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Abstract: The spectacular failure of the 150-year old investt bank Lehman
Brothers on September ,52008 was a major turning point in the global ficial
crisis that broke out in the summer 2007. Throughuse of stock market data and
Credit Default Swap (CDS) spreads, this paper exasiihe investors’ reaction to
Lehman’s collapse in an attempt to identify a spiir effect on the surviving
financial institutions. The empirical analysis icdies that if the collateral
damages were limited to the largest financial firn@is) the most affected
institutions were the surviving “non-bank” finankiaervices firms; i{i) the
negative effect was correlated with financial coieds of the surviving
institutions. We also detect significant abnormahps in the CDS spreads that we
interpret as evidence of sudden upward revisiotlsdmarket assessment of future
default probabilities assigned to the survivingfinial firms.

Keywords: bank failures; systemic risk; bailout; too-bigfwk contagion;
financial crisis; regulation; market discipline;edit Default Swap
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Résumé :La faillite spectaculaire de la banque d’invesgtieent Lehman Brothers
a été percue par de nombreux analystes comme itablémpoint de retournement
dans la crise financiére actuelle. Le spectre shjug systémigue a semé la panique
parmi les investisseurs, non seulement aux Etats;dmis aussi sur les marchés
financiers internationaux. A 'aide de séries bares sur le cours des actions et le
spread des swaps de défaut (CDS) des établissefimamtsiers, nous analysons la
perception de la faillite de Lehman Brothers auat&tUnis en étudiant la réaction
des investisseurs a I'annonce de cet évenementaspégire et inattendu. Nos
résultats montrent que les dommages collatérawcigssa la faillite de Lehman se
sont fait sentir de maniéere significative dans igluss sous-groupes spécifiques
d’institutions : (i) les entreprises spécialiséesglles services financiers proches
du secteur d’activité de Lehman, mais aussi (i§ pus grandes banques et
entreprises financieres, qui sont au cceur mémestarse financier, ainsi que (iii)
les entreprises spécialisées dans les crédits itiereb
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1. Introduction

The spectacular failure of the 150-year old investtibank Lehman Brothers has been
perceived by many to be a major turning point e global financial crisis that broke out in
the summer 2007. The specter of systemic riskdairsdespread fears of a full-scale collapse
of the US financial sector due to financial conteigand concerns about significant
disturbances outside the US, in international far@markets. According to the bankruptcy
petition #08-13555, filed on Monday, Septembéf, 108, Lehman'’s total assets of $639
billion made it the largest failure in US histoajgout six times larger than the largest

previous failure (see Table 1).
{Table 1}

Among academics and researchers, there was coasieelebate about the nature, triggering
events, and extent of systemic risk during themegtobal financial crisis. This debate
reflects undoubtedly more general difficulties &fide properly the concept of systemic risk
and the absence of a broad consensus in the falditeiature* The various definitions place
at the core of the concept of systemic risk théomadf contagion which describes the
propagation mechanisms of the effects of shocks fsoe or more financial firms to others.
The phenomenon of contagion is widely perceiveldeasg more dangerous in the financial
sector than in other industries becauyé pccurs generally fasterij) it spreads more

broadly within the industry;i() it results in a greater number of failures anddalosses to

% Financial media extensively discussed the casegltine week that followed the bankruptcy annoureem
often using a broad array of metaphors and bomb&sins: ‘& tsunami sweeping the financial industaynd
“sending tremors worldwidg" a financial Armagedddrhaving “a massive effect on hundreds of other
businesses, from real estate to restaurarita perfect storrhsparking ‘a chain reaction that sent credit
markets into disarrdy “the biggest economic firestorm since the Great Bggiofi that “presented too great a
threat to the financial system and the econbamyl “set off a cascade of events around the glctee
devastating blow to the global financial watlgxcerpts from articles published by leading fingl
newspapers in the US on days following Septemb®y 2608).

* Kaufman (1994, 2000), De Bandt and Hartmann (208&) Kaufman and Scott (2003) propose excellent
surveys on contagion and systemic risk in bankimdyfanancial systems. Taylor (2009a) provides athated
and interesting discussion of systemic risk indbietext of the current financial crisis and highligthe urgent
need for aroperationaldefinition of the concept.



creditors; {v) it can affects otherwise solvent financial indiitns (see Kaufman, 1994). For
all these reasons, it is widely considered thatesyi risk is the strongest argument justifying

the intervention of public authorities in the firczal sector.

Since the beginning of the global financial crisi®ugust 2007, many large institutions at
the core of the financial systems in developeddmakloping countries have been bailed out
by public authorities in the name of contagion agpstemic risk. In the US, for instance,
financial institutions (FIs) like Bear Stearns, ReEnMae, Freddie Mac, American Insurance
Group, and Citigroup were all considered systenyigaiportant or “too big (or
interconnected) to fail” (TBTF) and the governmdatided to protect them from failure by
injecting huge amounts of taxpayers’ money. Howgwethe particular case of Lehman, the
outcome was drastically different: the governmdlotnged the nation’s fourth-largest
investment bank to collapse when no viable prisatetor solution could be fouridhe
government justified its decision on the grounas,thnlike in the case of Bear Stearns,
market participants have had sufficient time tqopre themselves to absorb the collateral
damages eventually caused by the imminent collapkehman. Moreover, in contrast to
Bear Stearns, Lehman had direct access to shartf&zilities from the Federal Reselve.

Top government officials also pointed out that thiwed Fannie Mae and Freddie Mac as

® During the days leading up to Septembef, 12D08, there were a number of rescue packages bienussed
for how to figure out an “industry solution” in aattempt to stabilize Lehman and calm the markets. F
instance, on September®™.3Timothy F. Geithner, then president of the NewkYBederal Reserve, called a 6
p.m. meeting on the future of Lehman, which incibidBe possibility that the government would need to
orchestrate an orderly liquidation of its assésw York TimesSeptember 13 2008). The failure to find a
white knight ready to assume Lehman’s liabilitissciearly due to the government decision to refasg
financial facilities to potential interested pasti@s was the case for instance in March 2008 wWReNorgan
Chase acquired the troubled investment bank Bearist.

® Immediately after the near-failure of Bear SteaomsMarch 1%, 2008, the Federal Reserve created an
exceptional lending facility (the Primary Dealer@it Facility, PDCF) that enabled investment baaukd other
primary dealers for the first time to access ligyich the overnight loans market for short-terneds. The

PDCF was intended to mitigate adverse effects fiidore failures of investment banks (see Adriaalgt2009,
for further details).



far more systemically important than Lehman becaluséwo mortgage giants own or

guarantee about half of home loans originatedéns’

For many observers, however, the failure of Lehmas an event triggering systemic risk
and panic in financial markets. For instance, Agaaat al. (2009) mention Lehman’s failure
as a clear example of systemic risk that mateadlduring the global financial crisis of 2007-
2009. They note, with the benefits of hindsighatthehman containedbnsiderable

systemic riskand led to the near collapse of the financial systéfortes (2008) takes a
more sanguine view suggesting that the governmesisidn not to rescue Lehman was a
policy error that exacerbated the adverse effddiseofinancial crisis. The critics generally
share the view that the systemic crisis that hasrged in the aftermath of Lehman’s failure

could have been mitigated if the government hagrvened.

Other influential economists embraced the oppasée, arguing that it was not Lehman’s
failure but the uncertainty surrounding the ill-ceived 2%2-page draft of legislation
regarding the Troubled Asset Relief Program (TARI)ased several days afterward that
effectively trigger the global panic of the fall@®(see e.g. Taylor, 2009b, and Cochrane and
Zingales, 2009). They use event studies basedaphipal analysis to show that basic risk
indicators of stress in the financial sector, saslthe Libor-OIS and CDS spreads, reacted
apathetically to Lehman’s collapse. By contrast,same stress indicators exhibited very
strong and negative responses just after the Hddesarve Board Chairman Ben Bernanke
and Treasury Secretary Henry Paulson testifiedeaSenate Banking Committee about the
TARP, several days later, on Septembéf 28d 24', 2008. In the same vein, Rogoff (2008)
contends that in the case of Lehman the governappited the right medicine at the right

moment and approves its decision to deny taxpagersy to rescue the troubled investment

" In his press conference on Monday, Septemb82088, the US Secretary of the Treasury Henry Misom
Jr. clearly stated:The actions with respect to Fannie Mae and Freddiie are so extraordinarily important,
not only to our capital markets, but to making swehave plenty of finance in housing, becauseishgoing to
be the key to turning the corner hérgDow Jones Newswir&eptember 1% 2008)
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bank. Mishkin (2011) acknowledges that the collagfeehman was followed by other
events, among which is the struggle to get the TARBroved by the US Congress, that were
at least as important in causing the subprimesctisgo global. He also argues that the

financial system would probably have imploded eWwé®hman had been bailed out.

The main objective of the present study is to amslwree research questions related to the
systemic nature of the collapse of Lehman Brothimwed as a turning point in the current
financial crisis. First, by using variations of tb@nventional event study methodology
applied to stock market and Credit Default Swap $¢ Bata, we examine the investors’
reaction to Lehman'’s failure in an attempt to idigran eventual spillover effect on the
surviving financial institution&.Our second research question is whether the geilleffect,

if it was statistically significant, affected théher surviving financial firmsndiscriminately
that is regardless of potential differences inrthisk profiles, financial conditions or physical
exposures to Lehman. Finally, our third researastjan is whether the release of the first
draft of TARP legislation triggered a broader, madeerse, reaction compared with
Lehman’s collapse. The answers to these questimtsight on an unsolved debate about the
nature of the shockwaves triggering systemic risknd) the recent global financial crisis and
are central to understanding how the largest filaiUS history affected the survival

financial firms.

It should be noted that absent a rigorous operaltidefinition of systemic risk, it would be
presumptuous to infer from an event study analybisther Lehman was indeed
“systemically important.” However, @ecessarygondition for this special qualification is that

the failure should haveignificantadverse knock-on effects on a large number ofigagy

8 As noted by Zingales (2008), Lehman’s collapse htd a dramatic impact on money market funds ingus
repo and interbank lending markets. For instariee Reserve Primary Fund, a large US money markatahu
fund, decided on September™i® freeze redemptions because of its large expdsurehman debt. As the net
asset value of its shares fell below $1, the fumbKe the buck” and contributed to the panic ofdbetr 2008.
The idea to investigate the effects of Lehman’sapsle on the mutual funds industry and other steont-
markets is left for future work.



financial institutions. The empirical findings ini$ paper indicate that the collateral damages
associated to Lehman’s collapse were significaldast for several categories of firmg: (

the largest banks and financial institutions, pnegily more likely to benefit from conjectural
government guarantees after the Bear Stearns hdiiQuhe financial services firms

operating in the same product area as the failgsiment bank; andii() firms providing
mortgages, mortgage insurance, and other relatettas, i.e. operating in the most shaky
sector after the summer 2007 and at the core afuhent financial crisis. While the

collateral damages were not generalizedlltd-Is, it is worth mentioning that theggest

firms, which play a crucial role in the financigissem, were however the most affected by the
Lehman crisis. Whether Lehman’s collapse was aésy& event” highly depends on how

one defines the boundaries of the “systemic riskicept.

Another interesting result reported in the pregamer is that thendividual abnormal stock
returns are found to be strongly correlated witlaficial firms’ fundamentals (risk profile,
leverage, and profitability), suggesting that therket reaction to Lehman’s failure was
selective and informed, rather than random andanoninate. This result lends support to the
so-called information-based contagion hypothestssaggests that despite the relative
opaqueness of financial firms’ assets, empiricddlgumented during the 2007-2009 financial
crisis (see e.qg. Flannery et al., 2013), markdig@pants were able to discriminate among the

surviving financial firms.

Finally, we also detect significant abnormal junmpghe CDS spreads indicating a sudden
upward revision in the market assessment of fudefault probabilities assigned to the
surviving financial firms, both after Lehman’s i&ié and Ben Bernanke’s and Henry
Paulson’s TARP speeches before the Senate Bankingrititee several days later, on
September 23-24, 2008. However, the reaction o€b8 market to Lehman’s failure is

significantly more adverse, from a statistical pahview, than the perceived impact of the



TARP testimony. The same result holds when we coene stock market reaction to the

two events of interest.

The rest of the paper is organized as follows.i8e& reviews the related literature. Section
3 describes the main research hypotheses testkd present paper. Section 4 presents the
research methodology and Section 5 describes thesdarces used in our study, as well as
the sampling procedure. The main results concerhi@gnarket’s reaction to Lehman’s
failure and the announcement of TARP are presant&eéction 6. Finally, Section 7

concludes.

2. Related literature

This paper relates to several strands of literaferst, it relates to the earlier literature
investigating the effects of a large FI's failure the performance of the surviving financial
firms (see e.g. Swary, 1986; Peavy and Hempel, ;18&8 and Peterson, 1990; Aharony and
Swary, 1996) and the pricing of risk in the finaleharkets after releases of “bad news,”
such as loan-loss reserve announcements, dividgaacLDC debt payment moratoria (see
e.g. Cornell and Shapiro, 1986; Docking et al.,7z%ovin et al., 1999). Kaufman (1994)
and Flannery (1998) survey the earlier literaturé eonclude their assessment of equity
studies by emphasizing a positive implication fae tunctioning of market discipline in the
financial services industry. Investors seem toiipocate relevant information promptly into
stock prices and financial firms that are most asklg affected by other financial firms’

failures tend to be somewhat “similar” to the fdifams?

° De Bandt and Hartmann (2002) note at the endeif teview of the event studies on stock price tieas that
the earlier literature investigates “weak” systements, as stock price fluctuations (negative ababreturns)
do not necessarily imply actual failures. Accordiagheir terminology, a systemic event is “stroitifghe
financial institutions affected by the initial shoactually fail or crash. Otherwise, i.e. if thensequence of the
initial shock is less than a failure or a crask, glistemic event is said to be “weak.”
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These results also tend to hold in financial systenth relatively poor financial transparency
and characterized by a hostile environment forotitfe market discipline. For instance,

during the so-called “lost decade” in Japan, bamd securities firms experienced severe
long-lasting difficulties, which were not fully detted in their financial statements. Brewer et
al. (2003) examine the response in equity retufdgpanese banks to the failure of four
commercial banks and two securities firms durirgggacond half of the nineties. They find
that, despite the alleged lack of transparencyggelanefficiencies in the Japanese stock market
and poor behavior of financial regulators, stoakgs of surviving banks reacted negatively

to the failure announcements. Moreover, the mogtsely affected institutions were the

survivors in poor financial health.

Flannery (1998) also discusses in his survey segarber contagion studies from other
industries Yiz. utilities, real estate, and insurance) and cateduhat investors drew in most
cases rational inferences about the implicatiormneffirm’s experience for the value of other
similar firms operating in the same industry. Oeeent study related to our paper investigates
the effect of AIG’s bailout, and the events leadigto it, on its insurance industry rivals.
Egginton et al. (2010) employ the event study mahagy to test the relevance of two
competing effects: a contagion effect, implyingtthal returns decrease following negative
events affecting AlG, and a competitive effect adag if investors expect that rivals are able
to benefit from AIG’s downfall. The results, basmada sample of 101 insurers (excluding
AIlG), indicate that for the entire period of thady (February 11, 2008 to October 9, 2008),
the positive competitive effects dominate any negatontagion effects. However, when
examining each of the key events, Egginton e8l10Q) find evidence of net contagion

effects around the February™CDS write-down and the Octobéf Bailout extension.

Before reviewing at length the recent studies dyeelated to Lehman'’s failure, we would

like to mention an interesting paper by Veronesi Zmgales (2010) that estimates the costs



and benefits of the US Treasury-Federal Depositrarece Corporation (FDIC) joint plan,
announced on Monday, October 13, 2008. The pldnded a large preferred equity infusion
in the ten largest US banks, as part of the TARE,aathree-year government guarantee on
new unsecured bank debt issues. Veronesi and 2s1¢2010) assess through an event study
analysis the effect of the plan announcement owvahee of various banks’ financial claims
(bonds/CDS; common/preferred stocks). They conclbodethe plan increased the value of
banks’ financial claims at a taxpayers’ cost anddea large drop in the perceived probability
of default implied in the bank CDS rat€dn contrast to Veronesi and Zingales (2010), we
focus our attention on the first draft of TARP Kgtion, testified before the Senate Banking
Committee several days after Lehman’s failure asdare the market reaction to both

events (Lehman’s collapse and TARP release).

Finally, and most directly, our study also conttésito the growing literature investigating a
number of topics related to Lehman’s bankruptcg,l#rgest ever in US history. Ivashina and
Scharfstein (2010) examine bank lending behavioindiuthe crisis and document an original
form of “run” on banks, triggered by corporate lmovers, who drew on their credit lines,
leading to a spike in commercial and industrian®aeported on US banks’ balance sheets.
An interesting finding is that banks that co-symadézl more of their credit lines with Lehman
experienced larger credit-line drawdowns afterfthkire of the investment bank and hence
reduced their lending more. The intuition behinid finding is that commitments that would
normally have been met by Lehman would have to le¢ loy the other members of the

syndicate, increasing the likelihood that more finwould draw on their credit lines.

2 pop and Pop (2009) also document significant deavdwevisions of the market prices of risk, as mest
by the largest banks CDS spreads, after the bailothie fifth largest financial group in Japan in\Ma
2003.0ther previous studies attempted to deterthimextent to which financial markets reflect thesgiyp
provided by governmental guarantees to large beoksidered TBTF. In their seminal article on the
Continental lllinois crisis, O’Hara and Shaw (19%@y that after the bailout announcement the Isrgts
banks experienced significantly positive abnormirres in the stock market and the magnitude of suehlth
effects was related with bank fundamentals.
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Another category of market players likely to berhad by Lehman’s demise was the hedge
funds using the failed investment bank as theimpribroker. Aragon and Strahan (2012)
estimate semi-parametric Cox proportional hazardetsoof the time to hedge-fund failure as
a function of performance and prime-brokerage afidn. As expected, the hazard rate
increased significantly more in 2008 for Lehmanédge-fund clients than for other funds.
The explanation is that Lehman’s demise hamperedliility of some hedge funds to trade

their positions, leading to an increase in thalufe rates.

In a related study, Fernando et al. (2012) invastighe impact of the Lehman collapse on the
industrial firms that received underwriting, advisoanalyst, and market-making services
from Lehman. They conduct an event study analysid show that Lehman’s equity
underwriting clients experienced an abnormal retfraround —5%, on average, on several
days surrounding the bankruptcy announcerfierithe negative wealth effects were
especially severe for companies that had strongeurgy underwriting relationships with
Lehman or were smaller, younger, and more finaryc@hstrained. Fernando et al. (2012)
conclude their article by suggesting an interesitmerpretation of their findings from a TBTF
perspective: the negative effects of a large (itmaeat) bank failure on its clients — industrial
firms may offer an alternative rationale for thevgmment intervention besides the classical
systemic risk (financial contagion) argument. Asfaeus on the effects of Lehman’s failure
on a different set of firmsviz. the survivingfinancial firms), our findings complement the
results reported in Ivashina and Scharfstein (20A9gon and Strahan (2012) and Fernando
et al. (2012), and significantly extend the TBT&ystemic risk interpretation of the event of

interest.

™ n a related study, Kovner (2012) extends thisltdsy focusing on the post-IPO importance of eguit
underwriters. She considers all troubled investnbamks during the recent financial crisisz( Bear Stearns,
Lehman Brothers, Merrill Lynch, and Wachovia), patt Lehman, as in Fernando et al. (2012).

11



Eichengreen et al. (2012) examine the role of comriaxtors in the movement of CDS

spreads of the 45 largest financial institutionsiiime developed countries and relate their
estimated factors to several potential causesisisdransmission. They find that the share of
variance of CDS spreads explained by common facddsgically large and increased during

the crisis. More importantly, they also reveal thia mentioned share suddenly increased
after the failure of Lehman. In contrast to Eicheremy et al. (2012), Raddatz (2010) focuses
on differences in stock returns across individuahks to identify a specific transmission

mechanism rather than focusing on common factodstlagir determinants. He conducts an
event study to estimate the impact of Lehman’sifailon the stock price returns of a broad
set of financial institutions across 44 countriasg tests whether differences in abnormal
returns relate to these firms’ ex-ante reliancewdmwlesale funding. The results show that
financial firms that before the crisis relied mareavily on wholesale funding experienced a

significantly larger abnormal return decline inpesse to Lehman’s demise.

Immediately after Lehman’ failure, several indudtrand financial firms disclosed their
physical exposure (or lack thereof) to the troublagestment bank. Chakrabarty and Zhang
(2012) exploit this unique opportunity to test teeedit contagion channels through which
Lehman’s bankruptcy affected other firms: “coungetp risk” and “information
transmission” channefé. They construct market microstructure variablesmfrchigh
frequency (tick-by-tick) data to measure the vasialimensions of contagion effects and
provide robust evidence supporting the relevanceoohterparty risk. After controlling for
counterparty relationships, they find mixed suppéot the information transmission

hypothesis. However, they provide direct evidemeg investors are more likely to sell stocks

12 The “counterparty risk” channel hypothesizes thavivors having identifiable financial exposuregtie
failed firm should be negatively affected becausindamental business linkages. By contrast, the
“information transmission” channel predicts that thilure of a large firm causes investors to updiaeir
beliefs, leading to the financial distress of otfiens, irrespective of their business links witte tfailed firm.
Jorion and Zhang (2007, 2009) also investigatetadit contagion channel via direct counterparfga@s, but
few of their sample firms are in the financial sect

12



of exposed firms after their counterparty risk tehinan is disclosed to the public. In
particular, exposed firms suffered more adversecedf (wider bid-ask spread; higher price
impact; greater information asymmetry; and greaéling pressure) than unexposed firths.
As the authors convincingly argue, these findinge &elevant from a public policy
perspective. Specifically, if counterparty contagies the major contagion channel,
government bail-out of the failed firm is likely toe a better policy response, whereas
financial support to one distressed firm is ofditise to boost confidence in the entire market
if information is the major channel (see also TayR009b, and Helwege, 2010, on this last
point). While similar in spirit, our study extendise analysis in Chakrabarty and Zhang
(2012) in several important ways by testing a numbg& complementary hypotheses
describing the impact of Lehman’s failure on otheancial firms and relating the responses
of the survivors to their fundamentals, businesslel®y and other specific characteristics.

These hypotheses are described in the next section.

3. Hypotheses

The alternative research hypotheses tested inaper@re presented in this section by type of
event. One set of hypotheses focuses on the effégthman’s demise on the surviving
financial firms. Another set of hypotheses is maiato the announcement of the first draft of
TARP legislation. Finally, we describe two additdeompeting hypotheses based on the

comparison of the market reaction to the two evehisterest.

3.1. Hypotheses related to Lehman’s demise

13 The final sample used in Chakrabarty and ZhangZphcludes 86 firms, 60 of which are financial
institutions in the finance, insurance, and retdtessector, with 47 exposed firms and 13 unexptisad.
Interestingly, 53 of the 60 financial firms (i.evew 88% of the sample) announced their exposure @e
positive) in the first three days after Lehmanitufz.

13



The first and most obvious (null) hypothesis tadsed is that Lehman’s failure had no
impact on the surviving financial firms. The litesee provides several reasons to explain why
the failure of a financial firm may have no effect the survivors, i.e. the “irrelevance” or
“no-impact” hypothesis (see e.g. Brewer et al.,300) market inefficiencies;i() market
anticipation of the eventiii() failure explanations based on pure idiosyncraiitors™* If the
null hypothesis of no impact is rejected, we mayrfalate two alternative hypotheses. First,
if investors perceive the exit of a large compet#s positive news for the remaining firms,
either because of improved competitive conditionsioreased market shares for the
survivors, the impact of Lehman’s failure shouldpositive (see Lang and Stultz, 1992,
Kaufman, 1994; Flannery, 1998; Slovin et al., 1998;Bandt and Hartmann, 2002). Second,
if the failure revealed previously undisclosed peaots in the financial system or investors
updated their beliefs about the conditions of simiiinancial firmsa la Collin-Dufresne et al.

(2003), the impact of Lehman’s demise should betieg™

In addition to these three hypotheses, we areiaiscested in testing the so-called pure or
undifferentiated contagion hypothesis, according/lhich investors perceived Lehman’s
failure to affect all survivors similarly, i.e. @spective of significant differences in their
business models, financial conditions, and othecidig characteristics. Under the pure
contagion hypothesis, we expect a weak or inextistemelation between the impact on
individual financial firms and their financial caitions. The ability of market participants to
discriminate among financial firms in the aftermati.ehman’s demise should not be taken
for granted. Indeed, as Flannery et al. (2013) tuivgly argue, the opaqueness of financial

firms’ assets is a time-varying concept that irdigally depends on the state of the financial

14 As we have already explained in the introductiectisn, there are strong reasons to believe thainiaa’s
failure was anunexpecte@vent; moreover, the US stock and CDS markethigtdy liquid and efficient, at
least for the largest financial firms included ur @ample.

15 The “positive effect” (competitive) and “negatieéfect” (contagion) hypotheses described here lare a
explained and tested by Egginton et al. (2010)iwithe particular context of events leading to Ad@emise.

14



system. By comparing equity market trading pattefisanks / matched nonbanking firms
and various micro-structure proxies for opacitgytshow a sharp increase in banking firms’
relative opacity during the 2007—2009 financialisriBy contrast, empirical evidence about
the banks’ relative opacity is somewhat mixed formmal, relatively tranquil, time periods
(see also Morgan, 2002; Flannery et al., 2004;slenal., 2012). One testable implication of
the undifferentiated contagion hypothesis is ttgatajection would imply that the surviving

financial firms in weaker conditions should be madwversely affected.

Finally, we formulate a last hypothesis relatetlébman’s failure focused on the changes in
TBTF expectations characterizing the largest fir@rfoms in the post-Lehman financial
world. Namely, Lehman'’s failure caused investorsetmnsider their expectations that some
financial institutions were too systemically impant to be allowed to faif According to this
hypothesis, we should find a more adverse impatherset of firms that were thought to be

TBTF after the Bear Stearns bailout in March 2008grior to Lehman’s failure.
3.2. Hypotheses related to TARP announcement

The TARP, in its original form, would have allowgte US Treasury, with no accountability
to the Congress, to spend $700 billion purchadiimmid, difficult-to-value, subprime
mortgage-related assets from troubled financiditutgns. Veronesi and Zingales (2010)
observe that a bailout announcement may have conflieffects. Investors should react
positively if the bailout announcement is crediatel induces a downward shift in the
probability of bankruptcy. However, because thédoiannouncement may be interpreted as

bad news about the true value of the firms’ asgatsvestors expect future government

16 We are grateful to an anonymous referee for suiggethis additional hypothesis. Exactly which fsmwere
thought to be TBTF after the Bear Stearns bailottlarch 2008 but prior to Lehman'’s failure is areop
qguestion. We know ex-post that all of the finanéirahs with over $100 billion in assets that wemeluded in
the Supervisory Capital Assessment Program (SCA# wold that if they could not raise enough cépita
their own, the federal government would inject tapiThus, we use the SCAP list in conjunction vittch and
Capital Intelligence support ratings to determime et of financial firms that were most likelye perceived
to benefit from implicit government guarantees (Seetion 6 for additional details).
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interference with the firms’ management, it may leisua negative reaction. Additionally, it
is worth noting that the original ill-conceived 23age draft proposal raised, at that time,
serious doubts that the US government had the dapab manage the crisis (see Taylor,
2009b; Mishkin, 2011). The TARP package was puetiogr over the first weekend after
Lehman'’s failure and on Septembef®2ghd 24", 2008, Federal Reserve Board Chairman B.
Bernanke and Treasury Secretary H. Paulson tekafighe Senate Banking Committee.
Taylor (2009b) notices that the two governmentotdfs were questioned intensely in this
testimony and the perception was quite negatidging by the large volume of critical mail
received by many members of the US Congress. Aftamtentious debate, the US House of
Representatives rejected the initial TARP bill lmgevseveral days afterwards. We conjecture
that the net effect of the TARP announcement dependhe relative strength of each of the

above-mentioned individual effects (positivg negative).
3.3. Lehman vs. TARP

We conclude this section by mentioning two addaidmypotheses based on the comparison
of the market reaction to the two events of interésllowing Taylor (2009b), Cochrane and
Zingales (2009) and in accordance with our discussi the introduction section, we
hypothesize that the negative net effect of the PA&stimony was broader and more adverse
than the perceived impact of Lehman’s failure. @hliernative hypothesis predicts that, in
relative terms, compared with the perception of PARe negative industry reaction to
Lehman’s failure was significantly larger and mdegrimental to the surviving financial

institutions.

4. Methodology
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To assess the various specific and, at times, congpleypotheses described in the previous
section, we begin by investigating the reactiothefstock market to the two events of
interest. For that purpose, we use variations @ttimventional event study methodology.
This section briefly describes our choices forreating abnormal stock returns and compares

the benefits and drawbacks of each method witlérctintext of Lehman’s failure.

The first modeling choice has been commonly emmlogehe financial literature to examine
the reaction of the stock market to a significargrg, such as a regulatory change, affecting
all firms in the same industry (see e.g. Binder, 18J1ipper and Thompson, 1983; Cornett
and Tehranian, 1990; Karafiath et al., 1991; Brestaal., 2003; Egginton et al., 2010). Since
all firms in our sample come from the financiahsees industry and share common event
dates, we have to avoid the well-known misspedificaproblems in the conventional event
study methodology due to extreme clustering. Ingdé&eldire to take into account the cross-
sectional dependence might induce a systematicesiit@ation of the standard deviation of
the mean abnormal returns, implying that the stathzed test statistic is no longer

applicable'’

According to the first method, the impact of thetewvents of interest is quantified within a

multivariate regression framework that takes thiewang form:

ﬁit = Qo + ﬁimRmt + Ze Z%:O lgir,eDrt,e + git (1)

whereR;, is the stock return of financial institutior{i = 1, 2, ..., N) on dayt (t =
1,2,...,T); R, is the corresponding broad market index (S&P $6Qrn for day; «a;, is

the intercept coefficient, an event-independenstant term for financial firmd; S;,,, is the

7 According to Schwert (1981), the cross-sectiomglathdence in returns around the underlying eveatiga
mainly due to the fact that firms in the same indugend to react in the same way to the evenhigfest. This
would imply that spillover effects are generallgasiated with a positive default correlation betavéems.
However, Jorion and Zhang (2007) observe that tbeuéd be cases of industrial firm failures in whibere is
negative default correlation among competing firfraditional event study methodology assumes indagen
abnormal returns. An alternative solution to deghhis issue would have been to adopt a portfafproach as
in Wall and Peterson (1990).
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systematic risk coefficient or the sensitivity bétfirmi’s rate of return to changes in the
market'’s rate of retur,, . is a binary variable that equals 1 if the evennhtdrest €)
occurred on day or during the window (r € [0, +1]) and zero otherwisgg;; . is the event
coefficient or the sensitivity of banks rate of return to the event of interesy, € stands for
the type of event, i.e. Lehman’s failuee£€ 1) or TARP testimonyd = 2); &; is a random
error which is assumed to be independent of th&ehaeturn, serially independent and

normally distributed.

The regression model assumes that the coefficestbris the same for all panels and the
matrix of independent variables is the same foheaiation in the system. We also assume
that the error terms are i.i.d. within each equeaffom), in addition to having different scale
variance, i.e. we allow the disturbance variancdiffer acrossequations. Finally, following
the discussion at the beginning of this sectionaggime that the contemporaneous

covariance of the error terms can differ from zémz[éit, Ejt] # 0 if i # j, although the

noncontemporaneous covariances are all z&ro|;,, &;| = 0 if t # s.

Equation (1) can be viewed as a linear system gatons in which a separate equation is
estimated for each financial institutioincluded in the final sample. The regression
parameters are estimated based on Zellner's (I@&2hingly unrelated regression (SUR)
model using the generalized least squares (GL8)&sbn method. The values of the
parameterg;, . in equation (1) capture the individual banks’ mstied “abnormal” returns
associated with the eveabn dayr or during the window € [0, +1]. They are estimated
using daily data before and after the event daée am estimation period sufficiently long to
obtain meaningful statistical inferences. Precisely use stock market data for 235 days
prior to the event daté £ —235 tat = —1) to 18 days after the event ddte ¢18), i.e. from

October §', 2007 to October'§ 2008.

18



In an alternative setting, we followed Brewer et(aD03) and expanded equation gliprato
include interaction terms between event dummy béegmand additional explanatory
variables that reflect the financial health of efiah, as well as other control variables.
However, as some of our key right-hand-side vagslake binary variables, the estimated
variance-covariance matrix of the disturbance emg¢kpanded SUR equation is singular and
thus not invertible. Consequently, to further exa@nour main hypotheses we analyze the
cross-sectional variation in standardized abnoretarns for each of the two events as in

Egginton et al. (2010}
SAR; = by + byCOND; + b,LEV; + bsTOBIN_Q; + b,CTRL; + €; )

whereSAR; is the event-day standardized abnormal returfifori; COND,; is a variable
describing the financial conditions of firmat the time of the eventEV; andTOBIN_Q;
controls for the leverage and expected profitabditfirm i; andCTRL; stands for other
control variables. We estimate equation (2) byrady least squares (standard Breusch—
Pagan tests indicate that the degree of heteroskeithain each regression model is

insignificant).

The financial conditionsQOND;) are proxied by the ratio of loan loss reserve®tal loans,

the loan loss provisions divided by the total lgaarsd the ratio of non-performing assets as a
fraction of total assets. All balance-sheet vagaldre measured by using accounting data
reported in the interim financial statements disetbby each firm in our sample at the end of

June 2008. Higher values of these ratios indicatetariorated credit risk profile.

'8 Brewer et al. (2003) is the only reference in mwiew of the literature that uses an extended S&iRework,
but none of the considered independent variablem&ry in their setting. Note that among the irelegent
variables used in Egginton et al. (2010), two amehy variables. Earlier papers employ SUR modehsiai to
our equation 1 (e.g. Schwert, 1981; Schipper arahidson, 1983; Binder, 1985; Cornell and Shapir@619
Cornett and Tehranian, 1990; Karafiath et al., 1#3jginton et al., 2010) or variations of the senddmarket
model to generate abnormal stock returns (Swai§6;1Peavy and Hempel, 1988; O’'Hara and Shaw, 1990;
Wall and Peterson, 1990; Lang and Stulz, 1992; éimpaand Swary, 1996; Dockin et al., 1997; Slovialet
1999; Jorion and Zhang, 2007, 2009; Pop and Pd}9;Maddatz, 2010; Chakrabarty and Zhang, 2012;
Fernando et al., 2012).
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Alternatively, as a broad market measure of tHepisfile and financial conditions, we also
use the credit ratings assigned by the two maingatgencies (Moody’'s and S&P) during the
week preceding the Lehman failure announcementciiéuit ratings are converted to
cardinal value according to the following scale: NAaa = 1, AA+/Aal = 2, AA/Aa2=3 etc.,
and then averaged across the two rating agences:e;a lower cardinal value corresponds
to a higher credit quality. Finally, an alternativgk proxy we use is the market measure of
the probability of failure, computed as the ratidh® variance of equity returns over the 250-
day estimation window divided by one plus the ageraquity return over the same window,
squared (see Blair and Heggestad, 1978; Koehn anbi®&ero, 1980). To minimize
multicollinearity problems, we estimate equationg@parately for each of the five proxies for

financial conditions.

The degree of operating leveradé&'{;) is measured by the total debt / total assets, rafile
the expected profitability is proxied by Tobin’s(QOBIN_Q;), computed as the market value
of equity plus the book value of liabilities dividiey the book value of asséfsrinally, we
consider two additional control variablg&I'RL;). The first one, “exposure” dummy, takes
the value of 1 if the firm is on the Epiq Systest bf the largest reported claims and 0
otherwise® It is worth noting that the physical exposuresébman were disclosed
progressively, in some cases after the end of lmant €vent window. Consequently, we are

implicitly assuming that information on exposureasvdistilled in stock market prices during

91 place of the ratio of total debt to total asgetio we also evaluate two other leverage meaghee take
into account the debt maturity structure: the rafilong-term debt to total assets and short-teonndwings
divided by the total liabilities and equity. We egbthat FIs whose financing model is similar tdian, i.e.
relying on rolling-over substantial amounts of $Herm debt on a long-term basis, would be morecaéid by
the failure. Also, the profitability dimension isgxied by the price-to-book ratio and two otheremional
ratios: the return on equity (ROE) and return asetss(ROA). We also considered an efficiency redimputed
as the cost to income ratio, expressed in percest&ur conjecture is that FIs in better shape tthein peers
may have an improved shock-absorbing capacity anddibe less affected by the Lehman failure. iBfra
Section 6 for more details.

2 We consider the total amount of exposure, inclgdiiiferent kinds of claims: loans, letters of dted
derivative and swap contracts, commercial papeligatlons, bonds etc. The mass of Lehman’s creslifited
more than 60,000 claims against the failed investrhank before the deadline imposed by the ban&yupt
court, September 2% 2009.
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the several days surrounding the bankruptcy anreuant daté! The second control
variable, “TBTF” dummy, equals 1 for the financimms that were thought to be TBTF after
the Bear Stearns bailout but prior to Lehman’aufail We include on the TBTF list all of the
financial firms with over $100 billion in assetsdsequently included in the SCAP, as well as
those firms that are assigned with a Fitch / Camtalligence Support rating equal to 1 or

2.22

The alternative to the null, undifferentiated cgma, hypothesis would imply negative
estimated coefficients on financial condition vates COND,), operating leveragd.EV;)
and “exposure” dummy. Moreover, if Lehman’s failtmiggered a significant shift in TBTF
expectations characterizing the largest finanadiald, we expect the sign of the “TBTF”

dummy variable to be negative.

While the SUR methodology takes into account tlessisectional dependence in returns and
results in more efficient estimates than ordinagst squares (OLS) estimation, it has its own
drawbacks. Particularly, estimating abnormal reswmith SUR requires that the time
dimension (i.e. the number of days in the estinmgtieriod) bdarger than the number of

firms for the large-sample approximations to bet#é. In addition, for computational
reasons, the number of observations per firm shexteed the total number of firms, to
render the variance matrix of the disturbance teshisll rank and invertible. Consequently,
when applying SUR the number of firms includedhiea estimation sample is limited to 250;
for that reason, when estimating SUR regressionselexted the 25@rgestUS financial

institutions among the 380 firms included in ounalisample.

L This is a relatively strong assumption, analogous stock market that is strong-form efficient. the extent
that investors had incomplete information on expesuour results should e factobiased against finding
evidence of significant exposure effects. For agmemmprehensive discussion of the exposure effexteader
should refer to Chakrabarty and Zhang (2012). é&irtstudy, the event day 0 is defined with respethe date
on which each sample firm disclosed, for the firsie, its exposure (or lack thereof) to Lehman.

% The Fitch / Capital Intelligence Support ratingpnesent credit rating agencies’ judgment of argiate
outside supporter’s (either a sovereign state@nonstitutional owner’s) propensity to supportreahcial firm
and of its ability to support it. The ratings assigned according to a scale going from 1 (indigpéin
extremely high probability of external support)atgvery weak probability of outside intervention).
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To capture the behavior of the entire universararfcial firms included in our final sample,
we also estimate the abnormal returns for firm sgcuon event day, AR;;, as the
difference between actual returRg and the returns predicted by the market model,

E[R;:|®:], whered, = {R,,;} andR,,; is the stock market return (S&P500) for day
ARyt = Ryt — E[Ri| D] 3)

whereE[R;|®,] = &; + BiRm:. The market model parametetis,andp;, are estimated by
regressing the daily (log-differenced) stock retinthe relevant financial firm securitg;;,
upon the corresponding broad market ret&r,, using ordinary least squares. The market
model is estimated over a 250-day “estimation wiitloeginningt = —260 through = —-11.
Lehman filed for Chapter 11 bankruptcy protectionSeptember 15 2008, which is defined
as the “event dayt’= 0 (e = “Lehman’s failure”). The TARP was presented hyRdulson
and B. Bernanke on Septembef?23008 { = 0,e = “TARP testimony”) to the Senate
Banking Committee, who rejected it as unacceptabtelabeled it as “stunning and

unprecedented in its scope and lack of detdiEw York TimesSeptember 23 2008).

To avoid misspecification problems due to extreilustering, we use the test statistic
recommended by Brown and Warner (1985) and alsth lng€®’Hara and Shaw (1990),
which is free of cross-sectional dependence irséuirity-specific excess returns. Since the
market-model parameters were estimated over tiveasin period, the abnormal returns are
in fact prediction errors. Consequently, the statdizviation estimator used in the definition
of the test statistic is appropriately adjustedrier not to overstate the significance levels
(the correction factor is computed as in Wall aetePson, 1990). The test statistic described
above can be easily adjusted to investigate thefgignce of the average abnormal returns

aggregated over various event windows.
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Finally, as a robustness check we also considaftamative procedure for the estimation of
excess returns, which is less sensitive to tharreé on past returns. Precisely, for each
security the expected return is defined to be etputile return of the market portfolio. Thus,
abnormal returns are defined as the difference dmtvthe daily returns of securitpn dawt,

R;;, and the daily returns of the market portfoliodayt, R,,; (the market portfolio returns

are proxied as previously by the total returnshef $&P 500 Index). The results discussed at
length in Section 6 are based on abnormal stocknetderived from the SUR framework or
the market model. For the sake of comparison, wetiorethe estimations obtained using
alternative methods, particularly when the resoittgined by applying different modeling

choices improve the overall interpretation.

5. Data description

Our dataset is built using financial informatiopoeted in Bloomberg database. We collect
daily stock price data from January, 2008, to December 312008, for allarge publicly
tradedfinancial firms. By “large” we mean every institution thajported total assets higher
than US$ 1 billion in the last audited financigboet before the event date. By “financial” we
mean every institution operating in the same ingust Lehman'’s (Finance-Investment, SIC
code 6211) or primarily in other fields of finan@gnking; equity investment instruments;
asset management; consumer finance; investmentagrmortgage finance; specialty
finance...). Bloomberg reports daily opening, closinigh/low, bid/ask prices, as well as
historical series of trading volumes. The priceadat adjusted to reflect major capital events
that include scrip issues/rights offerings, opeiersf stock splits and consolidations,
reductions of capital, scrip (stock) dividends €ar initial sample includes 413 financial

institutions. However, our final sample satisfiles following additional selection criteria:
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» using Dow Jones Factiva database, we imposed tyat iapital events such as stock
splits, stock dividends, and other significant nelidsnot occur on the event day;

» we dropped all banks that had “thinly” traded s&dkring the sample period, defined
as those for which daily stock price data were mgsfor more than six consecutive
trading days;

» finally, for a financial firm to be included in osample, it must have no missing stock

return data on the event day.

These selection criteria reduced our final sampl@80 surviving financial institutions: 305
“banks” (of which 60 S&Ls) and 75 “non-bank” findaaktservices firms (excluding Lehman).
To explain better the stock market reaction tofétilere event, we also collected financial
information from Bloomberg for each firm includedaur final sample. Credit rating
information for a sub-sample of rated financiatitotions was collected from Reuters and
Bloomberg, while the list of the largest physicgbesures to Lehman and its subsidiaries is
obtained from Epiq Systems, the corporate restringgiwcompany that administrate Lehman’s

bankruptcy??

6. Empirical results
6.1. Preliminary evidence of a differentiated stowkrket reaction

Did the failure announcement have a significantantn the surviving financial firm stock
returns? Did the shareholder reactions to Lehmewillapse or TARP testimony vary across
individual financial firms? To answer these queassioTable 2 reports the standard asymptotic

x° test statistic and the small samplstatistic for the following two hypotheses:

2 We are grateful to Tina WheeloBgiq Systefnfor help with data.
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e Ho" B1=...=Bn=0, i.e. the individual abnormal returns are joiretjual to zero for each
day in the event window [0; +1] and each sub-saropfenancial firms;

o Ho% B1=...=Pn, i.e. the individual abnormal returns are joirgtyual to each other.

The abnormal returns for a two-day period surrongdhe failure announcement date (day O
or September 1% 2008) are derived from the SUR framework descrinehe methodology
section. The full sample of US financial firms waestitioned into various sub-samples with
respect to the type of activity. Inspecting TahlénZhe vast majority of cases, both
hypotheses are soundly rejected: the individuabahal returns are jointly statistically
distinguishable from zero and shareholder respoves@sd substantially across individual

financial firms.
{Table 2}
6.2. Further evidence of spillover effects in stowkket prices

To refine these preliminary findings, we also reépoiTable 3 the results of the event study
analysis applied to Lehman’s failure, separatehttie global sampleN = 380) and various
subsamples defined with respect to the type ofiagtiSpecifically, we partition the full
sample into eight subsamples according to the Ing@assification Benchmark (ICB) and
Bloomberg Industry Group classifications: janks and savings and loahs< 305); (i)
commercial banka\ = 249); (ii) savings and loan®(= 60); {v) “non-bank” financial
institutions (N = 75); {) diversified financial services firm&l(= 53); (i) investment services
firms (N = 24); {ii) mortgage and specialty finande £ 18); and \iii) consumer finance\(

= 14). According to these classifications, Lehmalobgs to three categories of FIs, namely

“non-bank” Fls {v); “diversified financial services'\jj; and “investment servicesvij.

{Table 3}
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On average, the abnormal returns calculated oeeevtbnt window [-2 ; +2] are not
statistically significant for the entire sampleFRi§: the average abnormal return acrabshe
surviving FIs on day = 0 ispositive(+0.24%), albeit not statistically distinguishaliem
zero?* One may be tempted to infer that the bankruptiygfidid not trigger any significant
reaction in the stock market (the “irrelevance™mo-impact” hypothesis). However,
aggregating all data into a single global samplddtmask significant heterogeneity among
listed FlIs. Scrutinizing Table 3, we can obsenat the highest and most significarggative
abnormal returns are observed for the survivingrfaral firms providing mortgages,
mortgage insurance, and other related serviced1%,.significant at the 5% level) or
operating in the same subsectors as Lehman: dieerfinancial services (—4.58%p;value <
0.01); non-bank financial activities (—4.06peyalue < 0.05); and investment services (—
3.94%,p-value < 0.05¥° To strengthen the results reported in Table 3peréorm standard
(two-tailed) tests of the hypothesis that the agen@sponses of various categories of Fls
were equal in pairwise comparisdisihe results of these statistical tests, unrepdaed
space reasons, indicate that Fls providing mortgalgdéed services or operating in the same
subsectors as Lehman (diversified financial sesjinen-bank financial activities; and
investment services) had significanthore negativeeturns than commercial banks or S&Ls

had (significance at the 5% or better statistieaél in all cases). However, the results do not

% This result is confirmed when we employ alternatimodeling choices for estimating abnormal retuert,
based on the SUR methodology. We select relatistedyt windows surrounding the event date becautsideu
these short windows there were other significaenévthat may have affected the perception of Lef'sna
failure in the stock market. Particularly, on TusgdSeptember f6at 9 p.m., after the market closed, the US
Federal Reserve agrees to lend the American Irttenah Group (AIG) $85 billion in return for a 79®equity
stake. Consequently, the abnormal return on daBeptember 1) should be interpreted as theteffect of

two oppositeregulatory policies: &issez-faireapproach (Lehman) and a bailout decision (AIG) Tiaxt day
(September 1§ day +3), the Securities and Exchange Commissistricted short selling in an attempt to
decelerate the rapid fall of the largest FIs’ shaxleie. On September 9day +4), the US Treasury announced
its decision to guarantee money market mutual fumpd® an amount of $50 billion to ensure theibigy.

% Among the firms operating in the banking sectemfmercial banks and S&Ls), only the largest onéth w
more than $50 billion in total assets, show sigaifitnegativeabnormal returns (—5.14%, significant at the 5%
level, unreported result).

% We are grateful to an anonymous referee for suingethese additional tests. Basically, we perfatmeean
tests and two non-parametric tests: a chi-squasestmple test on the equality of medians and asavople
Wilcoxon rank-sum test for the hypothesis that tmgependent samples are from populations with éinees
distribution.
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indicate an equally strong (and significant) diéiece across various “non-bank” subsamples
(non-bank financial activities; diversified finaatservices; investment services; and

mortgage-related activities).

The results reported in Table 3 also lend supjoattté hypothesis according to which
Lehman’s failure caused investors to reconsidar tpectations that some financial
institutions were too systemically important todbewed to fail. Indeed, the surviving FIs
included in the TBTF sample showagativeabnormal return of —7.77%, significant at the
1% level?’ The results are reinforced by the analysis ottiaulative abnormal returns
(CAR). The CARs computed over whatever window aresmgnificantly different from zero

for the full sample. Yet, the firms that were thbutp be TBTF after the Bear Stearns bailout,

as well as the other “non-bank” Fls, show signifta@egativeCARS over various short

windows surrounding the event date (see Table 3).

After providing evidence that at least some speaiits of FIs were hit by Lehman’s failure,
we turn now to the question whether the TARP testiyrhad similar effects on the surviving
financial firms. The results reported in Table Atfe global sample and various subsamples
indicate that this was clearly not the case. We fin support for the hypothesis that
uncertainty surrounding the flimsy 2¥2-page draff ARP legislation triggered, in the short-

run at least, a generalized adverse reaction isttek market.

{Table 4}

"|n an earlier version of the paper, we conductedduitional test to answer the questibow many of the
largest US financial firms, taken together as atfmio, exhibit a significant negative abnormaluet in the
aftermath of Lehman’s collaps&dr that purpose, we implemented the followingatiwe procedure. First, we
classified the entire population of Fls accordingheir size. Second, we conductetativelythe significance
tests described in Section 2 for various portfolimduding thek largest Fls, wherk goes successively from 2 to
380 firms. The iterative procedure stops when ¢isé indicates for the first time a switch from sfgpant to
non-significant abnormal returns on the event day the conventional statistical levels. Finally wetained the
cut-off value ofk*, as well as the corresponding test statisticsaasdciateg-values. The algorithm indicates
that an equally weighted portfolio including thepr8b largest FIs exhibit, on average, a signifiabmormal
return of —6.32%-value < 0.01) on day 0.
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To strengthen our argument, we also test for siEdissignificance of the difference in the
stock market reaction between the two events efést (Lehman’s failures TARP
testimony). The results, reported in Table 5, asell on simple paired (sampleggsts and
Wilcoxon signed rank sum tests. They clearly intichat, in relative terms, compared with
the perception of TARP, the negative industry reacto Lehman'’s failure was significantly

larger and more damaging to the surviving FIs.

{Table 5}

Overall, the preliminary findings discussed in théstion indicates that the collateral damages
associated to Lehman'’s collapse were limited)tthe largest financial institutions that were
perceived to benefit from conjectural governmerdrgatees after the Bear Stearns bailout;
(i) the financial services firms operating in the sgimoduct area as the failed investment
bank (non-bank activities, diversified financiahsees, and investment services); atiid (

firms providing mortgages, mortgage insurance, @her related services. Moreover,
compared with the apathetic market reaction tolfthBRP announcement, the negative
industry reaction to Lehman’s failure was signifittg stronger. In the next section, we
attempt to refine these findings by investigatingrendeeply the link between individual

abnormal returns and various proxies for the Rigricial conditions.

6.3. Firm-specific vs. industry-wide effects

To gain further insights into the previously regortesults, we examine in this section the
determinants of the stock market reaction to Lehlsnfilure. In this respect, we focus our
analysis on a set of financial variables captutimge main dimensions of financial firms’
performance, namely, risk profile, leverage, angbéeted) profitability. All balance-sheet

variables, described in the methodological sectiwa,measured by using accounting data
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reported in the interim financial statements disetbby each firm in our sample at the end of

June 2008.

Table 6 shows descriptive statistics for key finalhcondition proxies and other control
variables: firm size (total assets and total maviediie, expressed in million US dollars), the
fraction of the core banking activities (net loamsotal assets ratio), and the extent to which
the asset portfolio contains large amounts of nteg&eurities (the ratio of market securities
to total assets). We also report in Table 6 theltesf bivariate comparisons of the
distribution of each variable in two sub-sample§lsf (banks/s “non-bank” FIs), based on a
conventional mean test, a chi-square two-sampletethe equality of medians and a

Wilcoxon-Mann-Whitney test.
{Table 6}

As far as the risk profile is concerned, it is apgpé that the credit quality is significantly

more deteriorated in the “non-bank” sub-sanfplas revealed by the data, the non-bank
financial firms are also more leveraged, on avertgm their peers operating in the banking
sector. Finally, the bivariate analysis of the oas profitability measures does not allow us to
infer clear conclusions, except that the non-baskhgve slightly higher Tobin’s Q and price-
to-book ratios. The “non-bank” FIs are also sigrfitly larger than their “bank” peers ($92-
93 billion against $33-34 billion). Not surprisiggthe fraction of net loans is higher for firms
operating in the banking sector, while at the othdreme the “non-bank” financial firms

invest a higher fraction of their asset portfoliosnarketable securities.

Table 7 provides a preliminary assessment of tip@tiesis that the observed spillover

effects were discriminating rather than undifferated. It reports pairwise correlation

% Note that the number of “non-bank” Fls reportirank-specific variables, such as loan loss resends
provisions, is quite low, rendering the cross-sectamparisons less informative; however, credihgs and
probability of failure do not suffer from this sthooming.
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coefficients between standardized (cumulative) aoabreturns on daty= 0 (over the
window [0; +1]), on one side, and a group of fastibrat could explain the market reaction to
Lehman’s failure, on the other. The correlationfioents are computed for the global
sample and the two sub-samples defined with respebe industry classification: banks
“non-bank” FIs. Generally, both measures of abnbnetarns araegativelycorrelated with
the various risk measures goasitivelycorrelated with the profitability variables. Thetthe
more deteriorated the banking performance, the megative and stronger the reaction of
stock market prices to the bankruptcy announcenvéatalso find strong correlations
between the degree of operating leverage and alahoetarns: the higher the leverage, the
more negative the reaction of the stock marketnaigss the (sub)sample used in the

analysis.

{Table 7}

As previously anticipated, the two proxies for figiae are strongly and negatively correlated
with both measures of abnormal returns. Interektjrige fraction of total assets invested in
marketable securities is positively correlated vaitimormal returns in the “bank” sample and
negatively correlated in the “non-bank” sample. Mterpret this finding as evidence that for
banks the portfolio of marketable securities iawad (favorably) as a liquidity cushion, while
in the case of non-bank Fls, the marketable seesidire perceived (negatively) as a

significant source of concern and uncertainty.

To further investigate the pure or undifferentiatedtagion hypothesis, we perform a cross-
sectional analysis of the stock price reactionagbrhan’s failure by regressing the
standardized abnormal returns on day nalividual financial-condition and other control
variables. Regression results for the cross-segtamalysis, reported in Table 8 (Panel A),

strengthen our preliminary assessment based owipaicorrelations. The significantly

30



negative coefficient estimates for all financial-dmion variables provide evidence of a
differentiated market reaction to Lehman’s failufés reporting higher loan loss reserves,
provisions or nonperforming assets were more adiyeesfected by the bankruptcy than the
other survivors. The market reaction was also ggoand more adverse for those Fls that

were highly levered, had lower credit ratings dnibked higher probabilities of failure.
{Table 8}

Regarding our control variables, firms with higlgeowth opportunities (or overvalued)
appear to be less affected by the failure. The dsype” dummy enters with the expected
negative sign in all specifications, thus completimgnthe microstructure evidence of a
significant counterparty risk effect associatechwiehman’s bankruptcy, reported in
Chakrabarty and Zhang (2012). Finally, the signifiganegative coefficients for TBTF
suggest the existence of a more adverse impatteoset of firms that were thought to benefit
from conjectural government protection after thaB8tearns bailout but prior to Lehman’s

failure ®

For the sake of comparability, we replicate thevabeross-sectional analysis of abnormal
returns for the other event of interest, the anneorent of TARP. The results, reported in
Table 8 (Panel B), show a very weak explanatorygyaf the same set of variables in

explaining the individual standardized abnormalimes on September 93

2 As a robustness check, we rerun all the regressiported in Table 8 on the whole sample of FisHis case
we use the market-model specification to genere@bnormal returns) and/or using as a dependeablathe
standardized cumulative abnormal return over trenewindow [0;+1]. The results, unreported for spac
reasons, are quite similar to those presented bieTé In addition, we replace the leverage (Td&ddt/Total
assets) variable by alternative measures thatitdd@ccount the debt maturity structure (the rafitong-term
debt to total assets or short-term borrowings digitly the total liabilities and equity). We alsedishe price-
to-book ratio and two other profitability ratiohiétreturn on equity, ROE, and return on assets, RGA
substitutes for Tobin’s Q. By performing these &iddal regression tests, we obtain reasonably aimédsults
for the main variables of interest, although theels of significance are somewhat weaker than thegerted in
Table 8. The robustness results not included irptheent version are available upon request franathhors.
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Overall, the results presented in this section Emgirical support to the thesis that the
observed spillover effects in the aftermath of Lahia collapse were consistent with a
discriminating pricing and the information-baseategion effect hypothesis. Put differently,
the contagion was firm-specific and discriminatrather than industry-wide or
undifferentiated: the most affected financial firmere those having common characteristics
with Lehman, i.e. operating in the same marketseator or product area. More importantly,
the individual abnormal stock returns are founteéccorrelated with financial firms’

fundamentals (risk profile, leverage, and expegieditability).

6.4. Additional inferences from abnormal jumps DSCprices

To detect significant abnormal jumps in the pricoigisk in the credit derivatives market, we
employ two straightforward statistical procedur@sa classical mean test ang @ constant
mean model. In the first case, our conjectureastiire mean of changes in CDS spreads
should bepositivein the aftermath of Lehman’s collapse, indicatnguddemupwardrevision

in the market assessment of future default probsilfor the surviving financial firms. In the
second case, the test consists of comparing tleadpevels before and after the event date in

order to detect a material break (or “jump”) in CP&ing.

For our mean test)( we calculate the average spread changes ford=gcbf the combined
period (estimation and event windows) and thenwuve sver several days in the event
window to obtain a measure of the cumulative ave@DS spread change. The statistical
significance of these measures can be judged byastg the standard deviation of CDS

spread changes over the estimation period.
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Following the previous literature (see e.g. Hulakt 2004; Norden and Weber, 2004; Jorion
and Zhang, 2007), we control for market-wide systterfactors by computing CDS spread

changes that are adjusted by changes of a CDS:ffldex
0si = (CDSth - CDSi,t—l) = s = Li—1) (4)

whereCDS; , is the CDS spread level, expressed in basis pdortthe financial obligor on

a given day andl/; is the CDS index level on day

The constant mean modél) (s similar to the constant mean return model usesdock
market event studies. The CDS spread is modeltdsitase aéDS;, = u; + &; ¢, Wherey;

is the mean of the CDS spread gpdthe time period disturbance term for financial obligor
i with an expectatioBi[¢; .| = 0 and varianc&ar|¢; .| = of,. For each day of the event
window, the abnormal CDS spread is estimateﬂ,as CDS;; — i;, whereji; designates the
sample mean of the CDS spread over the estimaginac The cumulative abnormal CDS

spread for event windows composed of dgythroughr, is naturally defined as
CASi [z ;r,] = ﬁirl éi,t. The test statistics used to investigate whetineevents of interest

have a significant impact on CDS pricing are caridéd in a similar way as those commonly

used in stock market event studies.

Figure la illustrates, in some basic way, Tayl¢2809b) and Cochrane and Zingales’s

(2009) idea that risk indicators of stress in finaricial sector, such as the Libor-OIS spread

% The CDS index’s source data as well as all the €@Sposite spreads used in our analysis comes from
Thomson Reuters. Based on the most liquid (i.ee&)yCDS contracts, the CDS index is equally weidland
reflect an average mid-spread calculation of thkex’s constituents. Thomson Reuters proprietaricesdare
rebalanced every six months to better reflect digyiin the CDS market. Note that as broad indfoeshe CDS
market (e.g. TracX, CDX, iTraxx, S&P/ISDA CDS Indg) have only recently been launched, Hull et2§104),
Norden and Weber (2004), and Jorion and Zhang (2@®6ng others, compute “rating-adjusted CDS sp'ead
by subtracting an index of spreads for a givemgatiom each CDS spread with the same rating. Spaity,
daily CDS spread index level is computed by thagbas as the equally-weighted cross-sectional réafi
CDS spreads for a certain broad rating class (AA& AA, A, and BBB) in their samples. In this papee
don't use rating-adjusted spreads because our GiEESet contains a relatively small number of refese
entities (18 banks and 67 non-bank FIs) and broadkeh CDS indices exist and are actively tradedesR003.
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and 1-year CDS spreads for Citigroup Inc., reantedh strongly after the TARP testimony
on September 23-24, 2008 than in the aftermattebfrlan’s collaps& However, if we
focus on 5-year Citi-CDS quotes (Figure 1b), as thithe benchmark maturity in the CDS
market, or longer maturity contracts (e.g. 10-yeéBIS as in Figure 1c), the reaction to
Lehman’s failure appears of the same order of ntadej if not larger, than the perceived

impact of the TARP testimony.
{Figure 1}

To further investigate the effects of Lehman’s apéfle in the credit derivatives market, we
collect Thomson Reuters CDS data over the perima flanuary %, 2008, through December
31, 2008, forall US reference entities belonging to the finana@tsr. We remove from our
initial sample Lehman Brothers Holdings Inc. in@rdot to overstate the results, as well as
those reference entities for which no CDS pricesevewailable on the event date or CDS
spread changes were zero over the 5-day event wifiely +2]. Our final CDS sample

includes 85 obligors (18 banks and 67 non-bank FIs)

We present in Table 9 the average changes in fastad CDS spreads (expressed in basis
points) on various periods surrounding the evet#,dseparately for the 1-year CDS contracts
(Panel A) and 5-year CDS contracts (Panel’B)or the sake of comparison, we also report in
the same table the results obtained when thetstatitests are conducted on days
surrounding Ben Bernanke’s and Henry Paulson’s TApEeches before the Senate Banking

Committee on September2and 24, 2008 (“TARP testimony”, day 0 and +1 respectiyely

{Table 9}

3 In their WSJ article, published on Septembé?, 209, Cochrane and Zingales (2009) don’t merttien
tenor of the CDS contract for Citigroup used tovdtheir chart suggestively titledVhen concern turned to
panic” By comparing Citi-CDS spreads of different méiies reported by various data providers (MarklT,
Credit Market Analysis, Bloomberg and Thomson Res)tave infer that the CDS depicted in Cochrane and
Zingales’s (2009) chart is the 1-year contract.

%2 To save space, we do not report the average chamgjee adjusted CDS spreads for the 10-year acistas
they are similar with those reported in Table 7n@a).

34



On average, the adjusted CDS change is signifaathipositive on Septemberifor the
reference entities included in the whole sampl€.56 bps§ < 0.01) and +87.58 bpp €

0.01), depending on the maturity (one and five ye@spectively). If we follow previous
empirical studies on CDS pricing and focus our gsialon the 5-year CDSs (Panel B), which
are the most popular contracts among market paati¢s and, hence, the most liquid ones, we
observe a stronger reaction for non-bank FlIs (+#9bs) compared with banks (+72.24 bps).
Moreover, the cumulative change over the variousdaws surrounding the failure
announcement is also significant, even if no sigaift change is detected before the event

day>?

The results reported in Table 9 also indicate amoahal upward revision of default
probabilities for the surviving financial firms aftthe TARP testimony (+43.55 bss

0.05), consistent with the intuition in Taylor (Z)) and Cochrane and Zingales (2009).
However, compared to Lehman’s collapse, the reacidhe CDS market to the TARP
speeches is weaker, not stronger, both in termsagihitude and statistical significance. The
last three columns of Table 9 support this assefijoresuming the results of a paired

sampleg-test, a Wilcoxon matched-pairs signed-ranks tedtasign test of matched paifs.

7. Conclusion

After the spectacular failure of the 150-year oldestment bank Lehman Brothers on
September 152008, a broad debate about the nature, triggesiegts, and extent of

systemic risk during the recent global financiasisrhas sharply divided economists and

% We confirm these findings using the alternatiwtistical test based on the constant mean modetitled in
this section (unreported result). We also repddhalstatistical tests without adjusting CDS sgsfor general
market conditions and find that the results, inalgdhe levels of significance, are quite simila®8.14 bpsg <
0.01) for the global sample; +79.52 bps<(0.01) for the “bank” sample; +103.34 bps<(0.01) for the “non-
bank” sample on day 0 (Lehman’s failure) and u&ngar CDS contracts.

3 We acknowledge the suggestion of an anonymouseesfer these additional tests showing that themash
changes are significantly different from the TARBtimony changes.
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underlined the urgent need for an operational fiaomnk to analyze and assess systemic
events. For many observers, the failure of Lehmas avclear example of systemic risk that
materialized during the current global financiasis. The critics generally share the view that
the government decision not to rescue the trouinleestment bank was a big mistake that
exacerbated the adverse effects of the finanasiscOther influential economists embraced
the opposite view, arguing that it was not Lehmdailsire but the uncertainty surrounding
the first draft of legislation regarding the TAR#aased several days afterward that
effectively trigger the global panic of the fall@® The defenders of the no-bail-out thesis
contend that the government applied in the caseliman the right medicine at the right
moment and approved its decision to deny taxpayersey to rescue the nation’s fourth-

largest investment bank.

The present paper contributes to the debate bilogwn three main research questions
related to the systemic nature of the collapseatinhan Brothers. First, through the use of
stock market and CDS data, we examine the invéseastion to Lehman’s failure in an
attempt to identify spillover effects on the sumy financial institutions. Second, we wonder
whether the failure affected the surviving finahdilens indiscriminately, i.e. irrespective of
potential differences in their business modelg, piofiles, financial conditions or physical
exposures to Lehman. Third, we compare the madsgtonse to two shockwaves: Lehman’s

collapse and the release of the first draft of TARP

While we are able to infer robust results indicgtnegative spillover effects of Lehman’s
failure on some specific categories of survivingahcial firms, we find nprima facie
evidence supporting the thesis that uncertaintyosmding the ill-conceived 2%2-page draft of
TARP legislation triggered, in the short-run atsie@ generalized adverse reaction in
financial markets. In fact, the perceived negaitwpact of Lehman’s failure on both CDS

and stock market is found to be significantly lartpan the reaction to the TARP testimony.
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Our findings also indicate that the most affeciedricial firms were those having common
characteristics with Lehman, i.e. operating ingame market, subsector or product area.
More importantly, the individual abnormal stockurets are found to be strongly correlated
with financial firms’ fundamentals, lending empalsupport to the so-called information-
based contagion effect hypothesis. Said slighfiekintly, despite the common assessment
that financial firms were unusually opaque during tecent financial crisis, the market
reaction to Lehman'’s failure was selective andnmied, rather than random and
indiscriminate. Overall, the results reported ia resent paper contribute to a better

understanding of the financial markets’ reactiothlargest failure in US history.

Several caveats are warranted when interpretingesuits and, more generally, the event
study results reported in some other related papetehman’s failure. First, all the event
studies investigating the effects of Lehman’s f&]uncluding ours, are based simort-term
movements in market prices, which may reflect s@icul by sophisticated investors rather
than long-term performance. Second, the eventesuzh market price reactions to Lehman’s
failure investigate a “systemic event” im@aksense, according to the vernacular of De
Bandt and Hartmann (2002). Indeed, stock price@D8 rate fluctuations (negative
abnormal returns or positive abnormal changes)adoecessarilymply actual failures or
crashes among the surviving financial firms. Thabsent a rigorous operational definition of
systemic risk, it would be presumptuous to infenfran event study analysis whether
Lehman was indeed “systemically important.” As Eicbreen et al. (2012) correctly pointed
out, whether the decision to let Lehman fail wasitical policy error that triggered a global
economic and financial tsunami will be debated &arg. We conclude by reaffirming the
urgent need for a rigorous operational framewordrtalyze and assess systemic risk in the

financial services industry. The recent proposatsfgrward by the Financial Stability Board
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and the Basel Committee on Banking Supervision (BCE)11, 2012) represent encouraging

steps in the right direction.
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Figure 1: Libor-0OIS and Citigroup CDS spread (various tenors) around Lehman'’s failure
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Table 1: The largest US public company bankruptcy filings (1980--2009)

No. Company name® Description Bankruptcy date Assets”
1 Lehman Brothers Holdings Inc. Investment Bank 09/15/2008 691,063
2 Washington Mutual, Inc. Savings & Loan Holding Co. 09/26/2008 327,913
3 WorldCom, Inc. Telecommunications 07/21/2002 103,914
4 General Motors Corporation Manufactures & Sells Cars 06/01/2009 91,047
5 CIT Group Inc. Banking Holding Company 11/01/2009 80,448
6 Enron Corp. Energy Trading, Natural Gas 12/02/2001 65,503
7 Conseco, Inc. Financial Services Holding Co. 12/17/2002 61,392
8 Chrysler LLC Manufactures & Sells Cars 04/30/2009 39,300
9 Thornburg Mortgage, Inc. Residential Mortgage Lending Co. 05/01/2009 36,521

10 Pacific Gas and Electric Company Electricity & Natural Gas 04/06/2001 36,152
11 Texaco, Inc. Petroleum & Petrochemicals 04/12/1987 34,940
12 Financial Corp. of America Financial Services & Savings and Loans 09/09/1988 33,864
13 Refco Inc. Brokerage Services 10/17/2005 33,333
14 IndyMac Bancorp, Inc. Bank Holding Company 07/31/2008 32,734
15 Global Crossing, Ltd. Global Telecommunications Carrier 01/28/2002 30,185
16 Bank of New England Corp. Interstate Bank Holding Company 01/07/1991 29,773
17 General Growth Properties, Inc. Real Estate Investment Company 04/16/2009 29,557
18 Lyondell Chemical Company Global Manufacturer of Chemicals 01/06/2009 27,392
19 Calpine Corporation Integrated Power Company 12/20/2005 27,216
20 New Century Financial Corporation Real Estate Investment Trust 04/02/2007 26,147

® financial services firms in italic text
b pre-petition total assets, expressed in USS million
Source: New Generation Research, Inc. Boston, MA
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Table 2:

Testing the nullity and equality of abnormal returns within the SUR framework

H01:2[51=...=BN=0
X -statistic
F-statistic

H02:2[31=...= N
X -statistic
F-statistic

Holzzﬁlz...:BN:O
X -statistic
F-statistic

HOZ:ZBI:...:BN
X -statistic
F-statistic

H01:2[31:...:BN:O
X -statistic
F-statistic

H023231=~-~=BN
X -statistic
F-statistic

H01:2[51=...=BN=0
X -statistic
F-statistic

HOZ:ZBI:...:BN
X -statistic
F-statistic

H01:2[31:...:BN:O
X -statistic
F-statistic

H023231=~-~=BN
X -statistic
F-statistic

H01:2[51=...=BN=0
X -statistic
F-statistic

HOZ:ZBI:...:BN
X -statistic
F-statistic

Holzzﬁlz...:BN:O
X -statistic
F-statistic

H02:2[31=...= N
X -statistic
F-statistic

H01:2[51=...=BN=0
X -statistic
F-statistic

H023231=~-~=BN
X -statistic
F-statistic

Lehman failure (Day 0 = Sept. 15" 2008)

TARP announcement (Day 0 = Sept. 23" 2008)

Day 0

2185.1***
85.4%**

1595.3%**
62.6%**
1258.2%**
49.4%%*
1204.9%**
47.5%%*
122.9%**
2.0***
116.9%**
1864.4%**
23.7%%*
1809.0%**
23.3%%*
1243.2%**
22.5%%*
1231.4%**
22.7%%*
882.5%**
34.5%%*
830.8***
33.9%%*
46.0%**
2.5***
41.5%%*
2.4%%%
26.6%*

1.9**

24.9%*
1.9**

Day +1

1318.4***
51.5%**

1244 4%%%

48.8***

1364.4***

53.5%**

1362.2***

53.7%**

204.0***

3.3***

200.5***

564.2***

562.2***
7.2***

Diversified financial services firms (N=53)

0;+1

Day 0

Banks and S&Ls (N=250)

1028.1***
40.5%**

965.9%***
38.2%**

1867.7***
73.0%**

1850.6***
72.6%**

Commercial banks (N=249)

1122.1%%*
44 4%

1112.4%**
44.2%%*

S&Ls (N=60)

156.0%**
2.6***

155 5%**
2.G***

Non-bank financial institutions (N=75)

1458.7***
57.2%x*

1378.0***

54.3%x*

227.0***

3.7***

224.9%**
3 7k

782.3%**
10.0%***

778.9%**
10.1%%*

602.6***
7 7Rk

602.2***
7.8***

310.7***
5.6***

310.6***

296.3***

11.6%**

283.3***
11.5%**

Mortgage & specialty finance firms (N=18)

668.1***
12.2%%*

665.7***
12.4%**

319.5***
5.8***

313.5%**
5.78%**

Investment services firms (N=24)

439, 7%**
17.3%**

439, 7%**
18.1%%*

141.8***
5 Rk

141.7%**
5.8***

65.5%**
3.6***

65.2%**

20.3

14

18.4
1.4

82.3%**
4.5%%*

80.9%**
4.7%**

32.7**
1.8**

27.6*
1.59*

Consumer finance firms (N=14)

27.6%*
1.9%*

27.6%*
2.1%*

41.9%**
2. g***

41.7%**
3. ***

Day +1
2411.5%**
94, 3%**
2036.9%**
79.9%**
2504.0%**
98.3%**
2300.2%**
90.6***
206.1***
3.4%%**
203.8***
3.4%%*
667.5%**
667.0***
8.6***
331.5%**
6.0***
331.5%**
185.6%**
182.9%**
7.5***
41, 1%**
2.2***
40.6%**
21.8*

1.5*

21.2*
1.6*

0;+1
826.6%**
32.5%**
672.6%**
26.6%**
1075.2%**
42 5%**
1074.9%**
42.6%**
254.6%**
4 2*%*
251.5%**
4. 2***
561.1%**
561.1%**
7.3***
302.1%**
5.5***
299.0***
110.9***
4 4***
109.9***
4 5***
56.5%**
3.1***
52.5%**
32.4%**

31.6%**
2.4%%x*

Notes: This table reports the chi-squared and F-statistics for the following two hypotheses: Holz B1=...=Bnx=0 according
to which the individual abnormal returns are jointly equal to zero for each day in the event window [0; +1] and each sub-
sample of financial firms; HOZ: B4=...=By according to which the individual abnormal returns are jointly equal to each
other. The abnormal returns for a two-day period surrounding Lehman’s failure announcement date (day O = September
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15th, 2008) and TARP release (day 0 = September 23'd, 2008) are derived from the SUR framework described in the text.
*Ekx ** *indicate statistical significance at the 1%, 5%, and 10% level, respectively, in two-tailed tests
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Table 3: Abnormal returns on days surrounding Lehman’s collapse, surviving US Fls — various samples

Global sample TBTF FIs Banks and S&Ls Commercial Banks S&Ls
(N=380) (N=25) (N=305) (N=249) (N=60)

Day AR (%) % (<0) AR (%) % (<0) AR (%) % (<0) AR (%) % (<0) AR (%) % (<0)
-2 -1.13 65.79 0.99 30.77 -0.87 65.90 —0.83 62.65 -0.87 76.67
-1 0.05 46.84 -0.78 53.85 0.11 46.56 0.23 44.58 —0.62 60.00
0 0.24 40.26 —7.77*** 76.92 0.98 38.03 1.04 38.55 0.49 36.67
+1 1.49 33.68 0.25 26.92 2.30* 28.85 2.29% 29.32 1.90 28.33
+2 0.53 51.58 —5.79%* 84.62 0.87 48.52 0.69 51.41 0.89 40.00

Window
[-1; 0] 0.29 43.55 —8.56** 65.38 1.09 42.30 1.27 41.57 -0.13 48.33
[0; +1] 1.73 36.97 —7.52%* 51.92 3.28%** 33.44 3.33% 33.94 2.39 32.50
[0; +2] 2.26 41.84 —13.32%** 62.82 4.15%* 38.47 4.01%* 39.76 3.29% 35.00
[-1; +1] 1.78 40.26 —8.31%** 52.56 3.40%* 37.81 3.56* 37.48 1.77 41.67
[-2; +2] 1.18 47.63 —13.11%* 54.62 3.39 45.57 3.41 45.30 1.80 48.33
Non-bank Fls Diversified Financial Investment Services Mortgage & Specialty Consumer Finance
(N=75) Services (N=53) (N=24) Finance (N=18) (N=14)

Day AR (%) % (<0) AR (%) % (<0) AR (%) % (<0) AR (%) % (<0) AR (%) % (<0)
-2 —0.88 52.00 -1.52 55.77 -0.14 43.48 -1.99 61.11 -1.12 57.14
-1 -1.79 69.33 -2.73 69.23 -1.03 69.57 -5.23%* 66.67 0.58 64.29
0 —4.06%* 68.00 —4 58*** 71.15 —3.94** 78.26 —7.41%* 61.11 -2.58 64.29
+1 -0.87 46.67 -1.11 44.23 0.38 47.83 —5.05* 50.00 -0.78 64.29
+2 -2.19 73.33 -1.02 69.23 -2.81* 65.22 3.57 55.56 —5.42%* 92.86

Window
[-1; 0] —5.85%* 68.67 —7.32%** 70.19 —4.97%* 73.91 —12.64%** 63.89 -2.01 64.29
[0; +1] —4.93** 57.33 —5.70%** 57.69 -3.55 63.04 —12.46%** 55.56 -3.36 64.29
[0; +2] —7.12%* 62.67 —6.71%* 61.54 —6.36%* 63.77 —8.88* 55.56 —8.78** 73.81
[-1; +1] —6.72%* 61.33 —8.43*** 61.54 —4.58 65.22 —17.68%** 59.26 -2.78 64.29
[-2; +2] —9.79*** 61.87 —10.97*** 61.92 —7.53** 60.87 -16.11** 58.89 —9.32% 68.57

Notes: This table presents the abnormal returns for a five-day period surrounding Lehman’s failure announcement date (day 0 = September 15™ 2008), derived from the market model
described in the text. The full sample of US financial firms was partitioned into various sub-samples with respect to the type of activity. We also report the mean cumulative abnormal returns
computed over various event windows, parametric test statistics, and percentage of negative abnormal returns.

*Ekx x* *indicate statistical significance at the 1%, 5%, and 10% level, respectively, in two-tailed tests
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Table 4: Abnormal returns on days surrounding TARP testimony, surviving US Fls — various samples

Global sample TBTF Fls Banks and S&Ls Commercial Banks S&Ls
(N=380) (N=25) (N=305) (N=249) (N=60)
Day AR (%) % (<0) AR (%) % (<0) AR (%) % (<0) AR (%) % (<0) AR (%) % (<0)
0 0.52 42.41 -0.98 50.00 0.43 40.98 0.10 41.77 1.78 36.67
+1 -0.44 54.45 -0.40 53.85 -0.66 54.43 -0.77 55.02 -0.54 53.33
+2 -0.97 66.75 -0.11 53.85 -1.19 69.18 -1.12 66.27 —3.07** 80.00
Window
[0; +1] 0.08 48.43 -1.39 51.92 -0.23 47.70 -0.67 48.39 1.24 45.00
[0; +2] —-0.89 54.54 -1.49 52.56 -1.42 54.86 -1.79 54.35 -1.84 56.67
Non—bank Fls Diversified Financial Investment Services Mortgage & Specialty Consumer Finance
(N=75) Services (N=53) (N=24) Finance (N=18) (N=14)
Day AR (%) % (<0) AR (%) % (<0) AR (%) % (<0) AR (%) % (<0) AR (%) % (<0)
0 1.24 48.00 1.22 53.85 -1.19 60.00 0.31 38.89 -1.32 50.00
+1 -0.21 56.00 0.17 55.77 0.10 56.00 0.58 50.00 0.43 64.29
+2 -0.56 58.67 1.75 53.85 0.48 52.00 -2.02 83.33 0.18 50.00
Window
[0; +1] 1.03 52.00 1.39 54.81 -1.09 58.00 0.90 44.44 —0.89 57.14
[0; +2] 0.47 54.22 3.14 54.49 -0.61 56.00 -1.12 57.41 -0.72 54.76

Notes: This table presents the abnormal returns for a two-day period surrounding TARP testimony (day O = September 23"’, 2008), derived from the market model described in the text.
The full sample of US financial firms was partitioned into various sub-samples with respect to the type of activity. We also report the mean cumulative abnormal returns computed over two

event windows, parametric test statistics, and percentage of negative abnormal returns.

*Ekx ** *indicate statistical significance at the 1%, 5%, and 10% level, respectively, in two-tailed tests
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Table 5: Tests of the equality of abnormal returns across events (Lehman vs. TARP)

Non-bank Fls Diversified Financial Investment Services Mortgages & Spec. TBTF FIs
(N=75) Services (N=53) (N=24) Finance (N=18) (N=25)
t-test Wilcoxon t-test Wilcoxon t-test Wilcoxon t-test Wilcoxon t-test Wilcoxon
Day
0 -3.18*** -3.10***  -2.56** -2.51** -2.26** -2.06** -2.54%* -2.15** -2.96*** -2.95%**
(0.002) (0.001) (0.013) (0.012) (0.033) (0.038) (0.020) (0.031) (0.006) (0.003)
+1 -0.52 1.24 -0.63 1.06 1.76* 1.64 -1.06 -0.06 0.10 1.91*
(0.603) (0.212)  (0.528)  (0.286)  (0.091)  (0.101)  (0.302)  (0.947) (0.917) (0.055)
+2 -2.33*%* -1.96** -1.56 -1.29 -1.54 -1.33 1.17 0.67 -2.56** -2.47*%*
(0.022) (0.049) (0.124) (0.195) (0.137) (0.180) (0.256) (0.499) (0.016) (0.013)
Window
[0; +1] -2.98%** -2.46%** -2 55%* -2.02%* -1.75% -1.36 -2.16%* -1.85%* -2.42%* -2.07**
(0.003) (0.013) (0.013) (0.043) (0.093) (0.171) (0.044) (0.064) (0.022) (0.038)
[0; +2] -2.30** -2.52%**  .1.89% -1.74* -1.25 -1.06 -1.22 -1.06 -2.36** -2.07**
(0.024) (0.011)  (0.063)  (0.080)  (0.221)  (0.287)  (0.236)  (0.286) (0.026) (0.038)

Notes: This table presents the results of two tests of the equality of abnormal returns across the two events of interest (Lehman’s
failure vs. TARP testimony). The results are based on a simple paired (samples) t-test and a Wilcoxon signed rank sum test. Two-
tailed p-values are reported in parentheses.

*¥*x kx *indicate statistical significance at the 1%, 5%, and 10% level, respectively, in two-tailed tests
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Table 6: Bivariate comparisons of risk, leverage, and profitability measures

Variable Global Banks Non-bank Fls Banks vs. Non-bank Fls
N Mean Med. N Mean Med. N Mean Med. t-stat’ Cchi2® z-stat®

_Risk measures

Loan loss res/Tot loans 329 162 1.28 302 1.40 1.28 27 4.06 0.88 -1.90* 0.34 0.92

Loan loss prov/Tot loans 324 048 0.20 303 036 0.20 21 224 0.88 —2.26** 4,12%* =3 41%**

Non-perf assets/Tot assets 317 1.71 0.97 299 1.66 0.97 18 2.63 0.63 -0.77 0.22 0.41

Credit ratings 110 865 800 66 7.83 8.00 44 9.86 9.00 -—2.23** 2.22 -1.64*

Probability of failure 380 0.19 0.12 305 0.16 0.11 75 0.29 0.15 -—4.26*** 8.86*** —298***
Leverage .

Total debt/Total assets 380 23.75 18.36 305 18.85 17.37 75 43.33 39.78 -6.40*** 11.12%** _52%**

LT debt/Total assets 380 14.52 11.19 305 11.90 11.08 75 24.97 13.17 -4.07*** 0.59 —2.34%**

ST borrowings/Total assets 366 9.57 6.12 295 7.08 5.78 71 20.06 9.25 —4.59%%** 1.77 —2.00**
. (Expected) Profitability ____

Tobin’s Q 375 1.09 099 301 1.01 099 74 145 1.02 —6.71%** 1.75 —2.75%*

Price-to-book ratio 371 135 096 300 1.04 095 71 271 1.20 —5.34%** 3.47* —2.51**

Return on equity 370 259 745 301 4.01 747 69 -3.61 7.10 1.73* 0.02 0.77

Return on assets 377 0.17 0.68 302 037 070 75 -0.63 0.50 0.74 0.77 0.19

Efficiency ratio 362 66.35 63.32 303 63.73 62.89 59 79.75 67.00 -1.88* 1.64 -0.91
 Othervariables

Total assets(t) 380 46.00 3.05 305 3433 2.75 75 9251 6.04 -1.89* 8.11*** —3.61***

Total market value(t) 380 45.17 3.06 305 33.01 2.82 75 93.64 6.08 -2.00** 11.30*** -3.96***

Net loans/Tot assets 349 66.80 71.57 305 70.60 72.21 44 40.63 30.58 6.11*** 12.45*** 50***

Mkt securities/Total assets 380 18.13 14.26 305 15.82 14.33 75 27.34 11.79 -—-3.31%** 0.05 0.16

Notes: This table presents descriptive

definition of variables.

(a) t-test on the equality of means
(b) nonparametric two-sample test on the equality of medians
(c) Wilcoxon-Mann-Whitney rank-sum test for the hypothesis that the two independent sub-samples (i.e., unmatched

data) are from populations with the same distribution

(1) x10°

statistics for several key financial variables measuring three dimensions of firm
performance (risk, operating leverage, and profitability), as well as other control variables (mean and median values),
calculated separately for the full sample and two sub-samples of banks (“Banks” vs. “Non-bank” Fls). See text for the

**kx ** *indicate statistical significance at the 1%, 5%, and 10% level, respectively, in two-tailed tests
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Table 7: Correlation coefficients between abnormal returns and proxies for risk and performance

Variable Global sample Bank subsample Non-bank subsample

N SARO SCAR[0;+1] N SARO SCAR[0;+1] N SARO SCAR[0;+1]

_Riskmeasures
Loan loss reserves/Total loans 329 -0.116** —0.153*** 302 —0.187*** —0.184*** 27 0.064 -0.044
Loan loss provisions/Total loans 324 -0.126*%* —0.211*** 303 -0.117** -0.162*** 21 0.101 -0.102
Non-performing assets/Tot assets 317  —0.070 —0.191%** 299 -0.100* —0.249*** 18 0.218 0.116
Credit ratings 110 -0.350*** —0.430*** 66 0.051 -0.028 44 -0.414*%**  —0.450***
Probability of failure 380 —0.176*** —0.244*** 305 -0.168*** —0.241*** 75 -0.216*%  —0.316***
leverage ..
Total debt/Total assets 380 —0.299*** —(.352*** 305 -0.252*** —0.120** 75 —0.200*%  —0.299***
Long-term debt/Total assets 380 -0.130** —0.194*** 305 —0.157*** —0.122** 75 -0.020 -0.096
Short-term borrowings/Tot assets 366 —0.311*** —(.323*** 295 —0.237%*** -0.075 71  -0.249** —0.308***
_(Expected) Profitability
Tobin’s Q 375 0.002 -0.017 301 0.184***  (0.227*** 74 0.090 0.086
Price-to-book ratio 371 0.043 0.010 300 0.279***  0.344%*** 71 0.082 0.054
Return on equity 370 0.073 0.151%** 301 0.093* 0.233*** 69 0.018 0.044
Return on assets 377 0.069 0.116** 302 0.132** 0.232%** 75 0.045 0.084
Efficiency ratio 362 —0.435*%** _.381*** 303 —0.065 —0.183*** 59 —0.498*** —0.411%***

Other variables

Total assets 380 —0.315*** —0.266*** 305 -0.406*** —0.199*** 75 —0.301*** —0.338***
Total market value 380 —0.318*** —0.270*** 305 —0.405*%** —(0.197*** 75 —0.298*** —0.336***
Net loans/Total assets 349 0.241%*** 0.243*** 305 —0.008 —0.054 44 0.173 0.170

Market securities/Total assets 380 —0.227*** —(0.199*** 305 0.093* 0.114** 75 —-0.257** —0.235%*

Notes: This table presents correlation coefficients between standardized abnormal returns on September 15th, day 0 (SARO), and
standardized cumulative abnormal returns over the event window [0;+1] (SCAR[0;+1]), on the one side, and several key financial
variables measuring three dimensions of the banking performance (risk, operating leverage, and profitability) and other control
variables, on the other side. The correlation coefficients are computed for the global sample, as well as for two sub-samples: “Banks”
and “Non-bank” Fls. See text for the definition of variables.

*Ekx ** *indicate statistical significance at the 1%, 5%, and 10% level, respectively, in two-tailed tests
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Table 8: Cross-sectional analysis of the stock price reaction to Lehman’s failure and TARP announcement

Loan loss reserve Loan loss provisions Non-performing assets Credit rating Probability of failure
Panel A: Lehman Brothers' failure (dependent variable: standardized abnormal return on day 0, September 15th, 2008)
Financial condition —0.12** —0.11** —0.45*** —0.39*** —0.14%** —0.16*** —0.51%** —0.36%** —3.25%** —2.17**
(0.021) (0.028) (0.000) (0.000) (0.004) (0.001) (0.000) (0.001) (0.009) (0.045)
Leverage —0.03*** —0.02%** —0.02*** —0.01*** —0.05%** —0.05%** -0.03 —-0.06* -0.03 —0.03***
(0.000) (0.000) (0.001) (0.002) (0.000) (0.000) (0.356) (0.063) (0.106) (0.002)
Tobin Q 4. 74%%* 4.40%** 7.56%** 6.98*** 8.06*** 6.45%** 0.00 -0.46 0.01 -0.27
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.510) (0.561) (0.321) (0.477)
Exposure —1.27*** —1.45*** —1.35%** —2.96** -1.51*
(0.001) (0.000) (0.000) (0.038) (0.088)
TBTF —1.41%** —1.47*** —1.39%** —3.89%** —3.26%**
(0.000) (0.000) (0.000) (0.001) (0.000)
Constant —4.10*** —3.75%** —7.18*** —6.59*** —7.54%** —5.79%** 4.36%** 4.74%%* 0.72* 1.59%**
(0.002) (0.004) (0.000) (0.000) (0.000) (0.001) (0.001) (0.002) (0.057) (0.007)
F-statistic 20.30%** 24.95%** 26.10%** 31.19%** 24.34%** 27.96*** 5.75%** 9.46%*** 3.64%** 12.21%**
N 209 209 205 205 195 195 104 104 244 244
R2 0.28 0.33 0.34 0.38 0.34 0.37 0.19 0.28 0.06 0.17
Adjusted R2 0.27 0.32 0.33 0.37 0.32 0.36 0.16 0.25 0.04 0.16
Panel B: TARP announcement (dependent variable: standardized abnormal return on day 0, September 23rd, 2008)
Financial condition -0.04 -0.04 0.07 0.08 0.07 0.07 0.05 0.03 0.21 0.16
(0.518) (0.488) (0.606) (0.595) (0.128) (0.181) (0.232) (0.445) (0.684) (0.752)
Leverage 0.01 0.01 0.01 -3.12 0.01 0.01 0.01 0.02 0.00 0.00
(0.140) (0.119) (0.181) (0.112) (0.292) (0.133) (0.192) (0.100) (0.588) (0.487)
Tobin Q 2.43 2.57* 2.67 2.93 2.35 2.51 -0.00 0.01 -0.24 -0.21
(0.116) (0.096) (0.154) (0.118) (0.262) (0.229) (0.997) (0.978) (0.187) (0.243)
Exposure 0.45 0.72 0.54 0.55 0.41
(0.319) (0.124) (0.234) (0.273) (0.295)
TBTF 0.02 0.09 -0.40 -0.24 -0.02
(0.955) (0.812) (0.271) (0.592) (0.952)
Constant -2.52 -2.66 -2.86 0.01 -2.63 -2.77 -0.67 -0.47 0.25 0.24
(0.121) (0.102) (0.144) (0.149) (0.238) (0.211) (0.235) (0.415) (0.370) (0.397)
F-statistic 1.54 1.28 2.14* 1.54 1.44 1.38 1.80 1.55 0.87 0.59
N 209 209 205 205 195 195 104 104 244 244
R2 0.03 0.02 0.04 0.03 0.03 0.03 0.07 0.06 0.01 0.01
Adjusted R2 0.01 0.01 0.02 0.01 0.01 0.01 0.03 0.02 -0.00 -0.01

Notes: This table presents the results of the multivariate analysis of the stock market reaction to the two events of interest (Lehman’s failure and TARP testimony). The dependent variable is
the standardized abnormal return on day 0 (September 15, Lehman’s failure, and September 23, TARP testimony), expressed in percentage. Abnormal returns are estimated using the SUR
framework. The sample consists of the largest 250 surviving financial firms for which the various explanatory variables were available. See text for the definition of the explanatory variables.
Equations are estimated by standard OLS. The p-values are reported in parentheses below each coefficient estimate.
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Table 9: Adjusted CDS spread changes (in bps) around Lehman’s failure and TARP testimony

Panel A: Senior 1-year Credit Default Swap (CDS) contracts

Lehman's failure (Day 0 = September 15th, 2008) TARP testimony (Day 0 = September 23rd, 2008) Lehman vs. TARP (all Fis)

Day All Fls (N=85) Banks (N=18) Non-bank Fis (N=67) All Fls (N=85) Banks (N=18) Non-bank Fls (N=67) t-stat” Zz-stat’ R+/R-

-1 7.55 3.81 8.63 —26.94** —27.96%** —26.65%* 1.99** 3.51***  5g/27***
(65.88%) (77.77%) (62.68%) (32.94%) (5.55%) (40.29%) (0.04) (0.00) (0.00)

0 60.50%** 79.71%** 54.96%** 39.01** 91.12*** 24.01 2.09%*  3,75%**  5g/9¥*x*
(72.94%) (88.88%) (68.65%) (70.58%) (100.00%) (62.68%) (0.03) (0.00) (0.00)

+1 72.82%** 79.36%** 70.94%** 19.31 39.67%** 13.45 2.26%*  3,99%**  5g/9¥**
(75.29%) (88.88%) (71.64%) (68.23%) (72.22%) (67.16%) (0.02) (0.00) (0.00)

Window

[-1; 0] 68.05%** 83.52%** 63.60** -0.82 50.26** -15.53 2.42%%  4.42%*%*  60/25***
(69.41%) (83.33%) (65.67%) (51.76%) (52.77%) (51.49%) (0.01) (0.00) (0.00)

[0; +1] 133.33%** 159.07*** 125.91%** 58.33** 130.80*** 37.47 2.74%** 5 19¥** g3 /%%
(74.11%) (88.88%) (70.14%) (69.41%) (86.11%) (64.92%) (0.00) (0.00) (0.00)

[0; +2] 136.41*** 220.15*** 112.30*** 84.68%** 194,53*** 53.06* 2.50%*  4.08*%** 57/28%**
(69.80%) (85.18%) (65.67%) (67.05%) (79.62%) (63.68%) (0.01) (0.00) (0.00)

[-1; +1] 140.88*** 162.88*** 134.55%** 18.49 89.94*** -2.07 2.55%* 5.36%**  65/20***
(71.37%) (85.18%) (67.66%) (57.25%) (59.25%) (56.71%) (0.01) (0.00) (0.00)

[=2; +2] 162.71%** 235.00*** 141.89%** -4.71 106.13*** -36.62 2.87*** 5 A4¥¥* g3 /2%
(69.41%) (83.33%) (65.67%) (53.88%) (51.11%) (54.62%) (0.00) (0.00) (0.00)

Panel B: Senior 5-year Credit Default Swap (CDS) contracts
Lehman's failure (Day 0 = September 15th, 2008) TARP testimony (Day 0 = September 23rd, 2008) Lehman vs. TARP (all Fis)

Day All Fls (N=85) Banks (N=18) Non-bank Fis (N=67) All Fls (N=85) Banks (N=18) Non-bank Fls (N=67) t-stat z-stat R+/R-

-1 3.58 2.18 3.96 -10.54 8.31 -15.53 1.53 3.22*** 55 /3Q***
(69.31%) (73.68%) (68.11%) (40.90%) (26.31%) (44.92%) (0.13) (0.00) (0.00)

0 87.58*** 72.24%** 91.64%** 43,55%* 64.17*** 38.09* 1.47* 3.77***  57/28*%**
(73.86%) (84.21%) (71.01%) (71.59%) (89.47%) (66.66%) (0.07) (0.00) (0.00)

+1 87.03*** 53.66*** 95.87*** 52.18*** 36.21%** 56.40** 1.21 3.66***  57/28***
(73.86%) (73.68%) (73.91%) (60.22%) (63.15%) (59.42%) (0.11) (0.00) (0.00)

Window

[-1; 0] 91.17%** 74.42%** 95.60*** 22.47 61.95%** 12.01 1.68* 3.94%%* g0 25***
(71.59%) (78.94%) (69.56%) (56.25%) (57.89%) (55.79%) (0.09) (0.00) (0.00)

[0; +1] 174.61%** 125.90%** 187.51%** 95.73*** 100.38*** 94.50%** 3.58*** 5 0p*** 58/27***
(73.86%) (78.94%) (72.46%) (65.90%) (76.31%) (63.04%) (0.00) (0.00) (0.00)

[0; +2] 142.77*** 174.31%** 134.43*** 121.94*** 163.81*** 110.86%** 0.81 3.40%**  54/31***
(67.42%) (75.43%) (65.21%) (62.87%) (66.66%) (61.83%) (0.42) (0.00) (0.00)

[-1; +1] 178.20%** 128.08*** 191.47%** 74.65%* 98.16*** 68.42* 2.91%** 5 35%x* g3 /%%
(72.34%) (77.19%) (71.01%) (57.57%) (59.64%) (57.00%) (0.00) (0.00) (0.00)

[-2; +2] 157.49*** 186.70*** 149.76*** 51.95 84.76%** 43.26 2.59%*  4,53%*%*  gQ/25%**
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(68.40%) (74.73%) (66.66%) (52.95%) (46.31%) (54.78%) (0.01)  (0.00) (0.00)

Notes: This table shows average changes in adjusted CDS spreads (expressed in basis points) on various periods around Lehman’s bankruptcy date (day 0 = September 15th,
2008) and on several days surrounding Ben Bernanke’s and Henry Paulson’s TARP speeches before the Senate Banking Committee (day O = September 23"’, 2008). The full
sample of US financial obligors (N=85) was partitioned into two sub-samples: “Banks” (N=18) and “Non-bank FIs” (N=67). We also report the mean cumulative change
computed over various event windows, parametric test statistics, and percentage of positive abnormal adjusted CDS spread changes (in parentheses). The results are reported
separately for the 1-year CDS contracts (Panel A) and 5-year CDS contracts (Panel B). Significance levels for adjusted CDS spread changes are determined with reference to the
standard deviation of adjusted changes estimated over a 250-day estimation window.

(a) Paired samples t-test on the equality of means (the corresponding two-tailed p-values are reported in parentheses, below estimated t-statistics)

(b) Wilcoxon matched-pairs signed-ranks test on the equality of distributions (the corresponding two-tailed p-values are reported in parentheses, below z-scores)

(c) Two-sided sign test of matched pairs on the equality of medians (the corresponding p-values are reported in parentheses, below the number of plus signs (R+) / minus

signs (R-))

*Ekx ** *indicate statistical significance at the 1%, 5%, and 10% level, respectively, in two-tailed tests
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