effects regression analysis for the pre-crisisopef2002g1-2007g2) and for
the crisis period (200793-20129g3). The dependent variable is systshiMES).

The main explanatory variables are the average quarterhgeban: on-balance-

sheet leverage 4ALEV]),

derivatives

leverage 4ADERLEV1), leverage from

securitisation {/SECLEV1), and off-balance-sheet leverage rati®BSLEV1). All
explanatory variables are instrumented in the first stageirBfreimental variables
are given by the two- and three-period lags/loEV1, ADERLEV1, ASECLEV1, and
AOBSLEV1 according to the Akaike Information Criterion and the Schwarz
Bayesian Information Criterion. The set of bank-specific conadbhbles employed

in our analysis

includes the asset composition of banks' dmlasheets

(ASSETCOMP), banks’ liabilities composition {ABCOMP), and a dummy variable
which accounts for M&A transaction®Mf)). Two macroeconomic control variables
are also used: the level of inflatiofNE) and the level of economic growtGDP).

A detailed description of each variable can be found in Appendix An&tant term
with time (quarterly) dummies is included in the regression mpdels is not

reported in the table.

Heteroskedasticity-robusdtatistics are reported in

parentheses.
MES
Pre-crisis period Crisis period
ALEV1 0.202** 0.243***
(1.88) (2.04)
ADERLEV1 0.709*** 0.791***
(3.67) (3.54)
ASECLEV1 0.988** 1.197*
(1.83) (2.79)
AOBSLEV1 0.754*** 0.830***
(2.64) (2.27)
ASSETCOMP 0.489 0.786
(1.44) (0.63)
LIABCOMP 0.818 1.178
(0.89) (0.59)
MA 0.027 0.039
(1.02) (1.15)
INF 0.830 0.938*
(1.32) (1.63)
GDP 1.794* 1.754*
(1.67) (1.59)

14
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ACCEPTED MANUSCRIPT

Observations 402 361

R? 0.116 0.148

F-statistic 9.64 8.18

p-value 0.00 0.00

*x xx % correspond to 1%, 5%, and 10% level ofgsificance respectively for a two-tailed
distribution.
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