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Abstract

We investigate informed trading activity in equity options prior to the announcement of
corporate mergers and acquisitions (M&A). For the target companies, we document pervasive
directional options activity, consistent with strategies that would yield abnormal returns to in-
vestors with private information. This is demonstrated by positive abnormal trading volumes,
excess implied volatility and higher bid-ask spreads, prior to M&A announcements. These ef-
fects are stronger for out-of-the-money (OTM) call options and subsamples of cash offers for
large target firms, which typically have higher abnormal announcement returns. The probabil-
ity of option volume on a random day exceeding that of our strongly unusual trading (SUT)
sample is trivial - about three in a trillion. We further document a decrease in the slope of the
term structure of implied volatility and an average rise in percentage bid-ask spreads, prior to
the announcements. For the acquirer, we provide evidence that there is also unusual activity
in volatility strategies. A study of all Securities and Exchange Commission (SEC) litigations
involving options trading ahead of M&A announcements shows that the characteristics of insider
trading closely resemble the patterns of pervasive and unusual option trading volume. Histor-
ically, the SEC has been more likely to investigate cases where the acquirer is headquartered
outside the US, the target is relatively large, and the target has experienced substantial positive
abnormal returns after the announcement.
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1 Introduction

The recent leveraged buyout announcement of H.J. Heinz Inc. by an investor group consisting
of Berkshire Hathaway Inc., controlled by Warren Buffett, and 3G Capital, a Brazilian private-
equity firm, has sparked concerns about unusual option activity prior to the deal announcement.
Was this abnormal volume in the options of Heinz Inc. an indication of trading based on insider
information? Apparently the US Securities and Exchange Commission (SEC) thought so, alleging
that a brokerage account in Switzerland was used for illegal insider trading. Another noteworthy
case from an earlier period is the merger of Bank One with JP Morgan (JPM) Chase in 2004, in
which one investor was alleged to have bought deep out-of-the-money (DOTM) calls just (hours)
before the announcement. While these cases received considerable publicity, they are by no means
isolated cases of such activity. Indeed, while the SEC has taken action in several cases where the
evidence was overwhelming, one can assume that there are many more cases that go undetected,
or where the evidence is not as clear-cut, in a legal/regulatory sense.!'?> Academic research on
the role of informed trading in equity options around major news events, and, in particular, the
announcements of mergers and acquisitions (M&A), has been scanty.> We aim to fill this gap with
the research presented in this paper.

The objective of our study is to investigate and quantify the pervasiveness of informed trading,
at least partly based on inside information, in the context of M&A activity in the US. To this
end, we conduct a forensic analysis of the volume, implied volatility, and bid-ask spreads of options

4 We focus on the target

over the 30 days preceding the formal announcement of acquisitions.
companies in M&A transactions, but also provide some preliminary evidence pertaining to the
acquirers. More specifically, we examine option trading volumes (and prices and bid-ask spreads)

prior to M&A announcements in the US from January 1, 1996 through December 31, 2012.

We show that abnormal options activity prior to M&A announcements is consistent with strate-

! Although the JPM/Bank One case received a lot of attention in the press, we are puzzled as to why this case
does not appear in the SEC investigation/litigation files. However, we do document a large number of other SEC
cases during our sample period.

2See, for example, “Options Activity Questioned Again” in the Wall Street Journal, February 18, 2013.

3Related cases of insider trading activity prior to earnings announcements, and other important corporate an-
nouncements, have received somewhat greater attention.

4We examine alternative strategies that may yield abnormal returns to informed traders. The focus is on option
strategies, although some of these may also involve trading in the underlying stocks. See the Internet appendix for
details.



gies that would a priori lead to higher abnormal returns for investors with material non-public
information: abnormal options trading volume that is particularly pronounced for short-dated,
out-of-the-money (OTM) call options. This activity is associated with price and liquidity changes
that are expected in the presence of an unusual trading volume with greater asymmetric informa-
tion: excessive implied volatility, an attenuation of the term structure of implied volatility, and
an increase in bid-ask spreads. We further show that no such patterns exist for any randomly
chosen announcement dates, neither in the volume, nor in the prices or liquidity. Thus, if there is
no (privately) expected increase in the target’s stock price, we do not generally observe abnormal
options activity that would be consistent with trading by privately informed investors.

From an academic point of view, options trading around M&As is a particularly attractive
laboratory for the testing of hypotheses pertaining to insider trading, for several reasons. For
one thing, M&A announcements are publicly unexpected events, in terms of timing and even
occurence. Thus, on average, we should not be able to distinguish options trading activity before
an announcement from that occurring on any randomly chosen date. In contrast to other corporate
announcements, such as quarterly earnings announcements, M&As are likely the closest we can get
to a truly unexpected event, while still allowing us to construct a meaningful sample. Second, the
nature of private information is clearly identified: a significant rise in the target’s stock price upon
the announcement in virtually all cases. This enables us to formulate clear hypotheses that we
should fail to reject if informed trading is truly pervasive. Third, the richness of our options data,
with detailed information regarding a large number of underlying stocks for multiple strike prices
and expiration dates, is especially useful for formulating hypotheses about informed trading across
several dimensions.

We document evidence of a statistically significant average abnormal trading volume in equity
options written on the target firms in the US over the 30 days preceding M&A announcements.
Approximately 25% of all the cases in our sample have abnormal volumes that are significant at
the 5% level, and for 15% the significance is at a 1% level. The proportion of cases with abnormal
volumes is relatively higher for call options (26%) than for put options (15%). Stratifying the results
by “moneyness”, we find that there is significantly higher abnormal trading volume (both in average

levels and frequencies) in OTM call options compared to at-the-money (ATM) and in-the-money



(ITM) calls.?*% We also find that ITM puts, as well as OTM puts, trade in larger volumes than ATM
puts. This is strong evidence that informed traders may not only engage in OTM call transactions,
but possibly also ITM put transactions.” In addition to evidence of abnormal trading volumes
in anticipation of M&A announcements, we provide statistical evidence that the two-dimensional
volume-moneyness distribution shifts significantly, to OTM call options with higher strike prices,
over the 30 days prior to the announcement day.

In order to distinguish informed trading from random speculative bets, we focus our attention
on a subset of transactions, in which the informed trading is likely to be concentrated: low-priced
options, trading just prior to the announcement and expiring just after it, with non-zero trading
volumes. In these cases, the results are even sharper. We show that these trades are significantly
different from a randomly chosen matching sample on any other date, the probability of the unusual
volume in the sample arising out of chance being about three in a trillion. We also exploit the low
liquidity in equity options to quantify the pervasive unusual trading activity. More precisely, we
quantify the likelihood that a sudden and significant spike in the equity option trading volume,
prior to a major informational event but following an extended period of no trading, is based on
informed trading, rather than being random. The chance of observing a greater proportion of
non-zero-volume observations on a random date is, at best, one in a million.

We further provide statistical tests of positive excess implied volatility for target firms in the
pre-event window. Thus, the relatively higher abnormal volumes in OTM call options for the
targets translate, on average, into an increase in the implied volatility prior to the announcement
day.® Similarly, informed trading has an impact on equity option prices and leads to an attenuation
of the term structure of implied volatility for target firms. We also find that the percentage bid-ask
spread for options on target firms rises from an average of 45% (35%) to 55% over the 30 (90) days

preceding the announcement. This effect is significant for DOTM and OTM call options, as well

5The average cumulative abnormal volume in OTM call options is approximately 2,700 contracts greater than
that in ATM call options, and 2,100 contracts greater than that in ITM call options.

5Tt is shown in Internet appendix A that a wide variety of strategies for exploiting private information about an
acquisition result in trading OTM calls or ITM puts.

As discussed later, and analyzed in detail in Internet Appendix A, it is unclear whether informed traders would
take long or short positions in call and put options, since replication involving the underlying stock as well as the
option can change the directional benefits of such trades.

81t is important to note that there are many cases where the abnormal volume is not preceded by excess implied
volatility, as discussed below.



as short- to medium-dated options.

We show that informed trading is more pervasive in cases of target firms receiving cash offers,
and less so when the target is being taken private as a result of the deal. We then explore the
sub-sample of larger target firms receiving cash offers, and show that the effects documented in
the overall sample are accentuated for these firms. We provide preliminary evidence for acquirer
firms, for which informed traders would bet on an increase in jump risk, up or down, and engage
in long-gamma strategies. We show that there is a statistically significant increase in the trading
volume of ATM options on the acquirer, ahead of the announcement of the acquisition.

We then study the cases in which the SEC conducted an investigation into illegal insider trad-
ing ahead of M&A announcements, and find that the SEC is likely to examine cases where the
targets are large and experience substantial abnormal returns after the announcement, and where
the acquirers are headquartered outside the US. The characteristics of the litigation sample closely
resemble the anomalous statistical evidence we find to be pervasive and non-random in a repre-
sentative sample of M&A transactions. In particular, we persistently observe insider trades in
short-dated and OTM call options initiated, on average, 16 days before the announcement. Yet,
the modest number of civil lawsuits for insider trading in options made by the SEC appears small
in comparison to the pervasive evidence we document.

This paper provides a forensic analysis of trading volume and implied volatility for equity op-
tions, focusing on target firms involved in M&A announcements. It suggests a natural classification
scheme based on volume and price attributes that may be useful for regulators and prosecutors look-
ing to detect insider trading activity. The structure of the paper is as follows. In Section 2, we
provide a review of the relevant literature. We describe the data selection process and review the
basic summary statistics in Section 3. The main hypotheses and methodology are presented in
Section 4. We analyze the results for targets in the various subsections of Section 5.1. Section 5.2
deals with the acquirer sample. In Section 6 we provide an analysis of the SEC sample. We end

with a summary and conclusions in Section 7.



2 Literature Review

Our work relates generally to the theoretical literature studying when and how informed agents
choose to trade in the options market in the presence of, for instance, asymmetric information
(Easley, O’Hara, and Srinivas (1998)), differences in opinion (Cao and Ou-Yang (2009)), short-sale
constraints (Johnson and So (2012)), or margin requirements and wealth constraints (John, Koticha,
Narayanan, and Subrahmanyam (2003)). More specifically, our objective is to identify informed,
or even insider, trading in the options market ahead of unexpected public announcements, such
as M&As. In this spirit, Poteshman (2006) concludes that informed investors traded put options
ahead of the 9/11 terrorist attack. Keown and Pinkerton (1981) confirm the leakage of information
and excess stock returns earned through insider trading in the presence of merger announcements,
but they do not investigate equity option activity. Meulbroek (1992) studies the characteristics of
a sample of illegal insider trading cases detected and prosecuted by the SEC from 1980 to 1989, but
likewise does not focus on option trading. Acharya and Johnson (2010) show that, for leveraged
buyouts, the presence of more insiders leads to greater levels of insider activity, in the sense that a
larger number of equity participants in the syndicate is associated with greater levels of suspicious
stock and option activity.” Chesney, Crameri, and Mancini (2011) develop statistical methods
with ex-ante and ex-post information to detect informed option trades in selected industries and
companies, confirming that informed trading tends to cluster before major informational events.

Our research relates more closely to Wang (2013), who investigates unusual option volume and
price activity ahead of M&A announcements and questions how such activity predicts SEC litiga-
tion. In contrast, we study unusual option activity in much greater depth, use more sophisticated
statistical techniques, and formulate more detailed and precisely stated hypotheses involving option
strategies. We are also more exhaustive in our analysis of the information obtained from hand-
collected SEC litigation filings. While Frino, Satchell, Wong, and Zheng (2013) also hand-collect
SEC litigation reports and study the determinants of illegal insider trading, they focus on stocks,
not options as we do.

Our paper also speaks to the literature that investigates the informational content of option

trading volumes ahead of M&As for post-announcement abnormal stock returns. Cao, Chen, and

9 Acharya and Johnson (2007) also provide evidence of insider trading in the credit derivatives market.



Griffin (2005), for example, find evidence that, for the target companies in M&A transactions, the
options market displaces the stock market for information-based trading during the periods imme-
diately preceding takeover announcements, but not in normal times.!? Focusing on the acquirer
firms, Chan, Ge, and Lin (2014) provide evidence that the one-day pre-event implied volatility
spread and the implied volatility skew, two proxies for informed option trading, are, respectively,
positively and negatively associated with acquirer cumulative abnormal returns.'! The predictive
power of both measures increases if the liquidity of the options is high relative to that of the under-
lying stocks. Barraclough, Robinson, Smith, and Whaley (2012) exploit the joint information set
of stock and option prices to disentangle synergies from news in M&A transaction announcements.
They also document that the increase in trading volume from the pre-announcement period to the
announcement day is most dramatic for call options, with an increase of 212.3% for bidder call
options, and an increase of 1,619.8% for target call options. We provide more granular evidence
on the changes in the distribution of volume for different levels of option moneyness, ahead of an-
nouncements, which is worth examining in greater detail since the results presented in the literature
are inconsistent across studies.'? Podolski, Truong, and Veeraraghavan (2013) also provide some
indirect evidence that the option-to-stock volume ratio increases in the pre-takeover period, and
increases relatively more for small deals that are less likely to be detected. Evidence of informed
trading and the role of options markets in revealing information around M&A announcements,
from the UK equity and options market, is provided by Spyrou, Tsekrekos, and Siougle (2011).
Finally, Nicolau (2010) studies the behavior of implied volatility around merger announcements,
and interprets positive abnormal changes in implied volatility prior to an announcement as evidence
of information leakage.

While the bulk of the empirical research on options markets focuses on index options, there

100\ ore specifically, the authors study a sample of 78 US merger or takeover firms between 1986 and 1994. Buyer-
seller-initiated call-volume imbalances, but not stock imbalances, are associated with higher stock returns the fol-
lowing day. However, during periods of normal trading activity, only buyer-seller-initiated stock-volume imbalances
exhibit predictability, while option volume is uninformative. Option volume imbalances before M&A transactions are
concentrated in firms that eventually have successful takeovers, and cannot be explained by target firm characteristics.

' Chan, Ge, and Lin (2014) use a sample of 5,099 events relating to 1,754 acquirers, over the period 1996 to 2010.
The implied volatility spread is calculated as the average difference between the implied volatilities of call and put
options on the same security with the same strike and maturity. The implied volatility skew is calculated as the
difference between the implied volatilities of OTM puts and ATM calls.

12Poteshman (2006) focuses only on put options, Chesney, Crameri, and Mancini (2011) argue that there is more
informed trading in put options, while Wang (2013) argues that there is higher abnormal volume for ATM call options.



are fewer studies using equity options (i.e., options on individual stocks), although they had been
trading for almost a decade prior to the introduction of index options in the US.'3 There are even
fewer studies relating to informed trading around major informational events such as M&As, using
option strategies, and those that exist are typically based on relatively small datasets. Even these
studies tend to focus on either the target or the acquirer.

In contrast, we study the trading patterns in the equity options of both the target and the
acquirer, using data on both trading volumes and prices, highlighting the fundamental differences
for insiders between directional and non-directional strategies. More specifically, we focus on the
behavior of the entire volume distribution and the option-implied volatility across the depth-in-
the-money dimension, prior to takeover announcements. Importantly, while some papers in the
previous literature have investigated the informational content of option trading volumes for post-
announcement stock returns, none of them have focused on the role of alternative option strategies
in illegal insider trading. Moreover, in contrast to the above studies, which focus on various aspects
of the M&A announcements using option data, our study focuses on the extent to which informed
trading, possibly illegal, can be detected through the analysis of various option strategies, using
both puts and calls in the target company and the acquirer. The likelihood of informed trading
in these cases is explicitly quantified in our analysis, and so too are the types of transaction - e.g.,
cash deals - that are particularly susceptible to such activity. Our study is also more comprehensive
in scope than the above mentioned studies, is based on a much larger sample and uses rigorous
statistical tests. A unique feature of our research is that we provide a detailed analysis of all the
cases prosecuted by the SEC relating to insider trading in options prior to M&A announcements

during the period of our study, and link them to our analysis of abnormal activity.

3 Data Selection and Summary Statistics

The data for our study come from three primary sources: the Thomson Reuters Securities Data
Company Platinum Database (SDC), the Center for Research in Securities Prices (CRSP) and

OptionMetrics. The start date of our sample period is dictated by the availability of option infor-

13The main constraint in the earlier period was the unavailability of complete data, which has changed dramatically
with the advent of OptionMetrics as a reliable source for academic research in this area.



mation in OptionMetrics, which initiated its reporting on January 1, 1996. We begin our sample
selection with the full domestic M&A dataset for US targets from SDC Platinum over the time
period from January 1996 through December 2012. Our final sample consists of 1,859 corporate
transactions, for which we could identify matching stock and option information for the target.
These deals were undertaken by 1,279 unique acquirers on 1,669 unique targets.'* For a subsample
of 792 transactions, option information is available for both the target and the acquirer.

We restrict our sample to deals aimed at effecting a change of control. In other words, to
be included in our sample, the acquirer needs to have owned less than 50% of the target’s stock
before the transaction, and to have been seeking to own more than 50% after the transaction.
Hence, we include only mergers, acquisitions, and acquisitions of majority interest in our sam-
ple, thereby excluding all deals that were acquisitions of partial interest/minority stake purchases,
acquisitions of remaining interest, acquisitions of assets, acquisitions of certain assets, recapitaliza-
tions, buybacks/repurchases/self-tender offers, and exchange offers. In addition, we exclude deals
for which the status is pending or unknown, i.e., we only include completed, tentative or withdrawn
deals. Next, we require information to be available on the deal value, and eliminate all deals with a
transaction value below 1 million USD. Finally, we match the information from SDC Platinum with
the price and volume information for the target in both CRSP and OptionMetrics. We require a
minimum of 90 days of valid stock and option price and volume information on the target prior to,
and including, the announcement date.!> We retain all options expiring after the announcement
date and short-dated options expiring before the announcement date, as long as they are ATM.
All matches between SDC and CRSP/OptionMetrics are manually checked for consistency based
on the company name.!

Panel A in Table 1 reports the basic characteristics for the full sample, for which we require
option information availability only for the target. Pure cash offers make up 48.6% of the sample,

followed by hybrid financing offers with 22.3%, and share offers with 21.7%. 82.9% of all transactions

M Thus, 190 of the targets were involved in an unsuccessful merger or acquisition that was ultimately withdrawn.
However, we include these cases in our sample, since the withdrawal occurred after the takeover announcement.

15Tn other words, we also require the availability of long- and medium-dated options expiring after the event date.

6Qverall, we extract up to a maximum of one year of stock and option price information before and after the
announcement date. The cut-off of one year is arbitrary, but follows from the trade-off of the following two objectives:
having a sufficiently long time series before the announcement day to conduct an event study analysis, and keeping
the size of the dataset manageable to minimize computational complexity.



are completed, and mergers are mostly within the same industry, with 53.4% of all deals being
undertaken with a company in the same industry based on the two-digit SIC code. 90.2% of all
deals are considered to be friendly and only 3.4% are hostile, while 11.6% of all transactions are
challenged.!” For a small subsample of 6.5% of the deals, the contracts contain a collar structure,
76.5% of all deals contain a termination fee, and in only 3.5% of the transactions did the bidder
already have a toehold in the target company. Panel B shows that the average deal size is 3.8
billion USD, with cash-only deals being, on average, smaller (2.2 billion USD) than stock-only
transactions (5.4 billion USD).!® The average one-day offer premium, defined as the excess of the
offer price relatively to the target’s closing stock price, one day before the announcement date, is
31%. Statistics for the subsample for which we have option information on both the target and the
acquirer are qualitatively similar.

In Figure 1, we plot the average option trading volume in calls and puts for both the target and
the acquirer, from 60 days before to 60 days after the announcement date. The increase in volume
is a first indication of information leakage prior to the public news announcements. There are
two preliminary observations that can be made based on this cursory analysis. First, the unusual
activity in the options of the target firm, is concentrated in a very narrow window around the
announcement day, and occurs in both calls and puts. Second, the trading activity in the options
of the acquirer firm is more dispersed, though most of it takes place close to the announcement
day. However, these simple averages mask significant cross-sectional differences in abnormal trading
volumes across firms and options. A more detailed analysis is provided in Section 5, the empirical

section that follows the discussion of our hypotheses.

4 Research Questions and Hypotheses

We attempt to quantify the likelihood of informed trading by focusing on the trading activity in
the options of both the target and the acquirer. Our analysis is focused on three different aspects
of this broad issue: information obtained from the trading volume of options, information obtained

from the option prices of these companies, and information from market microstructure effects. We

"In the more recent past, there has been a dramatic increase in the number of deals that have been challenged by
investors. See “First Rule of Mergers: To Fight Is to Lose”, in the Wall Street Journal, March 27, 2014.
18Table A.1 in the Internet appendix provides more granular statistics on the deal size distribution.



investigate several hypotheses to test for such informed trading activity, mainly pertaining to the
target firm.' We emphasize in our hypotheses that an informed trader would pursue directional
strategies for the target firm as the stock price almost always goes up after an announcement. On the
other hand, for the acquirer, an informed trader would be more likely to pursue “volatility” trading
strategies, as there is generally more uncertainty associated with the post-announcement direction
of the stock price of the acquiring firm.?® The underlying assumption for all these hypotheses is
that insiders are capital-constrained and would like to ensure that their private information is not
revealed to the market prior to the trades, to minimize market impact.2! Also, in our analysis of
potential strategies used by insiders, we do not explicitly consider the concern that this trading
activity may be detected by the regulators, and how that may affect traders’ choice of strategies.
We first state and justify our hypotheses regarding the target firms and then discuss the hypothesis

pertaining to the acquiring firms.

4.1 Target firms

e H1: There is evidence of positive abnormal trading volume in equity options written on the
target firms, prior to MEA announcements.
If informed trading is present, but there is no leakage of information, informed traders should
benefit relatively more from strategies that use options, due to the leverage they can obtain
from them, if they are capital-constrained. A takeover announcement is generally associated
with a stock price increase for the target, usually a significant one (for a survey, see An-

drade, Mitchell, and Stafford (2001), for example). A trader who obtains prior knowledge

19WWe write these hypotheses as statements of what we expect to find in the data, rather than as null hypotheses
that we would expect to be rejected.

20This argument should be especially true for cash deals. While deals involving an exchange of stocks result in
a decline of about 3% of the acquirer’s stock price, cash deals (48% of our sample) do not, on average, result in
a decline, and there is considerable cross-sectional variation around these numbers. See Savor and Lu (2009), for
example.

21The informed trader faces the trade-off between transacting in the more liquid stock, where his trades are less
likely to be discovered, or in the options market that provides more leverage, but where the chance of a price impact
is greater. We do not analyze the stock market directly, but as long as capital constraints are binding, informed
investors will, at least partly, migrate to the options market (see John, Koticha, Narayanan, and Subrahmanyam
(2003)). Cao and Ou-Yang (2009) argue that speculative trading will occur in the options market mainly around
major informational events if investors disagree about the future value of stock prices. Therefore, our focus, in this
paper, is on informed trading in the options market. Nevertheless, we show in Figure A.1 of the Internet appendix
that there is a strong increase in the ratios of call-to-stock volume and call-to-put volume, but only a modest increase
in the ratio of put-to-stock volume. Detailed analysis of the question of whether informed trading is greater in the
options market than in the stock market is left for future research.

10



of an upcoming deal and intends to use this information to trade is likely, given his capital
constraints, to at least partly engage in leveraged trading strategies that will maximize his
profits. The obvious venue for such activity is the options market, where we would expect
to see significant abnormal trading volumes in options for the target firms in anticipation of
major corporate takeover announcements. Given the importance of leverage, we can sharpen

the above hypothesis as follows in Hypothesis H2.

e H2: The ratios of the abnormal trading volumes in (a) OTM call options to ATM and ITM
call options, and (b) ITM put options to ATM and OTM put options, written on the target
firms, are higher prior to MEA announcements.

In the presence of superior information, a trading strategy involving the purchase of OTM
call options should generate significantly higher abnormal returns, as a consequence of the
higher leverage (“more bang for the buck”). Hence, we expect a relatively larger increase in
abnormal trading volume for OTM calls relative to ATM and ITM calls, in the presence of
superior information.?? Moreover, an insider, taking advantage of his privileged knowledge of
the direction of the target’s stock price evolution, is also likely to increase the trading volume
through the sale of ITM puts, which will become less valuable when the announcement is
made, followed by an upward move in the stock price of the target. An alternative strategy,
arising from put-call-parity, would be to buy ITM puts coupled with the underlying stock,
financed by borrowing (mimicking the strategy of buying OTM calls). A possible reason for
engaging in such a strategy rather than the more obvious one of buying OTM calls could be
the lack of liquidity in OTM calls: a large order may have a significant market impact and
even reveal the information to the market. Thus, an abnormally high volume in ITM puts
may result from either the strategy of mimicking the purchase of OTM calls or the strategy

of taking a synthetic long position in the stock.

One possibility is that an informed trader may engage in more complicated trading strategies
to hide his intentions. However, it turns out that, irrespective of which alternative trading

strategy is applied, we should observe abnormal trading volume in OTM call and/or ITM

22This possibility corresponds to the case study of JPM-Chase merging with Bank One, which exhibits such a
pattern.
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put options.?3 Ex ante, it is not clear whether the trading strategies should effectively result
in “buys” or “sells” of OTM calls and ITM puts. This is, however, not a concern as Op-
tionMetrics only reports the unsigned trading volume. Thus, our hypothesis that we should
observe relatively higher trading volumes in OTM calls and potentially I'TM puts encompasses

a rich analysis of multiple trading strategies.

e H3: There is positive excess implied volatility for equity options written on the target firms,
prior to MEA announcements.
Informed traders who have accurate information about the timing of an announcement and
the offer price will tend to buy OTM calls just prior to the announcement (for example, as
in the JPM-Bank One case). To obtain leverage, they will buy OTM calls that are likely to
become ITM when the stock price reaches or exceeds the takeover offer price. If they are
confident about their information, they will be willing to pay the offer price of the option
market-maker, typically the seller of such options. Informed traders who anticipate a deal,
but are uncertain of the offer price and the timing, will typically buy options that are closer
to the money, and will also be willing to pay the offer price. Assuming that the equilibrium
price of the option is, on average, between the bid and ask prices, buying at the ask price will
result directly in higher excess volatility.?* The wider is the bid-ask spread, the greater will
be the measured excess volatility, due to the convexity of option prices. Thus, we anticipate

excess implied volatility, albeit not especially large, for all options on the target.

e H4 : The percentage bid-ask spread for options written on target firms widens prior to MEA
announcements.
Similarly to the rationale behind Hypothesis H3, there should be no pattern in the bid-ask
spread for the options on the target firm as the announcement date approaches, in the ab-
sence of insider activity. An increase in the percentage bid-ask spread conditional on abnormal

trading volumes would be a natural response of the market-makers to such asymmetric in-

23For a detailed analysis of alternative directional trading strategies that should result in abnormal volumes of
OTM calls and/or ITM puts, see Internet Appendix A.

24This argument can be related to prior work on the inelasticity of the option supply curve, along the lines
analyzed theoretically by Garleanu, Pedersen, and Poteshman (2009) and empirically by Bollen and Whaley (2004)
and Deuskar, Gupta, and Subrahmanyam (2011).
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4.2

formation. This would be indirect evidence that there were informed traders in this market
prior to the announcement date, but not necessarily that the information about a potential

merger had leaked to the whole market.

H5: The (right) skewness of the option smile/skew, for target firms, increases prior to MEA
announcements.

Considering Hypotheses H2, H3, and H4, we expect that the demand for OTM call options,
especially where the buyers pay the offer price, could increase the price of OTM call options
relative to the price of OTM puts.?> If the implied volatility/strike price graph is initially a
“smirk”, it should become “flatter” due to the actions of an informed trader. On the other
hand, if the graph is more like a “smile”, we should observe a steeper smile on the right-hand

side due to these informed trades.

H6: The term structure of implied volatility decreases for options on the target firms before
takeover announcements.

Informed traders can obtain the highest leverage by buying short-dated OTM call options,
that expire soon after the announcement date. Given this preference, demand pressure on
short-dated options should lead to a relative price increase (or a tendency to buy at the offer
price) in options with a shorter time to expiration, compared to long-dated options. Thus, the

term structure of implied volatility should decrease for call options written on target firms.

Acquirer firms

HT7: In anticipation of major news events, there is a volume increase in long-gamma trading
strategies for acquirer firms prior to ME&A announcements.

As explained above, since, in the case of the acquirer, there is general uncertainty regarding
the direction in which the price of the stock will move after the announcement, an informed
trader will not make a directional trade using OTM options. Rather, he will trade on the
possibility of a jump in the stock price of the acquirer in either direction. The obvious strategy

to use to take advantage of this information would be a high-gamma strategy, e.g., buying

25The change in the skewness of the option smile/skew would also depend on the extent to which ITM puts were
dominated by buyers or sellers, as argued in H2.
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ATM straddles. Thus, we anticipate an increase in the volume of ATM straddles. As stated
above, this is likely to be particularly true for cash deals, which comprise a little less than half
of our sample. In stock-financed deals, on average, there is a decline of 3% in the acquirer’s
stock price. Though there are a number of such cases where there is no decline or even an
increase, the insider may employ a directional strategy or a mixed one (directional/volatility)

for these deals, due to the negative average.

5 Empirical Analysis

5.1 Target Firms

We investigate the first six hypotheses along the three dimensions identified above: the trading
volume, price and liquidity (bid-ask spread) of options traded on target firms. We begin by looking

into the behavior of volume, prior to the M&A announcement dates.

5.1.1 Abnormal Volume

In order to address Hypotheses H1 and H2, we conduct a forensic analysis of the trading volume
in equity options during the 30 days preceding takeover announcements. We first summarize the
descriptive statistics of the option trading volume in our sample. We then test for the presence of
positive abnormal volumes in call and put options across moneyness categories, using a variation
of the conventional event-study methodology. Next, we formally test, using an approximation to
the bivariate Kolmogorov-Smirnov test, whether the entire volume-moneyness distribution shifts
in anticipation of takeover news releases, i.e., whether there is an increase in the OTM call volume
relative to ATM and I'TM calls as we approach the event day. We next look at specific trades that
are most susceptible to insider trading, and compare them to a matched random sample. We also
examine the prevalence of zero-volume runs (“conditional trading volume”) in the periods before
announcements in comparison to a sample preceding a random date. Finally, we use regression
analysis to infer the characteristics of the cumulative abnormal volume, which leads us to a deeper

analysis of the subsample of cash-financed deals.

e A. Statistics of the Equity Option Trading Volume
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We start by reporting basic summary statistics for the option trading volumes of the target
firms, stratified by time to expiration and moneyness, in Table 2.26 We classify our sample
into three groups in terms of time to expiration: less than or equal to 30 days, greater than
30 days but less than or equal to 60 days, and more than 60 days. In addition, we sort the
observations into five groups of moneyness, where moneyness is defined as S/K, the ratio
of the stock price S to the strike price K. DOTM corresponds to S/K € [0,0.80] for calls
([1.20, 00) for puts), OTM corresponds to S/K € (0.80,0.95) for calls ([1.05,1.20) for puts),
ATM corresponds to S/K € (0.95,1.05) for calls ((0.95,1.05) for puts), ITM corresponds to
S/K € [1.05,1.20) for calls ((0.80,0.95] for puts), and DITM corresponds to S/K € [1.20, c0)
for calls ([0,0.80] for puts). Panels A to C report summary statistics for all options in the
sample, while Panels D to F and G to I report the numbers separately for calls and puts,

respectively.

First, regardless of moneyness, the level of trading volume, as indicated by the mean volume
statistics, is significantly higher for short and medium-dated options than for long-dated
options. For example, the average numbers of traded contracts in OTM options for target
firms are 370 and 285 contracts, for maturities of less than 30 and 60 days respectively, while
the number is 130 contracts for options with more than 60 days to maturity. This difference is
more pronounced for call options than for put options.?” Second, the highest average trading

volume tends to be associated with OTM options.

e B. Abnormal Trading Volume - Event Study

Hypothesis H1 asserts that there is a positive abnormal trading volume in call equity options
written on the target prior to a public M&A announcement. We test this formally by running
a classical event study. For each of the 1,859 deals in the sample, we obtain the aggregated
option volume on the target’s stock, as well as the aggregated volume traded in calls and puts.

To compute the abnormal trading volume, we use, as a benchmark, a constant-mean-trading-

263ince equity option markets are fairly illiquid, the trading volume data are characterized by numerous zero-volume
observations. These data points are omitted from the calculation of the basic summary statistics.

2"Note that, in the entire sample, including both targets and acquirers, the average trading volumes are 1,084
contracts for ATM options, 497 and 398 contracts, respectively, for OTM and ITM options, and 127 and 214 contracts,
respectively, for DOTM and DITM options.
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volume model, as well as two different volume-based versions of the market models. We
define the market trading volume as the median (mean) call and put trading volume across
all options in the OptionMetrics database. As we are interested in the abnormal trading
volume in anticipation of the event, we use, as the estimation window, the period starting
90 days before the announcement date and finishing 30 days before the announcement date.
Our event window stretches from 30 days before to one day before the announcement date.
To account for the possibility of clustered event dates, we correct all standard errors for

cross-sectional dependence.

The results are reported in Table 3. The average cumulative abnormal trading volume for
the target firms is positive and statistically significant across all model specifications.?® The
magnitude of the average cumulative abnormal volume over the 30 pre-event days is estimated
to be 11,969 contracts for call options, using the median market model. For put options on
the target, the average cumulative abnormal volume is also positive and highly statistically
significant, but over the 30 pre-event days is, at 3,471 contracts, much smaller. The evolution
of the average abnormal and cumulative abnormal trading volume for the targets is illustrated
in the two panels in Figure 2. It is apparent that the average cumulative abnormal trading
volume in put options is quantitatively less important than that in call options, which is
primarily driving the results for the overall sample. The daily average abnormal volume for
call options is positive and steadily increasing to a level of approximately 1,500 contracts
the day before the announcement. Individually, the number of deals with positive abnormal
trading volumes at the 5% significance level ranges from 472 to 492 for calls, and from 271
to 319 for puts, corresponding to 26% and 15% of the entire sample respectively.?? These
results confirm the Hypothesis H1, that there are positive abnormal trading volumes in call

and put equity options written on the targets prior to public M&A announcements.

In addition to the aggregated results, we stratify our sample by moneyness, and conduct an

28We report in Table A.2 of the appendix results based on a log transformation of volume V;, such that the
transformed volume tVol; is defined as tVol; = In(1 + V;). The findings are similar. The corresponding graphs are
available in Figure A.2.

29Unreported results indicate that, at the 1% significance level, the number of deals with positive abnormal trading
volumes in the entire sample ranges from 278 to 292 for calls, and from 138 to 195 for puts, corresponding to
frequencies of 16% and 8%, respectively, depending on the market model used as a benchmark.
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event study for each category. We find that there is significantly higher abnormal trading
volume for the targets in OTM call options, compared to ATM and I'TM calls, both in terms
of volume levels and frequencies. Using the median market model, for instance, Table 3
shows that the average cumulative abnormal volume is 3,797 (1,860) contracts for OTM calls
(puts) and 1,702 (1,110) contracts for ITM calls (puts), while it is 1,059 (188) for ATM calls
(puts). These values correspond to 383 (300, 448) deals, or 21% (16%, 24%) of the sample
for OTM (ATM, ITM) calls, and 387 (254, 316) deals or 21% (14%, 17%), for OTM (ATM,
ITM) puts, respectively. In addition, while we find that the average cumulative abnormal
volume is positive and statistically significant for both OTM and ITM calls and puts, it is

only statistically significant at the 5% level for ATM call options, and not for put options.

In Panel B, we differentiate between the results for cash- and stock-financed takeovers. The
number of deals with statistically significant positive abnormal trading volume represents
about 26% for both subgroups, which is similar to the results in the overall sample. However,
the level of the cumulative abnormal volume is greater for cash than for stock deals, for both
call and put options.?? For instance, using the mean market model for the pooled sample, the
expected cumulative abnormal volume is 16,567 contracts for cash deals, and 9,530 contracts
for stock deals. The differences in the average and cumulative abnormal call option volumes

are graphically illustrated in Figures 2c¢ and 2d.

Panel C reports the results from paired ¢-tests for the differences in means of the cumula-
tive average abnormal volumes across different depths. Consistent with our Hypothesis H2,
these results emphasize that there is higher abnormal trading volume for OTM call options,
compared to ATM and ITM call options. The differences in means, using the median market
model, for OTM calls relative to ATM and ITM calls are 2,738 and 2,096 respectively, which
are positive and statistically different from zero. On the other hand, the difference in means
between ATM and ITM calls is slightly negative (-643), but not statistically different from
zero. We do confirm that the average cumulative abnormal volume for ITM put options is

higher than for ATM put options. This provides some preliminary evidence that informed

30While the cumulative abnormal options volume is greater for cash deals than for stock deals, we do not find the
difference to be statistically significant.

17



traders may not only engage in OTM call transactions but may also sell ITM puts.3!

To summarize, the event study further supports Hypotheses H1 and H2. In other words,
there is ample evidence of positive abnormal volumes in equity options for the target firms
in M&A transactions, prior to the announcement date. In addition, we document that, for
the targets, there is a significantly larger amount of abnormal trading volume in OTM call
options than in ATM and ITM call options. There is also greater abnormal trading volume
in cash- than in stock-financed takeovers. However, the evidence that informed traders may

also engage in writing ITM put options is not as strong.??

e C. Shifts in the Option Trading Volume Density

The previous section illustrated that the 30 days prior to M&A announcement dates exhibit
abnormal option volumes for target firms that are particularly pronounced in OTM call
options. The question is whether there is a monotonic and statistically significant shift in the
entire option trading volume distribution as the announcement date approaches. We formally
test for a shift in the bivariate volume-moneyness distribution over time, in anticipation of

the announcement dates.

Figure 3 visually illustrates the shift in the volume distribution for calls and puts written
on the target firms as we approach the announcement date. Each individual line reflects a
local polynomial function fitted to the volume-moneyness pairs. It is striking to see how the
volume distribution for call options shifts to the tails and increases the weights of the DITM
and DOTM categories as we approach the announcement date. In addition, the volume keeps
increasing, in particular in the event window [—4, —1]. The last event window [0, 0] incor-
porates the announcement effect, whereby the overall average trading level is lifted upwards,
and the distribution shifts to ITM call options and OTM puts, as would be expected as the
merger has been announced. Another way to visualize the change in the distribution is shown

in Figure 4, although this graph is a univariate slice of the underlying bivariate distribution.

31The expected cumulative abnormal volume for OTM put options is slightly higher than that for ITM put options.
The difference of 750 contracts is nevertheless small, given that it is a cumulative measure over 30 days.

320ne reason for this discrepancy may be that writing naked puts is a risky position, especially ITM puts. There is
always some probability that the deal will not go through and the stock will tumble. Also, selling naked puts requires
a large margin, which may be a binding constraint in the context of limited capital.
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The dashed blue line and the solid green line in each plot represent the 90th and 95th per-
centiles of the distribution, whereas the dotted red lines reflect the interquartile range. It is
evident from the figure that the percentage increase in the percentiles of the volume distri-
bution is very strong. For example, the interquartile range for target call options increases

from a level below 50 contracts to approximately 2,000 contracts on the announcement day.

To summarize, there is a significant shift in both the mean and median trading volume for
target firms in anticipation of M&A transactions. This shift is more pronounced for DOTM
and OTM call options, than for ITM and DITM options. This confirms Hypothesis H2 that
there is a higher abnormal trading volume in DOTM call options than in ATM and ITM
call options. In what follows, we apply a formal statistical test for the shift in the volume

distribution.

In order to test whether the bivariate volume-moneyness distribution shifts over time prior
to announcement dates, we use a two-sample bivariate Kolmogorov-Smirnov (KS) test. The
two-sample KS test is a non-parametric test for the equality of two continuous distribution
functions. Essentially, the KS-statistic quantifies the distance between the two empirical
cumulative distribution functions. While the test statistic is straightforward to compute in
the univariate setting with distribution-free properties, the computation in the multivariate
setting can become burdensome, particularly when the sample size is large. The reason for
this is that, in the univariate setting, the empirical cumulative distribution function diverges
only at its observed points, while it diverges at an infinite number of points in the multivariate
setting. To see this, remember that, in a multivariate setting, there is more than one definition
of a cumulative distribution function. In particular, in the bivariate setting, the four regions
of interest are

HY (z,y) = P[X <2,Y <y, HY (z,y) = P[X <,V >y (1)

HY (z,9) = P[X > 2,Y <y, HY (2,y) = P[X > 2,Y >y, (2)

and we need to evaluate the empirical cumulative distribution function in all possible regions.

To reduce computational complexity, we rely on the Fasano and Franceschini (FF) generaliza-
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tion of the two-sample bivariate KS test. Define the two sample sizes {(1:]1, yjl) 1<j<n}
and {(ac?, yf) : 1 < j <m}, with their corresponding empirical cumulative distribution func-
tions H,gk) and H;,f ), for regions k = 1,2,3,4. The FF test statistic (Fasano and Franceschini
(1987)) is then defined as

Zyy = maz{T,\) T2 7@ T4 (3)

n,m n,m’-n,m?’ - n,m?

where

/ k‘ nm k k
T8 = supeersy | = |HE (2,9) = HE (2,9)]. (4)

Although the analytic distribution of the test statistic is unknown, its p-values can be esti-
mated using an approximation, based on Press, Teukolsky, Vetterling, and Flannery (1992),

to the FF Monte Carlo simulations.

Our prior is that the FF-statistic, which reflects the distance between the two bivariate
empirical distribution functions (EDFs), should monotonically increase for target firms as we
get closer to the announcement date.?3 Essentially, the difference in EDFs should be larger
between event windows [—29, —25] and [—24, —20], than between [—29, —25] [-19, —15], and
so forth. In addition, the FF-statistics should increase relatively more for short-dated options,
which mature closer to, but after, the announcement date. These predictions are clearly
confirmed by the results in Table 4. The FF test reveals statistically significant differences
in the bivariate volume-moneyness distributions, as we move closer to the announcement
date. We compare the distributions in event-window blocks of five days. A glance at the
table reveals that the test is statistically significant, at the 1% level, for almost all pair-wise
comparisons. In addition, the magnitude of the statistic is monotonically increasing as we

move from the left to the right, and as we move from the bottom to the top of the table.

Panels A and B in Table 4 report the results for calls and puts, respectively. For example,

330ne can think of the FF-statistic as a variation of the KS-statistic in the multivariate setting. The FF-statistic
is computationally less intensive in the multivariate case, but is consistent and does not compromise power for large
sample sizes. See Greenberg (2008).
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the first row shows that the bivariate distribution significantly shifts from event window
[—29, —25] to [—24, —20], with an FF-statistic of 0.0279. The test statistic increases to 0.1592,
if we compare event windows [—29,—25] and [—4,—1], and to 0.4070 for event windows
[—29, —25] and [0, 0]. For short-dated options with a time to expiration of less than 30 days,
the statistic for the difference in distributions for the shift from event window [—29, —25]
to [—4,—1], excluding the announcement effect, has a value of 0.3388 (0.34) for call (put)
options. This is higher than the announcement effect from event window [—4, —1] to the
announcement date. Changes in the bivariate distributions are statistically significant at the
1% level for almost all event windows. Overall, as expected, the largest test statistics seem to
be associated with comparisons between the announcement date ([0, 0]) and the event window

immediately preceding it ([—4, —1]).

These formal statistical tests provide evidence that the two-dimensional volume-moneyness
distribution shifts significantly in both time and depth over the 30 days preceding the an-
nouncement day. Hence, the level of the volume distribution increases, with a higher frequency
of trades occurring in both OTM calls and I'TM puts. These findings support the results of
the event study and strengthen our conclusions in favor of Hypotheses H1 and H2. In the
following subsection, we test whether such a shift in the bivariate distribution is truly random,
by comparing the volume distribution of a sample of suspiciously unusual trades to that of a

randomly matched sample.

D. Strongly Unusual Trading Volume and Matched Random Sample

Our primary goal is to distinguish informed trading from random speculative bets. Hence, we
are looking for unusual trading patterns that are clearly different from the patterns exhibited
by randomly selected samples, since evidence of non-random trading would point to the
existence of informed trading. We analyze extreme cases that are potentially the most likely
to reflect informed trading. In this spirit, we define as strongly unusual trading (SUT),
observations (defined as the trading volume for an option-day pair, i.e., the end-of-day volume
for a given option on the target) meeting the following four criteria for individual options: (1)

The daily best recorded bid is zero. This corresponds implicitly to DOTM options where the
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market-maker, through his zero bid, signals his unwillingness to buy, but is willing to sell at a
non-zero ask price. (2) The option expires on or after the announcement day, but is the first
one to expire thereafter (the so-called front month option). Obviously, an insider would buy
options that were going to expire soon after the announcement: in order to get the biggest
bang for his buck, he would try to buy the cheapest ones, these being the ones most likely to
end up I'TM. Short-dated OTM options tend to be cheaper and provide the greatest leverage.
(3) The option has strictly positive trading volume. Since many individual equity options,
especially those that are OTM, have zero trading volume (although all options have quotes in
the market-making system), we focus on those that have positive volume, since a zero-volume
trade cannot be unusual, by definition. (4) Finally, the transaction takes place within the 30
days preceding the event date, defined as the 0 date (i.e., between event dates -29 and 0). An
informed trader faces a trade-off in that he must leverage on his private information prior to
the event, while avoiding trading too close to the event, as that may entail a higher risk of

alerting other market participants or triggering an investigation by the regulators.?*

Table 5 presents the sample statistics for the SUT sample. From the entire dataset, we identify
2,042 option-day observations, for the target firms, that meet our SUT selection criteria.®®
The share of calls is slightly more than half, with a total of 1,106 observations for target
firms. The average trading volume is 124 option contracts, and the average trading volumes

for calls and puts are, respectively, 137 and 108.36 The median trading volume is somewhat

more stable, with a value of 20 contracts for options written on the target.

We compare the statistics from the SUT sample with those from a randomly selected sample.
The sampling procedure used to create the random sample is as follows: For each of the 1,859
events with options traded on the target firms, we randomly select a pseudo-event date. We
treat the pseudo-event date as a hypothetical announcement date, chosen at random, and

then apply the SUT selection criteria to it, i.e., we keep option-day observations with a zero

34 An additional aspect that we do not explicitly consider is the number of traders involved, and their connections
with each other, which could reveal whether the information was shared by many players and potentially leaked to
them. Presently, we do not have data on individual trades conducted in this period.

35Note that the full sample has approximately 12 million observations. For each event, the event time spans the
period from one year before to one year after the announcement date.

36The average is taken across all observations satisfying the SUT selection criteria.
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bid price, with non-zero trading volume, that are within 30 days of the pseudo-event date,

and that have an expiry date after the pseudo-event date.

The SUT sample statistics are compared to the random sample trading (RST) statistics in
Panel B of Table 5.37 The number of observations, deals and options are somewhat higher in
the RST sample than in the SUT sample, by a factor of between 1.4 and 1.8. However, the
average and median trading volumes in the SUT sample are more than double those in the
RST sample. The maximum observed trading volumes are significantly higher in the SUT
sample than in the RST sample. However, the distributional statistics illustrate that this effect
does not arise because of outliers. In the RST sample, from around the 50th percentile of the
distribution upwards, volumes are consistently less than half the trading volumes observed in
the SUT sample at comparable cut-offs of the volume distribution. Another interesting feature
is that the distance between the median and the mean is roughly constant at around 100 traded
contracts in the SUT sample. Statistics for the put options are statistically similar across both
samples. For the entire sample, the difference between the average volume (124) before the
deal announcement in the SUT sample, and the average volume (57) on a random date in the
RST sample, is significantly different from zero. The one-sided t-statistic is -6.90, implying
a probability of 3 in a trillion that the trading volume observed before the announcement
happened by chance. Moreover, the volumes of the SUT sample are overwhelmingly higher

for the percentiles over 30%, and about the same for those less than 30%.

We point out that the difference between the two samples is likely to be understated in our
procedure compared to the procedure of choosing the random sample from the entire sample
period. Specifically, in our case, for each event, we have a maximum of one year of data
before and after the event, rather than the whole time-span of traded options from as far
back as January 1996 until today. Using the whole time-span the difference would likely be
even stronger. Hence, our statistical procedure is biased against failing to reject the null

hypotheses stated in the previous section.

37Since our study is confined to a limited period, due to the fact that the variance may be large, and to address
the possibility that the dates chosen at random may coincide with those of other announcements, we double-checked
our results using 100 random samples of 1,859 pseudo-events for the target firms, in order to minimize the standard
error of our estimates. As expected, the results from this robustness check were very similar to the original results.
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To summarize, the entire distribution of trading volumes differs significantly between the SUT
and RST samples for the target firms. In particular, we observe that an average trading vol-
ume above 100 contracts, with a mean-to-median distance of 100 contracts, can be considered
strongly unusual and non-random when the transactions occur at a “zero-bid” within 30 days
of the announcement date on options expiring after the announcement. This test provides
additional evidence in favor of Hypothesis H1, showing that there is a non-random increase
in the trading volume on target firms prior to public M&A announcements, particularly if we

restrict ourselves to the most illiquid and leveraged options in the SUT sample.

E. Zero-Volume Runs

As emphasized earlier, liquidity is low in equity options. Given the significant number of
zero-volume observations that characterize the data for equity options, we compare the pro-
portions of non-zero trading volume between the pre-announcement period and any randomly
chosen period to supplement our forensic analysis of the behavior of option volume. We also
investigate proportions of non-zero trading volume conditional on there being no trading vol-
ume for the preceding one to five days. Each observation corresponds to an option series

characterized by its issuer, the type (put-call), strike and maturity.

First, Panel A in Table 6 reports the volume proportions for a randomly chosen date, which
turns out to be March 5, 2003. On that day, OptionMetrics contains a total of 103,496
observations, of which 28,402 are classified as DOTM and 28,404 are classified as DITM
according to our definition of depth as the ratio of the stock price to the strike price. As
expected, trading volume is generally low. Only 15% of all options were traded, about 3%
were traded with more than 100 contracts, and only 0.42% were traded with more than 1,000
option contracts. The stratified proportions reveal that the proportion of observations with
non-zero trading volume is largest in the ATM category, followed by the OTM. We compare
these proportions first to those from our overall sample, in Panel B. The proportions are very
similar to those observed on March 5, 2003. This is confirmatory evidence that our sample
is representative of a typical trading day. Panel C documents similar proportions for the five

days preceding the announcement day.
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These proportions are compared to a randomly chosen sample in Panel C, where for each
M&A transaction, we simulate a random pseudo-event date and look at the proportions of
non-zero-volume observations in the five days leading up to the pseudo-event. Rather than
reporting standard errors, we indicate how many standard deviations the proportion in the
random sample lies from that actually observed.?® The lowest difference between the propor-
tion in the actual and random sample is four standard deviations. This value is obtained for
the proportion of volumes above 1,000 contracts, for ATM options, conditional on no trading
volume during the five preceding days. For all other comparisons, the difference corresponds
to at least five standard deviations. A value of five standard deviations corresponds approxi-
mately to a chance of 1 in a million that the randomly observed proportion would be larger
than on the pre-announcement event date. As any other comparison leads to even larger

differences, we believe the odds of one in a million to be a conservative estimate.

e F. Characteristics of Abnormal Volume

We have documented that abnormal trading volume in equity options ahead of M&A an-
nouncements is pervasive, non-random and most concentrated in OTM call options. This
leaves open the question of whether certain target companies are more likely than others to
exhibit unusual trading volume. In order to answer this question, we regress the cumula-
tive abnormal option trading volume in call and put options over the 30 pre-announcement
days on a set of categorical variables reflecting M&A deal characteristics and several market

activity variables. We test the following benchmark specification:

CABVOL = By + B1SIZE + oCASH + B3TOFE + B4PRIVATE + 5sCOLLAR

+ B6TERM + By FRIENDLY + sUS + v + ¢,

where CABVOL denotes the cumulative abnormal trading volume in call or put options

respectively, scaled by the average normal volume over the 30 pre-announcement days.?® All

38Note that each option volume observation follows a Bernoulli variable taking the value 1 if volume is positive
(respectively larger than 100, 500 or 1,000 contracts) and 0 otherwise. Assuming independence, the sum of all
observations follows a binomial distribution. The standard error of proportion p obtained from a random sample is

p(1—p)
N

given by , where N is the number of observations.

39We note that this analysis is based on a log transformation of volume. Hence, the scaled cumulative abnormal
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specifications contain year fixed effects +4, and standard errors are either robust or clustered

by announcement day.

First, we investigate several M&A deal characteristics that may imply a higher likelihood of
informed trading. Our strongest prior is that cumulative abnormal volume should be higher
for cash-financed deals, given that cash-financed deals are known to have higher abnormal
announcement returns (as documented by Andrade, Mitchell, and Stafford (2001)). Thus, we
expect that an informed trader will benefit more from trading in such deals if he anticipates a
higher abnormal return. We test for this by including a dummy variable CASH. In addition,
“smart” insiders may prefer trading in larger companies, whose stocks (and therefore their
options) tend to be more liquid, and hence, less likely to reveal unusual, informed trading.
Thus, we expect cumulative abnormal volume to be higher for larger deals, measured by
SIZE, a dummy variable that takes the value one if the deal is above the median transaction
value, and zero otherwise. We also suspect that a bidder that has a toehold in the company
(TOE) is more likely to gather information about a future takeover, and is hence more likely to
trade based on his private information. Alternatively, an investor with a toehold may refrain
from trading as he would be the first suspect in any investigation. We also control for other
deal characteristics, such as whether the target is taken private post-takeover (PRIV ATE),
whether the deal has a collar structure (COLLAR), whether it involves a termination fee
upon a failure of the deal negotiations (TTERM ), whether the deal attitude is considered to
be friendly (FRIENDLY ), and whether the bidder is a US-headquartered company (US).

The results for the benchmark regressions of cumulative abnormal volume in the target call
options are reported in columns (1) and (2) of Table 7. The two single most important pre-
dictors are cash-financed deals and the size of the target company. This evidence is consistent
with our prior assumption that informed trading in target call options would be significantly
higher for cash deals, which are anticipated to have higher abnormal announcement returns,
and for more liquid companies, for which it is easier to hide informed trading. Quantitatively,
a target deal above the median transaction value has, on average, 3.32 % greater cumulative

abnormal call trading volume relative to its normal volume than a target below the median

volume is comparable across companies and interpretable as a percentage relative to normal volume.
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deal size. Similarly, cash-financed deals have, on average, 6.37 % greater cumulative abnormal
volume than non-cash-financed deals. Given that the average cumulative abnormal volume is
approximately 12,000 contracts, the typical cash-financed deal has about 764 more contracts
traded during the 30 days before an announcement. The cash indicator is consistently robust

across all specifications, with similar economic magnitudes.

If the bidder already has a toehold in the company, cumulative abnormal volume is about 5.6
% smaller. The negative coeflicient favors our second conjecture that those connected with
equity stake holders with a prior interest may make more of an attempt to keep their intentions
secret, given that they would be the first suspects in the case of insider trading. Nevertheless,
we point out that the coefficient on TOFE loses its significance in other specifications with

additional control variables.

Deals that embed a collar structure and a termination fee in their negotiations are also more
likely to exhibit higher cumulative abnormal volume, by about 7.23 and 5.65 %, on average. A
collar structure implicitly defines a target price range for the takeover agreement. Moreover, a
termination fee makes it more likely that a negotiation will be concluded. Thus, both variables
are associated with greater certainty about the magnitude of the target’s stock price increase,
conditional on announcement. This is consistent with a greater likelihood of informed trading
in the presence of greater price certainty. All other variables are statistically insignificant.
The adjusted R? of the regression 6%, reasonable given the likely idiosyncratic nature of the

derived statistic, CABV OL, denoting the cumulative abnormal trading volume.

In line with Acharya and Johnson (2010), who argue that the presence of more syndicate
loan participants leads to more insider trading in leveraged buyouts (LBOs), we conjecture
that the more advisors are involved in the deal negotiations, the higher is the probability of
information leaking to the markets. The number of target and acquirer advisors is measured
by ADVISORS. Columns (3) and (4) report a positive coefficient, which is, however, not

statistically significant.

In columns (5) and (6), we proxy for the size of the company using a dummy variable SALES,

which takes the value one if the target has more sales than the median. We also include the
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takeover price (PRICE), and control for the offer premium. Cumulative abnormal volume is
positively associated with companies that have higher sales. Companies with above-median
sales have, on average, a 3.32 % greater cumulative abnormal call volume. We have omitted
the size dummy here because of potential multicollinearity issues. The coefficient of the
offer premium is negative, which could be associated with the fact that, percentage-wise, it
is easier to offer greater markups for low-market-capitalization firms. Also, the offer price
is negatively associated with a higher cumulative abnormal volume, although the effect is

statistically indistinguishable from zero.

We verify whether various market activity variables have an impact on the pre-announcement
cumulative abnormal call volume. We include TRUNUP, the pre-announcement cumu-
lative abnormal stock return for the target, TANNRET, the target’s announcement ab-
normal return, TT PRET1, the target’s post-announcement cumulative abnormal return,
and ARUNU P, the abnormal stock return for the acquirer before the announcement day.
MKTVOL denotes the market volume on the day before the announcement day. These
results are reported in columns (7) to (10). The pre-announcement run-up in the target’s
stock price is strongly positively related to the cumulative abnormal volume. On the other
hand, the target’s cumulative abnormal announcement return is negatively associated with
the cumulative abnormal trading volume for call options. All other variables are statistically
insignificant. The coeflicients remain very robust for large deals that are cash-financed, that
have a collar structure, and that have a termination fee. In this final regression specification,
the explanatory power increases to 14 %. We have repeated the analysis for cumulative ab-
normal volume in put options. While the results are qualitatively similar, the magnitudes of
the coefficients are typically smaller. The table showing the results for put options is provided

in the Internet appendix, Table A.3.

To summarize, we find that the cumulative abnormal options trading volume in call options
is significantly higher for larger M&A deals that are cash-financed, have a collar structure,
or include a termination fee. We find a similar, but weaker, relationship for the cumulative
abnormal volume of put options. Overall, our interpretation of the evidence is that informed

traders are more likely to trade on their private information when the anticipated abnormal
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stock price performance upon announcement is larger and when they have the opportunity

to hide their trades due to greater liquidly of the target companies.

Overall, our forensic analysis of the trading volume observed for equity options prior to M&A
announcements confirms our prior assumptions stated in Hypotheses H1 and H2. The next
step is to investigate Hypotheses H3 to H6 by focusing on the information embedded in equity

option prices, based on their implied volatilities and their liquidity.

5.1.2 Implied Volatility

Implied volatility is the summary statistic of the price behavior of options. Using this metric of
option prices, we conduct a forensic analysis over the 30 days preceding the M&A announcement
date. As a complement to the volume results, we first conduct an event study to test for the
presence of positive excess implied volatility relative to a market benchmark. Second, we study
the behavior of the convexity of the option smile, the relationship between the implied volatility
and the strike price, in anticipation of news releases. Third, we investigate the bid-ask spread, as
a measure of illiquidity, around the announcement date. Finally, we address the hypothesis related
to the term structure of implied volatility, the relationship between implied volatility and the time

to expiration of the option.

e A. Excess Implied Volatility - Event Study

We use the interpolated volatility surface in the OptionMetrics database, a three-dimensional
function of the implied volatility in relation to the strike price and the time to expiration,
for this exercise. To analyze the behavior of ATM implied volatility, we use the 50 delta (or
a 0.50 hedge ratio) options in absolute value (for both calls and puts), and we reference the
80 and 20 delta (or 0.80 and 0.20 hedge ratios) options in absolute value for the ITM and
OTM options respectively. We test two different model specifications for our results: a simple
constant mean volatility model and a market model, in which we use the S&P 500 VIX index
as the market’s benchmark for implied volatility. The estimation window runs from 90 to 31
days before the announcement date, while our event window relates to the 30 days before the

event, excluding the announcement day itself. All standard errors are clustered by time to
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account for the bunching of events on a given day.

Panel A in Table 8 documents that excess implied volatility is quite pervasive in our sample.
At the 5% significance level, using the market model, there are about 812 cases (44% of
the 1,859 deals) with positive excess implied volatility for ATM call options, and about 798
cases (43% of the 1,859 deals) with positive excess implied volatility for ATM put options.
The frequencies are similar for OTM implied volatilities, and slightly lower for ITM implied
volatilities, where positive excess implied volatility is documented for 39% (calls) and 41%

(puts) of all cases.

To summarize, the event study confirms our Hypothesis H3, which states that there should,
on average, be positive cumulative excess implied volatility for the target companies. These
results are graphically presented in Figure 5 for ATM implied volatilities. For targets, the
daily average excess ATM implied volatility starts increasing about 18 days before the an-

nouncement date and rises to an excess of 5% the day before the announcement.

B. Information Dispersion and Bid-Ask Spreads

To address Hypothesis H4, we study the evolution of the bid-ask spread in anticipation of
the M&A announcement. The prediction of the Hypothesis H4 is that the percentage bid-ask
spread in option premia should widen prior to the announcement. Strong evidence in favor
of this hypothesis would indicate that the market (i.e., the market-maker) is reacting to a
substantial increase in the demand for options, in particular OTM calls. Figure 6a plots the
evolution of the average percentage bid-ask spread from 90 days before the announcement
date to 90 days after the event. The figure shows that the average percentage bid-ask spread
on target options rises from about 35% to 55%, and then jumps up to approximately 80%
following the announcement. Interestingly, this rise in bid-ask spreads is restricted to DOTM

and OTM options, as is illustrated in Figure 6c¢.

Similarly in our earlier exercise, we verify whether we are able to observe such a pattern on
a random day. Thus, for each M&A transaction, we draw a random pseudo-event date and
construct the average bid-ask spread in pseudo-event time. The outcome is illustrated by the

flat line visualized in Figure 6b. Clearly, the average percentage bid-ask calculated in event
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time for randomly chosen announcement dates exhibits no pattern of rising bid-ask spreads

in response to the arrival of any asymmetric information from potential insiders.

e C. The Volatility Smile and the Term Structure of Implied Volatility

Hypothesis H5 predicts that the convexity of the option smile, for target firms, should increase
for call options and decrease for put options, prior to M&A announcements.*® We investigate
this question by plotting in Figure 7 various measures relating to the convexity of the option
smile. Figures 7a and 7b illustrate several documented measures of the implied volatility
skewness. The first measure in Figure 7a is computed separately for calls and for puts. For
call options, it is the difference between the OTM implied volatility with a delta of 20 and
the ATM implied volatility with a delta of 50 (left axis). For put options, it is defined as
the difference between the ITM implied volatility for puts with a delta of -80 and the ATM
implied volatility for puts with a delta of -50 (right axis). In Figure 7b, two measures of
skewness are plotted. The first measure of implied volatility skewness on the left axis of the
figure is measured as the difference between the OTM call and put implied volatilities, divided
by the ATM implied volatility. The second measure, on the right axis, is measured as the
difference between the OTM put implied volatility and the ATM call implied volatility. To
our surprise, both measures seem to remain flat prior to the announcement date. We cannot
reject the hypothesis that, prior to the announcement, there is no change in the “skew” of

the options on the target firms.

Hypothesis H6 states that the term structure of implied volatility for options on the target
firms should decrease before takeover announcements. The justification for this hypothesis is
that informed traders obtain the highest leverage by investing in short-dated OTM call options
that expire soon after the announcement, so as to maximize the “bang for their buck. Hence,
demand pressure for short-dated options should lead to a relative price increase in options
with a short time to expiration compared to long-dated options. Thus, a confirmation of our
hypothesis would be supportive of the fact that, on average, activity in the options market

before major takeover announcements is partially influenced by informed traders. Figure 7c

40Tn the case that the IV /strike price curve exhibits a “skew”, the change in convexity should “flatten” the curve.
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documents that the slope of the average term structure of implied volatility, calculated as
the difference between the implied volatilities of the 3-month and 1-month options, decreases
from -1.8% by about 2.5 percentage points to approximately -4.3% over the 30 days before
the announcement date. This result is obtained for both call and put options. However,
the term structure of implied volatility remains at approximately the same level, essentially

unchanged, if we randomize the announcement dates as a control sample.

In a nutshell, we find evidence in support of the fact that the average implied volatility spread
between OTM and ATM call options increases significantly for target firms prior to M&A announce-
ments. In addition, the term structure of implied volatility becomes more negative for targets, and

remains roughly flat for acquirers, as we approach the announcement date.

5.2 Acquirer Firms

We have documented strongly unsual trading activity in options written on target companies.
Given this evidence, we also suspect that we will observe unusual trading activity for the acquiring
firms. Chan, Ge, and Lin (2014), for instance, document the predictive ability of the option volume
for the ex-post announcement returns of the acquirer. However, the question of how an insider
would trade in equity options on the acquirer, and what strategy he would use, is somewhat more
subtle. The consistent empirical evidence of positive cumulative abnormal returns for the targets
implies that in this case the insider benefits most from directional strategies. In contrast, given the
uncertainty of the stock price evolution of the acquirer around the announcement date, an insider
trading in acquirer options would benefit most by engaging in strategies that would benefit from
higher volatility (i.e., a jump in stock prices, in either direction). More specifically, the optimal
strategy would be a zero-delta, long-gamma trade, as stated in Hypothesis H7. As stated earlier,
this should be particularly true for cash deals, and, in some cases, also true for stock exchange and
hybrid deals. In our sample, this will mean that, in a majority of deals, there will be uncertainty
regarding the acquirer’s stock price. We, therefore, concentrate on such “volatility” strategies.
We first provide a quick overview of the summary statistics on the option trading volume,
stratified by time to expiration and moneyness, in Table 9. Panels A to C report statistics for all

options in the sample, while Panels D to F, and G to I, report the numbers separately for calls and
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puts. Similarly to the properties for the target firms, the mean trading volume is higher for short-

and medium-dated options compared to long-dated options.*!

On the other hand, the average
trading volume is higher for options on acquirer firms (547 contracts) than for those on targets
(283 contracts). Importantly, the distribution of volume as a function of moneyness exhibits a
hump-shaped pattern for acquirers, irrespective of whether the options are short- or long-dated.
Hence, trading volume tends to be highest for ATM options and decreases as the moneyness, S/ K,
moves further ITM or OTM. In the entire universe, for instance, the average volume is 1,084
contracts ATM, 497 and 398 contracts respectively, for OTM and ITM options, and 127 and 214
contracts respectively, for DOTM and DITM options. This contrasts with the distribution for the
targets, where the highest average trading volume tends to be associated with OTM options.

According to Hypothesis H7, we anticipate an increase in the trading volume of option pairs
that have high gammas (convexity), such as ATM straddle strategies, for example. In order to
test this hypothesis, we match, on each day, all call-put pairs (CP pairs) that are written on the
acquirer’s stock, and that have identical strike prices and times to expiration. OptionMetrics only
provides information on the total trading volume associated with a specific option, and there is no
disclosure on the total number of trades. Thus, the lower of the call and put trading volumes in a
CP pair represents an upper bound on the total volume of straddle trading strategies implemented
in a given day. Even though this number does not accurately capture the exact straddle volume,
a change in its upper bound across event times could be informative about the potential trading
strategies undertaken by insiders, as a proxy.

Figure 8 illustrates how the upper bound on the volume of straddle trading strategies changes
from 30 days before to 20 days after the first takeover attempt has been publicly announced.
In addition, we report the average and total number of CP pairs identifed on each event day.
According to our hypothesis, the straddle trading volume should increase for acquirer firms prior
to the announcement. The upward trend is visually confirmed in the graphical illustrations.

We have documented that there is, on average, a greater trading volume in ATM options for

acquiring companies, and that, prior to announcements, the trading volumes of strike-matched CP

“1For example, the average numbers of traded contracts in OTM options, for acquirers, are 497 and 384 contracts
for maturities of less than 30 and less than 60 days respectively, while the number is 193 contracts for options with
more than 60 days to maturity. This difference is more pronounced for call options than for put options.
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pairs increase. We therefore, evaluate whether any increase in the ATM trading volume in the
pre-event window is random. For this purpose, we present a modified strongly unusual trading
sample for the acquirer (SUT-A). We select all options that (1) are ATM, (2) expire on or after the
announcement day (the so-called front month option), (3) have strictly positive trading volume,
and (4) are traded within 30 days of the event date.

Table 10 presents the sample statistics for the SUT-A sample. From the entire dataset, we
identify 5,343 option-day observations for the acquirer firms that meet our SUT-A selection criteria.
The share of calls is slightly more than half, with a total of 2,860 observations. The average
trading volume is 1,046 option contracts, and the average trading volumes for calls and puts are,
respectively, 1,257 and 803. The median trading volume for all options is 202, and the median for
calls (puts) is 244 (163).

We compare the statistics from the SUT-A sample with those from a randomly selected sample.
For each deal, we randomly select a pseudo-event date and apply the SUT-A selection criteria.
Panel B illustrates that, in the random sample, there are fewer ATM trades (about half as many
as in the SUT-A sample). For the entire sample, the difference between the average volume (1,046)
before the deal announcement in the SUT-A sample and the average volume (658) on a random date
in the RST sample is significantly different from zero. The one-sided t-statistic is -5.72, implying a
probability of 6 in a billion that the trading volume observed before the announcement happened
by chance.

To summarize, our evidence suggests that there is a non-random increase in the ATM trading
volume on the aquirer’s options ahead of an M&A announcement. We also document an increase in
the number of ATM strike-matched CP pairs, suggesting that there is an increase in long-gamma

strategies. This evidence is consistent with Hypothesis H7.

6 SEC Litigation Reports

Up to this stage, we have only presented statistical evidence of unusual option trading activity
ahead of M&A announcements. We now verify whether there is any relationship between the

unusual activity and insider trading cases that we know, with hindsight, to have been prosecuted.
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To do so, we scan the 8,000 actual litigation releases concerning civil lawsuits brought by the SEC
in federal court.*> We extract all cases that encompass trading in stock options around M&A
and takeover announcements and report the characteristics of all litigated cases in Table 11.43 We
find that the characteristics closely reflect the highlighted statistical anomalies of unusual option

volumes and prices, that we find to be very pervasive prior to M&A announcements.

6.1 The Characteristics of Insider Trading

In total, we find 102 unique cases involving insider trading in options ahead of M&As from January
1990 to December 2013, with an average of about four cases per year. Interestingly, the litigation
files contain only one instance of insider trading involving options written on the acquirer.** About
one third of these cases (33 deals) cite insider trading in options only, while the remaining 69
cases involve illicit trading in both options and stocks. In addition, we find 207 M&A transactions
investigated in civil litigations because of insider trading in stocks only. The large number of
investigations for stock trades relative to option trades stands in contrast to our finding of pervasive
abnormal call option trading volumes that are relatively greater than the abnormal stock volumes.*?
Out of these 102 SEC cases, 88 correspond to our sample period, which stretches from January
1, 1996 to December 31, 2012. The average yearly number of announcements in our sample is
109.%6 According to these statistics, and assuming that the publicly disclosed deals represent all
litigated cases, we conclude that the SEC litigated about 4.7% of the 1,859 M&A deals included
in our sample. Several of the litigated cases do not appear in our sample, one reason being the
aforementioned criteria for inclusion in our sample. On the other hand, some prominent cases of
insider trading, such as JPM Chase-Bank One, do not appear in the SEC database. We have three
potential explanations for these discrepancies. First, the SEC only reports civil litigations. If a case
is deemed criminal, then the Justice Department will handle it and it will not appear in the SEC

records. Second, the SEC may refrain from divulging the details of a case to protect the identity

42The litigation reports are publicly available on the SEC’s website, https://www.sec.gov/litigation /litreleases.shtml.

43Table A.4 in the Internet appendix contains detailed information on each individual case.

44 This case is the 1997 acquisition of Barnett Banks by the Nations Bank Corporation.

45We emphasize the takeover of Nexen by CNOOC, which was involved in a SEC lawsuit because of insider trading
in stocks, while the newspapers broadly discussed unusual option trades.

46Note that, while we also include incomplete and rumored deals, we only include transactions that imply a change
in corporate control, and we exclude small deals with market values below 1 million USD.
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of a whistleblower. In these instances, if the case is settled out of court, it will not appear in the
public record. Third, the SEC will not even bother to litigate if there is little chance of indictment,
which will depend on the availability of clear evidence of insider activity. Overall, in spite of these
biases, 66 of the SEC litigation cases are covered by our study. In other words, our sample covers
65% of all litigated cases related to insider trading in equity options around M&A events, with the
Type II error rate being 35%.47

We next describe the characteristics of the option trades that we are able to extract from the
information in the SEC litigation reports.*® About 59 % of all cases are cash-financed transactions.
We would expect investors with private information to be less likely to trade on stock-financed
announcements, as the announcement return is typically higher for cash deals. This is consistent
with our finding of a greater cumulative abnormal call option volume for such transactions. The
average profit reaped through “rogue trades” in our sample period is 1.568 million USD. As we
conjectured earlier, this profit arises from deals that are almost exclusively purchases of OTM call
options, at a single strike price or multiple strike prices. The litigation reports reference put trades
in only 3 % of all cases. Also, as expected, the average ratio of stock price to strike price is 94%.
Furthermore, the insider trades are primarily executed in the so-called front month options, with
an average option time to expiration of one month. We note that there is large variation in the
timing of trades. However, the majority of trades occur within 21 days of the announcement. The
average inside trader transacts 16 days before the announcement date. It takes the SEC, on average,
756 days to publicly announce its first litigation action in a given case. Thus, assuming that the
litigation releases coincide approximately with the actual initiations of investigations, it takes the
SEC a bit more than two years, on average, to prosecute a rogue trade. The fines, including
disgorged trading profits, prejudgment interest and civil penalty, if any, appear large enough to
adequately recuperate illicit trading profits. The average fine is, at 3.54 million USD, a bit more

than double the average rogue profit. This is, however, largely driven by the figures in 2007, when

4"To be precise about the definitions of Type I and Type II errors, we start with the null hypothesis that our
sample covers all the cases litigated by the SEC. Thus, we define the Type I error to include cases that we identify
as having originated from an insider, but were not litigated by the SEC. Similarly, we define the Type II error to
include cases litigated by the SEC that we fail to identify. By definition, these cases are not in our sample.

48 Admittedly, the SEC has access to much more granular and detailed information on these cases, but we are not
aware of any study that systematically analyzes this information, other than the early study by Meulbroek (1992)
that focuses on stock trading and for a much smaller number of cases than the present study includes.
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the ratio of the average fine relative to the average profit was about 5.6. Finally, the typical insider
trade involves more than one person. The average number of defendants is three.

To summarize, the bulk of the prosecuted trades are purchases of plain-vanilla short-dated OTM
call options that are approximately 6 % OTM, occur within the 21 days prior to the announce-
ment, and more frequently relate to cash-financed deals. These characteristics closely resemble
the anomalous statistical evidence we find to be so pervasive in a representative sample of M&A
transactions: pervasive unusual and abnormal option trading volumes in particular for OTM and

short-dated call options.

6.2 The Determinants of Insider Trading Litigation

In this subsection, we examine the determinants of insider trading litigations. We emphasize that
we are unable to answer the question of whether certain characteristics reflect deals that are more
prone to insider trading, or whether insider trading is more easily detected by the SEC because
of certain company or market attributes. For example, the SEC may be more attentive during
specific market conditions and to a certain type of company.?? Nevertheless, we believe that this
descriptive evidence is informative about the nature of insider trading litigations.

To understand the characteristics of deals investigated by the SEC, we estimate a logit model
for all M&A deals, classified as either litigated by the SEC or not. The identifying indicator variable
SEC takes the value one if the deal has been litigated, and zero otherwise. We control for four
different categories of explanatory variables in our estimation: (i) deal characteristics, (ii) deal
financials, (iii) stock price information, and (iv) option volume and price information. For the

variables relating to deal characteristics, we estimate the following logit model:

Pr(SEC =1)=F (8o + p1SIZE + B2CASH + B3sCHALLENGE + 3,COMPLETE ©
6
+B3TOE + B4PRIVATE + 35COLLAR + B¢TERM + ;FRIENDLY + BsUS + ),

where F'(-) defines the cumulative distribution of the logistic function, and all explanatory vari-

49We suspect that the second assumption may be true. Given our discussions with a senior former official at the
regulator, the SEC operates under severely constrained resources. It is, therefore, more likely to litigate cases that
are more likely to result in a conviction and that have generated substantial illicit trading profits. In addition, the
recent emphasis on the issue with the creation of a Whistleblower Office suggests that there is time variation, in
particular a recent increase, in the intensity of litigation.
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ables are categorical variables that take the value one if a condition is met and zero otherwise.
SIZFE takes the value one if the transaction is larger than the median M&A deal value. CASH
characterizes cash-financed takeovers. CHALLFENGE identifies deals that have been challenged
by a second bidder. COMPLETE identifies completed deals that are not withdrawn or failed.
TOEF indicates whether a bidder already had a toehold in the target company. PRIV AT E equals
one if the acquirer privatized the target post-acquisition, COLLAR identifies transactions with a
collar structure, TERM is one for deals that have a termination fee that applies if the takeover
negotiations fail. FRIENDLY refers to the deal attitude. US is one if the bidder is a US-based
company. All specifications contain year fixed effects. We report the logit coefficients (and odds
ratios in parentheses), using Firth’s method for bias reduction in logistic regressions, in Table 12.

The evidence in column (1) suggests that the likelihood of SEC litigation is higher for larger
and completed deals that are initiated by foreign bidders. Specifically, a transaction greater than
the median M&A deal value is 2.35 times more likely to be pursued. The log-odds ratio suggests
that an acquisition undertaken by a foreign bidder is roughly twice as likely to be prosecuted as an
M&A transaction initiated by a US-based bidder. Completed deals are strong predictors of options
litigation, as a withdrawn or rumored deal is about 22 times less likely to be investigated. The
pseudo-R? of the regression is reasonable, with a value of 16%. We also investigate whether the
total number of target and acquirer advisors matters in the prediction of litigation. Given that a
greater number of parties involved in the transaction may increase the likelihood of leakage, one
could expect to observe a positive effect. Column (2) suggests that there is a positive relationship
between the number of advisors and the probability of litigation, but the effect is not statistically
significant. We further test the importance for the probability of litigation of the offer premium
(PREM1D), the offer price (PRICE), and another proxy for the size of the target - net sales
(SALES). Column (3) indicates that both the offer premium and the offer price are positively
related to the probability of SEC litigation, although the magnitudes of the odds ratios are just
above one.

In addition to the deal characteristics and deal financials, we test whether we can predict
the SEC litigations based on the stock price behavior of the parties involved in the transaction.

Thus, in column (6), we estimate an augmented logit model and include TRUNU P, the target’s
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pre-announcement cumulative abnormal stock return, TANNRET, the target’s announcement
abnormal return, TTPRET1, the target’s post-announcement cumulative abnormal return, and
ARUNU P, the acquirer’s abnormal stock return before the announcement day. Of these variables,
only the target’s post-announcement cumulative abnormal return is highly statistically signifi-
cant. The coefficient of 2.44 suggests that a target with a 1% higher cumulative abnormal post-
announcement return is approximately 11 times more likely to be investigated. This corresponds
to a marginal effect of 8 %, keeping all other variables at their median levels. To complete our
analysis, we also check whether the market environment in the period leading up to the announce-
ment has predictive ability for the SEC litigations. Thus, we further augment the base model with
MKTVOL, the market volume on the day before the announcement, and ABNORMVOLC, the
target’s total abnormal call trading volume during the 30 pre-announcement days.’® None of these
variables exhibits statistical significance in explaining the SEC civil litigations. Throughout all
specifications, we note that the coefficients on SIZE, COMPLETE, and US remain statistically
significant, with similar economic magnitudes.

In columns (6) to (10), we test whether there is any fundamental difference between those
SEC cases that were pursued because of insider trading in options compared to those that were
investigated because of allegedly illicit trading in stocks. Thus, we repeat the regressions from
columns (1) to (5), but we augment the dependent variable to include all litigated cases that
involve insider trading around M&As, whether in stocks or options. Our previous conclusions
remain largely unchanged. In addition, we do find some evidence that cash-financed deals are
about 1.7 times more likely to be caught up in a civil lawsuit. However, this finding is not robust
against the inclusion of market and trading activity measures.

According to our discussions with the regulator, the SEC, being resource constrained, pursues
larger-sized cases that provide the biggest “bank for the buck” from a regulatory perspective.
Taken at face value, our results are consistent with this interpretation, given that SEC litigation is
more likely for deals with large transaction values, which have higher bid prices and a greater offer
premium. It is interesting to see that the odds of litigation are higher for deals that are initiated

by foreign acquirers. Unfortunately, we cannot identify whether insiders prefer to trade ahead of

50We also controlled for ABNORMYV OL, the total abnormal volume for the target over the 30 days preceding the
announcement, and ABNORMV OLP, the total abnormal put options volume. The results don’t change.
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transactions involving larger companies, as such companies typically have a more liquid options
market, which would allow insiders to better hide their trades. Alternatively, the SEC may be more
likely to go after large-scale deals because they are easier to detect and more broadly covered in
the financial press. We do interpret the higher odds ratios of litigation for deals initiated by foreign
bidders as evidence that rogue traders seek to hide behind foreign jurisdictions in order to exploit
their private information. Overall, we find that the number of civil litigations initiated by the SEC
because of illicit option trading ahead of M&As, seems small in light of the pervasiveness of unusual
option trading that we have documented to be statistically different from trading activity on any

random date.

7 Conclusion

Research on trading in individual equity options has been scanty, and even more so when it comes
to that centered on major informational events such as M&As. In light of recent investigations
into insider trading based on unusual abnormal trading volumes in anticipation of major corporate
acquisitions, we investigate the presence of informed option trading around such unexpected public
announcements. We focus on equity options written on target and, to a lesser extent, acquirer
firms in the US. Our goal is to quantify the likelihood of informed trading by investigating various
options trading strategies, which should, a priori, lead to unusual abnormal trading volumes and
returns in the presence of private information.

Our analysis of the trading volume and implied volatility over the 30 days preceding formal
takeover announcements suggests that informed trading is more pervasive than would be expected
based on the actual number of prosecuted cases. We find statistically significant abnormal trading
volumes in call options written on the targets, prior to M&A announcements, with particularly
pronounced effects for OTM calls. This evidence is confirmed both overall, and in a sample of
strongly unusual trades, where the incentives for informed trading seem particularly striking, given
the comparison to the volume of trades in random samples.

We provide formal tests of shifts in the bivariate volume-moneyness distribution, and illustrate

that the unusual volumes of options trading cannot be replicated in a randomly matched sample.
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We further find strong support for positive excess implied volatility for the target companies. In
addition, for the targets, the term structure of implied volatility becomes more negative. The
evidence from the bid-ask spread is consistent with market makers adjusting their prices to protect
themselves from asymmetric information, that has not necessarily leaked to the market. In addition
to the analysis for the target companies, we also provide some evidence of unusual option activity
for the acquirer companies. Finally, we describe the characteristics of SEC-litigated insider trades
in options ahead of M&A announcements, and show that they closely resemble the statistical
properties of the unusual pre-event option trading activity.

Future analysis, based on the attributes of abnormal volume and excess implied volatility, will
lead to a classification that should ultimately be reflective of those cases that are most likely to

involve insider trading. This investigation may be of particular interest to regulators.
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Table 1: Descriptive and Financial Overview of M&A Sample

Panel A provides an overview of the M&A deal characteristics for all US domestic M&As in the Thomson Reuters SDC Platinum database over the time
period January 1996 through December 31, 2012, for which a matching stock, and option price information, were available for the target in, respectively, the
CRSP master file and OptionMetrics based on the 6-digit CUSIP. The sample excludes deals with an unknown or pending deal status, includes only those
deals with available deal information, for which the deal value is above 1 million USD and in which an effective change of control was intended. In addition,
we require valid price and volume information in both CRSP and OptionMetrics for the target for at least 90 days prior to and on the announcement day.
We report the number of deals (No.) and the corresponding sample proportions (% of Tot.). In addition, we report how many of the deals are classified as
completed, friendly, hostile, involving a target and acquirer in the same industry, challenged, or having a competing bidder, a collar structure, a termination
fee or a bidder with a toehold in the target company. All characteristics are reported for the overall sample (column Total), as well as for different offer
structures: cash-financed (Cash Only), stock-financed (Shares), a combination of cash and stock financing (Hybrid), other financing structures (Other), and
unknown (Unknown). Panel B illustrates the financial statistics of the deals. We report the transaction value (DVal) in million USD and the offer premium.
Pld (Plw, P4w) refers to the premium, one day (one week, four weeks) prior to the announcement date, in percentage terms. The deal value is the total
value of the consideration paid by the acquirer, excluding fees and expenses. The dollar value includes the amount paid for all common stock, common stock
equivalents, preferred stock, debt, options, assets, warrants, and stake purchases made within six months of the announcement date of the transaction. Any
liabilities assumed are included in the value if they are publicly disclosed. Preferred stock is only included if it is being acquired as part of a 100% acquisition.
If a portion of the consideration paid by the acquirer is common stock, the stock is valued using the closing price on the last full trading day prior to the
announcement of the terms of the stock swap. If the exchange ratio of shares offered changes, the stock is valued based on its closing price on the last full
trading date prior to the date of the exchange ratio change. For public-target 100% acquisitions, the number of shares at the date of announcement is used.
The premium paid is defined as the ratio of the offer price to the target’s closing stock price, one day (one week, four weeks) prior to the original announcement

date, expressed as a percentage. Source: Thomson Reuters SDC Platinum.

Panel A: Deal Information

Offer Structure Cash Only Hybrid Other Shares Unknown Total
Description No. % of Tot. No. % of Tot. No. % of Tot. No. % of Tot. No. % of Tot. No. % of Tot.
Nbr. of Deals 903 48.6% 415 22.3% 80 4.3% 403 21.7% 58 3.1% 1,859 100.0%
Completed Deals 746 40.1% 357 19.2% 67 3.6% 339 18.2% 33 1.8% 1,542 82.9%
Friendly Deals 805 43.3% 379 20.4% 69 3.7% 382 20.5% 42 2.3% 1,677 90.2%
Hostile Deals 35 1.9% 14 0.8% 3 0.2% 7 0.4% 4 0.2% 63 3.4%
Same-Industry Deals 379 42.0% 280 67.5% 39 48.8% 268 66.5% 27 46.6% 993 53.4%
Challenged Deals 111 6.0% 55 3.0% 7 0.4% 32 1.7% 11 0.6% 216 11.6%
Competing Bidder 83 4.5% 32 1.7% 3 0.2% 20 1.1% 4 0.2% 142 7.6%
Collar Deal 4 0.2% 54 2.9% 3 0.2% 52 2.8% 7 0.4% 120 6.5%
Termination Fee 698 37.5% 352 18.9% 51 2.7% 292 15.7% 29 1.6% 1,422 76.5%
Bidder has a Toehold 42 2.3% 11 0.6% 2 0.1% 7 0.4% 3 0.2% 65 3.5%
Panel B: Deal Financials

Offer Structure Cash Only Hybrid Other Shares Unknown Total
Description Mean Sd Mean Sd Mean Sd Mean Sd Mean Sd Mean Sd
DVal (mil) $2,242.0 $4,147.2  $5,880.9 $10,071.5 $5,074.2 $10,387.7 $5,429.8 $15158.5 $1,635.7  $2,503.7  $3,848.4  $9,401.3
Pid 33.6% 31.7% 28.5% 27.5% 25.1% 40.5% 28.3% 39.5% 33.3% 29.6% 31.0% 33.1%
Plw 36.6% 31.0% 32.4% 29.1% 29.5% 42.5% 33.6% 61.5% 33.4% 29.8% 34.7% 39.8%

Pdw 41.1% 35.6% 35.0% 32.4% 31.2% 46.1% 36.7% 45.3% 38.0% 33.6% 38.3% 37.7%




Table 2: Summary Statistics - Option Trading Volume (Without Zero-Volume Observations)

Table 2 presents basic summary statistics on option trading volumes, excluding zero-volume observations, stratified
by time to expiration (TTE) and moneyness (DITM). We report the mean (Mean), the standard deviation (SD), the
minimum (Min), the median (Med), the 75th percentile (p75), the 90th percentile (p90), and the maximum (Maz).
We classify the number of observations N into three groups of time to expiration: less than or equal to 30 days, greater
than 30 but less than or equal to 60 days, and more than 60 days. We assign five groups for depth-in-moneyness,
where depth-in-moneyness is defined as S/K, the ratio of the stock price S to the strike price K. Deep out-of-the-
money (DOTM) corresponds to S/K € [0,0.80] for calls ([1.20, c0) for puts), out-of-the-money (OTM) corresponds
to S/K € (0.80,0.95] for calls ([1.05,1.20) for puts), at-the-money (ATM) corresponds to S/K € (0.95,1.05) for calls
((0.95,1.05) for puts), in-the-money (ITM) corresponds to S/K € [1.05, 1.20) for calls ((0.80, 0.95] for puts), and deep
in-the-money (DITM) corresponds to S/K € [1.20, co) for calls ([0, 0.80] for puts). Panels A to C contain information
for all options; Panels D to F report statistics for call options; Panels G to I report statistics for put options. Source:

OptionMetrics.
Target (N = 2,214,260)
DITM Mean SD Min Med P75 p90 Max
Panel A: All options, TTE = [0,30]
DOTM (3%) 246 1,973 1 20 76 300 94,177
OTM (5%) 370 1,990 1 41 164 596 88,086
ATM (79%) 273 1,291 1 40 152 531 231,204
ITM (5%) 356 6,214 1 20 80 333 539,482
DITM (5%) 275 3,264 1 10 40 171 200,000
Total (100%) 283 2,135 1 35 138 500 539,482
Panel B: All options, TTE = ]30,60]
DOTM (6%) 163 863 1 20 63 229 29,045
OTM (9%) 285 1,201 1 32 128 500 55,222
ATM (71%) 184 855 1 25 95 328 71,822
ITM (6%) 190 3,244 1 20 65 254 475,513
DITM (6%) 208 5,288 1 10 37 137 523,053
Total (100%) 194 1,787 1 23 90 316 523,053
Panel C: All options, TTE = ]60,...]
DOTM (25%) 117 1,035 1 15 45 143 339,751
OTM (24%) 130 847 1 15 50 175 101,885
ATM (20%) 131 845 1 15 50 180 116,416
ITM (14%) 99 923 1 10 35 111 142,647
DITM (15%) 83 1,105 1 10 27 89 137,804
Total (100%) 115 949 1 13 42 142 339,751
Panel D: Call options, TTE = [0,30]
DOTM (2%) 285 1,914 1 20 78 334 78,937
OTM (4%) 438 2,266 1 49 194 711 83,637
ATM (78%) 302 1,461 1 44 171 592 231,204
ITM (7%) 446 7,363 1 22 97 431 539,482
DITM (7%) 220 3,161 1 10 40 152 200,000
Total (100%) 311 2,564 1 37 150 545 539,482
Panel E: Call options, TTE = ]30,60]
DOTM (4%) 168 790 1 20 70 250 25,000
OTM (8%) 313 1,292 1 37 144 533 36,955
ATM (70%) 202 923 1 27 100 363 55,208
ITM (7%) 213 3,828 1 20 73 293 475,513
DITM (8%) 213 5,967 1 10 34 116 523,053
Total (100%) 212 2,197 1 25 96 342 523,053
Panel F: Call options, TTE = ]60,...]
DOTM (23%) 108 1,149 1 15 46 140 339,751
OTM (26%) 124 829 1 15 50 169 101,885
ATM (20%) 137 931 1 15 50 182 116,416
ITM (13%) 108 1,083 1 10 34 111 142,647
DITM (16%) 82 1,249 1 10 25 79 137,804
Total (100%) 114 1,040 1 12 41 139 339,751
Panel G: Put options, TTE = [0,30]
DOTM (4%) 220 2,010 1 20 75 275 94,177
OTM (6%) 306 1,689 1 39 141 508 88,086
ATM (81%) 234 1,003 1 35 130 455 58,819
ITM (4%) 139 976 1 15 50 189 42,708
DITM (2%) 485 3,627 1 11 43 250 100,010
Total (100%) 242 1,275 1 30 120 431 100,010
Panel H: Put options, TTE = |30,60]
DOTM (9%) 159 915 1 20 60 210 29,045
OTM (10%) 253 1,084 1 30 110 449 55,222
ATM (71%) 155 739 1 22 80 280 71,822
ITM (5%) 136 836 1 15 50 197 41,177
DITM (3%) 192 1,264 1 12 50 232 54,004
Total (100%) 166 830 1 21 80 284 71,822
Panel I: Put options, TTE = ]60,...]
DOTM (29%) 129 855 1 15 45 150 61,123
OTM (22%) 141 880 1 15 50 193 83,066
ATM (21%) 120 680 1 15 50 175 56,000
ITM (14%) 84 580 1 11 38 110 40,906
DITM (12%) 87 669 1 10 33 100 70,014
Total (100%) 118 769 1 14 44 150 83,066
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Table 3: Positive Abnormal Trading Volume

Panel A reports the number (#) and frequency (freq.) of deals with statistically significant positive cumulative
abnormal volume at the 5% significance level, as well as the the average cumulative abnormal volume (E [CAV])
and corresponding t-statistic (tc4y ), computed using heteroscedasticity-robust standard errors. We use two different
models to calculate abnormal volume: the market model and the constant-mean model. For the market model,
the market option volume is defined as either the mean or the median of the total daily trading volume across all
options (respectively calls or puts) in the OptionMetrics database. All results are reported separately for call options,
put options, and for the aggregate option volume. The estimation window starts 90 days before the announcement
date and runs until 30 days before the announcement date. The event window stretches from 30 days before until
one day before the announcement date. Panel B reports the same statistics as in Panel A, disaggregated by the
consideration structure of the M&A transaction. We report results separately for cash-financed and stock-financed
transactions. Panel C reports the results of t-tests for the differences in the average cumulative abnormal volumes
across moneyness categories: out-of-the-money (OTM), in-the-money (ITM), and at-the-money (ATM). We report

the difference in average cumulative abnormal volume (Diff), the standard error (s.e.) and the p-value (p-val).

Panel A
Market Model (Median) Market Model (Mean) Constant-Mean Model

Option Type All Calls Puts All Calls Puts All Calls Puts

All Options - Target

Sign.t-stat 5% (#) 462 490 271 455 472 276 467 492 319

Sign.t-stat 5% (freq.) 0.25 0.26 0.15 0.24 0.25 0.15 0.25 0.26 0.17
TE[CAV] T T T T 7 7 15266.93 ~ 11969.28 ~ 3471.78 12955.74  10202.45 = 268879 ~ 14904.28 ~ 11546.02  3357.93 ~

toay 5.19 5.69 3.70 4.33 4.70 2.72 5.12 5.51 3.59

OTM Options - Target

Sign.t-stat 5% (#) 405 383 387 394 383 397 462 572 591

Sign.t-stat 5% (freq.) 0.22 0.21 0.21 0.21 0.21 0.21 0.25 0.31 0.32
TE[CAV] T T T T 7 7T 5650.09 ~ 3797.47 ~ 1859.50 ~ 5271.57 = 3581.55 = 1689.58 ~ 5477.21 ~ 3662.97  1814.23 ~

toay 5.27 5.52 4.04 5.56 5.56 4.07 5.58 5.58 4.25

ATM Options - Target

Sign.t-stat 5% (#) 298 300 254 278 283 255 408 420 498

Sign.t-stat 5% (freq.) 0.16 0.16 0.14 0.15 0.15 0.14 0.22 0.23 0.27
TE[CAV] T T T T 7 7 71246.45 ~ 1059.16 ~ 188.04 1246.45 =~ 753.14 ~ T129.54° ~ 1307.18 ~ 1059.04 =~ 248.14

toay 1.85 2.34 0.79 1.14 1.45 0.49 1.92 2.27 1.00

ITM Options - Target

Sign.t-stat 5% (#) 358 448 316 354 434 317 424 596 619

Sign.t-stat 5% (freq.) 0.19 0.24 0.17 0.19 0.23 0.17 0.23 0.32 0.33
TE[CAV] T T T T T 7 2804.58 ~ 1701.87 ~ 1109.71 " 2724.04 = ~1644.19 = 1057.57 ~ 2791.03° = 1694.86  1096.17 ~

toay 4.91 7.08 2.45 5.15 7 2.52 5.18 7.10 2.53

Panel B

CASH DEALS - All Options - Target

Sign.t-stat 5% (#) 234 247 132 223 239 133 237 252 162
Sign.t-stat 5% (freq.) 0.26 0.27 0.15 0.25 0.26 0.15 0.26 0.28 0.18

T E[CAV] T T T T T T T 17,1707 ~ "13,239° ~ 73,850 =~ 16,567 = 12,779 ~ T 3,827 ~ 17,106 = ~ 13,157 =~ 3,950
tocay 3.45 3.79 2.45 3.32 3.60 2.46 3.38 3.67 2.47
STOCK DEALS - All Options - Target
Sign.t-stat 5% (#) 103 109 56 103 108 56 103 112 68
Sign.t-stat 5% (freq.) 0.26 0.27 0.14 0.26 0.27 0.14 0.26 0.28 0.17

T E[CAV] T T T T T T T 14,993 ~ 11,8400 ~ 73,048 ~ T 9,530 =~ 9,457 ~ ~ 2325 ~ T 12,089  ~ 10,975~ 1,112 ~
toay 2.75 3.19 1.69 2.47 3.25 -0.15 3.01 3.66 0.71
Panel C
Statistics Diff s.e. p-val Diff s.e. p-val Diff s.e. p-val

All Options - Target

OTM-ATM 4403.64 995.00 0.00 4414.89 1001.70 0.00 4170.03 965.00 0.00
OTM-ITM 2845.51 679.97 0.00 2547.53 625.35 0.00 2686.17 644.32 0.00
ATM-ITM -1558.13 768.04 0.04 -1867.35 870.18 0.03 -1483.86 803.99 0.07
Call Options - Target

OTM-ATM 2738.31 640.40 0.00 2828.41 697.69 0.00 2603.93 655.36 0.00
OTM-ITM 2095.60 609.21 0.00 1937.35 577.47 0.00 1968.11 587.85 0.00
ATM-ITM -642.71 454.39 0.16 -891.06 514.97 0.08 -635.82 462.95 0.17
Put Options - Target

OTM-ATM 1671.46 478.39 0.00 1560.04 443.08 0.00 1566.10 449.78 0.00
OTM-ITM 749.79 300.46 0.01 632.01 313.97 0.04 718.06 310.18 0.02
ATM-ITM -921.67 500.32 0.07 -928.03 499.72 0.06 -848.04 498.29 0.09

45



97

Table 4: Bivariate Kolmogorov-Smirnov Tests - Target

Each entry in Table 4 represents the test statistic from a generalization of the bivariate two-sample Kolmogorov Smirnov test based on Fasano and Franceschini
(1987). The null hypothesis of the test is that two bivariate samples come from the same empirical distribution function. The bivariate distribution of trading
volume is compared across different event-time windows of five consecutive days (except for the announcement window, which contains a single day, and the
event window immediately preceding it, which contains only four days): The first event window stretches from ¢t = —29 to ¢t = —25 ([—29, —25]) and the last
from t = —4 to t = —1 ([—4,—1]). We also compare every event-time window against the announcement day ([0,0]). Panel A contains the results for call
options and Panel B contains the results for put options. For each group, we report the results from subsamples based on the time to expiration (TTE): less

Hkok

than or equal to 30 days, greater than 30 but less than or equal to 60 days, and more than 60 days. , ** and * denote statistical significance at the 1%, 5%

and 10% level, respectively.

Panel A: Calls Panel A: Puts
Full Sample Full Sample

Event Window [—24, —20] [—19, —15] [—14, —10] [—9, —5] [—4, —1] [0,0] T [—24, —20] [—19, —15] [—14, —10] [—9, —5] [—4, —1] [0, 0]
—29, —25 0.0279*** 0.0482*** 0.0616™** 0.1007*** 0.1592*** 0.4070%** | 0.0331*** 0.0414*** 0.0382*** 0.0607*** 0.0820*** 0.2760***
—24, —20 . 0.0228*** 0.0368*** 0.0744*** 0.1334™** 0.3911%** | 0.0209** 0.0242*** 0.0403*** 0.0677*** 0.2657***
—19, —15 . . 0.0173** 0.0556™** 0.1134*** 0.3694™** | . 0.0176™ 0.0301*** 0.0524*** 0.2549***
—14, —10 . . . 0.0410*** 0.0988*** 0.3581*** . 0.0295*** 0.0561*** 0.2564%**
—9, —5] . . . . 0.0606™** 0.3256™** | 0.0389*** 0.2351%**
—4, 1] . . . 0.2798*** . . 0.2132%**

TTE = [0,30] TTE = [0,30]
Event Window [—24, —20] [—19, —15] [—14, —10] [—9, —5] [—4, —1] [0,0] T [—24, —20] [—19, —15] [—14, —10] [—9, —5] [—4, —1] [0, 0]
—29, —25 0.0348 0.1255%** 0.2157*** 0.2750*** 0.3388*** 0.6102%** | 0.0318 0.1246*** 0.1978*** 0.2886™** 0.3400*** 0.5275%**
—24, —20 . 0.1212%** 0.2121%** 0.2645™** 0.3340™** 0.6093*** | . 0.1280*** 0.1978*** 0.2893*** 0.3407*** 0.5266™**
—19, —15 . . 0.0979*** 0.1667*** 0.2377*** 0.5105™** | . . 0.1003*** 0.1752%** 0.2280*** 0.4149***
—14,—10 . . . 0.0979*** 0.1700*** 0.4408*** . 0.0961*** 0.1484*** 0.3397***
—9, —5] . 0.0867*** 0.3607*** | . 0.0653*** 0.2509***
—4, —1] . . . 0.2854*** . . . 0.2104™**

TTE = ]30,60] TTE = ]30,60]
Event Window [—24, —20] [—19, —15] [—14, —10] [—9, —5] [—4, —1] [0,0] T [—24, —20] [—19, —15] [—14, —10] [—9, —5] [—4, —1] [0, 0]
—29, —25 0.0605™** 0.0859™** 0.0905™** 0.1341%** 0.1843*** 0.4324*** | 0.0670*** 0.0975%** 0.0907*** 0.1228%** 0.1355*** 0.3370™**
—24, —20 . 0.0390** 0.0453*** 0.0874%** 0.1421%** 0.3925™** | . 0.0465™* 0.0430* 0.0672%** 0.0896™** 0.3047***
—19,—-15 . . 0.0246 0.0628*** 0.1111%** 0.3746™** | . . 0.0353 0.0484*** 0.0747*** 0.2895™**
—14,—-10 . . . 0.0554*** 0.1050*** 0.3605"** . 0.0619*** 0.0983*** 0.3094***
-9, —5] . . . . 0.0611*** 0.3232%** | 0.0514™* 0.2729***
—4, —1] . . . . . 0.2885"** . . 0.2361"**

TTE = [60,...] TTE = [60,...]
Event Window  [—24, —20]  [—19, —15]  [—14, —10] =9, —5] =4, —1] [0, 0] T [—24, —20] [—19,—15] [—14, —10] [=9, —5] =4, —1] [0, 0]
—29, —25 0.0227*** 0.0323%** 0.0364™** 0.0675%** 0.1195™** 0.3897*** | 0.0293*** 0.0309*** 0.0264** 0.0371%** 0.0657*** 0.2706™**
—24, —20 . 0.0165* 0.0210™** 0.0503*** 0.1009*** 0.3763%** | . 0.0288*** 0.0288*** 0.0337*** 0.0553%** 0.2703***
—19, —15 . . 0.0158* 0.0390™** 0.0885™** 0.3623%** | . . 0.0187 0.0184* 0.0487*** 0.2525™**
—14,-10 . . . 0.0350™** 0.0853*** 0.3599*** . 0.0175 0.0454*** 0.2534***
-9, —5] . . . . 0.0549*** 0.3324%** | 0.0361%** 0.2429***
—4, —1] . . . . . 0.2883*** 0.2235™**




Table 5: Strongly Unusual Trading (SUT) Sample and Matched Random Sample

Panel A presents sample statistics for the strongly unusual trading (SUT) sample, reflecting four selection criteria: (1) the best bid price of the day is zero,
(2) non-zero volume, (3) option expiration after the announcement date, and (4) transaction within the 30 days prior to the announcement date. Panel B
presents comparative statistics for a sample randomly selected from the entire dataset, where for each event we choose a pseudo event date and then apply
the same selection criteria as for the SUT sample. Both panels contain statistics for the aggregate sample, as well as separately for call and put options. We
report the number of observations (Obs), the corresponding number of unique announcements (# Deals) and unique option classes (# Options), the average
(Mean vol) and median (Med vol) trading volume, followed by the percentiles of the distribution as well as the minimum and maximum observations. Panel C
shows results for the one- and two-sided Kolmogorov-Smirnov (KS) tests for the difference in distributions, and the one- and two-sided tests for differences in
means (T-test). The statistical tests are carried out for the samples including both call and put options. HO denotes the null hypothesis of each test, Statistic
denotes the test statistic type (D-distance for the KS test and t-statistic for the t-test), Value indicates the test-statistic value, and p-val the p-value of the
test.

Panel A: SUT selection with the historical 1,859 event dates for the target - zero bid

Target
" Obs # Deals # Options Mean vol Med vol Min vol  1Ist pctile ~ 5th pctile ~ 25th petile  75th petile  95th petile  99th petile  Max vol
All 2,042 437 1,243 123.78 20 1 1 1 6 62 479 2,076 13,478
Calls 1,106 299 570 137.23 20 1 1 1 5 65 543 2,517 6,161
Puts 936 316 673 107.9 20 1 1 1 7.5 60 390 1,494 13,478
Panel B: One random sample of 1,859 pseudo event dates for the target
Target
7 7 Obs # Deals 4 Options Mean vol Med vol Min vol 1Ist pctile ~ 5th pctile ~ 25th pctile  75th pctile ~ 95th pctile  99th petile  Max vol
All 3,412 574 1,901 57 10 1 1 1 5 32 200 813 5,000
Calls 1,813 351 941 64 11 1 1 1 5 40 232 893 5,000
Puts 1,599 387 960 49 10 1 1 1 5 30 182 759 3,000
Panel C: Tests for statistical significance between SUT and random sample with all options
Target
TT TS T T T T T T T KS (vosided) T T ] KS (one-sided) ~ ~ ~ KS (omesided) ~ T T T T-fest (mean) ~ Tofest (mean) "~ Totest (mean)”
HO: SUT=RS SUT< RS SUT> RS SUT=RS SUT< RS SUT> RS
Statistic D D D t t t
Value 0.12 0.12 1.00 -6.90 -6.90 -6.90

p-val 2.80e-12 4.14e-17 1.00 5.99e-12 2.99e-12 1.00




Table 6: Zero-Volume Runs

Table 6 reports sample proportions of observations that have more than, respectively, 0, 100, 500 and 1,000 option
contracts (for instance, P(V; > 0)). The proportions are reported for the overall sample, and for categories stratified
by depth-in-moneyness. We assign five groups for depth-in-moneyness, which is defined as S/K, the ratio of the
stock price S to the strike price K. Deep out-of-the-money (DOTM) corresponds to S/K € [0,0.80] for calls (
[1.20, 00) for puts), out-of-the-money (OTM) corresponds to S/K € (0.80,0.95] for calls ([1.05,1.20) for puts), at-the-
money (ATM) corresponds to S/K € (0.95,1.05) for calls ( (0.95,1.05) for puts), in-the-money (ITM) corresponds to
S/K € [1.05,1.20) for calls ((0.80,0.95] for puts), and deep in-the-money (DITM) corresponds to S/K € [1.20, co) for
calls ([0, 0.80] for puts). Panel A reports sample statistics for March 5, 2003. Panel B reports statistics for our entire
sample. Panel C reports statistics for the five days preceding the actual announcement days (¢ € [—5, —1]), as well as
for the five days preceding random pseudo-event dates. Ech comparison indicates the number of standard deviations
that the random proportion is away from the actual proportion. Panel C also reports proportions of observations
that have more than, respectively, 0, 100, 500 and 1,000 option contracts, conditional on zero trading volume on the

preceding day, respectively during the five preceding days.

DOTM OTM ATM ITM DITM Full Sample
Panel A: March 5, 2003
N 28,402 17,319 12,052 17,310 28,404 103,496
P(V; >0) 0.1064 0.2718 0.3022 0.1524 0.0539 0.1502
P(V; > 100) 0.0193 0.0641 0.0720 0.0243 0.0046 0.0297
P(Vx > 500) 0.0038 0.0172 0.0241 0.0059 0.0011 0.0080
P(V; > 1000) 0.0021 0.0083 0.0128 0.0035 0.0004 0.0042
Panel B: Full Sample
N 3,411,873 1,428,467 2,380,397 1,428,286 3,412,545 12,061,568
P(Vy >0) 0.1033 0.2581 0.3487 0.1584 0.0688 0.1668
P(Vy > 100) 0.0155 0.0474 0.0879 0.0220 0.0071 0.0320
P(V; > 500) 0.0040 0.0138 0.0270 0.0062 0.0018 0.0093
P(V; > 1000) 0.0022 0.0076 0.0144 0.0034 0.0010 0.0050
Panel C: ¢ € [-5,—1] - Actual vs. Random
N 78,424 32,500 27,074 32,540 78,436 248,974
Nrs 34,508 15,185 21,066 15,192 34,553 120,504
P(V; > 0) Actual 0.1155 0.3681 0.4265 0.2408 0.0922 0.1913
Random 0.0982 0.2519 0.3239 0.1502 0.0695 0.1554
# SD away 11 33 32 31 17 34
- P(Vz >1000) Actual ~ ~  0.0038 = 0.0165 = 0.0260 ~ 0.0067  0.0023° ~ ~ 0.0078
Random 0.0016 0.0052 0.0110 0.0024 0.0008 0.0036
# SD away 10 19 21 11 10 24
T P(Ve>0[Viei =0 Actual ~ ~  0.1037 = 0.2734 ~ 0.2766 02034  0.0859 ~  0.1521
Random 0.0882 0.1852 0.2120 0.1260 0.0647 0.1201
# SD away 10 28 23 29 16 34
" P(V>1000|V;—1 =0) ~ Actual =~ 0.0034  0.0121 = 0.0163 ~ 0.0054  0.0022°  0.0058
Random 0.0016 0.0037 0.0073 0.0021 0.0008 0.0027
# SD away 8 17 15 9 9 21
P(V; > 0] Z;il Viei =0) Actual 0.0835 0.1499 0.1155 0.1429 0.0746 0.1006
Random 0.0711 0.1029 0.0910 0.0892 0.0559 0.0765
# SD away 9 19 12 23 15 31
P(V; > 1000| Z?:l Vi—; =0) Actual 0.0027 0.0067 0.0063 0.0038 0.0020 0.0035
Random 0.0012 0.0020 0.0035 0.0018 0.0007 0.0016
# SD away 8 13 7 6 9 16
P(V; > 035, Vi =0) Actual 0.0676 0.0799 0.0481 0.1004 0.0650 0.0705
Random 0.0568 0.0583 0.0371 0.0623 0.0485 0.0518
# SD away 9 11 8 19 14 29
P(V; > 1000] ij:l Vi—i =0) Actual 0.0021 0.0036 0.0025 0.0023 0.0017 0.0022
Random 0.0009 0.0014 0.0015 0.0011 0.0007 0.0010
# SD away 7 7 4 5 7 13
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Table 8: Positive Excess Implied Volatility

Panel A in this table reports the results from a classical event study in which we test whether there was statistically
significant positive excess implied volatility in anticipation of the M&A announcements. Two different models are
used: excess implied volatility relative to a constant-mean-volatility model, and a market model, in which we use as
the market-implied volatility the CBOE S&P500 Volatility Index (VIX). The estimation window starts 90 days before
the announcement date and runs until 30 days before it. The event window stretches from 30 days before until one
day before the announcement date. Panel A reports the number (#) and frequency (freq.) of events with statistically
significant positive excess implied volatility at the 5% significance level. The results are illustrated separately for
the 30-day at-the-money (ATM), in-the-money (ITM) and out-of-the-money (OTM) implied volatility, defined as,
respectively, 50, 80 and 20 delta (§) options in absolute value.

Panel A
Market Model (VIX) Constant-Mean Model

Option Type Calls Puts Calls Puts
30-day ATM Implied Volatility (|6 = 50) - Target

Sign.t-stat 5% (#) 812 798 794 766
Sign.t-stat 5% (freq.) 0.44 0.43 0.43 0.41
30-day ITM Implied Volatility (|§] = 80) - Target

Sign.t-stat 5% (#) 733 756 712 762
Sign.t-stat 5% (freq.) 0.39 0.41 0.38 0.41
30-day OTM Implied Volatility (|6] = 20) - Target

Sign.t-stat 5% (#) 791 671 772 668
Sign.t-stat 5% (freq.) 0.43 0.36 0.42 0.36
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Table 9: Summary Statistics for Acquirer - Option Trading Volume

Table 9 presents basic summary statistics on option trading volumes for the acquirer companies, excluding zero-
volume observations, stratified by time to expiration (TTE) and moneyness (DITM). We report the mean (Mean),
the standard deviation (SD), the minimum (Min), the median (Med), the 75th percentile (p75), the 90th percentile
(p90), and the maximum (Maz). We classify the number of observations N into three groups of time to expiration:
less than or equal to 30 days, greater than 30 but less than or equal to 60 days, and more than 60 days. We assign five
groups for depth-in-moneyness, defined as S/K, the ratio of the stock price S to the strike price K. Deep out-of-the-
money (DOTM) corresponds to S/K € [0,0.80] for calls ( [1.20, c0) for puts), out-of-the-money (OTM) corresponds
to S/K € (0.80,0.95] for calls ([1.05,1.20) for puts), at-the-money (ATM) corresponds to S/K € (0.95,1.05) for
calls ( (0.95,1.05) for puts), in-the-money (ITM) corresponds to S/K € [1.05,1.20) for calls ((0.80,0.95] for puts),
and deep in-the-money (DITM) corresponds to S/K € [1.20,00) for calls ([0, 0.80] for puts). Panels A to C contain
information for all options; Panels D to F report statistics for call options; Panels G to I report statistics for put

options. Source: OptionMetrics.

Acquirer (N = 3,582,394)

DITM Mean SD Min Med P75 p90 Max
Panel A: All options, TTE = [0,30]

DOTM (10%) 127 594 1 20 71 231 27,377
OTM (22%) 497 1,497 1 79 355 1,207 55,167
ATM (26%) 1,084 3,038 1 204 927 2,744 198,146
ITM (23%) 398 5,209 1 42 175 624 679,620
DITM (16%) 214 3,286 1 16 54 191 300,841
Total (100%) 547 3,361 1 52 279 1,146 679,620
Panel B: All options, TTE = ]30,60]

DOTM (14%) 141 838 1 20 76 245 95,000
OTM (27%) 384 1,388 1 69 269 830 94,552
ATM (25%) 551 1,666 1 101 425 1,299 90,497
ITM (20%) 236 3,488 1 30 108 367 458,019
DITM (12%) 334 12,543 1 11 40 133 1,609,002
Total (100%) 354 4,841 1 41 183 659 1,609,002
Panel C: All options, TTE = ]60,...]

DOTM (24%) 112 74 1 20 59 176 137,430
OTM (25%) 193 1,072 1 26 100 328 246,507
ATM (18%) 208 927 1 28 108 382 88,131
ITM (15%) 106 678 1 17 53 164 125,027
DITM (15%) 80 1,774 1 10 30 86 582,500
Total (100%) 145 1,082 1 20 67 224 582,500
Panel D: Call options, TTE = [0,30]

DOTM (6%) 96 434 1 13 49 185 18,553
OTM (21%) 523 1,572 1 75 361 1,281 55,167
ATM (25%) 1,285 3,598 1 244 1,106 3,239 198,146
ITM (24%) 499 6,595 1 50 215 750 679,620
DITM (23%) 192 3,379 1 17 58 192 300,841
Total (100%) 603 4,143 1 50 283 1,233 679,620
Panel E: Call options, TTE = ]30,60]

DOTM (9%) 123 907 1 20 70 225 95,000
OTM (27%) 425 1,471 1 72 296 935 53,060
ATM (24%) 657 1,934 1 123 528 1,593 90,497
ITM (21%) 297 4,480 1 33 128 432 458,019
DITM (17%) 349 14,251 1 11 39 119 1,609,002
Total (100%) 412 6,386 1 42 200 741 1,609,002
Panel F: Call options, TTE = ]60,...]

DOTM (19%) 111 744 1 20 63 187 137,430
OTM (27%) 199 1,167 1 28 106 347 246,507
ATM (18%) 214 954 1 30 115 398 88,131
ITM (15%) 110 753 1 17 56 171 125,027
DITM (20%) 75 1,976 1 10 28 80 582,500
Total (100%) 147 1,231 1 20 70 230 582,500
Panel G: Put options, TTE = [0,30]

DOTM (14%) 145 672 1 24 90 260 27,377
OTM (25%) 468 1,410 1 83 349 1,128 40,432
ATM (29%) 855 2,210 1 166 750 2,185 77,874
ITM (21%) 249 1,670 1 32 130 465 184,584
DITM (8%) 294 2,915 1 13 47 188 105,004
Total (100%) 471 1,846 1 54 274 1,050 184,584
Panel H: Put options, TTE = |30,60]

DOTM (21%) 152 795 1 22 81 250 45,195
OTM (27%) 332 1,277 1 65 244 716 94,552
ATM (26%) 424 1,263 1 81 315 1,010 32,239
ITM (18%) 145 700 1 24 83 271 45,470
DITM (6%) 281 1,989 1 13 52 203 80,401
Total (100%) 280 1,168 1 40 165 570 94,552
Panel I: Put options, TTE = ]60,...]

DOTM (31%) 114 802 1 19 53 163 100,103
OTM (23%) 181 871 1 24 88 296 78,492
ATM (19%) 200 885 1 25 100 355 71,516
ITM (16%) 101 555 1 16 50 152 39,420
DITM (9%) 94 735 1 11 35 102 63,051
Total (100%) 142 796 1 20 64 214 100,103
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Figure 1: Trading Volumes around Announcement Dates

Figure 1 illustrates the daily average option trading volume around the M&A announcement, from 60 days before to
60 days after the announcement date. Figures (1a) and (1b) plot the average call trading volume for, respectively,
the acquirer and the target. Figures (1c) and (1d) plot the average put trading volume for, respectively, the acquirer
and the target. The bars represent the average daily trading volume across all M&A deals, where for each deal,
the daily volume reflects the total aggregated volume across all traded options. Volume is defined as the number of

option contracts. Source: OptionMetrics.
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Figure 2: Abnormal Trading Volumes Before Announcement Dates

Figure (2a) plots the average abnormal trading volume for, respectively, all equity options (solid line), call options
(dashed line) and put options (dotted line), over the 30 days preceding the announcement date. Volume is defined as
the number of option contracts. Figure (2b) reflects the average cumulative abnormal trading volume for all options
(solid line), call options (dashed line) and put options (dotted line) over the same event period. Figures (2c) and (2d)
plot the average abnormal and cumulative abnormal trading volume for call options in M&A transactions that are
either cash-financed (solid line) or stock-financed (dashed line), over the 30 days preceding the announcement date.

Source: OptionMetrics.
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Figure 3: Volume vs. Depth-in-Moneyness across Event Windows

Figure 3 shows local polynomial functions fitted to the volume-depth distribution across seven different event windows
and for the full sample (excluding the event windows). Figures (3a) and (3b) show the polynomial fits for, respectively,
call and put options on the target companies. Volume is defined as the number of option contracts. Depth-in-
moneyness is defined as S/K, the ratio of the stock price S to the strike price K. Deep out-of-the-money (DOTM
- solid line) corresponds to S/K € [0,0.80] for calls ( [1.20,00) for puts), out-of-the-money (OTM - dashed-dotted
line) corresponds to S/K € (0.80,0.95] for calls ([1.05,1.20) for puts), at-the-money (ATM - dashed-double-dotted
line) corresponds to S/K € (0.95,1.05) for calls ( (0.95,1.05) for puts), in-the-money (ITM - dotted) corresponds to
S/K € [1.05,1.20) for calls ((0.80,0.95] for puts), and deep in-the-money (DITM - dash-triple-dot) corresponds to
S/K € [1.20,00) for calls ([0,0.80] for puts). Volume is winsorized at the upper 99th percentile. Figures (3c) and

(3d) replicate Figures (3a) and (3a), but omit the announcement effect. Source: OptionMetrics.
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Figure 4: Trading Volume Distribution around Announcement Dates

Figure 4 plots distributional statistics of the options trading volume, defined as the number of traded contracts, from
30 days before until 20 days after the announcement date. The left axis on each subfigure plots the 90th (dashed
line) and the 95th (solid line) percentiles of the volume distribution, while the right axis on each subfigure refers to
the interquartile range (dotted line). Figures (4a) and (4b) refer to, respectively, the call and put volumes for the

target companies. Source: OptionMetrics.
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Figure 5: Excess Implied Volatility Before Announcement Dates

Figure 5 plots, for the target companies, the average excess implied volatility relative to the VIX index for the 30-day
at-the-money (ATM) implied volatility from, respectively, call (dashed line) and put (solid line) options, over the 30

days preceding the announcement date. Source: OptionMetrics.
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Figure 6: Information Dispersion - Bid-Ask Spreads

Figure (6a) illustrates the evolution of the average percentage bid-ask spread from 90 days before the announcement

date to 90 days after the announcement date. Figure (6b) replicates the evolution of the average percentage bid-

ask spread, and compares it against the evolution of the average percentage bid-ask calculated for randomly chosen

announcement dates. Figure (6¢) illustrates a stratification by depth-in-moneyness. We assign five groups for depth-
in-moneyness, which is defined as S/K, the ratio of the stock price S to the strike price K. Deep out-of-the-money
(DOTM - solid line) corresponds to S/K € [0,0.80] for calls ( [1.20, c0) for puts), out-of-the-money (OTM - dashed-
dotted line) corresponds to S/K € (0.80,0.95] for calls ([1.05,1.20) for puts), at-the-money (ATM - dashed-double-
dotted line) corresponds to S/K € (0.95,1.05) for calls ( (0.95,1.05) for puts), in-the-money (ITM - dotted line)
corresponds to S/K € [1.05,1.20) for calls ((0.80,0.95] for puts), and deep in-the-money (DITM - dashed-triple-
dotted line) corresponds to S/K € [1.20, 00) for calls ([0,0.80] for puts). Source: OptionMetrics.
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Figure 7: Implied Volatility Smile and Term Structure

The graphs in Figure 7 characterize the evolution of implied volatility (IV) around M&A announcement dates. Each
node represents the cross-sectional average within a time window defined on the x-axis. Figure (7a) plots two measures
of IV skewness: the difference between OTM IV for calls with a delta of 20 and ATM IV for calls with a delta of 50
(left axis); the difference between ITM IV for puts with a delta of -80 and ATM IV for puts with a delta of -50 (right
axis). Figure (7b) plots the evolution of two additional IV skewness measures for the target: the difference between
OTM 1V for puts with a delta of 25 and OTM IV for calls with a delta of 25, scaled by the average ATM IV with a
delta of 50 (left axis); the difference between OTM IV for puts with a delta of 20 and ATM 1V for calls with a delta of
50 (right axis). Figure (7c) depicts the IV term structure for call options, defined as the difference between the ATM
IV of call options (delta = 50) with respectively 91 and 30 days to maturity (left axis), and the IV term structure
for put options, defined as the difference between the ATM IV of put options (delta = 50) for respectively 91 and
30 days to maturity (left axis). For each graph, we compare the actual averages to those computed from randomly

selected announcement dates. Source: OptionMetrics.
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Figure 8: Straddle Trading Volume

Figure 8 characterizes the evolution of straddle pairs and trading volume around M&A announcement dates. Figure
(8a) plots the evolution of the average (left scale) and total (right scale) number of straddle trading strategies for the
acquirer. Figure (8b) reports the evolution of the average (left scale) and total (right scale) straddle trading volume
for, respectively, the target and the acquirer. For each deal on each day, we identify call-put pairs (CP pairs) that are
written on the same underlying stock and that have identical strike prices and times to expiration. For each CP pair,
the lower volume of either the call or put option reflects an upper bound on the number of implementable straddle

trading strategies. Source: OptionMetrics.
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A A Taxonomy of Insider Trading Strategies

To obtain a high level classification of potential insider trading strategies, we need to distinguish
between insider trading strategies on the target and those on the acquirer. An investor trad-
ing illicitly, based on private information, would gain most from bullish strategies on the target
company (or alternatively a replication of such a strategy carried out by shorting bearish strate-
gies), and from strategies that are long rising volatility on the acquirer firms (or alternatively
a replication of such a strategy by shorting strategies that benefit from falling volatility). Any
replicating strategy that involves the underlying could also be created by investing in the futures
contract on the underlying. We will omit such possibilities in what follows as we have no means
to get specific information on such futures contracts. We will likewise not talk about the obvious

strategy of investing directly in the stock only.

A.1 Target

Insider trading on the target is only profitable for long bullish strategies. These strategies can
also usually be replicated by shorting bearish strategies in a dynamic fashion. We discuss each

possibility one by one.

A.1.1 Long Bullish Strategies

1. Long Call

The simplest form of exploiting inside information using options is to buy plain vanilla and
short-dated deep OTM call options on the underlying stock, given that they provide the

biggest leverage to the investor.?!

This implies that we should observe abnormal trading
volume in call options prior to M&A announcements. The abnormal trading volume should
be relatively higher for OTM options in comparison to ATM and ITM options. Moreover,
the call-to-stock volume ratio should increase ahead of the announcement. The cost of this

strategy will be equal to the option premium.

2. Long Call Ratio Backspread

A call ratio backspread consists of selling a call option with strike K7 and buying two call
options with strike Ko, where K; < Ks. The advantage is that by selling one call option
for every two purchased, part of the strategy is self-financing. Similar to the simple long
call strategy, the long call ratio backspread provides the most leverage if it is constructed
using OTM options. Hence we would expect abnormal trading volume in OTM call options
in comparison to ATM and ITM options.?? Moreover, the call-to-stock volume ratio should

increase ahead of the announcement. The cost of this strategy will be equal to the option

510f course, the options should not be too far OTM, since the stock may not move that much, even after the
announcement.
52The implication also applies to the relative volumes of more OTM to less OTM calls.
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premium. (Note that this strategy could be replicated more cost efficiently by selling a put
option with strike K7, shorting the underlying, and buying two call options with strike Kj,
where K1 < Ko. Such a strategy would be more cost efficient as selling the I'TM put and
shorting the stock would bring in more money than selling the OTM call.)

3. Long Bull Call Spread

An insider may be certain about the direction of the stock price, but he could reasonably
assume that the stock was going to rise by no more than a certain percentage. In that case,
he could engage in a long bull call spread. Such a strategy is constructed by buying a call
option with strike K; and selling a call option with strike K5, where K1 < Ks. Similarly to
the long call ratio backspread, this strategy would be partly self-financing. If we assume that
leverage is optimized and the call options are OTM, then we would expect abnormal trading
volumes in call options ahead of takeover announcements. Such abnormal trading volumes
should be relatively higher for OTM options than ATM and ITM options. Moreover, the
call-to-stock volume ratio should increase ahead of announcements. (Note that this strategy
could be replicated more cost efficiently by selling a put option with strike K5, shorting the
underlying, and buying one call option with strike K;, where K1 < Ks. Such a strategy
would be more cost efficient for a financially constrained investor as selling the ITM put and

shorting the stock would bring in more money than selling the OTM call. )

4. Long Bull Put Spread

A bull put spread can be implemented by buying a put option with strike K7 and selling a
put option with strike Ko, where K7 < Ks. This would be most profitable if the investor
transacted in I'TM puts, thus creating the hypothesis that we ought to see an abnormal
trading volume in ITM puts ahead of an announcement. Under this hypothesis, we should
also see an increase in the put-to-stock trading volume ratio. The advantage of this strategy
is that the purchase of an ITM put is financed with a relatively more ITM (and therefore
more expensive) put. This strategy should therefore be entirely self-financing. (Note that
this strategy can be replicated by buying a put option with strike K7, selling a call option
with strike K5, where K; < Ko, and buying the underlying stock. In this case, we would also
expect a higher abnormal trading volume in OTM call options and in I'TM put options.)

A.1.2 Short Bearish Strategies

1. Long Put + Stock

According to put-call parity, a long call position can be replicated by a position in a put on the
same underlying with equal strike and equal time to maturity, combined with a position on the
underlying stock. As the greatest leverage is obtained from OTM call options, this strategy
can be replicated by buying ITM put options and matching them with the underlying stock.
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According to this hypothesis, we should observe abnormal trading volume in both puts and
stocks. Accordingly, the abnormal volume should be relatively higher for ITM put options
compared to ATM and ITM puts. In addition, the put to stock volume ratio should not
be significantly affected. This strategy, however, would be significantly less attractive for a
capital constrained investor, relative to a simple OTM call transaction, as the ITM puts are
comparatively more expensive and the stock is fully funded. The cost of this strategy will be

determined by the put premium and the stock price.

. Short Put

If the investor is certain about the direction of the stock price movement, he can simply
take advantage of his private information by selling ITM put options. When stock prices do
shoot up after an announcement, the put options will expire worthless, whereas the writer
of the options will have a profit equal to the put premium times the number of puts sold.
This strategy could also be replicated by taking a short position in matched-strike OTM call
options together with a long position in the underlying stock (which would correspond to a

covered call).

. Sell Put Ratio Backspread

A short put ratio backspread is implemented by selling two puts with strike K7 and buying
one put option with strike Ko, where K7 < K5. While this strategy suggests that there would
be a range of contingent outcomes from which the insider could benefit, the strategy is much
riskier than others as he could lose money beyond a certain rise in prices. While we expect
such a strategy to be an unlikely choice for insider trading, it would generate abnormal trading
volumes in ITM put options. (A replication strategy with two short puts at K7, long a call
at K9 and short the stock would have different predictions for the option-to-stock trading

volume ratio, and would also suggest an abnormal trading volume in OTM calls. )

. Sell Bear Call Spread

The idea of selling a bear call spread is similar to the idea of selling ITM puts, except that
the profit potential is diminished relative to simple ITM put options. This is thus another
unlikely strategy, but a theoretically possible one. A short bear call spread is constructed by
selling a call with strike Ko and buying a call with strike K7, where K7 < K. In terms of

expectations for trading volumes, such a strategy would raise the OTM call trading volume.

. Sell Bear Put Spread

Finally a short bear put spread is very similar to the short bear call spread, except that it is
constructed using puts rather than calls. The composition contains a short position in a put
option with strike Ks and a long position in a put option with strike Ki. As this strategy
is also similar to the idea of selling ITM puts, except that the profit potential is diminished
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relative to simple ITM put options, we again find such a strategy unlikely but theoretically
feasible. In any case, the prediction is that we should expect an increase in the abnormal

volume for I'TM put options.

A.2 Acquirer

In M&As, the outcome of the stock price evolution for the acquirer company is more uncertain
than for the target company, which, on average, has a positive stock price evolution. On the
other hand, the takeover announcement is typically associated with an increase in volatility. We
therefore expect that an insider would trade on his private information by adopting long neutral
price strategies that would benefit from a rise in volatility. Alternatively, he could adopt short

neutral price strategies that would benefit from a fall in volatility.

A.2.1 Long Rising Volatility Strategies

1. Long Straddle

An insider, uncertain about the evolution of the stock price of the acquirer but certain about
a rise in volatility, could take advantage of his private information through a long position in
a straddle. A straddle is constructed by buying a call and put option on the same underlying
with the same strike price. Such a strategy benefits most from a rise in volatility if both
options are purchased ATM. Thus, we would expect to see a relatively stronger increase in the
trading volumes for pairs of calls and puts with the same strike and the same time to maturity
(most likely short-dated options). This should result in a relatively higher abnormal trading
volume for the acquirer for ATM options compared to ITM and OTM options, irrespectively
of whether we look at calls or puts. The cost of this strategy is determined by the price of
the ATM call and put options. In its simplest form, there should be an increase in both the

call-to-stock and the put-to-stock trading volume ratios.

There are several ways to replicate this strategy. For example, it would be possible to buy
two ATM calls and short the underlying stock. Alternatively, one could buy two ATM puts
and add the underlying stock. The former strategy would be more desirable for capital-
constrained investors as the purchase of ATM options could be financed through the short
sale of the underlying stock. With respect to the latter replication, the trader would need
to buy the put options and the underlying stock. In addition, in the case of a shortsale
of the underlying, the defensive argument that the trader was speculating may be more
reasonable. Regardless, no matter which strategy we are looking at, we should expect an
increase in abnormal trading volumes for ATM call and put options. In both cases, the ratio
of calls/puts to the underlying stock is two, implying that we should see an increase in both

the call-to-stock and the put-to-stock trading volume, just as in the basic straddle strategy.

2. Long Strangle
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A strangle is similar to a straddle, but it may be less costly to implement. It can be constructed
by buying a call option with strike K7 and a put option with a strike Ky, where K; < Ka.
The optimal way to implement this strategy in the case of insider trading would be to buy
near-the-money options. This means that both the options would be only weakly OTM.
Hence, we can argue that we would expect an increase in abnormal trading volumes for ATM
options if we define ATM through a delta range between, for example, 45% and 55% (or a
stock-to-strike ratio between 95% and 105%).

There exist several variants of the strangle. One could buy a put option with strike K7 and
a call option with strike Ko, where K1 < K5. The outcome for the trading volume would be
similar to the basic case. Alternatively, it is possible to buy one put at strike K7, one put
at strike K5, and the stock. In this case, the put-to-stock ratio should increase, but not the
call-to-stock ratio. However, one would expect to see an abnormal trading volume in ATM
puts. It is also possible to replicate the strangle by buying one call at strike K7, one call at
strike Ko, and shorting the stock. Likewise, the ratio of call-to-stock volumes should increase,

and we would expect an abnormal trading volume for ATM calls.

. Long Strap

An interesting alternative for an insider, who is uncertain about the stock price outcome for
the acquirer, would be to take a long position in a strap. He would thereby benefit from a
rise in volatility, but keep a higher profit potential should the stock price rise. A strap, if
inside information existed, would be optimally constructed by buying two ATM calls and one
ATM put. This would again lead to the prediction that there should be an abnormal trading
volume in ATM options. In addition, there should be a relative increase in the ratio of the

call-to-put trading volumes.

A variant to this strategy would be to buy 3 three ATM calls and short the underlying.
This would increase the trading volume in ATM call options, increase the ratio of call-to-put

trading volumes, and increase the ratio of call-to-stock volumes.

. Long Strip A strip is essentially the mirror image of a strap. A long strip trading strategy
benefits from a rise in the volatility of the underlying stock price, but its value increases
relatively more if the stock price goes down. The strategy can be optimally constructed (in
the presence of private information) by buying two ATM puts and one ATM call. This would
also predict a positive abnormal trading volume in ATM options. In addition, there should

be a relative increase fo the ratio of the put-to-call trading volumes.

A variant to this strategy would be to buy three ATM puts and long the underlying. This
would increase the trading volume in ATM put options, decrease the ratio of call-to-put

trading volumes, and increase the ratio of put-to-stock volumes.
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A.2.2 Short Falling Volatility Strategies

Strategies that benefit from falling volatility are implemented by taking the mirror image positions
of those strategies that benefit from a rise in volatility. In other words, such strategies can be
implemented by selling a straddle, strangle, strip or strap. As an insider would need to go short on
such positions, he would end up with the simple long straddles, strangles, strips and straps. There
is therefore no need to investigate any further strategies. We can simply refer to the strategies in
section A.2.1.

A.3 Conclusion

The insight from the exercise of classifying potential insider trading strategies for the acquirer and
the target companies is the following: no matter which strategy we look at, the conclusion is that,
in the presence of insider information, there should be abnormal trading volumes for the target
companies in OTM call options and I'TM put options. Meanwhile, there should be an abnormal
trading volume in ATM options written on the acquirer. Conditional on such findings, the ratios
of call-to-stock, put-to-stock and call-to-put volumes may yield insights regarding which strategy

is implemented by the insider.
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Table A.2: Positive Abnormal Trading Volume - LOG SCALE

Panel A reports the number (#) and frequency (freq.) of deals with statistically significant positive cumulative
abnormal volume at the 5% significance level, as well as the the average cumulative abnormal volume (E [CAV])
and corresponding t-statistic (tc4y ), computed using heteroscedasticity-robust standard errors. We use two different
models to calculate abnormal volume: the market model and the constant-mean model. For the market model,
the market option volume is defined as either the mean or the median of the total daily trading volume across all
options (respectively calls or puts) in the OptionMetrics database. All results are reported separately for call options,
put options, and for aggregate option volume. The estimation window starts 90 days before the announcement
date and runs until 30 days before the announcement date. The event window stretches from 30 days before until
one day before the announcement date. Panel B reports the same statistics as in Panel A, disaggregated by the
consideration structure of the M&A transaction. We report results separately for cash-financed and stock-financed
transactions. Panel C reports the results of t-tests for the differences in the average cumulative abnormal volumes
across moneyness categories: out-of-the-money (OTM), in-the-money (ITM), and at-the-money (ATM). We report

the difference in average cumulative abnormal volume (Diff), the standard error (s.e.) and the p-value (p-val).

Panel A
Market Model (Median) Market Model (Mean) Constant Mean Model
Option Type All Calls Puts All Calls Puts All Calls Puts
All Options - Target
Sign.t-stat 5% (#) 700 720 487 688 698 473 729 733 541
Sign.t-stat 5% (freq.) 0.38 0.39 0.26 0.37 0.38 0.25 0.39 0.39 0.29
T E[CAV] T T T T T T T 10.46 ~— ~ 1200 ~ T 5.07 ~ ~ o978 ~ T 11277 T 431 ~ T 1065 = 12,13 © T 5.03°
tcAy 16.01 18.06 9.16 14.63 16.61 7.65 15.83 17.80 8.86
OTM Options - Target
Sign.t-stat 5% (#) 405 383 387 394 383 397 462 572 591
Sign.t-stat 5% (freq.) 0.22 0.21 0.21 0.21 0.21 0.21 0.25 0.31 0.32
TE[CAV] T T T T 7 7 5650.09 ~ 3797.47 = 1859.50 ~ 5271.57  3581.55 ~ 1689.58 < 5477.21 = 3662.97  1814.23
tcay 5.27 5.52 4.04 5.56 5.56 4.07 5.58 5.58 4.25
ATM Options - Target
Sign.t-stat 5% (#) 298 300 254 278 283 255 408 420 498
Sign.t-stat 5% (freq.) 0.16 0.16 0.14 0.15 0.15 0.14 0.22 0.23 0.27
TE[CAV] T T T T 7 7 T1246.45 ~ 1059.16 ~ 188.04  ~ 1246.45 753714 ~ 129.54 = T1307.18 = 1059.04 ~ 248.14
to Ay 1.85 2.34 0.79 1.14 1.45 0.49 1.92 2.27 1.00
ITM Options - Target
Sign.t-stat 5% (#) 358 448 316 354 434 317 424 596 619
Sign.t-stat 5% (freq.) 0.19 0.24 0.17 0.19 0.23 0.17 0.23 0.32 0.33
TE[CAV] T T T T 7 7 2804.58 ~ 1701.87  1109.71 ~ 2724.04  ~1644.19 ~ 1057.57 2791.03 =~ 1694.86 ~ 1096.17 ~
tocAy 4.91 7.08 2.45 5.15 7 2.52 5.18 7.10 2.53

Panel B

CASH DEALS - All Options - Target

Sign.t-stat 5% (#) 341 353 232 339 349 225 350 354 265
Sign.t-stat 5% (freq.) 0.38 0.39 0.26 0.38 0.39 0.25 0.39 0.39 0.29

T E[CAV] T T T T T T T 11.22 © ~ 71298 ~ T 555 1043 T T 12167 ~ T4775 T 11.08 © 12,90  ~ .19
tocay 12.00 13.77 6.95 11.00 12.77 5.85 11.73 13.57 6.37
STOCK DEALS - All Options - Target
Sign.t-stat 5% (#) 152 157 98 141 149 94 163 163 110
Sign.t-stat 5% (freq.) 0.38 0.39 0.24 0.35 0.37 0.23 0.40 0.40 0.27

T E[CAV] T T T T T T T 935 ~ 7 1059 T 374~ T "889 ~ T 1013 © "2099 ~ T 1056~ 11.81 T~ 4.28°
toay 7.20 7.89 3.40 6.66 7.34 2.71 7.82 8.49 3.83
Panel C
Statistics Diff s.e. p-val Diff s.e. p-val Diff s.e. p-val

All Options - Target

OTM-ATM 4403.64 995.00 0.00 4414.89 1001.70 0.00 4170.03 965.00 0.00
OTM-ITM 2845.51 679.97 0.00 2547.53 625.35 0.00 2686.17 644.32 0.00
ATM-ITM -1558.13 768.04 0.04 -1867.35 870.18 0.03 -1483.86 803.99 0.07
Call Options - Target

OTM-ATM 2738.31 640.40 0.00 2828.41 697.69 0.00 2603.93 655.36 0.00
OTM-ITM 2095.60 609.21 0.00 1937.35 577.47 0.00 1968.11 587.85 0.00
ATM-ITM -642.71 454.39 0.16 -891.06 514.97 0.08 -635.82 462.95 0.17
Put Options - Target

OTM-ATM 1671.46 478.39 0.00 1560.04 443.08 0.00 1566.10 449.78 0.00
OTM-ITM 749.79 300.46 0.01 632.01 313.97 0.04 718.06 310.18 0.02
ATM-ITM -921.67 500.32 0.07 -928.03 499.72 0.06 -848.04 498.29 0.09

70



90°0 900 90°0 900 200 200 200 c00 200 c00 ¢y fpe

SHX ON SHX ON SHXA ON SHXA ON SHA ON "YALSNTO
STD Sato) STD STD STD STD STD STD STD STD das
SHX SHA SHX SHA SHX SHA SHXA SHX SHA SHX dd UVAX
200 L0°0 200 L0°0 £0°0 £0°0 £0°0 €0°0 £0°0 €0°0 parenbs-yy
6G8°T 6S8°T 6G8°T 6S8°T 908‘T 908‘T 6C8‘T 628‘T 6S8°T 6G8‘T SUOIyRAIISq )
(86°9) (78°9) (8¢°2) (Le72) (Lv2) (¢¥2) (¥9°2) (z9°2) (9¢°2) (9¢°2)
00T 00'T 6L°C" 6LC- TLe- TLe- *xLVG" wx LG 79°g- $9°€- jueysuo)
(86°1) (gs'1)
16°0- 16°0- TOALMIN
(1g°¢) (19°¢) (8¥°€) (0s°€)
vEC- veG- £V°c- £V'5- JdANNYY
(s1'%) (60'%) (s1'v) (60'%)
879~ 879~ £9°9- £9°9- ILAYJLL
(eev) (0e'v) (se'v) (0£'v)
gge- gge- Lve- Lve- LHAUNNV.L
(o1°2) (L0'2) (o1°2) (20'2)
*xkxlC VT *xx%xLC VT *xxST VT *xx ST VT dNANNY.L
¥¥°0) (¢¥°0)
+78°0 «¥8°0 SHOSIAAQY
(91°1) (L1°1)
«xELT ##xELT SATVS
(20°0) (z0°0)
#7070 #x70°0 gordad
(20°0) (c0°0)
#xx70°0~ sk 700~ ATINTYd
(ts'1) (0s°1) (1¢'1) (0s°1) (ge'1) (g5°1) ¥s'1) (1) (ss'1) (z5°1)
61°0 61°0 61°0 61°0 80°0- 80°0- L1°0- L1°0- 1270~ 1270~ sn
(26°1) (66°1) (L6°1) (66'1) (¥0°2) (¥0°2) (60°2) (60°2) (10°2) (00°2)
£2°0 €20 9z°0 9z°0 €21 €21 68°0 68°0 a8'0 G680 XTANHIHA
F¥'1) F¥'1) F¥'1) F¥'1) (8%°1) (67'1) ¥e'1) (e5°1) (67°1) (8%°1)
802 80°C 01°2 01°% %99°C %99°C 812 81°C «LV'C «LV'C INYAL
(ee72) (ze'2) (s€72) (ze'2) (1%°2) (ov'2) (ov°2) (6£°2) (6£°2) (8€°2)
*x96'F #x96'F %xL6'F #x 16T ++8T1°G #x81°G *x9€°¢C #x9€°G e} #xST°G UVTII0D
(8¢'1) (09°1) (8¢'1) (09°1) (09°1) (29°1) #9°1) (99°1) (09°1) (29°1)
£0°T- €0°'1- T0'T- %0 1- $0'T- Y0 T- 68°0- 68°0- 29°0- 89°0- HLVATHA
(62°2) (62°2) (62°2) (62°2) (ev'2) (e¥°2) (87°2) (¢¥°2) (e¥'2) (8¢°2)
98°0- 98°0- 88°0- 88°0- 80°c- 80°C- 80°c- S0 86°1- 86°T- HOL
(92°1) (82°1) (92°1) (82°1) (g2'1) (92°1) (gz'1) (L2'1) (g2°1) (92°1)
soxxVL € *xxVLE *xx8L°€E *kx8L°E %% 16°€ sk 16°€ % 8L°€ sokx8L°€ #xx06G°€ #%x69°€ HSVD
(ot'1) (ot'1) (ot'1) (ot°1) (zz'1) (¢2°1) (21°1) (21°1)
#x%97 '€ ) A ) Al ) 4 ##+CE'E ##%CE"E #xxL0T #xxl0T AZIS

d70AgV0O  dTOAGVD  dT10AgVDO  dTOAGVDO  dT0AgVO  dTOoAdVO  dT0AgvVO  dT0oAdVO  dT0AgGVDO dTOAGVO  SHTAVIMVA
(o1) (6) (8) (L) (9) (g) () (€) (z) (1)

sotjeNuond ‘JSyp ‘wnuipe[d DS SIOINdY UOSWOY ], :90IN0G “A[0A1300dSaI ‘[9AS] % 0T PUR %G ‘%1 oY) e
90uROYIUSIS [eD1Is1IRIS Dj0ULp , pue . ‘. - “Aep jueweounouue Aq (YHISNTD) Poiersnd A[qissod pue (§rIr)) 1SNqol oIe SI0LD plepurls ‘palenbs-y pejsnlpe
o1} pue parenbs-y o1} ‘(SUOIYRAISSQ()) SUOIIRAISSO JO Ioquunu oY} Y10del opy “(HJ HVHA) SI199[0 poxXy Ieak surejuod uolssel3al yoey] "Aep juoUIodUNOUUR T}
aI0Joq Aep oY} UO dWN[OA JOIRUW Y} SOI0USP TO A LM JU Aep juomeounouue o9y} 9I10Joq IaImboe oY) I0J WINJOI YD0IS [eULIOUqR o) ST J N QY PuUe ‘Winjol
[eULIOUQ® SAT}R[NUIND jusmILdUNOUUR-3s0d s,9081e) oY} SI [ Y J. L[ ‘WIN2I [eULIOUQR JUOWIIUNOUUR S 10310} 91} S9j0uUap Y NNV .L ‘1981e) o1} 10] WIN)I
Y001 [RULIOU(R SATJR[NUIND juaueounouue-oid oyl sejouep J NN NH.L ‘SHOSIAJYV AQ UeAIS st siosiape Joxmboe pue 108Ie) JO Ioquunu [R)0) Y], "SYUOW
21 snotasid o) ISAO0 So[eS 18U S j981R) oY) SI G/ Ty S ‘uorjoesuel) oy} ut taxmboe oy Aq pred ereys uowrwod 1ad so11d oy sejousp i7,)JYJ ‘oSejusdrad & se
possardxe ‘oyep juomedUNOUUR [RUISLIO 1) 0} Iouid Aep suo sorrd }00)s SursO[d 3031e) 09 901Id I9fo Jo wnrwaId oY) 03 SI8Jol (JTNHY J OSIMISYIO OIdZ PuR
Auweduwod paseq-§) © ST I9PPIq 97} JI 9UO ST §' /) PUR ‘A[PUSLI} 9 0 POIOPISUOD ST OPNIIIYR [BOP SY[) JI OUO oN[eA o) s A TINHIH A ‘[IR} SUOIIRI1030U I0A00¥R)
oy} Jt serjdde ey} 99] UOIJRUIULIDY © SARY )R} S[RSP I0J SUO ST Y 5 [, ‘©INJONIIS IR[[0D © [IIM SUOIJORSURI) O] U0 SN[RA 9]} Soxr) YT T, ‘uonismmboe-jsod
1931R) o1} soziyearld 1oxmboe o) J1 ouo sfenbe i IV AT ‘Aueduiod 1081} o) Ul P[OY0) ® SeY Apeal[e IopPIq B JI OUO oN[eA oY) SeY F().[ ‘OSIMIdI0 0IdZ
puR IoA0SY ) PIOURUY-USED ® SI [BOP O} JI SUO SN[RA 9} SULNR) ON[RA [RILIOZ9IRD ® SI [JQY,) 'ON[eA [BOD Y2RIA oY) Seyljuenb 777G  ~MOPULM JULAS 9}
Suump owmnjoa suorydo [eULIOU oFeIoAR o) A POZIPIRPUR])S ST OWN[OA [RULIOU(R SAT)R[MUIND SO ‘SOINSBOU AJIATIOR JOYIRUI PUR SOISLIDJORIRYD Y2RIN JO 198

' uo (d70AgV D) swmnjoa 3of uorpdo nd [eurrouqe aAre[nWNd Jo uolpalord oY) woIj synsal uoisseIdal (GrIr)) serenbs jses] pazifersuss syiodel ¢y 9[qe],

OWINOA PoredS YA\ SUOT}d() N J - SUOISSOIZY SWN[OA [RULIOUQY QAIR[NWINY) €'Y 9[qR],

71



Table A.4: List of SEC Litigated Cases

Table A.4 summarizes the information about unusual options trades ahead of M&A announcements that are litigated by the Securities and Exchange

Commission (SEC). All information is hand collected from the SEC litigation reports, which are publicly available on the SEC’s web site. We only summarize

cases that involve option trades and M&A announcements. A x in front of the first column indicates that the M&A is a cash-financed deal. If the transaction

is stock-financed, the first column is preceded by a # sign. In addition, the numbers preceding the first column indicate whether the insider trading involved

only options (1), or both options and stocks (2). Acquirer and Target indicate, respectively, the acquirer’s and target’s company name. The column Ann.Date

indicates the date of the M&A announcement as reported by the Thomson Reuters SDC Platinum database. The remaining pieces of information in the

table are the final takeover/merger price (Offer Pr.), the deal value in the transaction (Deal Val.), the stock price on the day of the options trade (Stock

Pr.), the option purchase date (Op. Date), the number of option contracts (Options), the expiration month of the option (FEzp.), the strike price of the

option (Strike), the option depth, defined as the ratio of the stock price to the strike price (S/K), the option type, which can be either a call or a put

(Type), the total value of illicit profits reaped through the insider trade (Tot. Illicit Prof.), and the monetary fine imposed in the litigation (Fine). Source:

https://www.sec.gov /litigation/litreleases.shtml.

Acquirer Target Ann.Date Offer Pr. Deal Val. Stock Pr. Op. Date Options Exp. Strike S/K Type Tot. Fine
Illicit
Prof.
*1Amgen Onyx 06/30/13 $120.00 $9,700,000,000 $84.17 06/26/13 80 Jul $80.00 $1.05 C $4,600,000 Unresolved
Pharmaceuticals $84.17 06/26/13 175 Jul $85.00 $0.99 C
$85.20 06/27/13 544 Jul $85.00 $1.00 C
$86.82 06/28/13 50 Jul $90.00 $0.96 C
$86.82 06/28/13 270 Jul $92.50 $0.94 C
" *2Shuanghui | Smithfield Foods  05/29/13 _  $34.00 $4,700,000,000 $25.79  05/21/13 1,300  Jul _ $29.00 $0.89 C _ $3,200,000 Unresolved
$25.97 05/28/13 1,700 Jul $29.00 $0.90 C
" ¥1Berkshire Hath.  H.J.Heinz Company  02/14/13 $72.50  $28,000,000,000  $60.48  02/13/13 2,533  Jun  $65.00  $0.93  C _ §1,800,000 $500,000
3G Capital Partners
" ZChicago Bridge _ _ The Shaw Group _ _ 07/30/12 _ $46.00 _ _ $3,000,000,000 _ _ $25.80 _ 07/26/12 2,303 Aug _ $20.00 $0.89 _ _ _ C __ _ _ §$7,145,000 Unresolved
T *1Bristol-Myers-  Amylin 06/29/12 ~ $31.00 $5,300,000,000 $25.80  05/24/12 100  Jul _ $21.00  $1.23 P $55784  $324,422
Squibb Pharmaceuticals $25.80 05/24/12 100 Jul $20.00 $1.29 P
$28.21 05/29/12 100 Jul $22.00 $1.28 P
$27.33 06/11/12 200 Jul $22.00 $1.24 P
$27.81 06/18/12 210 Jul $25.00 $1.11 P
$27.90 06/26/12 30 Jul $30.00 $0.93 C
$28.04 06/27/12 50 Jul $28.00 $1.00 C
$28.20 06/29/12 50 Jul $29.00 $0.97 C
"~ *2Zhongpin’s Mgmt _ Zhongpin 03/27/12 _  $13.50 _ _ $503,000,000 $8.36  03/14/12 7,338 T T T T T 7T 7T CT 7 7 7 §9,200,000 Unknown
" *2UnionBanCal  Pacific Capital ___ 03/09/12 $46.00 _ _ $1,500,000,000  $28.99 _ 02/08/12 120 ______~ ~ ~ 77 7 777 CT T 7 7 $365000 Ongoing _
" *1Gilead Sciences  Pharmasset 11/21/11 ~ $137.00 $11,000,000,000  $69.07  11/08/11 10  Dec  $85.00 $0.81 C  §225,026  $324,777
$69.07 11/08/11 19 Feb $100.00 $0.69 C
$72.83 11/17/11 10 Dec $90.00 $0.81 C
$72.83 11/17/11 20 Dec  $100.00  $0.73 c
" TSuperior Energy  Complete Product  10/10/11 _ $32.90 $2,700,000,000 _  $20.51  09/29/11 33,000  Oct  $25.00 $0.82 _ C _ $27,800  Ongoing _
Services Services $20.51 09/29/11 3,500 Nov $22.50 $0.91 C
" ?Kirby Corporation  K-Sea 03/13/11 ~  $8.15 $604,000,000 $4.03  03/12/11 205  Sep T T T T CT T 7 7 $1,869,000 Unknown
Transportation $4.03 03/12/11 2 Jun C
Partners $4.03 11/01/10 100 Mar C
$5.33 02/11/11 200 Sep c
$5.64 02/14/11 94 Jun C

Continued on next page
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Acquirer Target Ann.Date Offer Pr. Deal Val. Stock Pr. Op. Date Options Exp. Strike S/K Type Tot. Fine
Illicit
Prof.
2Rock-Tenn Co. Smurfit-Stone Con- 01/23/11 $35.00 $3,500,000,000 $27.90 01/19/11 C $1,488,000 Unknown
tainer Corp.
TFIDSM N.V. | Martek 12/21/10 _  $31.50  $1,100,000,000 $22.49 _ 12/10/10 2,615 $27.00 $0.83 C_  §1,200,000 $1,445,700
" *2Pfiger _ King Pharma. __ 10/12/10  $14.25 _  $3,566,079,000  _ $10.20 _ 08/18/10 800 T T 7 777 CT 7 7 7 $300,000 Ongoing _
" ZSouthwest Airlines  AirTran 09/27/10 _ $7.69 _  $1,400,000,000  $4.39  09/22/10 200 _ Jan T T T T CT T 7 T §159,160  $327,707
" *lBristol-Myers-  ZymoGenetics  09/07/10  $9.75 $885,000,000 $5.04  08/25/10 45 _  Oct  $5.00  $1.01 _  C  $30,551  $324,777
Squibb $5.51 09/03/10 35 Feb $5.00 $1.10 C
" ¥23G Capital  Burger King 09/02/10 ~ ~$24.00 $4,000,000,000 ~  $20.07  05/17/10 300  Jul _ $20.00  $1.00 C  $1,680,000 $5,634,232
$19.85 05/18/10 2,850 Jul $22.50 $0.88 C
$19.36 06/02/10 2,000 Jul $20.00 $0.97 C
$16.72 08/19/10 1,400 Oct $17.50 $0.96 C
$17.51 08/25/10 100 Jan $20.00 $0.88 C
$17.05 08/26/10 1,794 Oct $19.00 $0.90 C
" *IBHP Billiton  Potash Corp.  08/17/10  $130.00 _ $38,600,000,000  $112.04  08/12/10 381 _  Aug  $110.00 $1.02  C ~ $1,073,000 Unknown
$112.04  08/12/10 50 Aug  $115.00  $0.97 c
$112.04 08/12/10 95 Aug $120.00 $0.93 C
$112.04 08/12/10 22 Aug $125.00 $0.90 C
$112.04  08/12/10 32 Aug  $130.00  $0.86 C
$111.34 08/13/10 5 Aug $115.00 $0.97 C
$111.34 08/13/10 12 Aug $120.00 $0.93 C
$110.57 08/16/10 50 Aug $110.00 $1.01 C
$110.57 08/16/10 5 Sep $110.00 $1.01 C
$110.57 08/16/10 5 Sep $115.00 $0.96 C
$110.57 08/16/10 5 Sep $120.00 $0.92 C
$112.04 08/12/10 331 Sep $125.00 $0.90 C
" ¥*2GENCO Dist. Sys.  ATC Technology _ 07/19/10  $25.00 _ _ $512,600,000 $13.82 _ 03/26/10 77 7777777 7 7 7 §748,021  Unknown
" ¥2Covidien  Somanetics 06/16/10 $25.00 $250,000,000 $17.75  06/10/10 72 _  Jun  $17.50  $1.01  C  $547,000  Pending
$17.75 06/10/10 200 Jun $20.00 $0.89 C
$18.67 06/11/10 110 Jun $17.50 $1.07 C
$18.67 06/11/10 473 Jun $20.00 $0.93 C
$18.72 06/14/10 288 Jun $20.00 $0.94 C
$18.90 06/15/10 19 Jun $20.00 $0.95 C
" ¥2Cerberus  DynCorp 04/12/10 ~  $17.55 _  $1,500,000,000  $11.87  03/17/10 10 _  Apr  $1250 $0.95  C ~ $29,800  Ongoing
Capital Management $11.69 03/25/10 30 Apr $12.50 $0.94 C
$11.45 03/29/10 30 May $12.50 $0.92 C
" ZTyco International  Brinks Home Secu-  01/18/10  $42.50 $2,000,000,000  $31.42  01/14/10 100  Feb  $35.00  $0.90 C 88,555  $137,120
rity
$31.42 01/14/10 30 Jun $30.00 $1.05 C
" ¥2Shiseido  Bare Escentuals  01/14/10  $18.20 _ _ $1,700,000,000 $12.74 _ o01/14/l0 280 T T T T T 7T 7T CT T 7 T §157,066 _ $300,000
" *lSanofi-Aventis  Chattem 12/21/09 ~ $93.50 $1,900,000,000 $67.80  12/07/09 1,900  Jan _ $75.00 $0.90 C  $42,000,000 $3,776
$68.69 12/17/09 940 Jan $80.00 $0.86 C
" #%Exxon Mobil  XTO Energy 12/14/09 ~ $51.86 $30,000,000,000  $41.49  12/11/09 200  Dec  $40.00 $1.04  C  $573,516  $681,182
$41.49 12/11/09 1,000 Dec  $45.00  $0.92 C
T ®2Dell - T T T 7 7 7 Perot Systems  09/21/09  $30.00 _  $3,900,000,000  $16.66  09/04/09 9332 Oct T T T T CT T 7 7 $8600,000 $8,600,000
" ZDainippon  Sepracor 09/03/09 ~ $23.00 $2,600,000,000  $13.26 _ 05/01/09 T T T T T T T T T 7T CT T 7T 7 $904,000  $1,000,000
Sumitomo Pharna $13.26 05/01/09 P
" TCompany  Marvel 08/31/09 ~  $50.00 $4,000,000,000 $39.01  08/13/09 125  Sep  $50.00  $0.78 C  $192,000  Ongoing _
Walt Disney Entertainment $38.73 08/14/09 2 Sep $45.00 $0.86 C
$37.76 08/17/09 60 Sep $45.00 $0.84 C

Continued on next page
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Acquirer Target Ann.Date Offer Pr. Deal Val. Stock Pr. Op. Date Options Exp. Strike S/K Type Tot. Fine
Illicit
Prof.

$38.65 08/28/09 460 Sep $45.00 $0.86 C
$38.65 08/28/09 12 Sep $40.00 $0.97 C

TEeMC T T T T T Tspss T T T T T T 07/28/09 ~ $50.00 $1,200,000,000 $32.71  06/25/09 50 Sep  $40.00  $0.82  C  $237,644  $485,988
$32.71 06/25/09 20 Jul $35.00 $0.93 C
$32.71 06/25/09 20 Jul $35.00 $0.93 C
$33.20 06/26/09 20 Jul $35.00 $0.95 C
$32.73 07/02/09 25 Sep $40.00 $0.82 C
$32.73 07/02/09 25 Aug $40.00 $0.82 C
$32.54 07/06/09 50 Sep $40.00 $0.81 C
$32.54 07/06/09 75 Sep $40.00 $0.81 C
$30.70 07/08/09 100 Sep $35.00 $0.88 C
$30.92 07/09/09 25 Sep $35.00 $0.88 C
$30.92 07/09/09 75 Sep $40.00 $0.77 C
$31.03 07/10/09 25 Sep $35.00 $0.89 C
$31.63 07/13/09 50 Sep $40.00 $0.79 C
$31.73 07/14/09 25 Sep $35.00 $0.91 C
$31.73 07/14/09 50 Sep $40.00 $0.79 C
$34.09 07/21/09 20 Sep $40.00 $0.85 C
$34.09 07/21/09 10 Sep $40.00 $0.85 C
$34.38 07/22/09 29 Sep $35.00 $0.98 C
$34.38 07/22/09 50 Sep $40.00 $0.86 C
$34.38 07/22/09 100 Aug $40.00 $0.86 C
$34.38 07/22/09 30 Aug $40.00 $0.86 C
$34.38 07/22/09 100 Sep $40.00 $0.86 C
$35.10 07/24/09 20 Sep $40.00 $0.88 C
$35.09 07/27/09 100 Aug $40.00 $0.88 C

" ZThe Middleby  TurboChef 08/12/08 ~  $6.47 $200,000,000 $4.62  07/01/08 200  Jan T~ T T T 7T CT T 7 788,000  Unknown
Corporation Technologies $4.29 07/10/08 100 Oct $5.00 $0.86 C
$4.29 07/10/08 100 Jan $5.00 $0.86 C
$4.60 07/22/08 200 Aug $5.00 $0.92 C
$5.25 07/30/08 500 Aug c
$5.25 07/30/08 300 Oct C
$5.26 08/01,/08 200 Aug c

T *2Dow 7 7 Rohm & Hass  07/10/08 $78.00 _  $16,300,000,000  $78.94  07/09/08 200  Aug  $50.00 $1.58 C $1,015,069 $934,220
$78.94 07/09/08 210 Jan $50.00 $1.58 C

" *Finmeccanica _ DRS 05/08/08 ~ $81.00 $5,200,000,000 $61.70  04/29/08 550 Jun  $65.00  $0.95 C _  $967,699  $3,000,000
$64.72 05/05/08 170 Jun $70.00 $0.92 C
$63.07 05/06/08 170 Jun $70.00 $0.90 C
$63.74 05/07/08 930 Jun $65.00 $0.98 C

" *2Liberty Mutua  Safeco Corp. 04/23/08 $68.50  $6,200,000,000.00  $45.00  04/15/08 22 Apr  $50.00  $0.90 C _ $886,078  $392,762
Insurance $46.17 04/17/08 105 May $55.00 $0.84 C
$46.17 04/17/08 50 May $50.00 $0.92 C
$46.17 04/17/08 3 May $55.00 $0.84 C
$46.49 04/18/08 250 May $50.00 $0.93 C
$45.61 04/21/08 20 May  $50.00  $0.91 C
$45.23 04/22/08 50 May $50.00 $0.90 C
$45.23 04/22/08 5 May $45.00 $1.01 C
$45.23 04/22/08 100 May $50.00 $0.90 C

" *2Takeda Pharma.  Millennium 04/10/08 ~  $25.00 $8,300,000,000 $13.75  03/04/08 100  Apr  $15.00  $0.92 C  $42,000  $1,414,290
Pharmaceuticals $13.75 03/04/08 100 May $17.50 $0.79 C

Continued on next page
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Acquirer Target Ann.Date Offer Pr. Deal Val. Stock Pr. Op. Date Options Exp. Strike S/K Type Tot. Fine
Illicit
Prof.
$13.40 03/05/08 100 Apr $17.50 $0.77 C
$13.08 03/07/08 250 May $17.50 $0.75 C
$13.32 03/11/08 100 May $15.00 $0.89 C
" ¥2STMicroelectronics  Genesis Microchip  12/11/07  $8.65 $336,000,000 8573 11/14/o7 30 " T T T T T T T GT T 7T T 851,206  $152,475
$5.40 12/10/07 70 c
" *1Vivendi S.A.  Activision, Inc. ___ 12/02/07 _ $27.50 _ _ $1,700,000,000  _ $21.54 _ 11/27/07 26 T T T T T 77T CT T 7 T o725  $21,239
" PVestarCapital  Radiation Therapy  10/19/07 $32:50 $764,000,000 $22.10  10/09/07 4 Feb T T T TG T 7 7 816,200  $1,246,077
Services, Inc.
Partners, L.P $22.70 10/15/07 3 C
" *2Sumitomo  Cambridge Display  07/31/07 $12:00 $285,000,000 _  $6.61  or/o2/o7 20 T T T T T T TTGCT T T T T T T 7T T sis6702
Technology
" 7 Blackstone Group  Hilton Hotels Corp.  07/03/07  $47.50  $26,000,000,000  $33.87  07/02/07 550  Aug  $35.00 $0.97 C $6,393,000 $461,660
$36.05 07/03/07 100 Jul $35.00 $1.03 C
$36.05 07/03/07 1,283 C
" *2Roche Holdings  Ventana 06/25/07 _ $75.00 _  $3,665,414,000  $53.08 _ 06/15/07 20 T T T T T 7T 7T ¢ T 7T Tswo725
" *2Silver Lake  Avaya 06/04/07 ~  $17.50 $8,200,000,000 $16.72 _ 06/04/07 305 T T T T T 77 7¢T 77T Tswoo000 7
Partners & TPG LLP $16.72 06/04/07 125 C
" *'Warburg Pincus __ Bausch & Lomb _ _ _ 05/16/07 _ $65.00 _ _ $4,500,000,000 _ _ $48.56 _ 09/05/06 __ 80 _ _ Sep _ $3000 _si62 ¢ __ """ 777~
" ZAlcoa T Alean T T 7 05/07/07 _  $73.25 _ $33,000,000,000  $57.93 _ 0s/01/07 240 T T T T 777 ¢T T 7T Tssorr0
" *2Eurex Frankfurt  International  04/30/07 $67.50 $2,800,000,000  $46.24  12/26/06 100  Feb  $50.00  $0.92  C _ §1,100,000 Unknown
Securities $46.92 12/28/06 200 Feb $50.00 $0.94 C
Exchange Holdings $45.72 04/27/07 300 May  $55.00  $0.83 c
$45.72 04/27/07 100 Jun $55.00 $0.83 C
$45.72 04/27/07 300 Jun $60.00 $0.76 C
$45.72 04/27/07 92 Jul $60.00 $0.76 C
T ¥2AstraZeneca  MedImmune 04/23/07 ~  $58.00 $15,600,000,000  $32.44  03/15/07 500  Apr  $3250  $1.00  C _ $14,000,000.806,645,027
(MEDI) $33.04 03/19/07 300 May $35.00 $0.94 C
$32.66 03/20/07 800 May $35.00 $0.93 C
$34.04 03/21/07 250 May $35.00 $0.97 C
$34.04 03/21/07 24 Jun $40.00 $0.85 C
$34.98 03/28/07 1,515 Jun $40.00 $0.87 C
$34.98 03/28/07 200 May $40.00 $0.87 C
$35.72 03/29/07 1,500 Jun $40.00 $0.89 C
$35.72 03/29/07 500 May $40.00 $0.89 C
$36.39 03/30/07 500 May $40.00 $0.91 C
$36.13 04/03/07 247 Apr $40.00 $0.90 C
$35.44 04/04/07 7 Jun $40.00 $0.89 C
$35.44 04/04/07 250 May $40.00 $0.89 C
$35.44 04/04/07 250 Apr $35.00 $1.01 C
$36.76 04/09/07 450 May $40.00 $0.92 C
$36.76 04/09/07 250 Apr $37.50 $0.98 C
$36.76 04/09/07 500 Apr $40.00 $0.92 C
$37.07 04/10/07 99 Apr $40.00 $0.93 C
$37.84 04/11/07 250 Apr $40.00 $0.95 C
$44.19 04/13/07 1,565 May $50.00 $0.88 C
$44.19 04/13/07 1,100 May $47.50 $0.93 C
$45.44 04/16/07 2,000 May $50.00 $0.91 C
$45.44 04/16/07 10 May $47.50 $0.96 C

Continued on next page



Table A.4 — Continued from previous page

Acquirer Target Ann.Date Offer Pr. Deal Val. Stock Pr. Op. Date Options Exp. Strike S/K Type Tot. Fine
Illicit
Prof.
$45.09 04/17/07 815 May $50.00 $0.90 C
$45.09 04/17/07 500 May $47.50 $0.95 C
$48.01 04/20/07 2,300 Apr $47.50 $1.01 C
" PHellman & Fried-  Kromos 03/22/07 ~  $55.00 $1,793,086,000  $46.63  03/16/07 35 _  Apr  $40.00 $1.17 _ __ C __ _  $31s000
man
" ¥2KKR, TPG,  TXU Corp 02/26/07 ~  $69.25 $45,000,000,000  $56.47  02/06/07 130  Feb T T T T ¢cT T 7777777 Unknown
Goldman $56.76 02/13/07 300 Mar C
$57.01 02/20/07 400 Apr C
$56.07 02/21/07 560 Mar $60.00 $0.93 C
$56.07 02/21/07 40 Mar $60.00 $0.93 C
$56.07 02/21/07 220 Apr $62.50 $0.90 C
$60.02 02/23/07 3,500 Mar $57.50 $1.04 C
$60.02 02/23/07 3,200 Mar $60.00 $1.00 C
TF2MDS © T T 7 7 7 Molecular Devices  01/29/07  $34.50 $615,000,000 $23.11  01/22/07 5 Feb  $2250 $1.03  __C  _  $30200
$23.11 01/22/07 10 Mar $25.00  $0.92 C
" *1Schneider Electric  American Power  10/30/06  $31.00 _  $6,100,000,000 $21.30  09/21/06 1,600  Dec  $22.50  $0.95 C  $1,440,850 $3,000,000
Conversion Corp. $21.40 09/22/06 800 Dec $22.50 $0.95 C
" TGlaxoSmithKline ~ CNSInc 10/09/06 $37.50 $566,000,000 $32.01  09/28/06 270  Nov _ $30.00  $1.07 C $499,696  $374,655
$32.36 09/29/06 136 Nov $30.00 $1.08 C
$32.36 09/29/06 45 Nowv $30.00 $1.08 C
$32.62 10/02/06 655 Oct $30.00 $1.09 C
" ?PNC Financial ___ Mercantile 10/09/06 _ $47.24 _  $5,981,802,000  _ $40.13 _ 10/06/06 20 _ T T T T T 77777 GT T 7 Tso8300 T~
" *1Carlyle, Permira  Freescale Semicon-  09/14/06 $40.00 $17,600,000,000  $31.39  09/05/06 243  Sep  $35.00 $0.90 C  $22,910  $202,589
Funds, Texas Pacific ductor
" *2Green Equity  Petco Animal  07/14/06  $29.00 _  $1,800,000,000 $19.80  06/28/06 665  Jul  $2250  $0.88 C  $465,325  ongoing
Investors Supplies $19.45 07/13/06 185 Aug $20.00 $0.97 C
" *2Tenaris SA (ADR)  Maverick Tube  06/12/06  $65.00 $2,600,000,000 $49.19  06/01/06 100  Jun _ $50.00 $0.98 C  $1,100,000 ongoing
$49.19 06/01/06 100 Jun $55.00 $0.89 C
$49.98 06/02/06 100 Jun $55.00 $0.91 C
$49.98 06/02/06 20 Jun $50.00 $1.00 C
$47.64 06/05/06 140 Jun $55.00 $0.87 C
$47.64 06/05/06 40 Jun $55.00 $0.87 C
$47.98 06/06/06 100 Jun $55.00 $0.87 C
$47.98 06/06/06 20 Jun $55.00 $0.87 C
$46.49 06/07/06 200 Jun $55.00 $0.85 C
$46.49 06/07/06 40 Jun $55.00 $0.85 C
$47.58 06/09/06 50 Jun $55.00 $0.87 C
$47.58 06/09/06 25 Jun $55.00 $0.87 C
" *Boeing ____ Avial T 7 05/01/06 _ $48.00 _ _$1,700,000,000 _ _ $37.70 _ o04/28/06 T T T T T T T 7777 ¢T 77 7 §792413 _ Unknown
" *2Watson Pharma.  Andrx Corp 03/13/06 _  $25.00 _ _ $1,900,000,000  $17.87 _ 02/24/06 - ¢ T T T T T T T T T T TTT
" ZCerberus  Albertson’s, LLC  01/23/06  $26.29 $17,543,845,000  $22.72 _ 01/12/06 425 T T T T T T T T CT T 7 T $95807  $191,614
Supervalue $23.02 01/17/06 25 C
CVSs $23.61 01/18/06 15 C
T *2Amgen _  Abgenix _ 12/14/05 _ $22.50 _  $2,200,000,000 _ _ $14.10 _ 12/01/05 155 " T T T T 777 ¢” T 7 Tsars300
" ¥2Koch Industries  Georgia-Pacific  11/14/05  $48.00 _ $13,200,000,000  $33.89 _ 11/10/05 241 ____ ____ ~ 7 7777 ¢T T 7 T 689,401
" TBarrick Gold Corp. _ Dlacer Dome 10/31/05 _ $20.50 _ _ $9,200,000,000 _ _ $16.45 _ 10/25/05 5,000 _Nov T 777G 7 7 7 $1,900,000 Ongoing _
" ¥2GlaxoSmithKline  ID Biomedical Corp  09/07/05 $28.82 $1,400,000,000  $20.46  07/29/05 629  Aug  $20.00  $1.02  C $9,721  $1,246,077
$20.90 08/03/05 71 Sep $20.00 $1.04 C
$20.41 08/04/05 49 Sep $20.00 $1.02 C
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$19.31 8/8/2005 33 Sep $20.00 $0.97 C
" *2Adidas-Salomon __ Reebok Int. 08/03/05  $59.00 _ $11,800,000,000  42.76 __ 08/01/05 4157 T T T T T 77T ¢CT T 7777777 Ongoing _
" 2MGT Pharma  Guilford 07/21/05 ~  $3.75 $177,500,000 $2.25  07/13/05 150 _  Sep $2.50 $090 ¢~~~ T T T T T T T 77
Pharmaceuticals $2.37 07/15/05 48 Sep $2.50 $0.95 C
" TGameStop  Electronics  Bou-  04/18/05 $55.18 $1,440,000,000 $43.10  04/12/05 400  May  $47.50  $0.91 C  $308,000  $785,000
tique
" #2Cimarex Energy  Magnum Hunter Re-  01/26/05  $16.84 $1,500,000,000  $12.90  12/31/04  _ ~ ~ ~ T T T T T T T T GCT T T T T T T T T 857,599
sources
" *1Citizens Bank __ Charter One Fin. __ 05/04/04 $44.50 _  $10,529,984,000  $34.45 _ 0s5/04/04 _ _____ ~~ ~ -~~~ 77 77¢7 77 Tgrazs05
TFIGE T T T 7 7 T T Wvision T 03/15/04 _  $50.00  _ $900,000,000 $40.54  03/06/04 2,500  Mar  $45.00  $0.00 _  C _ _  $1,700,000 $5,963,326
$40.54 03/06/04 1,965 Apr $45.00 $0.90 C
" #TBank of America _ FleetBoston Fin. _ 10/27/03 _$45.00 _ $47,000,000,000  $31.80 _ 10/24/03 1,100 _ Nov _ $35.00 $0.91  _ C _ _ _ $473,000 _ $525,000
" ?DHL Worldwide  Airborne Express  03/24/03  $21.50 $1,050,000,000  $14.04  02/28/03 860 T T T T T 7T CT T 7 T $a32742 ~ $1,100,000
Express $13.60 03/05/03 80 C
$13.54 03,/06/03 50 C
$13.11 03/10/03 130 C
$13.02 03/11/03 100 C
$18.05 03/24/03 170 C
" ZCitibank _ Golden State Banc. _ 05/21/02  $40.40 _ _ $5,882,760,000  _ $30.02 _ 03/10/02 480 T T T T T T 7T CT T 7 7 $250,000  $61,714
" ZAmerican  American 04/03/01 ~  $46.00  $23,000,000,000  $36.80  04/03/01 250 _ Apr  $3750 $098 ¢ T~ T T T T 7T 77
International General $36.80 04/03/01 526 Apr $40.00 $0.92 C
Group Corporation $36.80 04/03/01 250 May $37.50 $0.98 C
" *2Nestlé S.A.  Ralston Purina ___ 01/16/01 _ $33.50 _  $10,000,000,000 T T -7 T 7T T T T T T T T T T G777 7 §300,000 Ongoing
" *1Siemens Medical ~ Acuson Corporation  09/27/00  $23.00 $700,000,000 $14.63  09/21/00 200  Oct  $15.00 $0.98 C ~ $137,486  $292,325
Engineering Group
" #73un Microsystems _ Cobalt Networks _ 09/18/00  $57.63 __ $2,000,000,000 $41.13 _ 09/18/o0 _______~~~~~~ "~~~ "7 7777 $411,697  $536,758
" #lCitigroup  Associates  First  09/06/00 $42.22 $31,100,000,000  $27.81  09/05/00 20 T T T T T T T T T CT T 7T T $62,437  $65812
Capital Corp.
$38.63 09/06/00 30 c
" ZTelus Corporation  Clearnet Comm. _ 08/21/00  $47.50 _ _ $3,100,000,000 $30.44 _ 08/17/00 20 _ _ Sep _ $30.00 $1.01 _ __ C _ _  §159,194  $120,000 _
" ¥2NCR Corporation  4Front Technol. _ 08/03/00 $18.50 _ _ $250,000,000 $17.81 _ 07/17/00 _ 460 _  Aug  $1250  $1.43  C  §127,288  $265,644
TFANG T T T 7 7 7 7 Reliastar 05/01/00 ~  $54.00 $6,100,000,000 $30.81  04/27/00 410  May  $3500 $088 ¢~~~ T~ T T T T 777
$30.81 04/27/00 36 Jul $35.00 $0.88 C
$30.81 04/27/00 50 May $30.00 $1.03 C
$43.00 04,/28/00 79 May $30.00 $1.43 C
T *1Citigroup  Travelers Property  03/21/00  $25.00 $2,400,000,000 $40.94  03/21/00 15 T T T T T T T T T CT T T Tsgrgrs  $8574
Casualty Corp
" #TExxon Corp.  Mobil 12/01/98 ~ $99.01 $82,000,000,000  $73.50  11/19/98 100  Dec T T T ¢~ T 7 T §70,000  $144,000
" ¥2Medtronic  Arterial Vascular  11/30/98 _  $54.00 $3,700,000,000 $30.69  11/19/98 250 T T T T T T T CT T 7 7 §1,440,131 $4,000,000
Engineering $31.19 11/25/98 800 C
$30.69 11/19/98 235 c
" *2ADC Telecomm.  Teledata Commun. _ 09/16/98 _ $15.75 _ _ $200,000,000 _  $9.50 _ 09/01/98 225 __ _~ ~ ~ 7 7 7 777 G777 7 §300,000 Unknown
" #7DST Systems _ USCS International  09/02/98  $35.19 $874,000,000 $26.00 _ 09/02/98 200 7 7 T 777 CT 77 T §70,000 _ Unknown
" *2BetzDearborn  Hercules 07/30/98 _ $72.00 _ _ $3,100,000,000  _ $67.69 _ 07/30/98 100 T T T 777 CT T 7 7 $271,766  Unknown
" #7Blan Corporation  Neurex Corp.  04/29/98  $32.70 _ _ $700,000,000 $20.13 _ o4/27/98 T T T T T T T T T G777 7 $83663  $175529
T #%Exel Ltd  Mid Ocean Ltd  03/16/98  $75.00 _ _ $2,100,000,000 $63.31 _ 03/13/98 Mar  $65.00  $0.97  _ C T $141,559  $450,000 _
" #TWilliams Co.  Mapco Inc. 11/24/97 ~  $46.00 $2,650,000,000 $34.38 _ 11/20/97 T~~~ T T T T T T $134,209  $106,341
" #7Nations Bank  Barnett Banks  08/29/97  $75.18 $15,500,000,000  $52.31  08/26/97 280 T T T T T 77T CT 77 7 $214,000 Unknown
08/26/97 80 NationsBank C
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# T Hewlett-Packard VeriFone 04/23/97 $50.50 $1,180,000,000 $15.75 04/21/97 $209,281 Unknown
" ¥lNeptune Orient  APLLtd 04/13/97 ~  $33.50 $825,000,000 $21.50  04/11/97 400  May T T T T ¢CcT T 777777 7 Unknown
Lines $21.50 04/11/97 400 Jul C
$21.50 04/11/97 340 May $20.00 $1.08 C
$21.50 04/11/97 550 May $22.50 $0.96 C
" *1Henkel KGaA ~ Loctite Corp 10/28/96  $56.00 $1,289,056,000  $46.13 _ 10/24/96 65 _  Dec _ $50.00 $0.92 C _ $55,000  Unknown
© #1The Gillette ~ Duracell 09/12/96 ~  $58.87 $7,000,000,000 $48.13  09/10/96 1,100  Sep  $50.00  $0.96 C _ _  $1,000,000 $1,770,000
International $49.13 09/11/96 600 Sep $55.00 $0.89 C
"¥21IBM_ T 7 7 7 7 Lotus Development _ 06/05/95 _ $64.00 _ _ $3,200,000,000 _ _ $32.50 _ o0e/02/95 "~~~ TTmTmT T T $467,000 _ $330,000
" ¥2Luxottica S.p.A.  U.S. Shoe Corp _ 03/03/95  $24.00 $1,400,000,000  $16.25  12/15/94 15 T T T T T T 7T TG T 7 7 624787.68 $1,000,000
$19.00 12/19/94 10 c
$19.13 12/20/94 10,000 C
$18.75 01/06/95 36 c
$17.25 02/17/95 870 c
" #7Silicon Graphics _ Alias Research, Inc. _ 02/07/95 _ $28.13 _ $l24.400,00000 ________~~~—~ -~ - - - - - - - =-=-=--=-=-=-=="=-"=""7"77 $38,561  $123,716
" FUITT Corp.  Caesars World _ 12/19/94  $67.50 _ $1,700,000,000.00  $45.25  12/16/94 34 __ Jan _ $50.00 $0.91 _ _C __ $50,306  Pending _
" *2Thomson Corp. _ _ MEDSTAT Group _  11/16/94 _ $27.00 _ _ $339,000,000 _ _ $17.25 _ 11/16/94 40 _ ___ _ ~ — ~ 77777777 G7 77 7 §167,933 _ $404,953 _
" #2Microsoft___ Imtuit, Inc. 10/13/94 _ $76.49 _  $1,500,000,000  _ $47.00 _ 10/13/94 T T T T T T T T T T T T T QT T 7 7 $202,803  $472,342
" #MMartin Marietta  Lockheed 08/29/94 $78.65 _ $10,000,000,000  $63.25  08/22/94 189 __ Sep _ $70.00 _$0.90 _ __C __ _ _ $177,23
" #%Foundation  Intergroup Health.  07/28/94  $65.00  $720,000,000.00  $20.50  or/18/94 T T T T T T T T T T T C,P 7 7 $109,003  $218,006
Health care Corp.
" PMerck 7 Medco Containment  07/28/93  $39.00 $6,000,000,000  $29.00  07/23/93 75 T T T T T T T TG T 7T 7 8122623 $60,474
Services Inc.
" ZSovereign Bancorp  Rochester Commu-  05/05/93 7 7 7 7 T$12.50  o04/01/93 60 T T T T T T T T T CT T 7T 7852562  Unknown

nity Savings Bank
FIATLT NCR Corporation 12/02/90 $110.00 $7,400,000,000 $350,000  Unknown




Figure A.1: Option-to-Stock Trading Volumes

Figure A.1 plots distributional statistics of the option trading volume, defined as the number of traded contracts,

and stock trading volume, defined as the number of traded shares, over event-day windows from 30 days before until

the day of the announcement. On each graph, we report the average, the median, the 90th percentile and either the
distribution (below the 95th percentile) or the interquartile range. Figures (A.la) and (A.1b) plot the call-to-stock
volume ratio. Figures (A.lc) and (A.1d) plot the put-to-stock volume ratio. Figures (A.le) and (A.1lf) plot the
call-to-put volume ratio. The left column (Figures (A.la), (A.lc) and (A.le)) correspond to the ratios for the target
firms. The right column (Figures (A.1b), (A.1d) and (A.1f)) corresponds to the ratios for the acquirer firms. Source:

OptionMetrics.
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Figure A.2: Abnormal Trading Volumes Before Announcement Dates - LOG SCALE

Figure (A.2a) plots the average abnormal natural logarithm of trading volume for, respectively, all equity options
(dashed line), call options (solid line) and put options (dotted line), over the 30 days preceding the announcement
date. Volume is defined as the number of option contracts. Figure (A.2b) reflects the average cumulative abnormal
trading volume for all options (dashed line), call options (solid line) and put options (dotted line) over the same
event period. Figures (A.2¢) and (A.2d) plot the average abnormal and cumulative abnormal trading volume for call
options in M&A transactions that are either cash-financed (solid line) or stock-financed (dashed line), over the 30

days preceding the announcement date. Source: OptionMetrics.
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