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decrease it. Nevertheless, the proportion of non-performing loans over total loans and
the leverage ratio have much stronger impact on systemic risk than derivatives holdings.
We find that before the subprime crisis credit derivatives decreased systemic risk
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Derivatives Holdings and Systemic Risk in the U.Banking
Sector

Abstract
This paper studies the impact of the banks’ padfobbldings of financial derivatives on

the banks’ individual contribution to systemic risker and above the effect of variables
related to size, interconnectedness, substitutybéind other balance sheet information.
Using a sample of 91 U.S. bank holding companiemf2002 to 2011, we compare
five measures of the banks’ contribution to systensk and find that the new measure
proposed in this study, Net Shapley Value, outperfothe others. Using this measure
we find that the banks’ holdings of foreign exchamd credit derivatives increase the
banks contributions to systemic risk whereas hgsliof interest rate derivatives
decrease it. Nevertheless, the proportion of nafepaing loans over total loans and
the leverage ratio have much stronger impact otesys risk than derivatives holdings.
We find that before the subprime crisis credit detives decreased systemic risk
whereas during the crisis increased it. So, ceglitvatives seemed to change their role
from shock absorbers to shock issuers. This effenbdt observed in the other types of

derivatives.
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1. Introduction
Since the beginning of the current financial andneenic crisis, the concern about
systemic risk has increased, becoming a priority riegulatory authorities. These
authorities realized that systemic risk is notamsitory problem and consequently, new
institutional arrangements have been approved tlvead this challenging issue. The
Financial Stability Oversight Council (FSOC) in theS. and the European Systemic
Risk Board (ESRB) in the E.U. have been set to tiflersystemic risk, prevent
regulatory loopholes, and make recommendationsthegewith existing regulatory
authorities. The concerns about systemic risk ledse extended to securities markets
regulators. Thus, the International OrganizationSeturities Commissions’ (I0SCO)
has also established a Standing Committee on Rigk Research to coordinate

members’ monitoring of potential systemic riskshintsecurities markets.

In this setting it is crucial for the banking regidry institutions to be able to analyze
and understand the determinants of a banks’ canimib to systemic risk. This
information would help them not only to improve @ntly available systemic risk
measures and warning flags but also to developaiten system on the basis of the
externalities generated by a banks’ impact on systeisk. Additionally, securities
market regulators are interested in understanduegcbntribution of traded financial
instruments, for instance financial derivativessystemic risk in order to consider new
regulatory initiatives. Finally, investors should boncerned with the extent to which
derivatives holdings affect the systemic impactajiven bank in order to assess the
appropriate reward required to bear this kind sk.riStulz (2009) pointed out the lack
of rigorous empirical studies on the social besefind costs of derivatives and in
particular their role in the financial crisis 2009: This paper aims to improve our
understanding of these social costs and benefémenng whether the use of financial
derivatives was a relevant factor in the destadtilon of the banking system during the

recent financial crisis.

The spectacular growth in banks’ balance sheet ®oemt decades reflected increasing
claims within the financial system rather than witn-financial agents. One key driver
of this explosive intra-system activity came frome growth in derivatives markets and
consequently in the growth of derivatives holdingsthe banks’ balance-sheets. A
proportion of this growth may have been motivatgdteir use for hedging purposes
justified by theory supporting the rationality oédging decisions at individual bank
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level (e.g., Koppenhaver, 1985). This stance ailsdsfsupport in empirical evidence
suggesting the advantages of different hedgindegfies for financial firms, again at
individual level, see among others Jaffe (2003).wkler, another substantial
proportion of this growth is due to proprietary direg activities by banks. Both
activities, hedging and trading, are regarded asnpally useful and profitable by
banks. However, it is well known that financial d&ans that are rational at individual
level can have negative consequences at system llevbkis also the case with respect
to the banks’ holdings of financial derivatives?eTladmittedly very scarce, literature
on this subject suggests that this might be the,daalmés and Théoret (2010) find that
off-balance-sheet activities reduce banks’ meauarmsef simultaneously increasing the
volatility of their operating revenue and therefanereasing banks’ systemic risk.
Nijskens and Wagner (2011) report that the firg akcredit derivatives is associated
with an increase in a bank’s risk, largely due noirecrease in banks’ correlations and
therefore in their systemic risk. However, as famn& know, no evidence is available on
the direct impact of derivatives holdings on thenksa individual contributions to
systemic risk. Ours is a first attempt to fill tigep. For such aim, we combine two
analyses; we first measure the banks’ individualGoutions to systemic risk and then,
we estimate the effects of their holdings of finahaderivatives on the banks’

contributions to systemic risk.

To assess the banks’ contributions to systemicwiskuse the following five measures:
ACoVaR,ACoOES, AsymmetridCoVaR, Gross Shapley Value (GSV) and Net Shapley
Value (NSV). TheACoVaR is the difference between the Value at Risk (VaRihe
banking system conditional on banlkeing in distress minus the VaR of the banking
system conditional on bankbeing in its median state. TRdCOES applies the same
idea but using the Expected Shortfall instead effAR (see Adrian and Brunnermeier,
2011). The AsymmetricddCoVaR represents a variation of the stand&@oVaR
specification that allows for asymmetries in thpgedfication (see Lépez, Moreno,
Rubia and Valderama, 2011). The GSV measures thage contribution to systemic
risk of banki in all possible groups in which the whole finah@gstem can be divided
(see Tarashev, Borio, and Tsatsaronis, 2010). lifyine propose an alternative measure
to the GSV called NPV in which we get rid of théoglncratic component present in

the former measure by subtracting from the GSWhR of the bank.



We estimate these five measures for a subset oBihbiggest U.S. bank holding
companies for the period that spans from 2002 t@120Ne then compute the
correlation of the systemic risk measures with rastex of systemic events and run a
Granger causality test between pairs of measuretsfiad that the NSV presents the
closest association with the index and Granger esausore frequently the other

measures.

Then, using this measure of systemic risk as tlpem#ent variable, we examine six
issues: (1) is there a relationship between thé&diamldings of financial derivatives

and their contributions to systemic risk?; (2) Hgstrelationship uniform across

derivatives classes?; (3) is the impact on systeiskcthe same irrespective of whether
the derivative is held for trading or for other pases?; (4) is the relationship between
derivatives holdings and systemic risk sensitivetite emergence of the subprime
crisis?; (5) in the case of credit derivativesthsir impact dependent on whether the
bank is net protection seller or net protectiones@y (6) besides derivatives, are there

other balance sheet asset items which are signifaantributors to systemic risk?.
We find the following results:

1. Yes. There is a significant relationship betweee thir value of derivatives
holdings of bank in quartert and the contribution to systemic risk of bgnk
quartert+1. Therefore derivatives holdings act as leadingcatdrs of systemic
risk contributions.

2. No. Banks’ holdings of credit and foreign exchangerivatives have an
increasing effect on systemic risk whereas holdimfsinterest rate and
commodity derivatives have a decreasing effect.

3. No. Usually derivatives held for trading have ansfigant effect, either positive
(foreign exchange) or negative (interest rate, codity) whereas derivatives
held for other purposes do not significantly affegstemic risk.

4. Yes and No. We find that before the subprime casgslit derivatives decreased
systemic risk whereas after the crisis increasdsiit the way foreign exchange,
interest rate, equity and commaodity derivativesueice systemic risk remains
unchanged.

5. Yes. If the bank is net protection buyer its crelditivatives holdings increase its
systemic risk.



6. Yes. Some variables (measured as ratios over &ssets) are also leading
indicators of systemic risk contributions. Increase the following variables
increase systemic risk contributions: total loaret, balance to banks belonging
to the same banking group, leverage ratio and tbegption of non-performing
loans (measured in this case, relative to totaldpaOn the other hand, increases
in total deposits decrease systemic risk. The kbasawith the highest economic
impact on systemic risk are the proportion of nenfgrming loans to total loans
and the leverage ratio. In fact, their economic aotpis higher than the one

corresponding to derivatives holdings.

The rest of the paper is organized as follows. i8e@ describes the methodology. In
section 3 we describe the data. Section 4 repoetentain empirical findings. In section
5 we present some robustness tests, and we connlsdetion 6.

2. Methodology

2.1. Systemic Risk: Measures and Comparison

We consider the following five measures of the wdlial contribution of banks to
systemic risk: (i)ACoVaR, (ii) ACoOES, (iii) AsymmetricACoVaR, (iv) Gross Shapley
Value (GSV) and (v) Net Shapley Value (NSV). Theatle of the characteristics and

the estimation of the systemic risk measures caoure in Appendix B

As in Rodriguez-Moreno and Pefia (2012) we use titeria to rank the five measures:
(a) the correlation with an index of systemic egeahd policy actions, and (b) the
Granger causality test. The first criterion compatee correlation of each measure with
the main systemic events and policy actions ands#wnd criterion points out the

measures acting as leading indicators of systeiskc Both criteria focus on different

2 Acharya, Pedersen, Philippon and Richardson, @0b) propose an alternative measure of the
individual contribution to systemic risk called liead SES that measures the propensity of bankbe
undercapitalized when the whole system is undet@iagm@d. We exclude this measure from the
discussion in the main text because, by constnuctias quarterly estimated and we cannot cartytbe
comparison with the considered five measures. Nieekiss, we estimate this measure, conduct the
baseline regression to analyze the determinant&ioks contributions to systemic risk and find tttest
results are fully in agreement with the main firghirof this paper.
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aspects of systemic risk and complement to eadadr évhprovide a robust diagnostic of

the most reliable individual contribution to systemisk measure3.

In the first criterion we use an influential everriable (IEV), which is a categorical
variable that captures the main events observedpaltidy actions taken during the
financial crisisbased on the Federal Reserve Bank of St. Louisisctimeline! The IEV
takes value 1 whenever there is an event, undemypethesis that those events should
increase systemic risk, and is equal to -1 whenthexe is a policy action, under the
hypothesis that policy action’s aim is to decreasgemic risk (and the action is usually
successful). Otherwise it equals zero. The rankiethod is based on the McFadden R-
squared, a measure of goodness of fit. For eack ban the sample we run a
multinomial regression in which the dependent \@deas the IEV and the explanatory
variable is the systemic risk measyréor banki (wherej =1,...,5 andi =1, ...,91)
and then estimate the McFadden R-squared. The cmopeof the different pairs of
systemic risk measures, referred to the same lisualone by assigning a score of +1 to
the measure with the highest R-squared and -let@tie with the lowest. Finally, we
add up the scores obtained for each measure aitr@s&l bank3By doing this, we
avoid penalizing those measures that provide Igathformation and penalizing those
events or political actions which have been distediby the market before the event.

The second criterion is based on the Granger dauszdt (Granger, 1969). To rank the
measures we give a score of +1 to a given measuifeXXGranger causes another
measure Y at 5% confidence level and -1 if X issealin the Granger sense by Y. As a
consequence, the best measure gets the highest@asore and the worst measure the
highest negative score. Next, we add up the sabtsned by each measure across the
91 banks. Technical details on the procedure topamenthe systemic risk measures can

be found in Appendix C.

% In Rodriguez-Moreno and Pefia (2012) the authazsansadditional criterion based on the Gonzalo and
Granger’s (1995) methodology. To carry out thislgsia, the pairs of systemic risk measures haveeto
cointegrated. However, this requirement is nots§iatl in several of the pairs of measures and sodav
not consider it.

* Timeline crisis can be accessed via http://tineeitiouisfed.org/.

® This ranking procedure is related to the well-kno@ondorcet voting method. However to avoid some
of the problems of the Condorcet approach we dlsa/dor negative as well as positive scores.
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2.2. Determinants of systemic risk

We implement a panel regression analysis in whehitdividual bank’s contribution

to systemic risk in quartdris regressed on the following variables (all iraqart-1):

bank’s holdings of derivatives, proxies for thenstard drivers of systemic risk (size,
interconnectedness, and substitutability), othelariz® sheet information and the
aggregate level of systemic risk. We employ a PWissten regression with correlated
panels, corrected standard errors (PCSEs) and trofousheteroskedasticity and
contemporaneous correlation across panels. Out pegression model is described by

the following equation:

N M N
SRig=a+ ) YaVuseor+ ) OnZmies+ ) Pe¥sien +Time Effects + e, (1)
n=1 m=1 s=1

where the dependent variable is the baml¢entribution to systemic risk as measured

by the Net Shapley Value. The vector of variabtgg contains the proxies for the
banki size and its degree of interconnectedness anditsidisility. The vectorZ,

contains variables related to other banks chaiatitey. balance-sheet quality and the
aggregate level of systemic risk one and two quedgo. The aggregate variables are
obtained after aggregating the levels of systensk of the U.S. commercial banks
(without considering the barl, dealer-broker and insurance companies. The vetto

variables X _; ., refers to the banks’ holdings of financial derivas.

s,it

2.3. Research questions
We examine six issues that have not been addrgssgubusly in literature regarding

the role of derivatives holdings and their possddanections with systemic risk:

1. The first question to ask is whether the banksdimgs of financial derivatives
contribute in any significant way to systemic risK.this is indeed the case, then
many other important questions come into play.

2. The next obvious question is whether this relatigmss uniform across derivatives
classes or are there differences in the impactdmivioreign exchange and interest
rate derivatives, for example.

3. Given that our databases allow us to distinguistwéen derivatives held for
trading or for other purposes, the next questiowhsther the impact on systemic

risk is the same irrespective of the reason theyoamg held.
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4. Given the abrupt change in market conditions silutg 2007 a pressing question is
to study whether the relationship between derieatiwldings and systemic risk is
sensitive to the emergence of the subprime cfi$is.answer to this question could
be very illuminating in the sense that some derreatthat were thought to play the
role of shock absorbers before the crisis (this Waspredominant view on the
derivatives industry in generfinay have changed their nature once the subprime
crisis starts.

5. In the specific case of credit derivatives, one rttagk that a bank that is a net
protection buyer and therefore is hedging its ¢redk to some extent, should
contribute to a lesser extent to the overall syatemk. Testing whether this is
indeed the case helps to understand the actual abléhese controversial
instruments.

6. Additionally, it seems natural to ask what othetabhae sheet asset items are
significant contributors to systemic risk and inrtgaular which ones have the

biggest economic impact on systemic risk.

3. Data and Explanatory Variables

3.1 Data

The Bank Holding Company Data (BHCD) from the Fedl&eserve Bank of Chicago
is our primary database.Additional information (VIX, 3-monthTbill rate, -Bionth
repo rate, 10-year Treasury rate, BAA-rate bond, Mi$CI index returns) is collected

from DataStream and the Federal Reserve Bank of Y.

Our data set is composed of U.S. bank holding comegawith total assets above
$5billion in either the first quarter of 2006 oretfiirst quarter of 2009. Therefore our
focus is on relatively big banks in either the prisis or the ongoing crisis period.
Additional filters are banks for which we have infation on their stock prices, banks

that held at least one type of derivatives analyreithis paper, and, we exclude banks

®“As is generally acknowledged, the developmentreflit derivatives has contributed to the stabitity
the banking system by allowing banks, especialéy lrgest, systemically important banks, to measure
and manage their credit risks more effectively” &@rgpan (2005).

" http://www.chicagofed.org/webpages/banking/finahdnstitution_reports/bhc_data.cfm
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that defaulted or were acquired before 28@ur final sample consists of quarterly

information for 91 bank holding companies from Mag002 to June 2071

Table 1 contains the 91 banks and information abiwit size (market capitalization in
millions of dollars). In terms of size we observauge variance across banks under the
analysis being by far Bank of America, Citigroupdal® Morgan the largest banks in

the sample.

3.2. Explanatory Variables
Next we summarize the five groups of potential deieants of the banks’ contribution

to systemic risk (a detailed description can bentbun Appendix A):

3.2.1. Banks Holdings of Derivatives

We consider five types of derivatives: credit, rest rate, foreign exchange, equity, and
commodity. The holdings of derivatives are consden terms of the fair value that is
defined in the instructions of preparation of thel as ‘the price that would be
received to sell an asset or paid to transferkliliain an orderly transaction between
market participants in the asset’s or liabilitylsngipal (or most advantageous) market
at the measurement date”. The holdings of derieatare reported in the balance sheet
with positive (asset side) or negative (liabilitissle) fair values which refer to the
amount of revaluation gains or losses from the thkivay to market” of the five
different types of derivative contracts*We focus on the total fair value (i.e., positive
plus negative fair values) because it allows uske into account the total exposures to
the derivatives’ counterparties and, at the same,tthe counterparty risk. Alternatively
to the fair value, we could use the notional amawutstanding; however according to

the Office of the Comptroller of the Currenc@@C) Quarterly Reports on Bank

8 We deal with bank mergers as in Hirtle (2008) vaujusts for the impact of significant mergers by
treating the post-merger bank as a different efititgn the pre-merger bank. This is the case ofctse

of the Bank of New York Company and Mellon Finah&arp.

°® The BHCD provides information about approximat&l00 banks holdings that were alive before
2002.

% Unlike other securities, derivative contracts imeotwo possible positions and positive fair values
mean negative fair values on the counterparty. Aling to the Dodd-Frank Act, the required
information to private funds advised by investmadvisers to guarantee an appropriate monitoring of
systemic risk in securities markets includes: amafrassets under management and use of leverage,
trading and investment positions, types of assalts, lor trading practices, among others contracts.

1 The statement of Financial Accounting Standard M8 “Accounting for Derivative Instruments and
Hedging Activities” requires all derivatives, witlioexception and regardless of the accountingrreat

of the underlying asset, to be recognized in tHartu@ sheet as either negative fair values (liésl or
positive fair values (assets).
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Trading and Derivatives Activities notional valuean provide insight into potential
revenue and operational issues but do not prowaéulimeasure of the risk taken and

so, could be meaningless from the systemic riskpeative

Figure 1 depicts the average fair values of thekddmldings of interest rate, foreign
exchange, credit, equity and commodity derivatioe®r total assets. Interest rate
derivatives represent the most widely used derieatiuring the whole sample period.
Between 2003 and September 2007 they performedvavdard trend that finished with
the eruption of the subprime crisis in summer 2@G%he time of the Lehman Brothers
collapse, the weight of interest rate derivativesernthan doubled moving from 2% to
6% in one quarter. Since then, the holdings ofresterate derivatives have remained
high and evolved within the 4-6% interval. Betwe&02 and the Lehman Brothers
episode, foreign exchange derivatives were the nekguoost used derivatives and
remained below 1% during almost the entire sampdeiod. Credit derivatives
performed a remarkable increase after summer 208 #eached their maximum level
in March 2009. In that period credit derivativesd@®me the second most frequently used
derivatives. Equity and commodity derivatives héoxger weight in the sample. Equity
derivatives did not experience large variationsl@kbmmodity derivatives increased
after the Bearn Stearns collapse probably coingidiith the increase in the commodity

prices.

For the interest rate, foreign exchange, equityd aommodity derivatives we

distinguish the effect of the holdings of derivasvheld for trading from the ones held
for purposes other than trading. Contracts heldrimting purposes include those used
in dealing and other trading activities accounteddt fair value with gains and losses
recognized in earnings. Derivative instruments usekdedge trading activities are also
reported in this category. For the credit derivagiwe distinguish the effects of the
holdings of derivatives in which the bank is theagntor (protection seller) or the

beneficiary (protection buyer).

Although previous literature about the effect afaincial derivatives on systemic risk is
scarce, some papers suggest the possible roleedit cterivatives as determinant of

systemic risk (see Stulz, 2004 and Acharya, 20Mbyeover, the hedging offered by

12 The use of the derivatives fair value is a stasigmocedure in the literature (e.g. Venkatachalb98g;
or Livne, Markarian and Milne, 2011).
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derivatives could also lead banks to take more oiskhe underlying asset. This fact
could destabilize the banking sector if marketsrareperfectly competitive (Instefjord,
2005).

3.2.2. Size

The impact of size on systemic risk is increasing possibly non-linear as documented
in Pais and Stork (2011). Tarashev, Borio and &satss (2010) convincingly argue

that larger size implies greater systemic imporaribat the contribution to system-
wide risk increases more than proportionately welative size, and that a positive
relationship between size and systemic importasce riobust result. The logarithm of
the market capitalization (share price multipliegdthe number of ordinary shares in
issue) is used as the proxy for its size. This isommon practice in finance (e.qg.

Ferreira and Laux, 2007) and accounting (e.g. Bldmi, and Kang, 2008) literature.

We use market value instead of total assets tadaaoy collinearity problem because
banks’ total assets have been employed to defidestamdardize most of the variables.
We add the square of the size variable to our ssgve to control any potential non-

lineal relation between size and systemic risk.

3.2.3. Interconnectedness and substitutability

Interconnectedness measures the extent to whiclan& 5 connected with other
institutions in such a way that its stress coulsilgde transmitted to other institutions.
Substitutability can be defined as the extent tacwiother institutions or segments of
the financial system can provide the same servibes were provided by failed
institutions. These two concepts are not easy tasome and there is therefore scarce

evidence quantifying their effects on systemic.risk

As pointed out by Acharya, Pedersen, Philippon, d&idhardson (2011a), the
dimensions of systemic risk can be also translatéa the following groups: size,
leverage, risk, and correlation with the rest @& timancial sector and economy. Due to
the difficulty of measuring substitutability andenconnectedness, they are grouped in a

more general group: correlation of the bank with fihancial sector and economy.

To control for these dimensions we first employ sowariables that could be more
related to the interconnectedness dimension and thieer variables related to the
substitutability dimension. In the first group wensider the net balances to subsidiary

banks and non-banks as a way to study the netiggoif a bank within the group.
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Additionally, this first dimension is captured byeans of the correlation between the
average daily individual bank’s stock returns aimel 8&P500 index returns during the
corresponding calendar quartdihereafter correlation with S&P500 index) in Ilwéh
Allen, Bali, and Tang (2011).

In the second group we include variables relatetth wWie substitutability as reflected
into the services that are provided by the banksl we also distinguish between
variables referred to the core and non-core ban&attyities. Brunnermeier, Dong and
Palia (2011) find that non-interest to interesbme variable (proxy for the non-core or
non-traditional activities such as trading and séegation, investment banking,
brokerage or advisory activities) has a significaohtribution to systemic risk; we
include this variable in our regressions. On theeohand, the amount of loans to banks
and depository institutions relative to total assetd the total loans (excluding loans to
banks and depository institutions) relating to ltatssets represent the bank’s core or
traditional activities. We distinguish between Isao the financial system and other
loans enabling us to study whether they have diffeeffects on systemic risk. Finally,
we use the ratio of the bank’s commercial papedihgl relative to total assets as a
proxy for the interbank activities given that we ot have direct information on the
interbank lending. As Cummins and Weiss (2010)esttte inter-bank lending and
commercial paper markets were critical in the simb@rcrisis. These variables could
also indicate to some extent the degree of interectedness of a given bank given that
the larger the total amount of the loans the large¢he expositions of a given bank to
their borrowers. The difficulty of defining proxieselated to the bank degree of
substitutability could be one of the reasons theplan the scarcity of studies
quantifying the effect of this dimension of systermisk.®* We define the variables
referred to interconnectedness relative to the betak assets.

¥\We are aware of only one study analyzing the efiéthe substitutability dimension on systemidris
Cummings and Weiss (2010). The authors study whétieeU.S. insurers’ activities create systemik ris
and show that the lack of substitutability of iremsris not a serious problem. According to thedules
even a default of large insurers would not creaseitzstitutability problem because other insurenddto
fill this gap. However, we consider that bankingtee differs from the previous one and for thiss@aa
positive effect of the substitutability dimension the bank contribution to systemic risk cannotuded
out.
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3.2.4. Balance Sheet Information
We use several variables that refer to the balsheet quality: (i) leverage, (ii) total
deposits relative to total assets, (iii) maturitismatch, and (iv) non-performing loans

to total loans.

One of the dimensions proposed by Acharya, PedeRBitippon, and Richardson
(2011b) is leverage, however true leverage is tratghtforward to measure due to the
limited market data breaking down off- and on-batsheet financing. According to
them we define leverage as follows:

book assets — book equity + market equity

Leverage = 2

market value of equity

As pointed out by Acharya and Thakor (2011) higbank leverage creates stronger
creditor discipline at individual bank level butailso increases systemic risk. However,
some empirical analyses do not find significaneetffof leverage on systemic risk (see
Brunnermeier et al., 2011; or Lopez, et al., 20Mizrach (2011) shows conventionally
measured leverage as an unreliable indicator aesys risk and suggests a more

detailed examination of bank balance-sheets arat hefdings.

Other two potential explanatory variables are mitunismatch and deposits to total
assets. Thus, the higher the mismatch the morgy ltke bank is exposed to funding
stress. Deposits to total assets have two diffendatpretations. On the one hand during
financial distress periods banks could rely moreleposits (see Boyson, Helwege, and
Jindra, 2011). On the other hand, activities thrat r@ot traditionally associated with
banks (outside the realm of traditional depositngkand lending) are associated with a
larger contribution to systemic risk and activitieslated to deposits taking are
associated with a lower contribution to systems&.riTotal deposits could contribute to

decrease systemic risk because they provide a stfustkbing buffer.

Regarding the ratio of non-performing loans tolttdans, the growth of credit and the
easy access to financing observed before the snbperisis could have increased
substantially the role of this variable as a sigaiit determinant of the bank’s

contribution to systemic risk.

3.2.5. Aggregate systemic risk measure
The aggregate systemic risk for each bark estimated as the sum of the individual

contribution to systemic risk of all the banks wilte exception of banik the 8 major
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broker-dealers, and the 23 major insurance compariibis variable captures the
deterioration of the financial system’s health. Uge two lags of the aggregate measure
of systemic risk to control by speed of adjustmenthe aggregate level of risk and to

absorb any lagged aggregated information transtnittt® the current observation.

Table 2 reports the main descriptive statisticstrid explanatory variables in the
baseline analysis. We observe that the holdingBnahcial derivatives represent, on
average, a small proportion of the total asseteyTrange from the interest rate
derivatives, averaging 3.1% of total assets to codity derivatives averaging only
0.1%. Net balances due to bank represent, on aveeadower proportion than net
balances due to non-banks. The average correlatiothe individual banks with
S&P500 index is quite large (0.6) which suggestalastantial interconnectedness of the
banking system with the overall market. Averagaltmian and loan to banks represent
around 61% and 0.2% of the total assets, respéctiVee average ratio non-interest to
interest income is close to 0.5 and average mgtomismatch is close to 10%. Finally,
the balance sheet category, total deposits redreseraverage, almost 70% of total
assets.

4. Empirical Results

4.1. Individual Systemic Risk Measures and Their Cmparison

Panel A of Table 3 reports the main descriptivdidtes of the individual quarterly

measures. The signs for all the measures are skttsat the higher the measure, the
higher the bank’s contribution to systemic risk.eTimeasures are defined in basis
points. We observe a common pattern in all of téth a huge difference between the

mean and the maximum due to the big jump duringriahBrothers episode.

We then rank the systemic risk measures accordirniget two criteria stated in Section
2.1 and Appendix C: (a) the correlation with anerdf systemic events and policy
actions and (b) Granger causality test. Panel Baifle 3 contains the final scores.
Comparing the five weekly measures, we observe uhder both criteria, the NSV

obtains the highest score followed by the GSV. &fwe, for the baseline analysis we
use the NSV as the proxy for the bank contributmmsystemic risk. Some robustness

checks using alternative measures of systemiarsiconducted in Section 5.
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Other additional aspects of the different measaresworth mentioning. The co-risk
measures strongly rely on the performance of tat stariables and employ little firm
specific information (i.e., information contained stock prices, total assets and book
equity). So, these measures provide very similgpuidfor different banks independent
of the bank’s risk profile. To give an example, gsimation of CoVaR for every bank
(equations B.1.1-B.1.3) is done using the growtte raf the market value of total
financial assets (at system level) as the dependergble; and a set of state variables
and the growth rate of the market value of totadicial assets of bamkas explanatory
variables. The results of the quantile regressimws that the coefficient measuring the
impact of the market value of the total financiabets of bank on this measure of
systemic risk is significant only for 11 of the ®anks at 10% of significance level
when quantile level is 1%q(= 0.01) and in zero cases when quantile level is 50%
(g = 0.5). Therefore individual bank’s CoVaR is largely elebined by the same set of
common variables. For this reason, we expect stsimgarities across banks in terms

of this systemic risk measut®.

Regarding the computation of the GSV for bankhis measure includes the VaR of
banki as an additional element in estimating the indigidcontribution to systemic
risk. But in non-stress periods (where the indiaidcontribution of bank to system
risk is negligible) this measure is largely deterea by the evolution of the VaR of
banki which is a measure of the bank’s individual fisKo solve this shortcoming, we
consider an alternative measure which is net ofithgact of a proportion of the
individual VaR, the Net Shapley Value. That is, get rid of the bank’s idiosyncratic
risk and focus on the bank’s contribution to systensk by subtracting the VaR from

the GSV. Some robustness checks are carried @ddtion 5.

4.2. Determinants of Systemic Risk: the Effect of &ks’ Holdings of Derivatives

In addition to the banks’ average contribution ystemic risk, Figure 2 depicts the
average fair value of derivatives ratio held acrbasks for trading and for other

purposes than trading relative to total assetthdncase of credit derivatives, we report

1 To quantify these similarities, we estimate pasevcorrelations between the individual VaR and the
systemic risk measure for each bank. The averagelations are 0.98, 0.94 and 0.95 for ff@éoVaR,
ACOES and asymmetric CoVaR, respectively.

1>We estimate the average correlation between th¢ &8l the VaR for each of the 91 banks. The
average correlation for the period 2002-20011 isaétp 0.98 while this correlation drops to 0.7ngs
the NSV.
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the average holdings relative to total assets hedgverage difference between the fair
value of credit derivatives in which the banks astbeneficiary (buy protection) and
those in which they act as guarantor (sell prabetiThe series corresponding to the
average bank holdings of derivatives are laggedpan®d {-1) and the systemic risk
measure is depicted at peribduch as they appear in regression (1). In gemenas,
we observe that trading positions are the mostvaelefor all the types of derivatives.
The extensive use of derivatives for trading pugsosould be due to banks moving
towards innovative fee-producing activities as painout by Allen and Santomero
(2001). These trading activities have generatedtanhal revenues for large banks as
can be observed in the OCC’s Quarterly Reports ankBTrading and Derivatives
Activities but they have also led to large lossBggarding credit derivatives, we
observe that the beneficiary positions are on aeetarger than guarantor positiths

In interest rate and commodity derivatives paneks,observe that one quarter before
the date corresponding to the most pronouncedasere systemic risk, holdings held
for trading depict a downward trend, equity holdinigr trading purposes remained
stable during this systemic episode. The correidbetween the holdings of interest rate
and equity derivatives for trading purposes laggee quarter on the one hand, and the
systemic risk measure from the end of 2007 to #ggriming of 2009 on the other hand;
are negative and it is almost zero for case ottdmmodity derivatives. Finally, we find
a closer relation between systemic risk and thatipos in both credit and foreign
exchange derivatives. We observe a slight increasige holdings of the former and a
significant increase in the latter one quarter befthe main systemic event in the
sample. Thus, the correlations of the holdingsheké derivatives lagged by a quarter
and the systemic risk measure during the periaghich we observe the highest banks

contributions to systemic risk were significantlystive.

We address the first, second and sixth researcstigue stated in Section 2 by means
of Table 4, which shows the results of the estiomatof equation 1 (the baseline
specification). Column 1 reports the estimated fodehts and their standard errors.
Column 2 reports the standardized coefficient,(thee product of the coefficient and the

standard deviation of the explanatory variable) eoldmn 3 the economic impact of

'8 The implication is that net guarantors are othmr-bank financial institutions (insurance companies
hedge funds)
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the statistically significant variables (i.e., traio of the standardized coefficient over

the average value of the dependent variable).

There is a significant relation between the crediterest rate, foreign exchange and
commodity derivatives holdings of bankn quartert and the contribution to systemic
risk of banki in periodt+1. Equity derivatives holdings do not affect systemsk.

Holdings of credit and foreign exchange derivatives/e an increasing effect on
systemic risk whereas holdings of interest rate amchmodities derivatives have a
decreasing effect. Foreign exchange derivative® lthg highest economic impact on

systemic risk.

The positive and significant effect of credit datives may be due to the fact that banks
positions in credit derivatives are held for trapactivities rather than for hedging loans
(Minton, Stulz, and Williamson, 2009). These aushestimate that the net notional
amount of these derivatives that is used for hefdoans is below 2% of the total
notional amount of this type of derivatives andeass than 2% of their loans. In this
line, Kiff, Elliot, Kazarian, Scarlata, and Spackm@009) state that a large portion of
CDS buyers do not hold the underlying bond butediteer speculating on the default of
the underlying reference or protecting other irgese

The positive and significant effect of the variabkferring to the use of foreign
exchange derivatives casts some doubts on the arguagainst increased regulation of
the foreign exchange derivatives based on the gssumof the high level of
transparency of the foreign exchange market andtiesy performed smoothly during
the financial crisis. An extreme situation, suchttees devaluation of the currency of a
large country, could lead to high losses for imaottplayers in this market and could
make the global shock that this devaluation wowadse even worse. According to the
BIS (2008) report on the progress in reducing fpreexchange settlement risk, the
establishment and growth of the CLS Bank has aeldieignificant success however, a
notable share of foreign exchange transactionssettded in ways that still generate
significant potential risks across the global ficiah system and so, further action is
required. However, the clearing process is conaedrin one clearing house (the CLS
Bank) and this fact could have negative systemiplications (see Duffie and Zhu,
2011).
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In regards to the negative and significant effetttlee holdings of interest rate
derivatives; previous literature such as Brewemtbh, and Moser (2000) and Carter
and Sinkey (1998) suggest the use of these damgmtieing more frequent in banks
more exposed to interest rate risk. Thus, the Cartd Sinkley (1998) and Downing
(2012) results support the hypothesis that banksinterest-rate derivatives to hedge
interest rate risk. In fact, we find that the ctaten between the 10-year U.S.
Government bond yield and the holdings of interagt derivatives is 0.91 indicating
that the use of these derivatives is determinedidnreases in the interest rate. This
finding is in line with the one presented by Clafi#rsen, Nain, and Oberoi (2009) who
show a negative relation between the use of inteads derivatives and the interest rate
movements. These authors argue that even if compaarie able to anticipate the
interest rate policy, it is possible that they aanadjust the debt exposure; however
they can adjust the swap exposures to reduce #teotdebt. This negative correlation
could also be consistent with a higher cost ofregerate volatility during economic

downturns.

The effects of the use of equity and commodity \@dives on banks’ risk or

performance have been scarcely addressed in peelietature. One reason explaining
the lack of empirical studies on this topic coutdthe lower relative importance of the
positions on equity and commodity derivatives as ¢@ observed in Figure 1.
However, while the effect of the equity derivativiss not significant, commodity

derivatives have a negative and significant eftecthe dependent variable.

The holdings of commodity derivatives, as occurthwhe other derivatives, could be
justified by the search for higher yields in a lawerest rate environment. Moreover,
the increase in the use of commodity derivativagddcbe propitiated, as stated in Basu
and Gavin (2010), by the movement from real estievatives to commodity

derivatives coinciding with the appearance of thebjems in the subprime market.
Other theories suggest that banks could use contynddrivatives to hedge inflation

risk, to take advantage of the increase in the codity prices around the systemic
event, or because they are negatively correlatéd equity and bond returns (Gorton
and Rouwenhorst, 2006). Basu and Gavin (2010) stmatvwhen commodity prices

peak in June 2008, the correlation with the eqintex was, on average, negative. In

fact, we observe the highest holdings of commodiésivatives by banks in this period.
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After summer 2008 the correlation becomes extrenpagitive and holdings of

commodity derivatives diminished substantially frdmeir highest levels.

Regarding the effect of the size, substitutabilibgerconnectedness and balance-sheet
related variables, we find that increases in thleviong variables increase systemic risk
contributions: total loans, net balance to banksrgeng to the same banking group,
leverage ratio and the proportion of non-performmans over total loans. On the other
hand, increases in total deposits decreases systeski The effect of the size related
variables is not significant given that size is pumary criterion for sample selection.
The variables with the highest economic impact ystesnic risk are the proportion of
non-performing loans to total loans and the levereajio. For instance, one standard
deviation increase in the proportion of non-perfimgnioans to total loans in quarter
increases the bank’s contribution to systemic rislkquartert+1 to 17% above its

average level.

No other variable presents significant effects. darticular and in contrast to
Brunnermeier et al. (2011) non-interest to inter@siome is not significant when
derivatives holding are included in the equatiohisTdiscrepancy could be also due to
the different sample, time periods, systemic riskasures, or explanatory variables
employed in the two papers. Size effect is notifigant, as expected, given the sample
selection bias.’ Finally, the aggregate systemic risk level in threvious quarter
contributes positively and significantly to increashe individual contribution to
systemic risk but the effect of aggregate systamic does not go beyond one quarter
before the current orfé.

Summing up, although the two variables with thehbgj economic impact on the

bank’s contribution to systemic risk are the nonfggening loans relative to total loans

" We have repeated the analysis using the logarithiotal assets and its square as alternative blaga

to proxy the bank size and find similar results.

¥ The use of these lagged measures enables usigatmithe potential autocorrelation in the resigual
Nevertheless, we check whether there is signififiesttorder autocorrelation in the residuals byame of
individual tests for each bank. The coefficient floe first order autocorrelation is only signifitan 25

out of the 91 banks being its average magnituderat®.3 for these 25 banks. We conduct an additiona
test to discard the existence of first order catieh in the residuals. Thus, we calculate the ayer
residual for each date across the 91 banks an@és®dhis series on its lagged value. The estimated
coefficient is not significantly different from zzand so, we do not find evidence in favor of thespnce

of autocorrelation.
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and the leverage variables; the bank’s holdingdimdncial derivatives also have

significant effects but of a much lower magnitude.

Some literature has considered that the use ofateres should not pose significant
levels of risk to the economy or to individual corations. For instance, Stulz (2004)
concludes that we should not fear derivatives lavieha healthy respect for them. He
considers that losses from derivatives are locdllzgt the whole economy gains from
the existence of derivatives markets. Hentschel koithari (2001) question whether
corporations are reducing or taking risks with datives, their answer is “typically not
very much of either”. The authors find an absenfchigher risks due to the effect of
derivatives (even among firms with large derivadiyositions) which in their view
shows that the concern over widespread derivapeedation is unfounded. Along this
line, Cyree, Huang, and Lindley (2012) find tha¢ gffects of derivatives (interest rate,
foreign exchange, and credit derivatives) on mankatiation are not statistically

distinguishable from zero in either good times ad times.

Our results do not imply that the use of derivatiby banks is inconsequential as far as
systemic risk is concerned. They do imply that rthienpact, albeit statistically
significant, plays a second fiddle in comparisorthwiraditional variables such as
leverage or the proportion of non-performing loawer total loans. Furthermore, the
use of derivatives could indirectly affect the gysic contribution of banks given that
derivatives require limited up-front payments amétde banks to take more leveraged
positions. Additionally, the use of derivatives lblead to diminished monitoring of
loans when the banks are considered to have usewtit hedging strategies.

To address research questions three and five weglibdable 5 in which we distinguish
holdings of derivatives (interest rate, foreign lmge, equity and commodity,
respectively) used for trading and for other pugsossing two different variables. In
the case of credit derivatives we use the diffeeebetween the fair values of the
holdings in which the bank is the beneficiary (byystection) and guarantor (sells

protection).

Derivatives held for purposes other than tradingnid significantly contribute to
systemic risk. However, foreign exchange and isterate derivatives for trading

purposes and to lesser extent equity derivativiestagystemic risk.
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We find a positive and significant effect of therighle representing the holdings of
foreign exchange derivatives for trading purpo$&sl, Mamun, and Tannous (2009)
suggest that the reduction in risk gained from gigoreign exchange derivatives for
hedging purposes is offset by the increase inrigadctivities. Banks could use this type
of derivatives to hedge foreign exchange risk am@igaged in trading activities which

would expose them to additional risk at the same i

Contrary to the effect of foreign exchange deriedi interest rate derivatives held for
trading have a negative and significant effect ysteanic risk. Hirtle (1997) shows that
the increase in the use of interest rate derivatiwe U.S. bank holdings, which served
as derivatives dealers, correspond to a greateresit rate risk exposure during the
period 1991-1994. This result could be reflectihgttderivatives enhance interest rate
risk exposure for bank holding companies. Additinebanks mainly lend to firms
using floating rates and for this reason, they @¢aaiim to increase their trading in
interest rate derivatives when the interest raeggrbto diminish. According to Stulz
(2004), derivatives can create risk at a firm lav¢hey are used episodically and with
no experience in their use. However, interest datévatives are broadly used by banks.
The most common interest rate derivative is baseswaps, which account for around
70%, and in particular the “plain vanilla” interesite swap. Banks participating more
heavily in interest-rate swaps have a higher Idanasset ratio (Brewer, Minton, and
Moser, 2000) and stronger capital positions (Caner Sinkey, 1998).

The fact that the equity derivatives held for tradipurposes have a negative and
significant effect could be due to the use bankslanaf these derivatives during the
crisis. Thus, the maximum value of the fair valaga of equity derivatives for trading

relative to total assets is reached by Septemb@r 20d since then; this ratio has

remained stable and decreased at the end of th@esam

We observe that as banks act as a net beneficiagn vparticipating in the credit

derivatives markets, its contribution to systenns& increases. Given that the protection
seller could default, a buyer of a CDS contractuass counterparty risk, so the
concern of heightened counterparty risk aroundLibleman Brothers collapse could
explain this effect. Moreover, as pointed out bgl®i (2011), the buyer of protection

could suffer even larger loses if the default & taference entity triggers the default of
the counterparty (double default), given that tbhgds would have a large amount owed
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by the bankrupt counterparty. Even the presenceolditeral may not be enough to
solve this counterparty risk related to double difgroblem. According to Giglio
(2011), the buyers of CDS were aware of this redidaunterparty risk and considered
that the best way to reduce it was to buy additiddBS protection against their
counterparty, which increased the cost of buyingSCirotection. Banks being net
buyers of protection have lower capital ratios hleigratios of risk-based assets to total
assets, and are users of other types of deriva{iviaston, Stulz, and Williamson,
2009). On the other hand, the banks that are miarf#tgble, more liquid, or have a

higher ratio of deposits over total assets areliksly to be net protection buyers.

Finally we address the fourth research questiormeans of Table 6. As stated in
section 2.3, we aim to test whether the relatign&latween derivatives’ holdings and
systemic risk is sensitive to the emergence ofstitgrime crisis. To do that, we split
the fair value of the holdings of every derivat{eeedit, interest rate, foreign exchange,
equity and commaodity derivatives) in two variablése first variable represents the
holdings of derivatives multiplied by a dummy vé@which is equal to one before the
first quarter of 2007 (no crisis dummy) while thecsend variable is obtained by
multiplying the holdings of derivatives and a dumngriable which equals one after
the first quarter of 2007 (crisis dummy). Then, @egimate equation 1 focusing on the
role of every derivative before and during theisris separate ways. We observe a
negative effect of the credit derivatives holdirays systemic risk before the subprime
crisis but a positive and significant effect durthg crisis which evidences a change of
role of the credit derivatives. Credit derivativeshaved as shock absorbers before the
subprime crisis but as credit issuers during theiscr This change of role is not
observed in other derivatives. The effect of iderate derivatives holdings is negative
and significant before and during the crisis. THeat of foreign exchange derivatives
is always positive although non-significant beftie crisis, but significant during the
crisis. The holdings of commodity derivatives hedgstemic risk in both periods but

significantly only before the crisis.

5. Robustness Test

So far we have studied the factors that explaininidevidual contribution to systemic
risk. At this point our main aim is to ensure thediability of our previous analysis

proposing alternative dependent and explanatorglvias.
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5.1. Alternative Indicators of Systemic Risk

We first consider an alternative specification bé tNSV in which we include a
synthetic bank constructed as the weighted avesagiee remaining banks that do not
belong to the system and are not used to estirhateneasure (column 2). The second
measure represents a variation of the NSV in whiehaggregate the information
within a given quarter by summing up all the wee&btimated measures instead of
using the end of quarter information (column 3)eThird measure corresponds to the
GSV (column 4).

Comparing columns 1 and 2, we find similar restdisboth definitions of the NSV.
Therefore, our results are robust to the use beeithe largest banks (column 1) or all
banks in the form of a synthetic bank (column 2jiédine the core banks that form the
system. The only difference when we sum up the WyedEKV within a given quarter
(column 3) with respect to results in column lhigttthe size (correlation with S&P500)

are now non-significant (significant).

Regarding the GSV (column 4), which has been fainde the second most reliable
measure, we find similar results to those obtaif@d the baseline specification.
Nevertheless, some differences should be mentiotied.explanatory power of the
regressors decreases (from 0.49 to 0.43), sizeaxtwbits a significant convex shape,
loans to banks and depositary institutions, anduritgtmismatch are now positive and

significant.

Additionally, we estimate the five systemic riskasares for a portfolio that consists of
only the 16 largest banks and compare them ondhis lof their relation to the IEV and
Granger causality test, obtaining once again tiafNSV is the most reliable measure.
In fact, the pairwise correlation between the NS¥Wneated in the baseline analysis and

the NSV using a portfolio of the largest 16 barn average, 0.99.

5.2. Alternative Explanatory Variables

As in Brunnermeier et al. (2011) we also use asxganatory variable the lagged level
of bank risk according to its VaR (defined in postterms) instead of the aggregate
lagged level of systemic risk. In this case, thegRared increases from 0.49 to 0.53
and the effect of the VaR variable is positive aigphificant at any level of significance.

The effect of the remaining explanatory variablessimilar to those in the baseline
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regression. In view of this, our results are roltaghe use of the bank’s VaR to control

for the level of risk in the previous quarter.

To take into account the effect of the degree ofcentration in the banking sector, we
include the Herfindahl-Hirschman index referred ttee banks’ total assets as an
additional explanatory variable. This variable does have a significant effect at any
level of significance and both the coefficients aledels of significance of the

explanatory variables are unchanged with respettiedaesults obtained in the baseline

regression->

6. Conclusions

The recent financial crisis has exposed the darigégtsg in oversized banking sector
balance sheets. One major concern for regulatassbban the astonishing growth in
derivatives markets and consequently in the sweltihderivatives holdings in banks’
balance-sheets. The aim of this paper is to addinesextent to which this situation has
increased systemic risk.

First, we propose an alternative measure of thevichehl contribution to systemic risk
that is based on the Gross Shapley Vale and thataNeNet Shapley Value. This
measure allows us to get rid of the idiosyncratimponent present in the last measure.
Then, we compare alternative systemic risk measaneisfind that the Net Shapley
Value outperforms the others. Using the Net Shaplalyie as our proxy for systemic
risk we find strong evidence of derivative holdingsting as leading indicators of
banks’ systemic risk contributions. However, thefiiects are not alike because credit
and foreign exchange derivatives have a positifecefon systemic risk whereas
holdings of interest rate and commodity derivativesve a negative effect. The
derivatives impact on systemic risk is only founiden the derivative is held for trading.
Furthermore, we find that before the subprime risiedit derivatives decreased
systemic risk whereas after the crisis increaseBut foreign exchange, interest rate,
equity and commodity derivatives influence systersk in the same way in both time

periods.

19 Detailed results of the alternative specificatians available upon request.
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Surprisingly, the data suggest that if a bank tspmetection buyer its credit derivatives
holdings increase its individual contribution tos®mic risk. This fact casts doubt on
the real role of these controversial instrumentth wespect to banks’ contributions to
systemic risk. The concern about heightened copatsr risk around the Lehman

Brothers collapse could explain this effect.

Finally, other balance sheet variables are alsdingaindicators of systemic risk
contributions. Increases in the following variabilesrease systemic risk contributions:
total loans, net balance to banks belonging tostémae banking group, leverage ratio
and the proportion of non-performing loans (measure this case relative to total
loans), on the other hand, increases in total depaecreases systemic risk. The
variables with the highest economic impact on sygteisk are the proportion of non-
performing loans to total loans and the leveragm.rén fact, in terms of economic
impact on systemic risk, the balance sheet itettaseck to traditional banking activities

(leverage, non-performing loans) have the stroeffect.

Our results provide some implications for regulatand bankers alike. The move
toward increasing derivatives holdings might beagighous to the banking industry, in
the sense that it was first originated by banksh8eves. In the last years banks shifted
their activities from the traditional lending adtigs toward, a priori, more profitable
ones, like trading derivatives. But the reasons doing that are related to low
profitability of traditional activities. Based oind endogeneity of this move toward
activities that increased profitability at the griof higher exposure to market risks, our
paper suggest that some of these activities, inicpdar trading in interest rate
derivatives had actually reduced the contributiébrindividual banks to systemic risk.
On the other hand, trading in foreign exchangea@gdit derivatives (during the crisis)
had increased their contributions to systemic 1&kthe claims that all derivatives have
pernicious effects on the overall financial systane not borne out by the data.
Therefore, the process of re-regulation that isearvday in many countries should be
carefully designed to avoid hindering activitiegttlare actually diminishing systemic
risk. Financial stability is a public good that carform corporate investment and
financing decisions and thus any new regulatoryiative should be very carefully
designed to give the different instruments withinagset class, in this case, derivatives,

the appropriate regulatory oversight.
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On the other hand, given the empirical evidencented in this paper, the economic
impact of non-performing loans and leverage onesygt risk is much stronger than the
derivatives’ impact. Therefore the traditional begk activities related to these two

items should be closely watched by regulators wdrabout systemic risk episodes.
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Appendix A

In this appendix we provide a detailed descriptibrihe explanatory variables obtained from
the database Bank Holding Company Data (FederakrResBank of Chicago) that are
employed in this paper:

Fair value of credit derivatives: this variable is defined as the sum of the td&a value
(positive and negative) of the total gross notioaalount in which the reporting bank is
beneficiary or guarantdf.

Fair value of interest rate, foreign exchange, equity and commodity derivatives. this variable is
defined as the sum of the total fair value of wtaltgross notional amount for each of the four
previous types of derivative contracts held fodimng and for purposes other than trading by the
banks. The total fair value is obtained as the efithe positive and negative fair valufés.

Commercial paper: The total amount outstanding of commercial pagsuned by the reporting
bank holding company to unrelated parties. Comrabpaper matures in 270 days or less and
is not collateralized.

Loan to banks: this variable includes all loans and all othestinments evidencing loans
(except those secured by real estate) to depositstigutions chartered and headquartered in
the U.S. and the U.S. and foreign branches of bah&stered and headquartered in a foreign
country.

Maturity mismatch: this variables defined as the ratio of short term debt relatoveotal assets.

Net balance to bank: difference between all balances and cash dueléted bankdand all
balances and cash due from related banks. Duetwats are liabilities accounts that represent
the amount of funds currently payable to anothezoant. Due from accounts are assets
accounts that represent the amount of depositemlyrheld at another company.

Net balance to non-bank: this variable is the difference between all bagsnand cash due to
related non-banks and all balances and cash doeréiated non-banks.

Non-interest to interest Income: this variable is the ratio between the total mimfest income
and total interest income. The former includes shen of income from fiduciary activities,
service charges on deposit accounts in domesiesffand trading gains (losses) and fees from
foreign exchange transactions, among others. Tiee lacludes interest and fee income on
loans secured by real estate in domestic officeerast and fee income on loans to depository
institutions in domestic offices, credit cards amathted plans, interest income from assets held
in trading accounts, among others.

Non-performing loans: this variable is the sum of total loans, leasimgficing receivables, debt
securities and other assets past due 90 days & mor

20 Credit derivatives are off balance sheet arrangésnehat allow one party (beneficiary or protection
buyer) to transfer the credit risk of the refereasset to another party (guarantor or protectitiarye

%L The total fair values are reported as an absohitee.

22 Banks directly or indirectly owned by the top-tiparent bank holding company, excluding those
directly or indirectly owned by the reporting lowtr parent bank holding company.

% Nonbank companies directly or indirectly owned thye top-tier parent bank holding company,
excluding those directly or indirectly owned by tieporting lower-tier parent bank holding company.
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Total deposits: this variable includes the amount of all noniatgfbearing deposits plus the
time certificates of deposits of $100,000 or moeklhin foreign offices of the reporting bank.

Total loans. this variable includes all loans except to thenowercial paper and the loans
reported in théoan to banks variable.

Appendix B

This appendix contains the details on the estimatibthe five systemic measures that we
consider in this paper. The systemic risk measare®stimated on a weekly basis. In order to
conduct quarterly regression analysis we constueddst observation of the quarter. However,
for the baseline measure we also consider the $uhe @bservations during the corresponding
guarter as a robustness test.

B.1. Co-Risk Measures

Adrian and Brunnermeier (2011) based their analysishe growth rate of the market value of
total financial asset¥ , which is defined as the growth rate of the prodigtween the market
value of institutioni and its ratio of total assets to book eqéftyaR andCoVaR are estimated

by means of quantile regression (Koenker and BaskeT8). The time-variant measures are
based on the following equations in weekly data:

X,f =al+ yth_l + s,f

system i ivi i systeml|i
Xty — asystemh + ﬁsystethg + ysystemhMt_l + Ety |

(B.1.1)

where Mti is a set of state variabl&sin order to perform the quantile regression, wauas a

confidence level of 1% what implies to estimatéalk at 1%. Once the coefficients of equation
B.1.1 have been estimated through quantile regnessie replace them into equation B.1.2 to
obtain thevaR andCoVaR.

VaRi(q) = a’ci; + ?cht—l

. ;o ; . ; B.1.2
CoVaRé(q) - &;yStemll + B;ystethaRé(q) + y;ystemhMt_l ( )

Finally, the marginal contribution of institutidnto the overall systemic risk, which is called
delta co-value-at-riskACoVaR;), is calculated as the difference betwé&avaR conditional on
the distress of the institution (i.g..= 0.01) and theCoVaR, conditional of the “normal” state of
the institution (i.e.q = 0.5)

ACoVaR:(1%) = CoVaRi(1%) — CoVaRt(50%) (B.1.3)

On the basis of equation B.1.3 we obtain the weaKlyVaR:. We also apply this methodology
to estimate co-expected shortfalloES) which is defined as the expected shortfall of the
financial system conditional ok’ < VaRci,. See Adrian and Brunnermeier (2011) for the
details.

24 At portfolio level, the growth rate of the markedtlue of total financial assets is computed as a
weighted average of the growth rates of the carestils of the portfolio lagged one period.

% This set is composed by VIXguidity spread (i.e., 3-month repo minus 3-month bill rate), charn 3-
month Treasury bill rateslope of the yield curve (i.e., 10-year Treasury rate minus 3-month biteya
credit spread (i.e., 10 Year BAA rated bonds minus 10-year Treasate) and return of the MSCI index.
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B.2. Asymmetric CoVaR

Lopez, et al. (2011) propose to extend t@VaR: methodology in order to capture
asymmetries in the estimation of the co-valuesk. rThey propose the following specification:

Xti =al + yth_l + sti

system _ _ system]|i +system|i yi , —system|i yi system|i system|i (B'Z'l)
X; = gSystem|i 4 p+sy |XtI(Xt120)+,8 ystemliyly ystemlipg, . + ¢,

xi<o) TV
wherel,is an indicator function that takes 1 if the coritof the subscript is true and zero
otherwise. Under this specification, Adrian and iBrermeier (2011) approach can be seen as
an special case in whi@systemli — p=system|i — gsystem|i Ag jn Adrian and Brunnermeier
(2011), equation B.2.1 is estimated using quangitgession at 1%. The@oVaR} is estimated
according to equation B.2.2:

VaRi(q) = & + PgM—1

CoVaRé(q) — &;ystemﬁ + 'B"q—systemlivaRé(q) + y;ystemﬁMt_l

(B.2.2)

B.3. Gross Shapley Value of Value-at-Risk

In order to apply this methodology itssfficient to define a “characteristic functiond) which
should define the system-wide VaR when it is apblie the entire system. Once the
characteristic function have been defined, therdmriion of banki to the subsyster8 equals
the difference between the risk of subsystemnd the risk of the subsystem when barik
excluded from i(S — {i}). So, the Gross Shapley Value (GB&fuals to the expected value of
such contribution when th&l! possible orderings may occur with the same prolpgabil
Mathematically GSMs defined as,

[ |

N
_IN 1 are el
GSV; = N,lec(”s) SZ W) -9 )| (B.3.1)

[S|=ng

where Y denotes the entire financial systefip i are all the possible subsystems Jn
containingi, |S| represents the number of institutions in thesygstem and(n,;) comprises the

number of all possible subsystem with institutions which is defined asc(ng) =
(N-1)!
(N-n)!(ns—D!

In order to carry out the practical implementatioh this methodology, we estimate the

characteristic function as in Adrian and Brunneeng?2011) (i.e., through quantile regression).
The number of considered banks in the system implie main challenge of this methodology.
In this article we analyze 91 bank holding compardaaed hence, we would have to estimate
2.48E27 different subsystems. Given the unfeasitbfi storing such amount of information we

define a subset of the 15 largest banks in suckay that for studying every institution we

consider 16 banks (i.e., the largest 15 banks flasbank under studyj.This modification

% The selected banks are: Bank of America, Bank @ivork Company, Bank of New York Mellon,
BB&T, Charles Schwab, Citigroup, Fifth Third BanppdP Morgan Chase and Company, Metlife, PNC
Financial Services Group, State Street, SuntrustkBaUnited States Bancorp, Wachovia Corporation
and Wells Fargo and Company.
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enables us to reduce the size of our problem witb@asing the results because those banks
represent more than the 80% of the average tatatsaef the whole system.

Additionally we estimate this measure in an altéweaway in which the system (16 banks) is
composed of the largest 14 banks, the bank unddy sind a “synthetic” bank created from the
remaining 76 banks which are weighed by the marakete of total financial assets. By creating
this representative bank, we take all the availablermation of the system (including the
information contained in the small banks). Thisrapph will be considered as a robustness test.

B.4. Net Shapley Value of Value-at-Risk

We now extend the expression for the GSV for amglvanki as presented in equation B.3.1 to
show that during non-stress periods the individraitribution of this bank to the aggregate
systemic risk should be close to zero and conselyuitis measure will be governed by the
individual VaR of bank. To show this, we consider an economy that is as®g by 4 banks
(n=1,...,4). The possible subsystems and the GSV when we $iiedcontribution of bank 1
to the risk of the economy would be:

Subsystems (S}1},{1,2},{1,3},{1,4},{1,2,3},{1,2,4},{1,3,4},{1,2,3,4}

GSV, = %[VaR({l}) +§
* ((VaR({1,2}) —VaR({2})) + (VaR({1,3}) — VaR({3}))
+ (VaR({1,4}) — VaR ({4}))) +%
* ((VaR({1,2,3}) —VaR({2,3}) + (VaR({1,2,4}) — VaR({2,4}))
+ (VaR({1,3,4}) - VaR({3,4})))

+ (VaR({1,2,3,4}) — VaR({2,3,4}))] (B.4.1)

In non-stress periods (no systemic risk) bad&es not contribute to the overall level of riskia
the only term which would differ from zero would MaR({1}). To check the extent of this
problem we estimate the average correlation betweeiGSV and the VaR for each of the 91
banks. The average correlation for the period 2002t1 is 0.98. This suggests that GSV is not
an appropriate measure in our sample due to ttiemgscorrelation with the bank’s VaR.

In order to palliate this GSV’s drawback we introdwan alternative measure which is free from
the impact of the individual value-at-risk. The magason justifying this adjustment being the
VaR measures bankspecific market risk. But VaRloes not measure how much risk baigk
adding to the whole system. This new measure isedaas the Net Shapley Value (NpV
Mathematically, it is defined as:

1

Additionally, we estimate the NSV measure for atfotio that consists of only the 16 largest
banks. Note that considering 16 banks we can ddfieesystem on the basis of a whole
portfolio of banks instead of focusing on a corbsai of banks and adding individually the
remaining smaller banks and obtain that the pa@grwi@relation between the NSV estimated in
the baseline analysis and the NSV using a portfuflihe largest 16 banks is, on average, 0.99.
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Appendix C

In this appendix we describe the methodology engdap compare the systemic risk measures
described in Appendix B. As in Rodriguez-Moreno dpefia (2012) we use two criteria to
compare the five individual contribution of bankdgstemic risk measures: (i) the correlation
with an index of systemic events and policy acti@msl (ii) the Granger causality test.

To implement the first criterion we carry out a tmomial regression for each bapi sample,
where the dependent variable is the influentiainewvariable (IEV, a categorical variable that
takes value 1 whenever there is an event; -1 whegniéere is a political action; 0 otherwise)
and the explanatory variable is the systemic riskasare.

IEV, = a + pSystemicRiskMeasure;j,_, +¢&  (C.1)

The subindex refers to a given systemic risk measure (i.e., NG8V,4CoVaR, ACoES or
asymmetricdCoVaR), j refers to bank under analysjs=f 1, ...,91) andk refers to the number
of lags in the regressiork & 0,1,2).*” Next, the McFadden R-squared for each regression i
obtained as follows:

InL(Mpyy1)

R?=1-—
lnL(MIntercept)

(€.2)

whereMpg,,;; refers to the full model antd;;¢ercep: t0 the model without predictors, ands the
estimated likelihood®

The second criterion is based on the Granger agusadt (Granger, 1969). This test examines
whether past changes in one variab{g, help to explain contemporary changes in another
variable, Y;. If not, we conclude thaX; does not Granger caudé Formally, the Granger
causality test is based on the following regression

p p
AY, =a +) BiAY  +D BLX,  +&  (C.3)
i=1 i=1

where A is the first-difference operator ad¥X and AY are stationary variables. We reject the
null hypothesis thak; does not Granger cau3eif the coefficientsf,, are jointly significant
based on the standard F-test.

" Results do not change when other lags are coesider
% To evaluate the goodness-of-fit for a multinomiagression, several pseudo R-squared has been
developed. We employ McFadden R-squared due &pfisopriate statistical properties.
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Table 1: Descriptive Statistics of Bank Holding Guamies

This table reports the name of the 91 banks whichnfthe sample and related information about their
size (average market value in millions of U.S. aldl).

id Bank Holding l\\/l/:lrlljgt Bank Holding l\\/l/zlrlljgt
1 Alabama National Bancorp 1,063 47 M&T Bank 9,396
2 Amcore Financial 467 48 Marshall & lisley 6,824
3 Associated Banc-Corporation 2,939 49 MB Financial 804
4 Bancorpsouth 1,636 50 Mellon Financial 16,300
5 Bank of America 140,000 51 Metlife 31,400
6 Bank of Hawaii 2,201 52 National Penn Bancshares 758
7 Bank of New York Co 27,000 53 NBT Bancorp 661
8 Bank of New York Mellon 38,100 54 New York Communigncorp 4,612
9 BB&T 18,200 55 Newalliance Bancshares 1,492
10 Bok Financial 2,589 56 Northern Trust 12,300
11 Boston Private Financial 569 57 Old National Bapcor 1,318
12 Capital One Financial 16,900 58 Pacific Capital@ap 941
13 Cathay General Bancorp 1,095 59 Park National 1,230
14 Central Pacific Financial 510 60 PNC Financial 8&v 19,600
15 Charles Schwab 21,500 61 Privatebancorp 588
16 Chittenden Corp 1,119 62 Provident Bankshares 644
17 Citigroup 188,000 63 Regions Financial New 9,923
18 Citizens Republic Bancorp 970 64 Sky Financial @rou 2,583
19 City National 2,681 65 South Financial Group 1,012
20 Colonial Bancgroup 1,758 66 State Street 19,000
21 Comerica 7,893 67 Sterling Bancshares 621
22 Commerce Bancshares 2,989 68 Sterling Financial 572
23 Community Bank System 571 69 Suntrust Banks 18,700
24 Cullen Frost Bankers 2,537 70 Susquehanna Bancshare 1,004
25 CVB Financial 878 71 SVB Financial Group 1,503
26 East West Bancorp 1,418 72 Synovus Financial 6,150
27 FNB 978 73 TCF Financial 2,986
28 Fifth Third Bancorp 21,300 74 Texas Capital Banecssa 547
29 First Citizens Bancorporation 411 75 Trustmark 1,488
30 First Commonwealth Financial 761 76 United Statesd®rp 46,700
31 First Horizon National 3,939 77 Ucbh Holdings 921
32 First Midwest Bancorp 1,280 78 UMB Financial 1,310
33 First National of Nebraska 1,222 79 Umpqua Holdings 817
34 Firstmerit 1,935 80 United Bankshares 1,219
35 Fulton Financial 2,066 81 United Community Banks 721
36 Glacier Bancorp 765 82 Valley National Bancorp 2,390
37 Greater Bay Bancorp 1,315 83 Wachovia Corp 48,200
38 Hancock Holding 1,040 84 Webster Financial 1,762
39 Harleysville National Corp 450 85 Wells Fargo aradrpany 104,000
40 Huntington Bancshares 4,518 86 Wesbanco 530
41 Iberiabank 583 87 Western Alliance Bancorp 580
42 International Bancshares 1,405 88 Whitney HoldingoC 1,411
43 Investors Bancorp 1,480 89 Wilmington Trust 1,924
44 Investors Financial Services 3,005 90 Wintrust iraial 776
45 JP Morgan Chase and Co 117,000 91 Zions Bancoiporat 5,051
46 Keycorp 10,200
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Table 2: Descriptive Statistics

This table reports the descriptive statistics (meaadian, standard deviation, maximum, minimum, aochber of observations) of the five groups of dateants of
systemic risk under analysisze (log market value)interconnectedness and substitutability (commercial paper, loan to banks, total loans, imberest to interest income,
correlation with S&P500, net balances due to banksbalances due to non-bankstance sheet (leverage, maturity mismatch, total deposits ana-performing loans);
aggregate systemic risk; banks holdings of derivatives (fair value of credit, interest rate, foreign exsa, equity and commaodity derivatives)

Mean Median  Stard. Dev. Max. Min. N. Obs.
Log market value 14.778 14.872 0.391 19.428 9.258 3154
Comercial paper/TA 0.002 0.002 0.002 0.095 0.000 3154
Loan to banks/TA 0.002 0.002 0.002 0.071 0.000 3154
Total loans/TA 0.611 0.615 0.043 0.937 0.012 3154
Non-interest to interest income/TA  0.500 0.493 0.125 5.305 -0.648 3154
Correlation with S& P500 0.592 0.615 0.148 0.956 -0.555 3154
Net balance to bank/TA 0.000 0.000 0.000 0.019 -0.023 3154
Net balance to non-bank/TA 0.012 0.012 0.004 0.060 0.000 3154
Leverage 9.893 6.690 7.739 17.890 0.260 3154
Maturity mismatch 0.095 0.095 0.036 0.640 0.000 3151
Total deposits/TA 0.685 0.686 0.040 0.905 0.001 3154
Non-performing loans/Total loans  0.015 0.009 0.014 0.162 0.000 3154
Aggregate systemc risk measure 0.098 0.046 0.106 38.578 7.363 3154
Credit derivatives'TA 0.003 0.001 0.003 0.486 0.000 3154
Interest rate derivatives/'TA 0.031 0.027 0.015 1.653 0.000 3154
Foreign exchange derivatives/TA 0.006 0.006 0.002 0.257 0.000 3154
Equity derivatives/TA 0.002 0.002 0.001 0.087 0.000 3154
Conmmodity derivatives/TA 0.001 0.001 0.001 0.206 0.000 3154
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Table 3: Systemic Risk Measures: Descriptive Stesignd Ranking

This table reports the main descriptive statistitthe systemic risk measures and their rankingdas

the average McFadden R-squared and Granger cgusalit Panel A reports the descriptive statisbics
five systemic risk measures in basis points: Netplty value (NSV), Gross Shapley Value (GSV), Co-
risk measuresACoVaR andACOES), and asymmetrisCoVaR. They are reported on quarterly basis
calculated at the last week of the correspondingrtgu Panel B reports the ranking scores for the
systemic risk measures. The comparison of diffepaints of systemic risk measures, referred to #imees
bank, based on the McFadden R-squared criteridorie by assigning a score of +1 to the measure with
the highest R-squared and -1 to the lowest. Thepaoison based on the Granger causality test is dgne
applying the test to pairs of systemic risk measureferred to the same bank, and giving a scotd @b
measure X if X Granger causes another measure5%oatonfidence level and -1 if X is caused in the
Granger sense by Y. Finally we add up the scortasrmda by each measure across the 91 banks taobtai
the one with highest score.

Panel A
Mean Median Stard. Max. Min.  N. Obs.
Dev.
Net Shapley Value 11.07 6.21 11.44 176.39 -76.03 3154
Gross Shapley Value 93.22 82.33 49.34 546.15 6.08 3154
Delta co-value-at-risk 745.63 641.86 486.21 3205.45 22.69 3154
Delta co expected shortfall 454,96 396.00 306.43 2216.00 -303.65 3154
Asymmetric Delta co-value-at-risk 765.25 660.07 488.35 4327.27 -151.70 3154
Panel B
Gross .
Net Shapley Shaple Delta co-value- Delta co-expected- Asymmetric Delta
Value piey at-risk shortfall co-value-at-risk
Value
McFaddenR- o0 84 -44 -280 .26
squared
Granger 13 10 -20 1 2
causality test
Total 279 94 -64 -281 -28
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Table 4: Baseline Regression

This table reports the results of the baseline lamizad panel regressions. The dependent varialhe is
individual contribution to systemic risk measurexithe Net Shapley Value which is measured in basis
points. Our database is formed of 91 banks andssfiaom 1Q2002 to 2Q2011. We estimate the
coefficients by means of a Prais-Winsten robustetteroskedasticity, contemporaneous correlatioosacr
panels. Column 1 reports the results where bardimgd of derivatives are measured by means ofotfad t
fair value (sum of positive and negatives). Colutrreports the standardized coefficient (i.e., the
regression coefficient as in column 1 times stathdlviation of the corresponding explanatory vdenb
Column 3 contains the standardized coefficientifasolumn 2) over the mean of the dependent vagiabl
(in percentage) for the variables which are difféfeom zero at 1 or 5% significance levels. Thenbyl

*xx (x*) denotes the significance level at 1% (5%)he results correspond to the estimated coefticad
the robust standard errors.

(1 (2) (3
Coefficient Standardized Economic
—[se —coefficient __lmpact (%)
-4.16
Log market value [2.51] -1.627
Log of squared market value_, [8'82] 1.006
. 30.62
Commercial paper .1 /TA (3156 0.051
19.71
Loan to banks.1 /TA [44.78 0.032
9.67***
Total loans.; /TA [2.84] 0.416 3.755
Non-interest to interest incomey.; [g'gg] 0.099
Corréelation with S&P500 .1 [3 'g’g] 0.349
Net balance to bank .., /TA 47[;5928.“ 0.200 1.803
Net balance to non-bank ., /TA [1273 fg -0.098
0.15**;(
Leverage1 [0.04] 1.161 10.486
. . 0.21
Maturity mismatch ., [2.62] 0.007
Total deposits,; /TA '1‘[3:_';13] -0.719 -6.493
Non-performing loans..; /Total loans 13[2;1422.“ 1.955 17.655
Aggregate systemic risk measue.; 6[71'6133;.* 7.147 64.550
Aggregate systemic risk measuer., [1267 5514 -2.932
Credit derivatives,; /TA 3‘;532;* 0.110 0.989
Interest rate derivatives,; /TA '1%2'571;; ’ -0.168 11517
Foreign exchange derivatives;; /TA 9[32'28;.* 0.225 2.036
Equity derivatives,, /TA [f:? 2515 -0.028 -0.256
Commodity derivatives,; /TA ff22396 -0.031 -0.276
46.06**
Constant [19.82
Time Effects Yes
Number of Observations 2947
Number of Groups 91
Min. Observations per Group 13
Avg. Observations per Group 332
Max. Observations per Group 36
R-squared 0.4904
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Table 5: Analysis of the held position

This table reports the results of a variation i@ faseline unbalanced panel regressions in whictoeues

on the held position on derivatives. For creditiidives we study the difference between fair vadfie
holdings in which the bank is the beneficiary ahd holdings in which the bank is the guarantor. For
interest rate, foreign exchange, equity and comtyathrivatives we distinguish holdings used foding

and for purposes other than trading using two difie variables. The dependent variable is the iddal
contribution to systemic risk measured as the Netp&y Value which is measured in basis points. Our
database is formed of 91 banks and spans from 1®20PQ2011. We estimate the coefficients by means
of a Prais-Winsten robust to heteroskedasticityytemporaneous correlation across panels. Column 1
reports the coefficients relative to holdings ofidatives. Column 2 reports the economic impact in
percentage. It is assessed as the standardizeficierefover the mean of the dependent variable iand
reported for the variables which are different fragro at 1 or 5% significance levels. The symbadl **
(**) denotes that the variable is significant at {886). The results correspond to the estimatedficaaft

and the robust standard errors.

) )

Coefficient Economic
[SE] Impact (%)

. . 932.01*** 1.242
Beneficiary mnus Guarantor ., / TA [357.42]
L . 22471
Interest rate derivatives held for purposes other than trading .1 /TA [117.51]
L . -8.44%** -1.021
Interest rate derivatives held for trading1/TA 2.79]
. L . 60.3
Foreign exchange derivatives held for purposes other than trading.1 /TA [242.19]
. . . 102.63*** 2.098
Foreign exchange derivatives held for trading.1/TA [26.09]
. L . 105.07
Equity derivatives held for purposes other than tradingt.1 /TA [62.01]
. — . -145,03** -0.737
Equity derivatives held for trading1/TA [58.43]
. . . -2498.5
Commodity derivatives held for purposes other than tradingw1 /TA [2.027]
. L . -18.65
Conmnmodity derivatives held for trading.1/TA [12.74]
Constant 5[71';522]
Control variables Yes
Time Effects Yes
Number of Observations 2947
Number of Groups 91
R-squared 0.4934
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Table 6: Sensitivity to the subprime crisis

This table reports the results of a variation ie tlaseline unbalanced panel regressions in whicisteguish the role before and during the crifigvery derivative in a
separate way. The dependent variable is the ing@idontribution to systemic risk measured as tkeé Shapley Value which is measured in basis po(ts. database is
formed of 91 banks and spans from 1Q2002 to 2Q20kl estimate the coefficients by means of a Praisst®n robust to heteroskedasticity, contemporameourelation
across panels. We split the holdings of derivativesvo variables: the first variable represents toldings of derivatives up to the first quart€r2007 and the second
variable represents the holdings of credit denwtiafter the first quarter of 2007. We consider tittal fair value of credit (column 1), intereate (column 2), foreign
exchange (column 3), equity (column 4) and comnyodiblumn 5) derivatives. The results presentedesmond to the estimated coefficient relative tddimgs of
derivatives. The symbol *** (**) denotes the sigicdince level at 1% (5%).

1) _ (2) : (3) : (4) : (5) :
Coefficient ETS:ZZ:C Coefficient E(I:r?;c;rgc Coefficient ETS;ZZC Coefficient ETS;ZZC Coefficient E(I:r?:ggc

Credit derivativesi.; /TA* no crisis dummy -115.82
Credit derivatives.; /TA* crisis dunmy 24.16™ 0.74
Credit derivatives.; /TA 42.13* 1.22 1.13 0.03 23.12 31.56%+* 0.91
Interest rate derivativesi.1 /TA* no crisis dunmy -10.69%** -1.30
Interest rate derivativest-1 /TA* crisis dummy -12.78%* -2.32
Interest rate derivatives., /TA -10.65*+* -1.40 -8.67*%* -1.14  -10.67** -1.41 -11.37%* -1.50
Foreign exchange derivatives.; /TA * no crisis dummy 57.71
Foreign exchange derivativest-1 /TA * crisis dummy 123.03** 4.03
Foreign exchange derivatives.; /TA 94,58 2.07 91.75%* 2.01 94,73+ 2.08 93.69%* 2.05
Equity derivatives;, /TA* no crisis dunmy -65.31
Equity derivativest-1 /TA* crisis dummy -6.75
Equity derivatives.; /TA -11.59 -45.79 -18.63 -39.84
Commodity derivatives:.; /TA* no crisis dummy -37.54* -0.28
Comnuodity derivativest., /TA* crisis dummy -13.48
Commodity derivativesi; /TA -22.72 -26.71** -0.28 -24.98** -0.26 -26.17* -0.28
Constant 46.72% 46.79* 45.46* 44.75** 46.41*
Control variables Yes Yes Yes Yes Yes
Time Effects Yes Yes Yes Yes Yes
Number of Observations 2947 2947 2947 2947 2947
Number of Groups 91 91 91 91 91
R-squared 0.4908 0.4905 0.4922 0.4906 0.4905
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Table 7: Alternative Dependent Variables

This table reports the results of a variation i@ baseline unbalanced panel regression in whidardift
specifications of the dependent variable (contiing to systemic risk) are considered while the
explanatory variables employed do not change. Gatalihse is formed of 91 banks and spans from
1Q2002 to 2Q2011. We estimate the coefficients bpms of a Prais-Winsten robust to heteroskedasticit
contemporaneous correlation across panels. This taports the results of using alternative contidns

to systemic risk: (1) Net Shapley Value at the ehthe quarter (baseline); (2) Net Shapley Valuegis
the alternative approach at the end of the quai@grsum of the Net Shapley Value for the corresiimn
quarter; and (4) Gross Shapley Value the end ofjtizeter. All dependent variables are measuresasis b
points. The results presented correspond to thmasid coefficient and the robust standard errdohe
symbol *** (**) denotes that the variable is sigigifnt at 1% (5%).

) 2 ©)] @
Coefficient Coefficient Coefficient Coefficient
[SE] [SE] [SE] [SE]
L ket val -4.16* -4.56% -35.82 -50.56%**
0g market value, [2.51] [2.51] [27.72 [14.09
Log of squared market value 0.09 0.1 0.52 1.36*
gorsq t1 [0.08] [0.08] [0.92] [0.45]
Co ccial paper . [TA 30.62 21.28 551.55 126.32
nmerclal paper 1 [31.56 [31.72 [346.68 [119.26
19.71 27.56 181.18 613.85***
Loan to banks:.1 /TA [44.78 [45.01 [514.13 [161.47
9.67x*+ 9.97*** 110.01%** 44.83%**
Total loansi. /TA [2.84] [2.86] [32.80 [14.29
. . . 0.79 0.92 10.47 -1.51
Non-interest to interest income.1 [0.83] [0.83] [7.80] [2.24]
. . 2.36 2.35 75.40%* -2.96
Correlation with S& P500+.1 [2.89] [2.89] [35.22 [12.94
477.97%+* 447 .92xxx 6,174+ 2,015%++
Net balance to bank .1 /TA [95.60 [02.88 (1162 [505.89
-23.38 -29.04 -309.18 -133.57
Net balance to non-bank .1 /TA [17.40 [17.74 [200.89 [82.80
Levera e 0.15*** 0.14*** 2.43*** 0.67***
9€t1 [0.04] [0.04] [0.51] [0.23]
N 0.21 1.2 -15.88 28.75**
Maturity mismatch.., [2.62] [2.65] [32.46 [11.58
. -18.16*** -18.41%** 272.39%*%*% .91 69***
Total depositst. /TA [3.47) [3.47] [38.30 [13.23
Non-performing loans..; /Total loans 136.40" 136,017 1,589 62152
-p g 1 [44.56 [44.18 [473.29 [208.39
A te svstemic risk 67.13*+* 67.34%x 217.16%** 8161+
ggregate SysSiemc ris< measue., [16.82 [16.91 [47.27 [15.53
Aggregate systemic risk measue 20.54% 28.04% 82.16% 3582
ggregate sy 2 [16.51 [16.59 [44.88 [15.67
. — 34.33%* 34.09%+* 519.29%** 157.80%**
Credit derivativesy.; /TA 8.22 18.26] [115.95 [35.51
—_— 211,51 % -11.52%* -145.13%**  -79.00***
Interest rate derivatives,.; /TA [2.78] 2.78] [35.40 [12.78
. I 93.58%** 95,98+ 1,096%** 491,97+
Foreign exchange derivatives; , /TA [24.68 24.79 [235.50 [04.39
. I -39.55 -33.33 -525.38 57.15
Equity derivatives,; /TA [43.21 [43.06 [511.51 [224.77
. — -26.29** -26.08** -413.13**  -223.01***
Commodity derivativest.; /TA [12.36 [12.38 [170.97 [66.36
Constant 46.06%* 49.83** 526.94** 516.99%**
[19.82 [19.78 [215.78 [110.02
Time Effects Yes
Number of Observatiol 2947 2947 3038 2947
Number of Grour. 91 91 91 91
Min. Observations per Gro 13 13 14 13
Avg. Observations per Gra 332 332 334 332
Max. Observations per Grc 36 36 37 36
R-square 0.4904 0.4907 0.5795 0.4252
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Figure 1: Banks’ holdings of derivatives relative ¢ total assets This figure depicts the
average ratio across banks of the fair value alvdeves holdings relative to total assets. The
figure includes the following types of derivativésterest rate, foreign exchange, credit, equity
and commodity. The ratio is reported in percentages
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Figure 2: Systemic risk measure and banks’ holdingsf derivatives held for trading and

for purposes other than trading relative to total asets This figure depicts the average ratio
across banks of the fair value of derivatives Hetdrading and for purposes other than trading
relative to total assets (in percentages) in anfiid the banks’ average contribution to systemic
risk (in basis points). The systemic risk measarthé average Net Shapley value across the 91
bank holdings (right axis). The figure includes thowing types of derivatives (by order of
appearance): interest rate, foreign exchange,tcemgliity and commaodity. In the case of credit
derivatives, we report the average holdings redatoy total assets and the average difference
between the fair value of credit derivatives in ethithe banks act as beneficiary (buy
protection) and those in which they act as guargstll protection). The series corresponding
to the average bank holdings of derivatives argddgone periodt{l) and the systemic risk
measure is depicted at perioslch as they appear in the paper regressions.
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