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Abstract

This paper examines whether the 2011 European salerban on financial stocks proved to be sucakssf
had a negative impact on financial markets. Weieitlyl take an options market perspective and foons
market participants’ changes in beliefs and expiects. During the ban, short positions in bannexthkst
decreased, whereas they increased for non-banoeidssOur results indicate that the ban increasgatied
jump risk levels, thereby negatively impacting tienned financial stocks. However, we also obsedrae t
after the announcement of the ban, financial contagsk actually dropped for banned stocks. Indteha
substitution effect between regular short selling aynthetic shorting through single stock puts,olveerve
a migration out of single stock puts into the Edox® 50 index options market. We conclude that tiyie
of migration diversified selling pressure initialtpncentrated in financial stocks across a largaresof the

stock market, thereby reducing systemic risks arduecing overall financial stability.
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1. Introduction

On August 11, 2011, Belgium, France, Italy, andispamposed short sale bans on financial stocks. The
European Securities and Markets Authority (ESMAYexd that the reason for the short sale bans wago
market abuse and the spread of false rulmdise spread of false rumors is dangerous becdusmy
increase the risk of financial contagipthereby endangering financial stability.

Recent academic studies argue that short sale habsst, do not affect stock price levels and, at
worst, contribute to their decline and negativehpact market quality. For instance, Boehmer e(24113)
conclude that it is unclear whether the SEC’s 20@Bosition of short sale bans achieved the goal of
providing a floor for U.S. equity markets. Bebeddragano (2013) investigate the impact of the 220&
on stock markets in 30 different countries and finat banned stocks underperform stocks not indude
the bans.

In this paper, we explicitly take an options margetspective, as opposed to employing only the
stock market itself. Our paper focuses on markeigigants’ changes in beliefs and expectationgnabke
work of Yan (2011), Chang et al. (2013), and Cleital. (2013). Forward-looking probabilities impuliby
options prices, i.e., risk neutral densities (RN&)d the implied volatility (IV) skew, are usedassess how
the ban affects implied jump risk on banned andipermed stocks. We employ a data set of daily sz
a range of different moneyness levels for all amtde European stocks listed in Belgium, Franedy,land
Spain. We note that using option-implied data is®ael approach in the literature to analyze theaohmf
short sale bans on financial markets.

We focus not only on the outmost tails of RNDs &lsio on the tails of realized returns. We argue

that it is the more extreme parts of the distritmgi that best reflect implied jump risk. We usaaxe value

1 ESMA stated on August 11, 2011: “European financiatkets have been very volatile over recent weeks.developments have
raised concerns for securities markets regulatenssa the European Union. [....] While short sgllaan be a valid trading strategy,
when used in combination with spreading false mankmors this is clearly abusive. [...] Today soawthorities have decided to
impose or extend existing short selling bans irr ttesspective countries. They have done so eitheestrict the benefits that can be
achieved from spreading false rumors or to ach&vegulatory level playing field, given the closger-linkage between some EU
markets’

2 Financial contagion occurs when a relatively cioed shock, which initially affects only one oreafinstitutions, sectors or
countries, propagates via larger shocks to theofakie financial sector, economy or other coustrie



theory (EVT) to assess how investors, through theiception of implied jump risk, differentiatedtiveen
banned and non-banned stocks upon the introducfitire 2011 European short selling ban.

Our work is related to that of Melick and Thoma891Z) and Birru and Figlewski (2011) because it
examines the behavior of RNDs over specific evehitg rationale of using RND and IV skews to assess
how the ban affected implied jump risk is also supgd by Bates (2000) and Rubinstein (1994). THens
that before the 1987 crash, the probability of danggative stock returns was small and fairly ckosthat
suggested by the normal distribution. Just prioth® crash, however, the option-implied probabitity
jumps rose considerably at the same time that\Mrekéw became steeper. The left tail of the RNBetiirns
became considerably fatter and thus negatively slemith increased kurtosis, a phenomenon attribtaed
crash fear (Rubinstein, 1994). As a result, outhefmoney (OTM) puts are systematically priced higaer
level relative to at-the-money (ATM) ones.

The main contributions of our paper are threefBidst, we provide evidence that the ban increased
implied jump risk levels, particularly impactingettvanned financial stocks. We show that it is thedsition
of the ban itself that led to the increase in imghljump risk, rather than other causes, such asniattion
flow, options-trading volumes, or stock-specifictfars. This finding is important because incredssulied
jump risk may provoke financial contagion (see 8ithalia et al., 2015) and increase systemic riskaBse
of the connection between implied jump risk andtagion, shifts in implied jump risk are closely nitoned
by regulatord

Second, we find that after the announcement obtre financial contagion risk actually drops for
banned stocks. This finding seems to run conti@myhat one might expect, given the documented asa®
in implied jump risk levels for banned stocks. hetgingly, for the non-banned stocks, we documkeat t
contagion risk levels do indeed increase aftebtirg thus behaving in line with the rise in impljathp risk
levels. We argue that this difference may be catye@formal and informal) market makers’ reluctance
further increase their options’ inventory risk, de&y to relatively steep IV skews, reduced volunss

widened bid-ask spreads for banned stocks.

3 For instance, Poon and Granger (2003) note tkaBémk of England uses implied volatilities to assaarket sentiment.



Third, we compare the effects of the 2011 Eurogmamto its 2008 American counterpart. Investors
may be able to obtain economic short exposure tmdxh stocks through a derivatives-based stratedty th
replicates the payoff of a stock’s short sale. Saclsubstitution effect” (see Battalio and Schul911;
Grundy et al., 2012) is characterized by a migmtbtrading volume from one instrument to anotiwe
find that no substitution effect occurred betweegutar short selling and synthetic shorting throsgtygle
stock puts during the 2011 European ban. Insteadsobstitution effect, our results show a migratat of
single stock puts into the EuroStoxx 50 index apgionarket. We conclude that this type of migration
diversifies selling pressure initially concentratedinancial stocks across a larger share of tbeksmarket,

thereby reducing systemic risks and enhancing dvfarancial stability.

2. Data and methodology
The 2011 short sale ban on financial stocks iretl® member countries Belgium, France, Italy, apdirs
was established by a coordinated act of the Euro@surities and Market Authority (ESMA) and the
national financial market regulators of those cdeston August 11, 2011. The announcement was wiade
a public statement issued by the ESMA and wasv@tbby publications on the same day by the Belgian
Financial Services and Markets Authority (FSMAX thrench Autorité Des Marchés Financiers (AMF), the
Italian Commissione Nazionale per le Societa edes® (Consob), and the Spanish Comision Nacionkl De
Mercado de Valores (CNMV). The ban entered inteafbn August 12, 2011. Table 1 provides an overvie
of the banned financial stocks.
< Pleaseinsert Table 1 about here >

The ban on covered short selling not only prokibithe creation of new net short positions but also
banned increases in existing ones, including id&na-operations. Naked short selling had already bee
prohibited in these four markets since 2008. Rasdtiarising from formal market-making activitiesrere
exempted from the ban. The ban targeted not ortiyipmarkets but also over-the-counter (OTC) market
In terms of scope, the national announcementsrdifeThe Belgian FSMA announced that the ban applie

to net economic short positions of any kind, whHe French AMF communicated that derivatives could



only be used to hedge, create or extend net losdigus. For the Italian Consob, the ban coverelg on
shares and not exchange-traded funds (ETFs) odenyatives, while the Spanish CNMV imposed the ban
on all trades in equities or indices.

During the ban, holders of financial stocks weri# atlowed to use single stock derivatives or
simply sell their holdings to hedge their portfslidnvestors exposed to stocks were allowed to en¢luigjr
overall equity market exposure by trading the miaikdex or single stock derivatives. It was thersho
selling of banned stocks that was prohibited, matging them or reducing equity market risk. Theatiom
or extension of marginal net short positions infehsecurities as a result of hedging equity maigktwas
still allowed.

The European short sale ban was initially intentdele in place for the next 15 days only, with the
exception of Belgium, which announced that the Wwanld remain in effect indefinitely. Neverthelesise
ban was extended by the Spanish CNMV, the French~Ad&hd the Italian Consob several times. On
February 13, 2012, both FSMA and AMF announcediftieg of the ban with immediate effect in Belgium
and with retroactive effect, to February 11, indé& On February 15, the CNMV announced the liftifig
the ban from February 16 onwards, and on Februarih2 Italian ban expired.

Our sample covers the period from February 15, 2@0Blarch 27, 2012, and includes 1,073 trading
days. It consists of all stocks that had listedao as of February 2012 on the Belgian (BrusseskS
Exchange/Euronext Brussels), French (Paris Bourdeuoonext Paris), Italian (Milan Stock Exchange or
Borsa ltaliana), and Spanish (Bolsa de Madrid)kstachanges. Overall, our sample comprises 18%stoc
of which 105 are included in these stock exchangeain indices, i.e., the Belgian BEL20, the French
CACA40, the Italian MIB, and the Spanish IBEX35.

From Bloomberg, we source daily trading volumes tmelnumber of shares outstanding per stock,
trading volumes, and put-call volume ratios fortdis options. Trading volumes for listed puts on the
EuroStoxx 50 index, the V2X index (the IV indexrfrtdhe EuroStoxx 50 index), and generic seriesvaf-fi
year sovereign credit default swaps (CDS) for Retfgi France, Italy, and Spain are also collectethfro

Bloomberg. Daily short stock positions (utilizatioates) and costs of short selling (simple average



simple average rebate, and cost of borrow scora® wendly provided by Markit Securities Finance
(formerly Data Explorers).

We implement the method by Figlewski (2009) foradhing RNDs. He builds on the Breeden and
Litzenberger (1978) formulae and interpolates andaths the IV structure instead of interpolatingiap
prices. A clear strength of the Figlewski (2009pm=ach is its ability to fill in intermediate grigilues of the
IV curve between the available strikes (the bodthefRND) with reduced noise and to extrapolateRN®
beyond such observable strikes with tails of flexidnd reasonable shape.

To calculate RND for the stocks of interest, weagbdaily IV data for seven moneyness levels, i.e.,
80, 90, 95, 100, 105, 110, and 120, at the threettmamaturity. Implied volatilities are extracted tgverse
engineering the Black-Scholes model from Bloomieedd:00 hours closing mid-prices (Bloomberg, 2008).
In line with Figlewski (2009), IVs for the 80 to 9Boneyness levels are obtained from puts, whileft/'s
the 105 to 120 moneyness levels are obtained fails. ¢-or consistency with our IV skew measure,use
ATM IV from puts. Because we intend to compare RRDmM banned stocks to non-banned ones, we
compute IV skews and extract RNDs for these twoupsoof stocks separately. More details on the
application of the method are included in Apperidik

We make use of extreme value theory (EVT) to messnplied jump riskbecause it focuses on tail
events, such as jumps in return distributions. EMdws us to compare the value-at-risk (VaR) implisy
RNDs for banned and non-banned stocks. We firghatt the tail shape estimatgr)( using Hill (1975) to
compute the VaR using the semi-parametric quaesitienator §,) of Hartmann et al. (2004). In a next step,
we employ a bivariate EVT method to calculate comatity in jumps and, hence, contagion risk from
historical returns. EVT is well suited to measuommtagion risk because it does not assume any g&pecif

return distribution. Our approach estimates howlikt is that one stock will experience a crashdmel a

4 We acknowledge that the expression “jump risk” aetso refer to the physical or actual, real-wotechp risk. However, in this
paper, we work with the implied, risk-neutral jumigk measure only. This measure of jump risk cawvibered as the sum of the
actual (real-world) jump risk plus a risk premiudence, implied jump risk increases may be causemdrgases in physical jump
risk, increases in the risk premium, or both.



specific extreme negative return threshold cond@icon another stock crash beyond an equally ptebab
threshold’

We use the daily IV skews of individual Europeamniggs as a second measure of implied jump
risk®. The IV skew is calculated as the difference betwthe IV of three-month OTM listed puts at the 80
percent moneyness level and ATM puts with the samagéurity for every stock in our sample. As with
RNDs, we construct two indices of IV skew, onelfanned and the other for non-banned stocks, byllgqua
averaging the stock-specific IV skews of the cdusetits of each index. We also calculate single ttgun
versions of the banned and non-banned IV skew8&gium, France, Italy, and Spain. Table 2 presents
descriptive statistics for our IV skew measurestfa entire sample period, both for the overall simgjle-
country levels.

< Pleaseinsert Table 2 about here >

Table 2 shows that the average and median IV skewbanned stocks are higher than for non-
banned stocks, an observation that pertains not tnlthe overall numbers but also to each country
separately. The standard deviation of the IV skewigher for banned stocks. As expected, the kigidns
of the IV skews are all positively skewed. All IXesv distributions reported here have fat rightstaihd are
not normal; thus, we use a non-parametric Mann-WelyitJ-test to make statistical inferences.
3. Discussion of results
We first examine the short selling utilization ragad the performance of banned and non-bannedsstock
around the ban announcement day. Figure 1 showshthamposition of the 2011 European ban strongly
affects the short selling of stocks in Belgium, rem, Italy, and Spain. Plot A indicates that thershkelling
utilization rates fall for banned stocks from 322f6 percent in the months of August and Septembgi 2

especially after the ban announcement on AugusfThis drop in short selling utilization is widespoe

5 We refer to Hartmann et al. (2004) and Balla e{2014), who use the conditional co-crash (CC@ppbility estimator, which is
applied to each pair of stocks in our sample. Aplpef includes a detailed discussion of both oupleyed univariate and bivariate
EVT-methodologies.

6 A fat left tail in the RND of returns is a coraleto the fact that the IV skew is steep, see Bagshl. (2003).

7 The short selling utilization rate is calculatesl tilization=100*(ValueOnLoan/InventoryValue), where ValueOnLoan is the
beneficial owner value of the loan ahwentoryValue is the beneficial owner inventory valustilization measures the value of a
stock utilized for securities lending against thil value of inventory available for lending, j.&s short selling demand.



across the four crisis countries. For Belgium aatl/) short selling utilization drops from 29 to parcent
and 24 percent, respectively. For France, it remainchanged at approximately 10 percent during this
period. For Spain, it drops from 53 percent onlthe announcement day to 45 percent on Septembgve30.
observe that such drops in the utilization rate €dnom the decrease in the value of short sellthg,
numerator of the utilization rate, as inventoriéstocks available for lending in the four courdriemain
relatively unchanged. The decreasing utilizatictesandicate that the ban was effective in redushgrt
selling, despite market makers still being allow@dhort banned stocks.

Figure 1. Short positions around ban date
Plot A. Banned stocks

l.‘
55% {° *eeeess,
...I..I...
..°'o"°o-.-...
.
5% ...........‘“"". seeeeaettte
° .
£
Q
o
® 35%
b= ~ + = . = { <Banannouncement day — August 11, 2011
2 L S s =i~ .. .
c /\’——/‘ M ———————
8 25% =
o
]
g 15% 4
© R S mer ~ccccc e —————
F N R i Tttt ittt
5 5% - : : : . .
N N N N N N N N N N N N N
R N I AR
® Ny Ny Ny Ny ® Ny N S N N N Ny
Banned-ltaly ====Banned-France e e e e Banned-Spain
Banned-Belgium == + Allbanned stocks

Plot B. Non-banned stocks

28% | v
eooee?
ee®0®t 00", et PP tagee T teee

o4 .
250 | .‘..-..-‘ LR
Ban announcement day — August 11, 2011

N
N}
ES

\
\
E

|
I

Utilization rate - non-banned stocks

pmm———— P N mm-
1B% 4 | oceemmmemme=TTTTTTT e
10% T T T T T T T T T T T
N N N N N N N N N N N N
N N N N N N N N N N N N N

\,\\’1/Q \ro\rbg ,\\'1«Q 6\‘19 ,\\‘LQ Q)\"LQ ,\{LQ @'19 D\‘LQ (Q\‘LQ Q\"LQ 6{]9 Q\’LQ
® ® & & & P @ BN BN Y P

e N oN-banned-Italy = ===Non-banned-France « e ¢ ¢ Non-banned-Spain

Non-banned-Belgium «= « Allunbanned stocks

This figure presents the average short utilizatates calculated for banned (Plot A) and non-bar{Réat B) stocks in our sample.
Utilization rates have been calculated for the fdimple of banned and non-banned stocks as wekprately for the stocks in
Belgium, France, Italy, and Spain.



The reduction in short selling of financial stoéksespecially noteworthy when utilization rates fo
banned and non-banned stocks are compared. Plbbssthat the utilization rate for non-banned ssock
increases from 16 to 18 percent, on average, déimgist and September 2011, an increase observessac
all four euro countries.

Despite such changes in utilization rates, shdtingeof banned financial stocks far exceeds the
level measured in non-banned stocks. In August 20iElaverage short selling utilization rate foraficial
stocks is twice the level reported for stocks @& thther sectors (32 percent in Plot A vs. 16 perteRlot
B). Short sellers would have benefited much mooenffurther deterioration of financial stocks rattiggn
from a potential weakness in the average stockpifEesuch a dichotomy, utilization rates for thesxall
market around the ban announcement day were athilgbiest levels since 2010 for the four crisisrides.
For Italy and Spain, the short selling activity veamcentrated in mid-caps (Data Explorers Limit2@fl 1),
which matches a large short selling interest iir thenks.

From the end of June until the ban announcemest,EilroStoxx Banks index dropped by 32
percent, whereas the EuroStoxx 50 index fell byp@&ent. In the first ten days of August 2011, befhe
ban, shares in European banks fell by 23 percdmrems the European index corrected by 17 percetiite
subsequent month after the ban was announced, &andganks’ stocks lost an additional 18 percentiewh
non-financial equity dropped by only 6 percent. @ata on short selling positions and returns sughes

financial stocks were indeed under strong pressure.

3.1. VaR levels and volatility skews

In the following analysis of VaR levels implied IBNDs, we distinguish five sub-periods: (1) the U.S.
recession period (February 15, 2008, to June 319)202) the 2009/2010 stock market rally (Jul@09, to
April 26, 2010); (3) the European crisis period (@7, 2010, to August 10, 2011), initiated by i8tard
and Poor’'s downgrade of Greece’s sovereign bontisité” status; (4) the ban period (August 11, 20t

February 16, 2012); and (5) the post-ban periobr{my 17, 2012, to March 27, 2012).



Panel A of Table 3 shows that during the ban petioel RND-implied VaR levels for banned stocks,
i.e., the perceived implied jump risks, are sigmwifitly higher than for non-banned stocks. The same
conclusion holds for the post-ban period. We olsénat the VaR levels from RNDs during the banqukri
are significantly higher than during the pre-bariqgeé The ten percent VaR for banned stocks inee&®m
38 to 62 percent for banned stocks, whereas foibammed stocks, it increases to a much lessertehtem
35 to 46 percent. We observe similar differencesxineme downside risk for these two sub-samplé®tit
the five- and one-percent VaR levels. Interestingye VaR levels for the post-ban period are not
significantly different from the ban period for bdbanned and non-banned stocks. The other sub-sdhatl
had very distinct downside risk features in conmgaarito the preceding period was the 2009 stock ebark
rally. The latter period had significantly lower Rgriced in RND returns than the U.S. recessiomoger
especially for banned stocks but also for non-bdretuity. The ten percent VaR for banned stocks3Gas
percent during the recession and 40 percent dthimgally, whereas for non-banned stocks it wasmy 41
percent, respectively. We find that the VaR levfelsbanned stocks were generally higher than far-no
banned stocks, and downside risk priced in RNDheddts peak during the ban.

< Pleaseinsert Table 3 about here >

Figure 2 depicts the historical behavior of ourxyréor implied jump risk, the average IV skew, for
banned and non-banned stocks. The ban period ididhited, with the beginning of the shadowed part
representing the ban announcement day. We obskatebétween 2008 and 2012, spikes in average IV
skews were well above their mean, coinciding wighigds of market turmoil. Figure 2 shows that tife |
skews rise strongly in 2008, around the Lehmarapsk, and wane after the market trough in Marct®.200
In 2010, the IV skews jump on April 27, the day tBieeek government bonds were downgraded by Standard
and Poor’s to “junk” status. The IV skew then sgigrreverses on October 18, 2010, when a task fofce
European leaders agreed on a rescue package tovinihre European Union’s economic governance in an
effort to tackle the financial crisis. The 2011 juin IV skews coincides with the ban announcemegtah

August 11. The announcement was not accompanieahipymajor event related to the European financial

1C



crisis, to equity markets in general or to the ficial sector. We observe that on all three occasithe 1V

skew of banned stocks exceeded the IV skews foibaoned stocks.

Figure 2. Averaged implied volatility skews
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This figure depicts the average IV skew for banaed non-banned stocks over the entire sample pekeetages are calculated
over all stocks in Belgium, France, Italy, and $pdiat have listed options. The IV skew per stackalculated as the difference
between the IV of the 80 percent moneyness OTMomtibn and the ATM put option. The European shettiry ban period
(August 12, 2011, to February 16, 2012) is shadowed

Figure 2 shows that implied jump risk rises strgnigist prior to the ban announcement for both
banned and non-banned stocks. Such spikes in idnjiiep risk occur during the day on August 11, 2011
whereas the ban was officially announced only aftermarket closédThe increase in the average IV skew
on August 11 for banned stocks is equivalent t® 2idlatility points, while for non-banned stocksist
equivalent to 1.05 volatility points. Both differsas exceed the 99ercentile of all daily IV skew changes
in our sample. On August 12, the average IV skemtisoed to rise sharply, by 0.78 volatility poirfts
banned stocks, a movement exceeding tffep@4centile of all daily IV skew changes in our géenOn that
same day, the IV skew for non-banned stocks roge %y volatility points, exceeding the'9percentile. We
observe that jumps in the IV skews around the barmoancement day are outliers in our sample. More

importantly, the rise in the IV skew for bannedcétis much more pronounced than for non-banneaiksto

8 It is unclear whether any information on the upoupshort selling ban leaked before the marketerlosn August 11. However,
given that a ban on covered short selling on attkst was already introduced in Greece on AugusiteBextension of the ban to other
European countries might have been expected by stariet participants.

11



We also observe from Figure 2 that after the anoenment of the short sale ban, the IV skew levels
of both banned and non-banned stocks remainedtetef@ several weeks. During the entire ban petioel
IV skew of banned stocks remained relatively higihereas the IV skew for non-banned stocks slowly
declined to pre-ban levels. This persistence inhibgé level of implied jump risk indicates that than did
not diminish market participants’ concerns regagdiiuropean financial stocks.

Table 3, Panel B presents the corresponding medanihe whole period and for the five sub-
periods separatelyWe observe that the sub-periods 1, 3, and 4 havhithest IV skews. They also roughly
match the periods of market turmoil and volatililymps highlighted in Figure 2: the global finandaigkis,
the European sovereign debt crisis, and the 20kbpean ban period. The median IV skew for banned
stocks is 7.34, significantly higher during the haeriod than before, when it was 6.05. For non-benn
stocks, the median IV skew during the ban perio@.@5, only slightly higher than during the Europea
crisis, when it was 5.78. Moreover, the median Ikevs during the European crisis period is also
significantly higher than during the stock markaity. Figure 2 also indicates that the IV skew li@nned
stocks exceeds that for non-banned stocks in mesbgds. We observe similar patterns in the country-
specific data. We find that the short selling bantdbutes to an increase in implied jump risk, exsally
with respect to banned stocks. Conversely, oncebtheis lifted on February 16, 2012, IV skews drop
significantly for both banned and non-banned stocks

Our empirical findings indicate that the short dzd@ did not reduce the implied jump risk during th
European financial crisis. Otherwise, VaR leveld &hskews would have receded. On the contraryfime
significant evidence that VaR levels increasedngfipand that IV skews jumped instantly when the has
introduced and remained high during the periodheflian, particularly for banned stocks.

A potential flaw in the empirical analysis so farthat large movements in the IV skew, observed
during the ban or at the time of its announcemmialy have been contemporaneous to the dissemiraftion

other relevant information. If so, we cannot draslear connection between the ban announcemenivand

12



skew behavior. Figure 3 indicates that the IV skeise on August 11, even though we do not observe

negative shocks within country-specific CDS spreauts the V2X indek

Figure 3. Sovereign CDS spreads, V2X and implied iatility skews
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This figure depicts the five-year sovereign CDSeapls for Belgium, France, Italy, and Spain as aglthe V2X and the IV skews
for non-banned and banned stocks. Sovereign COadpiproxy for country-specific information flow2X is the implied volatility
index from the EuroStoxx 50 index, and it proxies fharket-wide information flow. The V2X seriesnmultiplied by 0.10 to fit the
same scale as the IV skew. The IV skew per stocklisulated as the difference between the IV ofgbg@ercent moneyness OTM
put option and the ATM put option. The ban annoumet on August 11, 2011, is indicated by the vattioe.

Figure 3 displays that information flow for the faerisis countries was relatively benign around the
ban announcement date, as CDS spread levels ramairanged, whereas the V2X even decreases after
showing a large spike in the days preceding the Bgaoity market movements around that period furthe
support the presence of such positive informatlon’f. The EuroStoxx 50 index rose by 2.86 percent on
August 11 and by 4.15 percent on August 12, whetleaduroStoxx Banks index rose by 2.96 and 5.26
percent, respectively. Moreover, no other majorcamgement was made during these days. The absénce o
negative information strongly suggests that the &@mmouncement itself catalyzed the rise in impjiedp

risk.

9 We use CDS spreads to proxy the country-specifarimation flow. We adopt the V2X, the Europeanrtenpart of the VIX (the
IV index for S&P500 index options), as a proxy floe European equity market information flow.

10 Figure 3 shows that moves in the country-spetifiskew match the sovereign CDS spread behavithigperiod very well. CDS
spreads moved sideways for Belgium, France, amyl ltdnile they rose for Spain. This divergence banexplained by the fact that
on February 13, 2012, Spain’s sovereign debt rating downgraded two notches by Moody’s, from A3Aflp which was much
more severe than the rating changes for the dtinee tcrisis countries.
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3.2 Financial contagion risk

In this section, we assess the development of diahiwontagion risk, using average conditional cash
(CCC) probabilities. The average CCC probabilityasweres the likelihood that a banned (non-bannedk st
crashes, given that another banned (non-bannetk stashes. We estimate the bivariate CCC proliakili
for all pairs of banned and all pairs of non-bansemtks using realized daily returns. Table 4, P&ne
presents the results from the estimation of eqnat#o13) for the full sample and individual sub-gades.
Over the full sample, the CCC probability for thenhed stocks is 32 percent, while for the non-b@nne
stocks, it is 29 percent, which is not significgrdifferent. In the first sub-sample periods, tloatagion risk

of the banned stocks reaches a similar level, dsés for the other stocks. However, during thelene
European crisis period, we find that contagion fisk banned stocks (42 percent) becomes significant
different from that for non-banned stocks (33 petceSurprisingly, this substantial difference s longer
observed during the ban period, when the CCC pilitydior banned stocks decreases to 32 perceritevith
increases to 41 percent for non-banned stocks.dHugease in contagion risk for banned stocks ésabrthe
major findings of our paper. Apparently, the impiosi of the ban decreased systemic risk. This &ffec
occurred despite the increase in forward-lookinglied jump risk across the same sample and period.

In a next step, we analyze whether the CCC praliabilfor banned and non-banned stocks are
different across samples. We observe that the Q@Rapilities for banned stocks during the U.S. ssimn
(27 percent) and the 2009 equity market rally k28 percent) are not significantly different. Téame
assessment holds for non-banned stocks, where Randicates CCC probabilities at 26 and 23 perdent
these two sub-periods, respectively. The pre-baioghehowever, witnesses an abrupt and statisyicall
significant increase in the CCC probability for bed (from 28 to 42 percent) and non-banned (frontio23
32 percent) stocks. Clearly, contagion risk is bighcross the board once the European crisisggetred,
but it is especially higher for financial stockdtek the ban is announced, banned stocks’ contagg&rfalls
from 42 to 32 percent, while for non-banned stocksitagion risk rises from 32 to 41 percent.

< Pleaseinsert Table 4 about here >
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Another variable that potentially plays a majolerfor financial contagion risk is trading activity
Bollen and Whaley (2004) suggest that the |V skaghtnbe closely linked to trading activity in thptmns
market. They find that changes in the shape of\thieinction are directly related to net buying @ese on
options from end-users’ public order flow. Theyweghat end-users trade options for portfolio iasae,
agency, and speculative reasons, rather than fokatamaking reasons. Garleanu et al. (2009) contireir
findings and observe that the size of the IV skewasitively and significantly related to demandgsures
from institutional investors seeking portfolio imaace.

We inspect daily put and call trading volumes adl s the put-call volume ratio as proxies for
trading pressure, as suggested by Dennis and Maf2@082). We measure volume as the median number of
contracts traded on a specific day for all stockthe sample. We obtain an overall put-call voluate by
averaging the single-stock contracts. Again, weluaita these measures over the five periods preyious
identified in our data set. Table 4, Panel B doausi¢hat the median number of single-stock putsfah
banned stock traded per day decreases significlotty 1,905 during the pre-ban European crisisquetd
1,727 during the ban period. For non-banned staitles,median volume of puts also drops, from 1,157
during the pre-ban period to 943 during the bare median put-call volume ratio for non-banned stock
significantly increases during the ban, from 6.816, whereas the median put-call volume ratiobfanned
stocks hardly changes.

The findings in Panel B provide no evidence thalividual stock options, particularly puts,
experienced a large rise in trading activity. Thus, find no evidence of a substitution effect of s$hort
selling of common stock into single-stock put optio We also find no evidence that trading activity
completely dried up during the ban period. Thisiltgs in line with Grundy et al. (2012), who showat the
overall volume of options trading dropped during 2008 U.S. short selling ban. This behavior afiiirg
volumes indicates that during the ban, the IV skiews not increase as a result of increased sg@lteggure,
as originally suggested by Bollen and Whaley (2@0%) Garleanu et al. (2009).

We assume that once short selling activity in bdnstecks diminishes, the demand for synthetic

shorts via put options should increase. Duringldhe, informal market makers in options (high-freggye
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traders and hedge fundsyan no longer delta-hedge by short selling stadksice, they become less willing
to sell protection, significantly impairing the gy of puts.

As securities-lending programs were in less demayndahort sellers during the ban, it became
cheaper to borrow stocks. In unreported resultsfiveethat three common measures of borrowing cibts
simple average fee, the simple average rebatethendaily cost of borrow score) indeed fall for bad
stocks, from the date the ban was introduced thtilend of September 2011. Borrowing costs cometitu
however, only one component of hedging costs, depending on market circumstances, not necesshely
largest one. Costs incurred by bid-ask spreadgdod impact may easily outpace borrowing costsnes
of thin trading activity. Beber and Pagano (201R)sirate that the 2008 U.S. ban is associated waith
increase in bid-ask spreads ranging between 1.64188 percentage points among international stocks
where the average bid-ask spread is 3.93 percemiwigés® Likewise, Battalio and Schultz (2011) and
Grundy et al. (2012) note that bid-ask spreadsptioms on banned stocks also rose significantlynguthe
2008 U.S. short sale ban. In contrast, on August2011, the fee for borrowing from the Spanish bank
Santander was only 51 bps per annum. Thereforegridwrrowing costs may not have helped much in
encouraging market makers to write puts duringotne

A final explanation for a smaller supply of putsridg the ban is that option sellers became more
risk-sensitive following equity market declines.r@anu et al. (2009) find that end-users have daorag-
position in equity index options with a correspanydiarge net position in OTM puts. Conversely, neark
makers are short in OTM puts. Following a markeatlide, they become more reluctant to write addaion
puts. In the days before the introduction of theoBaan short sale ban, equity markets stronglyected on
the back of an intensifying European financial isrishus, it is not difficult to envision high riskversion
among market makers during the ban and a diminiglilidgness to sell puts. Holders of financial cte

suddenly had to pay much higher prices to buy ptiute: three-months 80 percent moneyness OTM puts o

11 Boehmer et al. (2013) note that approximately &@@nt of all options trading is currently supplBdsuch informal market
makers.
12 Sobaci et al. (2014) provide similar results foregging markets.
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financial stock, on average, became 16 percent eensive on August 11, compared to the averageeof
previous 21 trading days.

On the ban announcement day, the trading volumeptits on the EuroStoxx 50 index reached
2,573,868, which is the second-highest daily tradialume for this instrument in our sampleA potential
explanation for such a high trading volume is thfier the imposition of the ban, the skew from ktoc
options relative to index options became too codthe spread between the IV skew from the Euroskixx
index put options and single-stock puts, which ésnmally highly positive, was just marginally poséi
during the ban, reaching zero on December 20, 2B&tause index puts are far more liquid than single
stock puts, a liquidity premium no longer existadd a migration from single stock puts to indexspgobk
place. Such an explanation is also in line with ftfight-to-liquidity” models suggested by Pastonca

Stambaugh (2003) and Acharya and Pedersen (2005).

3.3. Panel regression analysis
To further assess the effect created by the sktitg ban and trading activity on IV skews, we aupanel
regression analysis with the IV skelWfkew) as the dependent variable. This regression all@ite isolate
the relationship between the IV skew, banned stoeksl trading activity by controlling for other
determinants of the IV skew, such as informatianvfland idiosyncratic factors. We use the followfing-
specific control variables: daily turnovefufnover), systematic riskReta), and firm size $ize). We use
turnover as a proxy for stock liquidity, followiigennis and Mayhew (2002).

We calculate an individual stock’s daily turnover dividing its daily trading volume by its number
of shares outstanding. The stock’s beta is ourrobmiariable for systematic risk. The market retign
assumed to be the equal-weighted average dailynrétu all stocks in our sample. The daily estimatof

the beta uses a rolling window of one year's watthdata, where the data begin one year beforeitsie f

13 The heaviest trading in EuroStoxx 50 index putktplace on October 10, 2008, when the Belgian li2eMia was bailed out and
2,604,185 contracts were traded.
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sample date. Firm size is calculated as the numibshares outstanding on a specific day multipbgdhe
stock price.

Control variables are uncorrelated with each otheboth the cross-sectional and the time-series
dimension (unreported here). We employ de-trendedl$ of sovereign CDS spreads for Belgium, France,
Italy, and Spain@CDS) and the V2X volatility index\{2X) as a control variable for country-specific and
equity market information flow& Additionally, we proxy firm-specific informatiofiows with daily stock
returns R), trading pressure via single-stock put optiowlitrg volume PVIme), and trading volume of puts

on the EuroStoxx 50 indeEH0PVIme )*. Our resulting Model 1 is given as follows:

IVSkew;, = ¢ + V2X, + CCDS;; + Ry, + Turn;, + Size;, + Beta;, + DE + DF"¢d + DF « pEned 4 pPostB 4 pPostE

DBE™ed 4 pVime, + ESOPVime, + &, (1)

whereD® is a dummy variable equal to one if the date ihiwithe ban period (August 11, 2011, to February
16, 2012), and zero otherwide®™ is a dummy variable equal to one if the underlyétack is a banned
stock, and zero otherwisB,"®is a dummy variable equal to one if the date isratie lifting of the ban
(from February 17, 2012, onwards), and zero ottmywiAn additional dummy variable is created as an
interaction term for these two dummidx™ D", This variable captures the effect on the IV skelen
two conditions hold: the stock is banned and theiban place.

We use generalized least squares (GLS) to accourgotential serial correlation in the residuals.
We estimate our panel regression over three diffgseriods: (a) the full period, ranging from Fednmu 15,
2008, to March 27, 2012; (b) the period that startdApril 27, 2010, when the European sovereigsisis
deemed to have begun, to March 27, 2012; and €)btn period, ranging from August 11, 2011, to

February 16, 2012. Table 5, Panel A reports theessipn results. Over the full sample period (cola) all

14 Based on the Johansen cointegration test, wenfincbintegration between the de-trended CDS sprefaithe four crisis countries
and the V2X index at the five-percent significateeel.

15 Single-stock put option trading volume is compuasdhe average daily trading volume of puts divibdg 1,000. Put trading
volume is not used as an additional cross-sectizaréble because data are only available for #dirset of stocks (122 of 186).
E50PVImeis the daily trading volume of puts on the Euro&t60 index divided by 1,000,000 and is used tdwapthe potential
indirect substitution effect of trading pressuresamgle-stocks’ puts by index puts.
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coefficients are statistically significant at theespercent level, except for the dummy variadfé and the
post-ban dummy variables. The resultsMaK, country CDS spreadBgta, andTurnover are in line with the
results reported in the literature and with our eetptions. We expected V2X and CDS spreads to be
positively related to the IV skew, as implied jumigk priced for individual stocks is likely to irease with
equity market volatility and country credit riskofrary to our expectations, stock returns and aize
positively related to the IV skew. Nevertheless, sine-skew estimates are in line with the reseltorted in
Engle and Mistry (2008). They suggest that sizeipsofor beta, warranting a positive relationshivieen
size and skew.

The results obtained from our dummy variables dber full sample period confirm that the ban
positively affected the IV skew for banned stocks®*D{E™ has a positive sign and is statistically
significant. The interaction coefficient of thisrdmy variable indicates that the ban increases Bivskfor
banned stocks by 0.3 volatility points, which ieemically relevant because it amounts to approtéma
five percent of the median IV skew in our data Jétis is a strong result, given the large set ofticd
variables used. This finding suggests that thek®nsfor banned stocks during the European shoet Isah
was abnormally high compared to that for non-banstedks and that for banned stocks in other periods
Furthermore, the estimated coefficient @f™ implies that financial stocks have IV skews theg, aon
average, 0.72 volatility points higher than IV skefor non-banned stocks. This finding is consisteiti
our descriptive statistics provided in Table 2. Theee dummy estimates confirm that the IV skewdibr
stocks was higher during the ban, and the effestmare pronounced for banned stocks.

< Pleaseinsert Table 5 about here >

Column b of Panel A shows that during the euroicise-ban period, all parameter estimates for
control variables have identical signs and comparatatistical significance levels compared to itbgults
obtained in estimating Model 1 over the full peri@dlumn a). The impact in IV skews of banned ssock
caused by the ban is even stronger though. On ge/etlae ban increases the IV skew for banned stiogks
0.45 volatility points, which amounts to roughlyaipercent of the median IV skews across our ddtaAs

the same time, for the average stock, IV skewsedeses by -1.1 volatility points during the ban. Sehe
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results support our hypothesis that investors seetmve differentiated between banned and non-ltanne
stocks upon the ban introduction.

Empirical results change more strongly when weneste Model 1 for the 2011 European ban
period. Column ¢ shows that all control variablé bave the same signs and the results are difong
statistically significant; however, the estimateDgf™ is no longer statistically significant. Because wee
such a short period, the dummiBg, D™, DD and D{**®*D"™ are no longer applicable. This
outcome suggests that, within the ban period, Girzrstocks are no longer associated with highesk&ws

Bred i however, connected to its cross-correlation

relative to the average stock. The lack of sigaifice ofD:
with beta for financial stocks during the ban (i230 relative to 0.90 for non-banned stocks). ifhoigially,
PVIme becomes negative and significantly relatedM8kew. Thus, a rise in the skew during the ban period
is associated with a lower volume of single-stoaksp This result is consistent with our hypothahit a
supply shift drove the IV skew during the ban rath@n a change in demand. In such a setting, lapgard
movements in the skew could have been caused biréaing volumes in OTM puts. At the same time, the
link betweenE50PVIme and IVSkew turns positive and significant. This relation ipkined by the above-
noted increase in the volume of index puts tradegarallel with the supply-led rise in the IV skelring

the ban.

A ban may be considered ineffective when sellingspure migrates from banned securities to
alternative instruments. However, in the case ef 2011 European short sale ban, we observe that the
migration of selling pressure from financial stot&gput options on European indices has not jedpeddhe
efficacy of the short sale ban. As a result ofrifigration, the ban appears to have diverted sefiregsure
initially concentrated in financial stocks to adar share of the market. This hypothesis is cogrsistith the
fact that contagion risk decreased for banned stdaking the ban but increased for non-banned stock

When the short sale ban was introduced on Augy2Qa1l1, any further selling pressure on financial
stocks could have led to destabilizing shocks anantial contagion. The price of OTM puts on banned

stocks rose as a result of lower trading volumieenathan through a substitution effect. The ricer&efSOTM

puts made it substantially more expensive for ntapketicipants to take a synthetic short positidence,
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imposition of the ban likely helped to curb downd/gorice pressure, which benefited financial sector
stability.

In a next step, we analyze whether a supply shiftié options market was an important driver of IV
skews during the ban. As market makers use thagiask quotes for inventory management, spread mesasu
from options markets indicate whether a supplytsigturred around the ban or not. We calculate lide
ask spread-based measures for put optionperéentage spread, i.e., (ask — mid) / mid, and ii) IV spread,

i.e., 8IV = 6C/Vega—to evaluate the impact on IV caused by market makiergntory managemetit
Percentage spread represents the percentage of the put mid-pricertfzaket makers charge to supply an
option. IV spread represents the translation pércentage spread into volatility points, i.e., how many
volatility points market makers charge to supplyogion. We evaluate the behavior pef centage spread
and|V spread in the full sample and in our sub-samples by cakind) median spreads of these two metrics
across put options on the 28 stocks in our sanmalelelong to the EuroStoxx 50 indexThe results are
shown in Table 6.

< Pleaseinsert Table 6 about here >

We observe thapercentage spread is relatively low during both the U.S. recessiord ahe 2009
stock market rally, but becomes significantly higtwlen the pre-ban period begins. For non-banreakst
the spread increases from 0.081 to 0.099, whewrasahned stocks, it rises from 0.058 to 0.076. bée
period is the sub-sample wheavercentage spread, at 0.089, is the highest for banned stocks, sicpuifily
higher than during the preceding period (0.076). k@n-banned stocks, the metric drops during the ba
period from 0.099 to 0.090. Thugercentage spread indicates that during the ban, market makers became
more averse to supplying puts on financial stoaksniot on the other stocks. In the post-ban pespceads

for both non-banned and banned stocks fall, suggette unwinding of this supply shift.

161V spread uses options’ GreekWega, i.e.,5C/81V, to obtainsIV, wheresC is the difference between ask and mid-prices. dDpti
prices andVegas are from ATM options and are obtained from Bloongband Datastream. Although the spread measure only

estimates the impact on IV caused by changes gadprfrom ATM options, we assume that such increesgread is also indicative
of supply shift on OTM options and, consequently,tbe 1V skew. This assumption is conservativebidsask spreads of OTM
options are typically higher than those of ATM ops due to the lower liquidity of OTM options.

17 From the full Eurostoxx 50 index sample, we diddhiose stocks for which the required options datanot available.
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ThelV spread metric behaves in line withercentage spread. ThelV spread is relatively low during
both the U.S. recession and the 2009 stock mawibt, rwith the latter period reporting statistigall
significant lower spreads than the former. The lmn- period experiences a sudden and statistically
significant rise inlV spread, from 0.050 to 0.075, for non-banned stocks amnfi0.039 to 0.082 for
financial stocks. The&V spread continues to rise during the ban period for bansedks, from 0.082 to
0.149. In contrast, it falls by two-thirds for nbanned stocks, from 0.075 to 0.025. During the -past
period, |V spread continues to rise for banned stocks, whereadlé fiar non-banned stocks These results
from our two spread measures confirm that durimghthin, market makers widened their spreads foomgpti
on financial stocks, while no such supply shiftreed¢o have occurred for options on the other stocks

To formally test the overall impact of options laigk spread on IV skew, we specify our Model 2,

which comprises Model 1 with the addition of ivespread as an explanatory variable, as follows:

IVSkew;; = ¢ + V2X; + CCDS;; + R; ¢ + Turn;, + Size;, + Beta;, + DE + DF"ed 4+ DF « pBned 4 pPosts 4

DFostE « pBned 4 ptVime, + ES0PtVime, + [Vspread, + ;. (2)

Table 5, Panel B presents the estimates of Mod#/&.observe thatVv spread has a statistically
significant (positive) relation with IV skews dugrthe ban period but not during the other two pkvio
During the ban period, on average, a one volatiiint increase itV spread is linked to a 3.30 increase in
IV skew. Within the full sample and during the fr@a period, however, rises IN spread provoke no
statistically significant impact on IV skew. Mostm@anatory variables in Model 2 have the same sagrb
similar significance levels as observed in thenestion of Model 1. This is always the case for jitiat
dummyD&* D™, More intuitively, Figure 4 shows the jump in Iesvs around the ban announcement day

and a coincident large spikelivi spread.

18 The rise inlV spread during the post-ban period is mainly caused by rgpahich matches the behavior of Spanish stocks’ IV
skew and sovereign CDS in such periods. This sidiéély caused by the country’s sovereign debihgatiowngrade by Moody’s on
February 13, 2012.
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Figure 4. Implied volatility skews and IV spread
0.35 10

0.30 r 9

Spread IV impact
1V skew

> "3 " N N N
% Y Y » & 3%
® ® & o o> o
N N N N ¢ ¢
AC & o o R o
—1V spread IV skew banned stocks =~ —e—IV skew non-banned

This figure depicts the average IV skews for banaed non-banned stocks as well as the aveidgpread for the 28
stocks in our sample that belong to the EuroStdxxn8lex from July 11, 2011, to December 30, 201ie TV skew per
stock is calculated as the difference betweenVhaf khe 80 percent moneyness OTM put option aedAfM put option.
The ban announcement on August 11, 2011, indidayeithe vertical line, coincides with a large spikdV spread and
with large increases in the IV skew for banned fanchon-banned stocks.

We see that on August 11, 2011, the banned steclesage IV skew rose by 2.16 volatility points,
whereas for our sample of 28 stocks, this increase1.77 volatility points. Of these 1.77 volajilioints, a
rise of 0.32 volatility points in IV skew (approxately 18 percent) was caused by a widening of itiagk
spread, as suggested by thespread variable shown in Figure 4. Due to the conservatigture of this
variable, which is based on ATM options rather tbanOTM options, such an impact on IV skew coming
from bid-ask spreads is material. These findingsfoece our view that IV skews have risen due supply
shift among market makers and other options presidether than further selling pressure on finainci
stocks via options.

In a final step, we incorporate information frone tfixed income market into our panel regression
analysis. We use the probability of default, follogv Hull et al. (2005), who build on the Merton 749
credit risk model. Hull et al. (2005) find that iliga volatility skews from single-stock options dirked to
the firms’ default risk. We specify the probabiliy default both as a stock-specific informatioowfl proxy

(Model 3) and to replace the dependent variablgladel 1, which leads to Model 4. Models 3 and 4 are



estimated for the full sample, ranging from Febyulb, 2008, to March 27, 2012. We use the same GLS
panel regression approach as in Model 1, withaHevfing specifications:

[VSkew;, = ¢ + V2X, + CCDS;; + R;y + Turn;, + Size;, + Beta;, + DE + DF"ed 4+ DF « pEned 4 pPosts 4
DPOstB « DEned + ptVime, + E50PtVime, + PDy; + & (3)

and

PD;; = ¢+ V2X, + CCDS;; + Ry + Turn;, + Size;, + Beta; + DE + DF"ed + DF « pBned 4 pFostB 4 pPostE
DE™e% 4 PtVime, + E50PtVIme, + ¢, (4).
PD;, is the probability of defauft implied by the 5-year CDS for firinat timet. Because CDS data are not
available for all firms in our sample, the numbércmss-sections used in Model 3 and Model 4 eg8als
Table 5, Panel C reports the regression resultisddr models.

The second-to-last column in Panel C shows thatMbeel 3 estimates for the full period are
consistent with the Model 1 estimates (column a) tfee joint dummyD&*DE™, with a significant
coefficient of 0.3. The dummP&™ has the same sign and statistical significancénagodel 1. The
coefficient of thePp,, variable is negative and strongly statisticallyngfigant. This negative link supports
our hypothesis that the ban itself is responsibterh increase in implied jump risk for banned ksoc

The results in Panel C show that the risk premiuioed in CDS default probabilities does not
increase during the ban, like it was observedHerlV skews in Table 3. We argue that the impligdp risk
rose due to an increase in physical jump riskto@n increase in the risk premium. This resultree® be
in line with our conclusion that the increase irplied jump risk during the ban was due to a supsblift
instead of further selling pressure or increassk premium required by investors to hold finanaiaicks.
The explanatory power for Model 3 (14.5 percent)igher than for Model 1 (10.5 percent), indicatthgt
PD; . is a powerful variable in explaining the dynama¢gump risk.

The last column of Panel C reports the estimaiesbdel 4, where’D; , is the dependent variable.
We see that the ban period has increased the plibpalb default for banned stocks by 1.8 percemt,

average, as evidenced by the coefficient of thet jdummyD®& D™, The dummyD is also positive,

19 probability of default implied by CDS spreadsadcalated using the ISDA standard model. The regoragio is 40 percent.
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meaning that the probability of default rose acrbesboard once the ban was introduced. Thesenfiadi
suggest that the ban has negatively impacted fixemme markets because the increase in the pratyadfil

default slightly increased after the introductidriree ban.

3.4. Robustness Tests
In Model 1, we observe shifts in the signsPMime and E50PVIme across different sample periods. Hence,
we run now an additional GLS panel regressionrabastness check to control for any influence efghort
sale ban. We estimate a reduced form of Model tLekeludes all dummies related to the ban, whilagus
only pre-ban data. Thus, our Model 5 is specifiedotlows:
IVSkew;, = ¢ + V2X, + CCDS; + R;; + Turn;, + Size;, + Beta;, + PVime, + E50PVime, + & (5)
where the variables are defined as in Model 1. Wienate Model 5 for (a) the entire pre-ban perifodng
February 15, 2008, to August 10, 2011); (b) the. WeSession period (from February 15, 2008, to Bhe
2009); (c) the stock market rally period (from Judly 2009, to April 26, 2010); and (d) the European
sovereign crisis until the last trading before e was implemented (from April 27, 2010, to AugliSt
2011). Panel A of Table 7 presents the regressisults of Model 5.
< Pleaseinsert Table 7 about here >

The first column of Table 7 shows that the Modedsiimates for the pre-ban period are consistent
with the Model 1 estimates (Table 5, Panel A, calua) for the full sample period. Hence, we findttha
increased trading activity in single-stock putslifdked to a high IV skew of single-stock optionshi§
relation confirms the findings of Bollen and Whalg3004) and Garleanu et al. (2009), who link trgdin
pressure to IV skews. Columns b and ¢ of Paneldwdhat the estimates of the Model 5 parametermglur
all three sub-periods have the same signs andtatatisignificance levels as those obtained dveiftll pre-
ban period (column a). Hence, the findings remtdble across various time periods and within twiedint
model specifications.

As an additional robustness check, we analyze wehdtte IV skews for stocks in other European

countries increased around the date of the shlerthsa announcement. Such an increase could berméd
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of financial contagion effects in options markdfsso, the steep rise in implied jump risk woulda@lbe
observed in other European countries that did dopthe ban and that were vulnerable to or alré¥idlyy

the financial crisis. European countries that itts criteria are Greece, Ireland, and Portugal rf@mnatikos
and Vermeulen, 2012). We compile the IV skew dataohly Ireland and Greece because Portugal daes no
have a public equity options market. In unreportegults, we find no indication that implied jumpkifor
these stocks materially changes when the shomgddhn is introduced. These observations strengbiue
earlier conclusion that the rise in the level opli@d jump risk on the day of the ban announcenient
connected to the ban itself, as opposed to otlaores, such as financial contagion.

In another robustness check, Panel B reports thatseof estimating Model 1 after removing the
Belgian shares from the sample. A potential jusdifon for excluding the Belgian data from the gsigl is
that the Belgian banks in particular experiencédtireely heavy government intervention during thrsis
period. This intervention may distort the estimagidor Belgium. However, Panel B of Table 7 sholat t
the results do not materially change after the rexhof the Belgian data.

Our findings are also not altered when we use theldpe measure of Yan (2011), which is the IV
of close-to-ATM puts minus the IV of calls, as ttependent variable instead of our IV skew meassge (
Panel C). Because our measurement of the IV skéased on mid-prices, which may be unaffected dy bi
asks widening due to market makers’ response tontmet turmoil, we also test whether our resuttisl fif
our IV skew measure comes from ask prices. We Ingsite that the ask price-based IV skew is biased
upwards by the wider than normal bid-ask spreadmglithe European sovereign crisis and the barogeri
Our analysis shows that the main findings stilichehen we add thev spread variable to the IV skew on
the left-hand side of Model 1. This result, repdrie Panel C, proves that our regressions are iased by
the use of IV from mid-prices in the constructidroar explained variable, the 1V skew.

As a final robustness test of Model 1, we sub&titGDS spreads with sovereign spreads from
government bonds. The intuition behind this chegk fobustness test is that uncovered positions in

sovereign European CDS were also banned on Noveinl#012. We calculate spreads vis-a-vis Germany,
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using a maturity of ten years. Panel D indicates tur findings are affected rather little by thisbstitution

and remain robust.

4. Conclusion

Recent research suggests that the short sale maoduiced during the 2008 financial crisis haveuoed
market quality around the world, perhaps even &ektent that the bans’ benefits were outpaced {eee
example, Battalio and Schultz, 2011; Grundy et 2012; Boehmer et al., 2013; and Beber and Pagano,
2013). Nevertheless, market regulators in Belgierance, Italy, and Spain re-introduced a short lsafeon
financial stocks in August 2011 to combat the Eeespfinancial crisis.

To analyze the effects of the European 2011 shalg ban on financial market stability and
contagion risk, we extracted RNDs and IV skews fongle-stock options. Our results indicate thatlied
jump risk of banned stocks was higher during the fieriod than in any other period analyzed. We fivad
on the day of the ban announcement, implied jursk kevels for both banned and non-banned stocks
showed a significant rise. Implied jump risk tendedncrease for banned stocks even more thandor n
banned stocks. Furthermore, during the impositfahe ban, the banned stocks’ average IV skewsirerda
at an elevated level, whereas this metric droppedhe other stocks. During the ban, the mediaisk¥ws
for both the banned and non-banned stocks reable@dhighest levels when compared to any otheopen
the sample. Thus, the short sale bans themseleesased implied jump risk, especially for the bahne
stocks, even after controlling for information fl@amd stock-specific factors.

We further document that contagion risk for botimred and non-banned stocks already increased
significantly during the pre-ban period. For nomied stocks, contagion risk rose even more upon
imposition of the ban. However, we find that comagrisk for banned stocks decreased during the ban
relative to the pre-ban period.

Our approach of using option-implied data to analylze impact of short sale bans on financial
markets is only a first step. We believe that aunwdedge on this topic would benefit from additibhdure

research. Of particular interest would be the asiglgf ban-driven increases in implied jump risingshe
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mutually exciting jumps model of Ait-Sahalia et €015). We hypothesize that a lack of coordinatign
country regulators in introducing bans may be uimdbke, as shocks in jump risk caused by subsedsrg
may cross-excite each other and lead to financiatagion, which is of great importance to the suigery

policy agenda.

While we observe that the short sale ban is effedh restricting both outright and synthetic gsor
on banned stocks, we do find evidence of tradingration to the Eurostoxx 50 index options market.
Investors seem to switch from single-stock putimtex puts because of “flight-to-liquidity” inceméis. The
selling pressure potentially diverted from the fioi@l stocks to a larger share of the stock matket,eby
reducing the destabilizing effects in the finansiattor.

The question remains whether the 2011 European sbking ban was a cure or a curse. If the first
and foremost goal of imposing a ban is reducindesyi risk, then the 2011 bans do seem to fulfiié t
purpose. However, we note that this success cotmesast, which is that the implied jump risk irecses.
Despite the fact that this effect in implied jumigkrindicates market failure and may have adversely
influenced market participants’ expectations, itpbd to preserve market stability by reducing cgiua
risk. Thus, what is the appropriate balance betwearket failure and systemic risk? Bans shouldvoédad
if possible, and should only be used as a lastrreglten all other means have failed, as governraedt

regulators should prioritize financial market sti&pover transitory market failure.
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Appendix 1 — Methodology to estimate implied jump isk
1.1. Implied jump risk fromrisk-neutral distributions
In this section, we describe how we compute IVstf@ groups of banned and non-banned stocks. The
banned group constituents are the stocks that ywerkibited from short sales. The non-banned group
constituents are the remaining stocks in our samplke compute IVs for banned and non-banned stocks
separately by equally averaging®hon each moneyness level available across all stoelonging to either
the banned group or the non-banned group. Thisptepuces one IV structure across our seven mossyne
levels (80, 90, 95, 100, 105, 110 and 120) for lgpthups for every day in our sample. Then, we afipdy
Black-Scholes model to our IV data to obtain omipnices for the banned and non-banned group®ckst
We set the instantaneous price level of both grassl to 100, and as a result, the percentage ynesg
level automatically reflects strike prices per groMvhen applying the Black-Scholes model, we cateul
contemporaneous dividend yield for banned and raaméd stocks by equally weighting dividend yielahir
the individual stocks. The risk-free rate appliedhie Euribor three-month maturity.

Once options prices for the average banned andanned stocks are obtained, we can extract the
RND of equity returns using the Breeden and Litaggbr (1978) formulae for the strikes along theybof

our distribution, i.e., from the 80 to 120 moneynksels:

82C(T.K
RND(S) = exp(rT) =5 e (A.1)

whereRND(S) is the risk-neutral probability of observing thenténal index level §) at timeT, r is the risk-
free rate for the specific maturitl,is the strike price, an@ is the index option price. Computing the second
derivative of the option price relative to strikécps via central differences leads to:

C(T,S—AK)—2C(T,S)+C(T,S+AK)

RND(S) = exp(rT) K

(A.2)

Following Figlewski (2009), extrapolation beyondathody of the RN is performed by fitting a
generalized extreme value (GEV) distribution udiwg extreme anchor points on each side of the lwddy
the RND and extending a tail with the same sFaféie GEV-based extrapolation is then used to mibdel
tails of the RND toward the moneyness levels 020@ We initially use the first and third percessilof the

20|V is calculated through reverse engineering tHacBScholes model, while assuming constant interates and discrete
dividends. Interpolation is used to calculate tfiet a fixed level of moneyness and at a fixed ttmenaturity.

21 The Figlewski (2009) method is close to the methsdd by Bliss and Panigirtzoglou (2004), whereybandd tails are also
extracted separately. These authors use a weiglatedal spline algorithm for interpolation, whiclshthe same decreasing noise
effect in RNDs. Extrapolation is done by the introtion of pseudo data points, which has the effégtasting lognormal tails into
the RND. One advantage of both approaches is #tipelation does not result in negative probabgitwhich is possible when the
spline interpolation is applied. We favor the agmto by Figlewski (2009) because the use of thedogal tails by Bliss and
Panigirtzoglou (2004) assumes that the IV is caridteyond the observable strikes, resembling tlaelBScholes model and being
largely inconsistent with empirical evidence.

22 Figlewski (2009) argues that interpolation usingrth-order splines is superior to cubic splinesabee it avoids kinks in the
RND. The translation from interpolated IV curvedrRND would require taking higher-order derivatiiéan those used by the
construction of the spline.
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RND’s body as (outer and inner) anchor points fer left tail and the 99and 9 percentiles as (outer and
inner) anchor points for the right tail. We extehd approach of Figlewski (2009) by allowing thasehor
points to change if the fitted GEV curves produeglausible tails, e.g., zero probability under this.
Equations (A.3) and (A.4) give, respectively, thE\Gs cumulative distribution function and probatyili
distribution function:

Feev(St) = exp [_ (1 T (%)>_l/w]' (A.3)

and

feev(St) = %[1 t+w (STG_”)](_%)_l exp

1+ () ) (n4)

wherew > 0 sets a fat tail relative to the normal= 0 sets a normal tail, and < 0 sets a distribution tail
that is thinner than the normal. Theando are location and dispersion parameters. Becatigegy fiGEV
curves entails setting these three parametersewsggl (2009) also imposes three conditions on dile i}
that the total probability in the tail of the boflyp to the inner anchor point) is the same forRMND and the
GEV approximation, ii) that the shape of the RNiag the shape of the GEV curve in the inner anchor
point, and iii) that the shape of the RND equats shape of the GEV curve in the outer anchor puifd.
refer to Appendix 1.2 below for more details.

Once the body and tails of the RND for terminalexdevels are obtained for banned and non-
banned stocks, we convert them into return RNDsdlgulating log-returns relative to the startinglér
level . Finally, we compute probabilities for every per@me return quantile of the PDF via linear

interpolation, which are normalized to integrat®te.

1.2. The Figlewski (2009) approach for extracting RND from implied volatilities
In this section, we describe the Figlewski (200ppraach and how we apply it to our sample. In the
Figlewski (2009) method, the following three coratis are imposed for the right tail:

Condition 1: Feev (X (@innerr)) = Qinnerrs
Condition 2: feev (X (@innerr)) = fBody X (@innerr))s
Condition 3: fGEV (X(aouterR)) = fBody (X(aouterR)), (A-5)

whereX (a;,nerr) represents the exercise price corresponding ta-tpgantile of the RND used as the inner
anchor point in the right tail, where&$a,,:.,-r) denotes the same but for the outer anchor poithteinight
tail. For the left tail, these conditions are mastifto:

Condition 1: Fepv (=X (@innerr)) = 1 — Qinnerr,

Condition 2: feev(—X(@innert)) = froay X (Xinnert))
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Condition 3: feev (=X (@outers)) = froay (X (@outert))- (A.6)

We fit the GEV curves by implementing the followingtimization:

GEV(w,u, o) = arg min(y), (A.7)
where the objective functioyy, for the right tail following the three conditioabove is:

Yr = [FGEV(X(ainnerR)) - ainnerR]2 + [fGEV(X(ainnerR)) - fBody (X(ainnerR))]z +

[fGEV (X(aouterR)) - fBody (X(aouterR))] 21 (A-8)

and whereas, for the left tail, the objective fimttly; is:
YL = [FGEV(_X(ainnerL)) -1+ ainnerL]Z + [fGEV(_X(ainnerL)) - fBody(X(ainnerL))]z +

[fGEV(_X(aouterL)) - fBody (X(aouterL))]Z' (A-g)

The approach by Figlewski (2009) performs nicely ftany observations in our sample. However,
for some observations, the fitted GEV curves arplamsible. We illustrate the problem encountered in
Figure 5, where the right tail of the RND is reauly fitted by GEV, but the left tail is not. To@d ending
up with implausible tails, we allow the inner anclpoints to change by a predefined amoutidfchor),
following a loop-algorithm from iteratiom = 1,..., M. Within this algorithm, the inner anchor pointe ar
mainly the ones to shift to accommodate a bettbebed GEV curve. Exceptionally, however, the outer
anchor points are also shifted. The algorithm lier [eft tail is given as:

1. Let thea-quantile inner anchor pointef,,,.,.) increase byAlAnchor asm —»M loop until

K=X(innerr)

2
y™ > 5725 and median of Lo~ < 0, otherwise stop loop.

§K?

K=0

K=X(&innerr)

2
2. If y*1 <y, then evaluate if median gf;;% > 0. If yes, stop loop and use
K=0

a-quantile inner anchor pointaf,,.,.) of y[for GEV estimation. If median of

82y K=X(Qinnert)

o < 0, continue loop by increasing-quantile inner anchor poinkf,,,cr1.)
K=0

by AlAnchor.

3. If y™1 < y™, then evaluate i0.05 > [*(®outert)

N FZ > 0.1, If so, stop loop and use

quantile inner anchor pointf,,.,,) of y™~1 for GEV estimation, otherwise continue loop.
4. If the a-quantile inner anchor poinif,,..,;) increases up to the mode (peak) of the RND,
then it stops increasing and taequantile outer anchor point,;.,;) starts increasing by a

very small step of 0.01 percent. If thequantile outer anchor point{,;.,r.) increases more
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than 10 times, then stop loop and usguantile outer and inner anchor points from the
iteration with lowesty; for GEV estimation.
Thus, our modification to the Figlewski (2009) apgeh is that the RND body is always extracted fthen
IV by using the Breeden and Litzenberger (1978)nidae. In contrast, Figlewski (2009) substitutes th
original RND in the interval between the inner amrchoint and the end of the original RND.

Appendix 2 — Extreme value theory
When applying EVT, we first estimate the tail shapgmator(¢), using Hill (1975):

o= z?zlln( il ) (A.10)

Xk+1

wherex; are ranked returns in ascending orjderl, ...,n; nis the sample sizé is the number of extreme
returns used in the tail estimation; angd,; is the return “tail cut-off point”. The tail shapestimatore
measures the curvature, i.e., the fatness of tiseofethe return distribution: a high (low) indicates that the
tail is fat (thin).

After extracting RNDs for both banned and non-banstcks, we next determine the optimal
number of observatiorisused to estimate paramegein equation (A.10). For this purpose, we producie Hi
plots for the left tail of our two RNDs. Such Hilets depict the relationship betwekmand¢ as a curve.
The optimal value ok is selected as the minimum level for which theugabf ¢ stabilizes thus where a
stable trade-off between the approximation of tikeshape by the Pareto distribution and the uao#st of
such approximation occurs (because of the usewdrfebservations). We sktequal to four percent or 43
observations, which matches the level used in, Haytmann et al. (2004).

Once ¢ is obtained, we compute extreme downside riskedfear VaR, using a semi-parametric
guantile estimator used in Hartmann et al. (2004):

k

dp = Xk+1 (p—n)(p, (A.11)

wheren is the sample sizg is a chosen exceedance probability, which meankkesiéhood that a return;

exceeds the tail valug andx;,,is the ‘tail cut-off point’. Note tha§,, has as one of its inputs the estimated

tail shape parametgi. Theg, statistic indicates the level of the worst retooturring with probabilityp.

Since the tail quantile statistj% [ln %] is asymptotically normally distributed, we followaktmann et
(X
pk

al. (2004) and use the followirigstatistic for this estimator:

— _q1—q2 .
Ty= soag ~NOD, (A.12)
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where the denominator is calculated as the differebetween the two estimated VaRs, using 1,000
bootstraps. The null hypothesis of this test i$ §haandg, do not come from independent samples of normal
distributions, therefore, the VaRs are equal.

In the next step, we employ a bivariate EVT methmdalculate commonality in jumps, hence,
contagion risk from historical returns. EVT is wsllited to measure contagion risk because it does n
assume any specific return distribution. Our apghcegstimates how likely it is that one stock wiperience
a crash beyond a specific extreme negative retwashold conditional on another stock crash beyamd
equally probable threshold. We refer to Hartmanmalet(2004) and Balla et al. (2014) who use the
conditional co-crash (CCC) probability estimatohieh is applied to each pair of stocks in our sanpb

follows:

B 1
CCCij=2—% {Vie > x;i -k 07 Vie > Xy }, (A.13)

where the functio is the crash indicator function, in whitks 1 in case of a crash, ahd 0 otherwise};;
andV;. are returns for stocksandj at timet; x; y_, andx; y_, are extreme crash thresholds. The estimation
of the CCC-probabilities requires settikgas the number of observations used in equatioh3)A.For
consistency with our Hill-estimator, we again kse 43 as the minimum level for which the valuegois
stable in our Hill-plots. Furthermore, because @&C-probability is asymptotic normal /N — 0 as k,

N — oo (see Hartmann, 2004),tdest for such estimator is obtained by the sanwst@p-based approach
that is used in equation (A.12).
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Plot A depicts the RND of banned stocks for Mardh 2011, using the Figlewski (2009) approach. Blakepicts the RND of banned stocks for the same, dat
using the modified Figlewski approach describedppendix 1.2. We note that in Plot A both the kfid the right tails of the RND, fitted by GEV cusyare
implausible because they contain abruptly decliriaity under which the probability is close to zeltas not the approach that causes such distottiat the
limited range of moneyness in our data set.
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Table 1. Overview of banned financial stocks

Belgiunm Franct Italy Spair

Ageas April Group Azimut Holding Banca Civica, S.A.

Dexia Axa Banca Carige Banco Bilbao Vizcaya Argentaria, S.Al

KBC Group BNP Paribas Banca Finnat Banco de Sabadell, S.A.

KBC Ancora CiCc Banca Generali Banco de Valencia
CNP Assurances Banca Ifis Banco Espafiol de Crédito, S.A.
Crédit Agricole Banca Intermobiliare Banco Pastor, S.A.
Euler Hermés Banca Monte Paschi di Siena | Banco Popular Espafiol, S.A.
Natixis Banca Popolare Emilia Romagr Banco Santander, S.A.
Paris Ré Banca Popolare Etruria e Lazio| Bankia, S.A.,
Scor Banca Popolare Milano Bankinter, S.A.

Société Générale

Banca Popolare Sondrio
Banca Profilo

Banco di Desio e Brianza
Banco di Sardegna Rsp
Banco Popolare
Cattolica Assicurazioni
Credito Artigiano
Credito Emiliano
Credito Valtellinese
Fondiaria — Sai

Generali

Intesa Sanpaolo
Mediobanca
Mediolanum

Milano Assicurazioni

Ubi Banca

Unicredit

Unipoland

Vittoria Assicurazioni

Bolsas y Mercados Espafioles, S.A.
Caixabank, S.A.

Caja de Ahorros del Mediterraneo
Grupo Catalana de Occidente, S.A.
Mapfre, S.A.

Renta 4 Servicios de Inversion, S.A.

This table lists the financial stocks banned frdrors selling on August 11, 2011, in Belgium, Franitaly, and Spain by their respective nationahfinial
market regulators in a coordinated act with theolRean Securities and Market Authority (ESMA).
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Table 2. Descriptive statistics

Overal Belgiunr France Italy Spair
Non-bannet  Bannet Non-bannei Bannet Non-bannei Bannet Non-bannei Bannet Non-bannei  Bannel
Average 5.7¢ 6.4¢ 5.3¢2 7.11 6.2 8.57 6.4¢ 7.4¢ 3.8t 4.9¢
Mediar 5.31 5.98 5.14 6.94 6.09 8.16 6.23 7.24 3.19 3.98
Standard Deviatic 1.22 1.63 1.40 2.25 1.28 2.04 1.26 1.70 2.78 3.84
Skew 1.15 1.91 0.67 0.48 0.56 0.54 1.02 0.89 4.03 4.35
ExcesKurtosis 0.88 5.24 0.29 0.64 -0.11 -0.51 0.89 1.16 18.87 22.44
Jarqu-Bere  266.(" 1835.4™ 81.C"™ 58.5" 546" 61.€" 214 5 195.€™ 18395  25297."

This table provides descriptive statistics for Meskews of non-banned and banned stocks calcutatedthe full sample period (February 15, 2008/rch
27, 2012) for the overall group of stocks as wellsaparately for Belgium, France, Italy, and Sp#e. perform Jarque-Bera normality tests for allup® of
stocks to infer whether IV skews are normally distred or not. The null hypothesis {Hor the Jarque-Bera test is that data is norndiijributed. Rejection

ok dk

of Ho is denoted by™, ™, and", at the one, five, and ten percent significaneelleespectively.
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Table 3. Extreme downside risk and implied volatiliy skew

Panel A- Extreme downside risk

Sample split 10% VaR 5% VaR 1% VaR
b’:gzéd Banned NB vs. B Non-banned Banned NB vs. B Non-banned Banned NB vs. B
Full sample (02/15/2008 — 03/27/201 -0.31 -0.34 ) -1.3 -0.36 -0.4 -1.5 -0.51 -0.57
U.S. recession (02/15/2008 — 06/30/20( -0.47 -0.5 -0.53 -0.58 -0.73 -0.82
2009 stock market rally (07/01/2009 — 04/26/20.  -0.41" -0.40™ -0.47" -0.63™ -0.63™
Pre-ban European crisis (04/27/2010 — 08/10/2C  -0.35" -0.38 -0.40 -0.58 -0.62
Ban period (08/11/2011 — 02/16/201  -0.46™ -0.62" -0.52" -0.69™ -0.94"
Post-ban period (02/17/2012 — 03/27/20: -0.45 -0.56 2.1 -0.5 -0.66 -0.84
Panel B- Implied volatility skew
Sample split Overal Belgiumr Franct Italy Spair
Non-bannel Banne: Non-bannel Bannel Non-bannei Banne Non-banne: Banne Non-bannel Banne
Full sample (02/15/2008 — 03/27/201  5.31 5.98 5.14 6.94 6.09 8.16 6.23 7.24 3.19 3.98
U.S. recession (02/15/2008 — 06/30/20C 5,02 5.99 4.70 6.97 5.46 7.83 6.31 8.02 3.47 4.87
2009 stock market rally (07/01/2009 — 04/26/20. 505 541" 4.46™ 6.24™ 5.69" 7.46™ 5.99" 6.00" 2.42" 3.26™
Pre-ban European crisis (04/27/2010 — 08/10/2C  5.78™ 6.05™ 5.63" 7.81" 6.42" 8.14™ 5.82 7.11" 3.60™ 3.98™
Ban period (08/11/2011 — 02/16/201  6.05 7.34" 5.90™ 7.28 6.99™ 11.97 7.14 7.98" 3.06™ 3.98
Post-ban period (02/17/2012 — 03/27/20 517" 6.37" 5.32™ 5.28™ 5.5¢™ 10.65™ 6.75" 5.4¢™ 2.7 4.9¢™

Panel A shows the ten, five, and one percent extrdownside risk estimates, or value-at-risk (VaR)the risk neutral densities (RNDs) for all nomhad and all banned stocks
during the full sample period, as well as for the fdifferent sub-periods. Asterisks used as supiptsto VaRs denote the outcome of the T-testgifipd in equations (A.11) and
(A.12) across different sample periods. The coluNB vs. B’ shows thd-stats of the test that compares VaRs of non-baanddanned stocks, using equations (A.11) and2jA.1
The null hypothesis (§) is that there is no difference between the Vaifnon-banned and banned stocks. Panel B provigasmédian 1V skews for non-banned and banned groups
of stocks during the same periods as in Panel Aarvi&hitney (MW) U-tests are applied to the IV skefipaired sample splits to infer whether the mesliare statistically different
from each other. The null hypothesis)for the MW U-test is that there is no differermween the two unrelated samples. In both paredéstion of H is denoted by the asterisks

Kkk kk

., and", at the one, five, and ten percent significangell@espectively. In Panel B, the superscriptsphaeed in the cell of the second sub-sample thebinpared.
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Table 4. Conditional co-crash probabilities, optiortrading volumes and put-call ratios
| Panel A- Conditional co-crash probabilities

Sample split Conditional co-crash-probabilities
Non-banned Banned NB vs. B
Full sample (02/15/2008 — 03/27/201 0.29 0.32 17
U.S. recession (02/15/2008 — 06/30/20( 0.26 0.27 0.4
2009 stock market rally (07/01/2009 — 04/26/20: 0.23 0.28
Pre-ban European crisis (04/27/2010 — 08/10/2C 0.32 0.4
Ban period (08/11/2011 — 02/16/201 0.41 0.32
Post-ban period (02/17/2012 — 03/27/20: NA NA
Panel B - Option trading volumes and put-call ratis
Sample split Put volumi Put-call volume rati
Non-banned Banned Non-banned Banned
Full sample (02/15/2008 — 03/27/201 1,064 1,690 7.0 3.8
U.S. recession (02/15/2008 — 06/30/20( 877 1,377 ¢ 7.1 4.1
2009 stock market rally (07/01/2009 — 04/26/20: 1,200" 1,747 ; 7.0 3.4™
Pre-ban European crisis (04/27/2010 — 08/10/2C 1,157 1,905" 6.3 3.7
Ban period (08/11/2011 — 02/16/201 Q4™ 1,727 8.7™ 3.8
Post-ban period (02/17/2012 — 03/27/20: 1,245 2,756 7. 5.7

Panel A shows the average conditional co-crash (Qiz@babilities calculated by equation (A.13) amafignon-banned and all banned stocks during the fu
sample period, as well as for the five differenb-periods. Asterisks used as superscript to CCOghilities denote the outcome of the T-tests sjmatiin
equations (A.11) and (A.12) across different sampeléods. The column ‘NB vs. B’ shows thstats of the test that compares CCC-probabildgfazon-banned
and banned stocks, using equations (A.11) and JATI null hypothesis (§)iis that there is no difference between the CCababilities from non-banned and
banned stocks. Panel B shows the median dailynigaehlume, measured by the number of contractetran put options, as well as the median dailyqalk-
volume ratio for all non-banned and banned stocksttfe overall sample period and for the five diéfg sub periods. We apply Mann-Whitney U-tests to
investigate whether the medians are statisticaffgr@nt from each other. The null hypothesisg)(i$ that there is no difference between the pdmuia of the
two samples. In both panels, rejection efisidenoted by the asterisKs, ™, and”, at the one, five, and ten percent significaneellerespectively. In Panel B,

the superscripts are placed in the cell of the s@soib-sample that is compared.

40



Table 5. Panel regression results

Panel /- Model 1 [ Panel E— Model 2 | Panel (- Models 3 and
(a) Full (b) Euro (c) Ban (a) Full (b) Euro (c) Ban (a) Full (b) Full sample
sample crisis period sample crisis period sample PD
Intercept 2.823" 2.198" -0.283 2.951" 2.214" -0.264 2.680*+* 0.0172 %
(0.155) (0.329) (0.344) (0.052) (0.330) (0.346) (0.156) (0.001)
V2Xx 0.053" 0.094™ 0.035™ 0.050™ 0.096™ 0.029™ 0.073*+* 0.000%***
(0.004 (0.011 (0.009 (0.001 (0.011 (0.009 (0.004 (0.000
Country CDS spread 0.006™ 0.003" 0.008" 0.007" 0.003" 0.009™ 0.003*+* 0.000%***
(0.001) (0.001) (0.001) (0.000) (0.001) (0.001) (0.001) (0.000)
Stock retur 5.50¢™ 9.66™ 7.055™ 5.84™ 9.69™ 6.997" 4.458%** -0.00:
(0.921 (1.710 (1.385 (0.360 (1.709 (1.385 (0.960 (0.004
Stock turnover -19.317 -22.535" -25.602" -18.916 -22.178 -26.247 4.749* 0.677**
(1.834) (2.468) (3.313) (1.376) (2.466) (3.318) (2.318) (0.020)
Stock siz: 0.04¢™ 0.06€™ 0.10¢™ 0.05(™ 0.067™" 0.10¢™ 0.030*** 0.000***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.000)
StockBeta 1.015™ 1.710" 3.702" 1.037" 1.712" 3.701" 1.482%** 0.014***
(0.036) (0.060) (0.097) (0.028) (0.060) (0.097) (0.046) (0.000)
Dummybanperioc -0.18( -1.104™ 0.67€" 0.35¢™ 1.195%* 0.0171%*
(0.118) (0.195) (0.028) (0.064) (0.116) (0.000)
Dummy stock bannet 0.71¢™ 0.357 0.03 -0.305™ -1.127 0.03( 0.475%* -0.007***
(0.035) (0.064) (0.049) (0.035) (0.196) (0.049) (0.041) (0.000)
Dummy ban period*stock banned 0.306™ 0.451™ 0.327" 0.474" 0.311%* 0.018***
(0.098) (0.119) (0.069) (0.119) (0.110) (0.001)
Dummy postban -0.201 -0.695™ -0.29:™ -0.70™ 1.025%** 0.009***
(0.200) (0.224) (0.059) (0.224) (0.209) (0.001)
Dummy post ban*stock banned 0.280 0.389 0.314 0.416 0.491* 0.010***
(0.207 (0.230 (0.138 (0.229 (0.247 (0.002
Put volume 0.305™ 0.18¢ -0.297" 0.274™ 0.18: -0.33%" 0.442%+* 0.001***
(0.074) (0.147) (0.144) (0.020) (0.147) (0.146) (0.073) (0.000)
EuroStoxx50 put volun -0.727" -1.35¢™ 0.397" -0.691™ -1.372" 0.42¢" -1.1214%+* -0.005***
(0.119 (0.220 (0.189 (0.033 (0.220 (0.191 (0.119 (0.000
IV spread 0.062 -0.619 3.304"
(0.106) (0.727) (1.509)
Probability of defaul -12.356***
(0.498)
R? 0.1046 0.1289 0.2757 0.1076 0.1308 0.2765 0.1452 0.2478
# Obs (Unbalanced Panel) 146,201 73,327 21,298 142,048 73,327 21,298 74,622 84,095

Panel A reports the panel regression results fodéWld. Panel B reports the panel regression refaultglodel 2. Panel C reports the panel regressésnlts for Models 3 and 4. The dependent variable
for Models 1, 2 and 3 is the IV skew. Model 4 upasbability of default from single-name C¥BD) as the dependent variable. We distinguish thrderdifit periods: (a) full sample (from February
15, 2008 to March 27, 2012), (b) euro crisis (frépril 27, 2010 to March 27, 2012), and (c) ban @ér{from August 11, 2011 to February 16, 2012). $imgle stock IV skew is the dependent
variable and information flowGountry CDS and V2X), firm-specific control variablesReturn, Turnover, Sze, Beta), trading volume on single put optionBuf volume) and on index options
(EuroSoxx50 put volume), a proxy for supply shift on option market¥ (spread), firms’ probability of default from single-nameDS market PD) and dummies are the explanatory variables. The
intercept is estimated as common to all crossaes@nd no weighting is used in the cross-secfmmastimation. Residuals are not normal for mosss-sections. We apply White-Heteroskedasticity

******

consistent standard error and covariance estiniBbesasterisk8”, ™, and" indicate significance at the one, five, and tercgeat level, respectively.
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Table 6. Supply shift in the options market

Sample split Per centage spread IV spread
Non-banned  Banned Non-banned  Banned
Full sample (02/15/2008 — 03/27/201 0.088 0.069 0.057 0.072
U.S. recession (02/15/2008 — 06/30/20( 0.080 0.060 0.060 0.041
2009 stock market rally (07/01/2009 — 04/26/20: 0.081 0.058 0.050™ 0.039"
Pre-ban European crisis (04/27/2010 — 08/10/2C  0.099" 0.076™ 0.075" 0.082"
Ban period (08/11/2011 — 02/16/201  0.090" 0.089™ 0.025" 0.149
Post-ban period (02/17/2012 — 03/27/20. 0.072" 0.083" 0.018~ 0.166

This table shows the median dalitgrcentage spread measure as well as the medi&hspread measure for non-banned and banned stocks thatdhtdahe EuroStoxx
50 index for the overall sample period and for filke different sub periods. Thigercentage spread is defined agask-mid)/mid, whereask is the asking price of an
ATM option, andmid is the mid-price of an ATM option. This metric repents the percentage of the mid-price that isgeltbby market makers to sell an option. The
IV spread is defined asilV = 6C/Vega, wheredC is the difference between ask- and mid-prices, fhe spread, andega is obtained for ATM options. We apply
Mann-Whitney U-tests to assess whether the mediemstatistically different from each other. Thdl mypothesis (H) is that there is no difference between the
populations of the two samples. Rejection of the (sidenoted by the asterisKs, ™, and”, indicating significance at the one, five, and pencent level, respectively.
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Table 7. Robustness checks

Panel A — Model 5

Panel B — Model 1

Panel C— Model 1

Panel D-Modé! 1

(@) Full (b) U.S. (c) (d)
(pre-ban’ recessio Market Eurocrisis All Eurocrisis Ban Yan (2011 IV skew Full
from ask-
Vol skew Vol skew Vol skew Vol skew Vol skew Vol skew Vol skew 95 minus 105 prices Vol skew
Intercept 3.213" 2.196" 6.035™ 2.429" 2.893" 1.981" -0.728" 0.197" 4.016™ 2.574%*=
(0.170) (0.102) (0.281) (0.473) (0.164) (0.353) (0.335) (0.100) (-0.19) (0.149)
V2X 0.052" 0.052" -0.027 0.125" 0.050™ 0.103" 0.037" 0.013" 0.076™ 0.065**
(0.005) (0.002) (0.010) (0.017) (0.004) (0.012) (0.009) (0.003) (-0.005) (0.004)
Country CDS spread 0.005™ 0.025" 0.024™ 0.000 0.006™ 0.003" 0.009™ -0.003" 0.000
(0.001) (0.001) (0.001) (0.002) (0.001) (0.001) (0.001) (0.000) (-0.001)
Country bond spread -0.130***
(0.034
Stock return 4.861" 4.085" 3.569™ 11.958" 5.383" 9.735" 7.090™ -0.983 3.899” 5.346%**
(1.060) (0.667) (1.234) (2.927) (0.995) (1.832) (1.374) (0.670) (-1.347) (0.934)
Stock turnover -22.602" -18.110" -5.120 -30.131" -19.694" -23.984" -27.241" -10.699" -39.059" -17.274%*
(2.200 (3.245 (4.332 (3.727 (1.890 (2.572 (3.330 (2.585 (-4.812 (1.907
Stock size 0.042" 0.034™ 0.038" 0.054™ 0.049™ 0.069" 0.114" 0.011™ 0.008™ 0.048**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.000) (-0.001) (0.001)
StockBeta 0.939" 0.944™ 0.383" 1.262" 1.002™ 1.739" 3.893" 1.012 0.955™ 0.990**
(0.031 (0.046 (0.037 (0.052 (0.040 (0.068 (0.099 (0.033 (-0.063 (0.036
Dummy ban period -0.184 -1.217" 0.304" 1.334" 0.399%*
(0.124) (0.207) (0.071) (-0.066) (0.117)
Dummystock bannet 0.71" 0.33¢™ 0.08 0.41¢ 1.987" 0.745**
(0.036) (0.068) (0.056) (0.023) (-0.143) (0.034)
Dummy ban period*stock banne 0.31&" 0.497™ -0.03: 0.37¢" 0.450%**
(0.106) (0.128) (0.058) (-0.151) (0.097)
Dummy postban -0.277 -0.747" -0.835™ 1.414™ 0.19¢
(0.210) (0.237) (0.117) (-0.261) (0.203)
Dummy post ban*stock banned 0.438" 0.578" 0.479™ 0.392 0.343
(0.223) (0.244) (0.119) (-0.314) (0.210)
Put volume 0.364™ 0.052 -0.016 0.370 0.341" 0.236 -0.274 0.490™ 0.396" 0.273**
(0.081 (0.054 (0.056 (0.201 (0.077 (0.156 (0.140 (0.047 (-0.087 (0.074
EuroStoxx50 put volume -0.901™ -0.252" -0.165 -2.188" -0.724" -1.452" 0.423 -0.710™ -0.808" -0.752%+*
(0.132) (0.082) (0.164) (0.308) (0.124) (0.233) (0.184) (0.077) (-0.144) (0.120)
R? 0.0830 0.1412 0.2757 0.0987 0.0994 0.1271 0.2854 0.0315 0.2013 0.1021
# Obs. 119,759 44,644 28,230 46,735 128,757 64,470 18,702 148,757 25,152 146,201

Panel A reports the panel regression results fodé¥16, using only the pre-ban period data. Wendjstish four sub-periods: (a) Full pre-ban perioeb B5, 2008 to Aug 10, 2011; (b) U.S. recessiob: F&
2008 to Jun 30, 2009; (c) Market rally: Jul 1, 260%pr 26, 2010; and (d) Euro crisis: Apr 27, 2@@Aug 10, 2011. Panel B reports the estimates afimoval of the Belgian data from the full samplere
we distinguish three different periods: (a) Fullipg: 15 Feb, 2008 to 27 Mar, 2012; (b) Euro crigg Apr, 2010 to 27 Mar, 2012; and (c) Ban periddg 11, 2011 to Feb 16, 2012. Panel C reports the
regression results for Model 1, where the explaivadhble IV skew is substituted by (a) Yan (209%)minus 105 IV skew measure, and by (b) our pforyhe IV skew measure from ask-prices. Panel D
reports the regression results for Model 1, whieeecobuntry CDS spreads are replaced by sovereigadp versus Germany. The single stock IV skeWwdsdependent variable and information fld@ontry
CDS spread, Country Bond Spread andV2X), firm-specific control variablesReturn, Turnover, Sze, Beta), trading volume on single put optiorau¢ volume) and on index option€EQroSoxx50 put volume), and
dummies are the explanatory variables. The intériseget equal in all cross-sections and no weighit used. Residuals are not normal for most esestons. We report White-Heteroskedasticity cstesit
standard errors in brackets. Asteri8ks™, and” indicate significance at the one, five, and tercget level, respectively.
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