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AHHOTaUA

Jannast pa0OoTa mOCBsIlIEHA AaHAIW3Y M OLEHKE OINIMOHOB Ha aKUMU KOMIIAHWM, YacTo
CTaHOBSIIIMXCS yYaCTHUKAMHU CyIEOHBIX pa30MpaTenbCcTB, TMPETEH3UNW PErylsaTOpHBIX —HWIU
AQHTHUMOHOIOJBHBIX OpPraHOB. BBIOOp MMEHHO 3TOW TEMaTHKH OOYCIIOBJIEH NpPUOOPETEHHOH B
MOCJIEIHUE TOJIbl «TIOMYJISIPHOCTHIO» CY/IOB KaK ()OpMbl KOHKYPEHIIUM KOMITAHUN U HaIlPaBJICHUS UX
CYLIECTBEHHBIX PacXoJ0B. B mepByro ouepeqb HACTOIBKO 3HAYMTEIHHOW CTAaThel PAacXoJ0B CTalld

HaTeHTHBIE criopkl cpeau | T-komnanwmii, Takux kak Apple Inc., Samsung u t.m.

PaccmaTpuBaroTcst myOinyHble KOMIIAHUY, aKIIUH KOTOPBIX MOTYT ObITh MOABEPKEHBI HEOKIAHHBIM
CKaukaM Ha (oOHEe HOBOCTEH, YTO HapyllaeT MpPeINOoChlIKY O HENPEephIBHOCTH JAMHAMUKHU
(MHAHCOBBIX MHCTPYMEHTOB, HEOOXOAUMYIO JJIsl IPUMEHEHUs 0a30BbIi (POPMYIT X OLIEHKU. ABTOP
CTaBUT ce0e 11eJIb He TOJILKO MOMOJHUTh «OaHK MOZENEi» ONIIMOHOB HOBBIM MOJXO0A0M K pacuery
BIIMSIHUSA CKAQ4yKOB, HO M OLICHUTH CKPBITHII PBIHOYHBIA IapamMeTp — IOJABEPKEHHOCTh KOMIIAHUU
PE3KUM M3MEHEHUsAs B PHIHOYHON CTOMMOCTH H3-32 HOBOCTEH OIPENENIEHHOr0 THUMa. JTOT
MoKa3aTeab MOXKHO PaccCMaTpUBaTh KaK PHIHOYHYIO OLIEHKY PUCKOBAHHOCTH Y4acTHsl KOMIIAHUHU B
OTpeIeNICHHBIX PEryasTOpHBIX criopaX. OH MOXeT ObITh HCIOJb30BaH Ha MPAKTUKE B NPUHATHH
peLIeHUH KacaTelbHO IOPUANYECKON MOIMTUKU (UpPM, a TaKKe IPU B3BELUIMBAHUU INEPCIEKTUB U
BEPOSITHOIO HCXO0Ja CYHEOHBIX TSHKO, B KOTOPBIX YYacTBYeT KOMIAHMS, WHBECTOPaMU U

aHaJIUTUKaMMU.

B pabore paccMaTpuBalOTCS HECKOJBKO OCHOBHBIX THIOB CyAeOHBIX TmpoueccoB. [lpu
MOJICTUPOBAHHUHU IIpOIecca MOSIBICHUSI HOBOCTEH O CyIeOHBIX MpOIleccax Ha PhIHKE HCIHOIb3YETCs
HOBBIH IOJXOJ: BMECTO TOIO, YTOOBI OLIEHHWBATHh JMHAMHUKY 3TOr0 Ipolecca Ha OCHOBE JAHHBIX
KQKJOTO JEpUBATHBA B OTAEJIBHOCTH, MpEUIaraercs MPOAHAIN3UPOBATh CTATHCTHKY IOSIBICHUS
KIIIOYEBBIX CJIOB, OTHOCSIIUXCS K JAaHHOMY UTIY CyAEOHBIX MPOIIECCOB, B 3alpocax U HOBOCTSIX
cucrembl Bloomberg — ocHOBHO# 0a3bl JaHHBIX, HCHOJB3YyeMOH B pPaboTe MOTUMH
npodecCHOHAIbHBIMU ~ YYacTHUKaMHU pblHKAa. Ha kaxaeslif W3 paccMaTpuBaeMblX — THIIOB
pa3bupaTenbCTB MOA0OpaHbl KIIIOYEBBIE CIIOBA, IMO3BOJSIOUINE MOCTPOUTH U OLEHHUTH MPOLECC
NOSBICHUS HOBOCTEH Ha (uHAHCOBOM pbIHKE. Ha OCHOBE 3THUX MPOIECCOB OLIEHUBAETCS
JUHAMHUYECKU MapaMeTp MHTEHCUBHOCTH MPUXO0Aa HOBOCTEH, CTAHOBSIIMXCS MPUIMHAMU CKAYKOB

B II€HAX aKIUA KOMITaHUM.



BonatunpHOCTH HCTIPCPBIBHBIX U CK&‘-IKOOGPEBHBIX KOMIIOHCHTOB IBHKCHUSA aKL[Hf/'I OLCHHUBAKOTCA
Ha OCHOBE MOJICITH, PEIICHHE KOTOPOH MOJYU4EHO CXOXHM 00pa3zom ¢ padoroit Merton (1976), Ho ¢
y4eTOM JMHAMKH TapaMeTpa MHTEHCHBHOCTH CKauykoB. B kadecTBe 06a3bl [UIsl IMIMPUYECKOTO
aHaiM3a BBIOpPAHBI KOMIIAHWM, HAUOOJIee YacTO CTAaHOBUBIIMECS YYaCTHUKAMHU TSKO KaXIOTO U3
paccmaTtpuBaeMbix THUIOB 3a 2010-2013 roapl. OrieHKa MHTEPECYIONIUX HAC MapamMeTpoOB MO Cpe3y
OIIIIMOHOB K&)K}IOfI U3 KOMITAHUMHU IMOATBCPKAACT, YTO B HCKOTOPBIX ClIydadaX IPCAJIOXKCHHas B
TaHHOW paboTe Mopens Oojee aJeKBaTHA PBIHOYHBIM JIaHHBIM, 4Y€M paHee pa3paboTaHHbIE
CTaHAAPThI OLCHKH. bonee TOro, KOMIIaHHUHU, KOTOPBIC OKA3aJIOCh NPCAINOUYTUTCIBHECC OLUCHUBATH C
IIOMOIIIBIO Hameun MOACIIN, HAXOAATCA B KaTCropuu CYILC6HBIX TSOKO ¢ HanOOJIBIINM KOJINYECTBOM
NyOJIMYHBIX KOMITAHUW C JHMKBUIHBIMU JI€PUBATHBAMU, YTO IO3BOJISIET MPEAINOJIOXHUTh, YTO ITH

KaTeropuu pa36I/IpaTeJ'H>CTB JIEHCTBUTEIILHO BBI3BIBAIOT HanOoJIee CUIbHBINA OTKIIMK Ha PBIHKE.
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Introduction

The mathematics of financial markets have greatly evolved over the past decades, allowing market
players to price complex securities and derivative contracts based on various contingencies.
However, in the real world an infinite range of extraordinary events may occurr which still remain to

be accounted for in quantative models.

Stock options are one of the basic kinds of actively traded derivative contracts. The baseline
approach to their pricing, which was developed in the 1970s by Black, Scholes and Merton, assumes
a continuous process governing share price movements. However, it was soon discovered that this
assumption is not always true in practice. For instance, the largest drop if the Dow Jones Industrial
Average (DJIA) occurred in the midst of the global 2008-2009 financial crisis, on November 5™
2008, when the index fell 7.87%. By contrast, in November 2012 the NYSE and NASDAQ
experienced a rally, with the DJIA jumping 1.7%, S&P500 increasing 2%, and Apple Inc stock
(NASDAQ: AAPL) rocketing 7.2% on November 1912,

These examples indicate that stocks and equity indices cannot be modeled as continuous diffusions,
as their most drastic changes often happen instantaneously upon news arrival. The latter fact has
spurred quite a large and diverse stream of research on incorporating jumps in security price

processes.

While certain authors have developed option pricing methods without taking into account the nature
of events causing jumps, others have distinguished between events governing the discontinuities and
built models for certain categories. The first type of events to come to mind, and consequently one
of the most “popular” ones to model, is earnings announcement. Financial statement publications are
regular and can easily be tracked for all publicly traded companies; besides, their dates are usually
known in advance. However, it is slightly harder to prove the importance of singling out and
designing new models for other kinds if news, which may be infrequent, require tedious data

collection or appear to be significant only for certain industries.

1 S&P Dow Jones Indices website (http://www.djindexes.com/)
% The Wall Street Journal Blogs, MarketBeat, 19.11.2012 (http://blogs.wsj.com/marketbeat/2012/11/19/apple-rally-third-
biggest-jump-since-financial-crisis/)



This work aims to contribute to jump process modeling in finance by considering a specific type of

jump-inducing news: litigations, antimonopoly and other regulatory proceedings.

Such a choice was motivated by the apparent increasing influence on equity stock prices legal
conflicts have had in recent years. Perhaps the most prominent evidence of their effect are company
expenses, as well as market value gains and losses caused by patent wars mostly involving IT
companies. According to the New York Times, as at October 2012 IT giants such as Apple Inc and
Google’s patent litigation legal costs exceeded their R&D expenses®. The latter only concerns direct
costs; the most severe consequences are stock market responses. For example, after Apple Inc’s
August 2012 $1.05 bln court victory over Samsung Corporation in a legal dispute over software and
design copyright not only the dispute’s direct parties, but their market competitors and other firms
engaged in large-scale patent disputes were affected. On the news announcement day, Samsung’s
stock fell 7.5% on the South Korean stock market, while Apple increased 1.88% on the NYSE.
Moreover, Microsoft (NYSE:MSFT) shares rose 0.4% and Nokia (HE:NOK1V) increased 7.7%, as
these companies manufactured devices based on an alternative operating system, Windows Mobile,

rather than the “loser” Android. Another Android proponent, Google, fell 1.4% on the NYSE*.

The aforementioned example demonstrates that sometimes the companies most affected by
litigation-related news are not the ones directly involved in it, but other firms sensitive to this type
of legal conflicts. Indeed, any court verdict may become precedent for future legal disputes, and thus
greatly influence the outcomes of other lawsuits in the same legal field. Therefore this thesis
analyzes news related to specific litigation categories, and their impact on public companies
engaged in a large number of such court proceedings. Consequently, the news-generating process in
this paper is not company-specific but based on market news arrival data. This differs from the
approach undertaken by most researchers, who assume the news arrival parameters are unique for
each entity, which is likely to be true only for a narrow sample of firm-specific events not linked to

the remainder of the market in any way.

Nevertheless, our model still contains a news-related parameter estimated for each company: the
jump volatility due to litigation news of a certain kind. This is another novel feature of our research,

which may be used not only in option pricing but in corporate policy decisions: it may be helpful in

® The New York Times website, Technology, 7.10.2012 (http://www.nytimes.com/2012/10/08/technology/patent-wars-
among-tech-giants-can-stifle-competition.html?pagewanted=all& r=0)
* BBC News website, Technology, 27.08.2012 (http://www.bbc.co.uk/news/technology-19389732)



http://www.nytimes.com/2012/10/08/technology/patent-wars-among-tech-giants-can-stifle-competition.html?pagewanted=all&_r=0
http://www.nytimes.com/2012/10/08/technology/patent-wars-among-tech-giants-can-stifle-competition.html?pagewanted=all&_r=0
http://www.bbc.co.uk/news/technology-19389732

the estimation of market risks associated with filing a lawsuit or continuing a legal conflict instead

of trying to reach a settlement.

It is also important to point out that this paper uses data which, to our knowledge, has never before
been used in stock price modeling and option pricing: news keyword search count provided by the
Bloomberg Terminal system. We choose keywords which are able to highlight news related to the
litigation areas of interest. Later, the search count is fitted to a distribution, which is incorporated in
the option pricing model and used for further estimations. In our view, this approach is an adequate
way to model news flow, as it captures the instantaneous intensity of topic appearance in the
headlines, and uses Bloomberg, one of the main information systems used by financial market

professionals.

The remainder of this thesis is organized as follows. First, we provide an overview of existing
academic research, both in the field of stock market discontinuities in option pricing and the impact
of litigation events on the stock market. A description of the proposed mathematical model and the
derivation of an option price formula follow, accompanied with the interpretation of model
parameters which may help to characterize the litigation process itself, not only serve for claim
pricing. We then outline the estimation and model evaluation procedures, the main characteristics
the company sample chosen for testing and the data used. Finally, we present the estimation results
and conclusions derived from the comparison of our model with benchmarks developed by other

researchers.

Chapter I: Background

[.  Option pricing with jump diffusions in the stock price process

The baseline approach to pricing European stock options (options which may only be exercised
upon maturity), the Black-Scholes-Merton model, was first published in 1973. The evolution of a

security price in this paper was modeled with the following stochastic differential equation:
dSt = CZStdt + O-Stth

In this model, the stock price is governed by a Wiener process (W,) — an almost surely continuous

stochastic process with independent, normally distributed increments. One of the first extensions



accounting for discontinuous movements was developed by one of the above mentioned researchers,
Merton, who included jumps randomly occurring at unexpected times (Merton, 1976). As an
analogue of the continuous-time Wiener process, a Poisson jump process which would govern
abnormal stock price variations was introduced. The result of this paper constituted a new way to

price European options, which, however, did not imply a closed-form solution.

The subsequent stream of research was mostly dedicated to generalizing models of security price
dynamics so that they could encompass jump dynamics but still allowed more or less concise option
price formulas. Apart from simply evaluating unexpected market events, jump dynamics appeared to
be able to solve certain empirical puzzles, such as the “volatility smile”: the fact that implied
volatility tends to decrease with the increase of moneyness (ratio of the current share price to the
strike price), reach a minimal value for at-the-money options and afterward start to rise again
(Derman, Kani, 1994). Papers capturing “smile” effects without incorporating jump diffusions used
such approaches as dynamic variance with constant elasticity, which allowed to extend the base
model without overcomplication (Cox and Ross, 1976); stochastic volatility with stochastic interest
rates (Amin and Ng, 1993; Bakshi and Chen, 1997). Discontinuous modifications aimed to solve the
aforementioned empirical puzzle include stochastic volatility in the presence of jump diffusions
(Bates, 1996) as well as a unification of the several approached given above: models with stochastic
volatility, stochastic interest rates and jump processes (Bakshi, Cao, Chen, 1997). Some researchers
further complicated their works by modeling variance as a Markov-switching process, thus
assuming that volatility is governed by an unobservable process and is dependent on a number of
possible “states of the world” (Rubinstein, 1994; Satoyoshi, Mitsui, 2010).

A popular choice for the theoretical representation of the jump diffusion is a Poisson process. This is
due to the fact that a Poisson jump diffusion is a well-known Levy process which, among other
things, allows the application of an analogue of the Ito lemma necessary for option prices. The
intensity parameter (1) of the Poisson distribution in most early models is assumed to be constant for
a given stock. This assumption leads to the relative simplicity of the models, but is effectively

groundless from an empirical point of view.

Nevertheless, numerous papers incorporate dynamic jump intensity; however, such models typically
adopt more complicated mathematical and econometric methodologies than the ones used in the

papers mentioned above. Certain works introduce both stochastic volatility and stochastic jump



intensity; however, the solution of their models requires the rather complex application of Fourier
transforms (Kangro et al., 2000; Yan, Hanson, 2006). Dynamic jump intensities are also analyzed in
several papers deriving option prices in a portfolio optimization framework, postulating individuals’
wealth and intertemporal utility function properties with a CAPM methodology (Kurmann, 2009;
Asea, Ncube, 1997). To generalize the analysis for American options (those that can be exercise at
any time till maturity) on moderate and high dividend yield stocks, certain papers (Hilliard,
Schwartz, 2005) use a bivariate tree approach, the first grid representing the changes in the smooth
volatility component while the second one consisting of Poisson jumps of log-normal size. This
approach’s advantage is the absence of complicating analytical derivations and straightforward

computerized implementation.

Other approaches to include dynamic intensity and cope with analytical complications include steps
away from the standard combination “lognormal size of jumps — Poisson distribution of jumps
arrival process”. These include modeling jumps as a double exponential diffusion with asymmetric
probabilities of upward and downward jumps (Kou, 2002; Cai, Ning, Kou, 2011) and as a log-
negative-binomial process (Heston, 1993) — the latter model allows the resulting option price

formula to be independent of the jump probability.

Non-financial literature sometimes uses another type of distribution: mixed Poisson distribution with
the intensity parameter following a Gamma process. This event arrival modeling approach has been
used to describe processes ranging from hospital admissions and disease incidence (Savani, Zhigljavsky,
Zeger, 1988; Brdanndas, Johansson, 1994) to consumer purchase behavior (Savani, Zhigljavsky) and
daily number of price change durations (Heinen, 2003). This distribution is relatively easy to
incorporate because it maps into a negative binomial one. It is mostly used to model “fat-tailed”
news arrivals: when large waiting times between occurrences of a process are more likely than in the
standard, fixed-intensity Poisson process. This paper models news arrival with this distribution,
which allows to extend the Poisson news arrival model but still results in an analytical formula for

the option price. The empirical rational for using this distribution is provided further on.

Developing an option pricing formula need not be the single objective pursued. One of the
corollaries of analytical option pricing is the estimation of a stock’s implied variance (IV). Johannes,
Dubinsky (2005) consider jumps caused by prescheduled earnings announcements and use the

resulting IV as a measure of uncertainty of the firm’s financial results to be published. The authors



use several estimators for 1V: a time-series (ex-post) estimator and another one based on options
with different maturity expiring after an earnings announcement (ex-ante). This thesis also uses

implied model parameters as indications of a company’s unobserved characteristics.

As stated before, existing literature on option pricing with jump diffusions usually concentrates on
unexpected jump processes in general, not elaborating on the nature of events causing the jumps.
However, some papers focused on analyzing specific types of events. Most frequently presented in
related works are earnings announcements — investigated, for instance, in the aforementioned
Johannes, Dubinsky (2005). Still, there are other types of events that have not been neglected in
existing literature. These include mergers & acquisitions (Subramanian, 2004) and FDA responses
for health care companies (Linnel, 2012). The former analyzes shares of merging firms to develop a
way to incorporate a non-continuous jump in their dynamics. This model differs from most of the
others by its relevance to the issue under consideration: the author considers the evolution of M&A
parties’ stock prices based on the probability of a merger succeeding and proves that their ratio
should be deterministic so that it can reach a pre-defined value in case the merger goes through.
Further on, Subramanian points out that in case the merger is called off, the share dynamics should
change to certain base price processes, which may be derived from related stocks not involved in the
agreement. This model also leads to the estimation of an implied parameter relevant for fields

outside option pricing: the implied probability of a merger’s success.

Linnel (2012) looks into quite an important area of event research. FDA enquiries and
recommendations issued on medical and pharmaceutical companies’ products. These events are
highly relevant for Biotech industries, as a single FDA decision may kill a firm’s entire line of
business. Furthermore, these decisions are hard to predict for non-pharma professionals, so any
working financial analysis tool would be useful. This paper aims to construct a similar kind of tool

in the legal domain.

[I. Stock market effects of litigations

A number of researchers have already investigated the abnormal returns and peculiarities of stock
price dynamics associated with litigation news. Bhagat et al. (1998) find not only that abnormal
returns for publicly traded plaintiffs and defendants are significant, but their variation may also be
explained by such factors as the subject of the legal dispute, type of opponent (e.g. government or

regulatory body, another legal entity, a private citizen), a firm’s market capitalization and



parameters indicating high risk of insolvency. Bizjak and Coles (1995) limited their event study to
antitrust litigation and find significant value losses among defendants, which grow with new lawsuit
filings. They also stress that the main threat that explains these wealth losses is not the simple
prospect of legal expenses, but the potential prohibition of engagement in certain business practices.
These two works refer to an article which focuses on a litigation between Texaco and Pennzoil over
the takeover of Getty Oil Company and states that a massive value loss the parties underwent during
the litigation (over $3 bin. in total) was only partially regained afterwards, and the loss of value of
the defendant did not match the gain in value of the plaintiff (Cutler and Summers, 1988). The case

described in this paper is strong evidence of dead-weight losses associated with legal conflicts.

Other papers further categorize lawsuits in interfirm and non-interfirm ones, pointing out that the
stock market reacts significantly only to corporate (interfirm) legal conflicts. However, this reaction
IS non-symmetric in terms of gain and loss balance: the losing side often bears higher overall
expenses that the winning side gains as a result of the dispute. Consequently, there is evidence of
dead-weight litigation costs (Koku et al., 2000).

Certain papers highlight the need for direct market estimation of court risks. Some of these works
are devoted to litigation participation securities, which represent shares of the income resulting from
a litigation (awarded by a court as claim recovery or else), which lead to positive excess returns,
being indicative of a company’s confidence in its case. These securities’ market prices provide
estimates of the market’s belief that the firm will prevail in a dispute (Esty, 2001). The latter paper
further argues that precedents are highly important for further litigations of a given type, so such
litigation-linked securities trading may provide market reaction characteristics that can influence
further related cases. Indeed, the existence of such a security on the market would solve many
problems related to projected lawsuit impact estimation; however, this is rarely the case with most

litigations.

The following conclusions can be derived from this brief overview of litigation effect research. First
of all, litigation news do generate abnormal returns, and they often have an impact not only on the
litigants themselves, but on participants of other court disputes for which the case may serve as
precedent. Secondly, lawsuits result in dead-weight costs, thus being an important concern both for
investors and corporate legal departments considering involvement in court proceedings. Finally, the

“marketization” of legal risks (the introduction of a security linked to gains or losses ensuing from a



lawsuit) gives a valid idea of market perception of the case and is significant for further similar
litigations. This thesis attempts to provide implicit estimates of a company’s vulnerability to certain

lawsuits, which may be helpful when a security of the aforementioned type does not exist.

Chapter 2: The model

[.  Valuation formula

Following the general stream of related research, we model the stock price process as a geometric
Brownian motion with a jump component:

dS; .
— = pdt + adW, + dj;
St
di. = [Yt — 1if a jump occurs (1)
Je 0 otherwise

In terms of the probability space illustrating the stock market at t — (Q,J;, P) — the stock price
evolution process consists of an J,-adapted continuous diffusion and an also J-adapted jump

process. The news arrival intensity and jump size (Y; — 1) are independent.

We assume that news-related jJump size has a zero mean, which is due to the fact that pricing is done
under the equivalent martingale measure Q. Under this measure, the stock price process is a
martingale, therefore EQ(S,|3,_) = S,_ - the expected change in value, whether due to the
continuous or jump diffusion components, is zero. The news arrival process has a Poisson
distribution, as in Merton (1976); however, its intensity A is also a random rather than constant
variable. The jump diffusion has the following characteristics:

A e

ft(n’ At) =

n!

x®
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)lt~F(m,9):fp(x, m,H) = g_m . F(m) cxM1p7g (2)
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Appendix | provides the proof of the fact that this distribution mixture maps into a negative
binomial distribution. This results in the following probability of a fixed number of jumps occurring

over an option’s life:

(1-p)"p"(n+m—-1)! 3)

P =n)= nl(m—1)!

For small degrees of freedom, the density of the negative binomial distribution is concentrated near zero
and has a “fat” tail, which is precisely what characterizes most influential lawsuits: a lot of news arrive
around the dates of certain court sessions stating the parties’ reactions etc.; however, major litigation

stages are concluded with lengthy time gaps.

In terms of modeling news flow as a market or industry-specific process, a possible methodology would
be introducing Markov processes and modeling hidden states of the world (litigation intensity).
However, this paper assumes that court dispute intensity is not actually hidden, but can be estimated
based on the data which will be presented below. Even more importantly, Markov models do not allow

to construct a relatively simple analytical solution to the model, which is given below.

We proceed with a European call option price derivation, a full version of which is given in Appendix 2.
The calculations basically follow the Merton (1976) approach, which results in a formula of the

following type (we denote the number of jumps occurring by X):

= 4)
c(s,) = z Prob{X = n}- BS(S, K, T, 7, 03—,

n=0

In our case, the probability of the number of jumps equaling n is based on the negative binomial
probability distribution function. Below is the resulting formula which will be used for further

estimations:



ot )\ _ 5)
Cy = Z a p)n|2(9m(r_rl;_)|n 1)!35(5, T,K,c2,7)
n=0

Where ¢?2' = ¢ +%aj2 is a volatility measure resulting from both kinds of stochastic

evolutions (continuous and non-continuous).

[I. Comparative statics

The results of theoretical estimation of this paper’s proposed model, accompanied with the constant
intensity Poisson jump model and simple Black-Scholes with no jumps, are given below. In each
case we have chosen Gamma distribution parameters to equal the Poisson fixed intensity in mean for

them to be comparable.

Call prices by Moneyness
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Figure 1. Call option prices for T=20; K=50; r=0.03; y=0; 0=0.03; 0;=0.25; 1=0.4;k=3; 6 = A/k

We can see that, when the expected number of news arriving on a given day is low, the three models

provide almost equal option prices.
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Figure 2. Poisson and Gamma probability distribution functions evaluated along integers for
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Indeed, distributions are quite similar for this combination of parameters.

For high times to maturity, considerable jump volatilities compared to the continuous diffusion
volatility and a high number of jumps for which the infinite sum in jump process pricing formulas is

truncated, both jump diffusion models yield high jump premiums and similar prices:



Call prices by Moneyness
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Figure 3. Call option prices for T=50; K=50; r=0.03; y=0; 6=0.1; 0;=1; 1=0.3;k=0.2; 6 = A/k

The corresponding distributions are also quite similar:
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Figure 4. Poisson and Gamma probability distribution functions evaluated along integers for

1=03:k=02; 0 =4/,



At lower maturity times, the jump premium from the constant intensity model exceeds the one
yielded by the dynamic intensity one. This is due to the fact that the Gamma distribution of jump
intensity has “fat tails”, making extreme numbers of jumps over a short period of time more
probable; however, a short maturity horizon limits the possibilities of extreme event arrival

numbers.
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Figure 5. Call option prices for T=20; K=20; r=0.05; y=0; 6=0.1; g;=1; 1=0.8;k=0.2; 6 = A/k
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Figure 6. Poisson and Gamma probability distribution functions evaluated along integers for

1=0.8:k=0.2; 0 =4/,

However, for high scale parameters of the Gamma distribution at short option maturities the

litigation jump risk premium may attain high level compared to other models:
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Figure 7. Call option prices for T=2; K=4; r=0.05; y=0; 6=0.1; 0;=1; A=3;k=4; 6 = A/k
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Figure 8. Poisson and Gamma probability distribution functions evaluated along integers for

A=3k=4;0 =1/,

With such distribution characteristics, the dynamic intensity model leads to higher probabilities of a
relatively small number of jumps occurring; given the short interval till maturity, this results in

higher expected volatility induced by numerous jumps.

Evidently, depending on the time to maturity of a given option and the distribution characteristics of
a given jump process, the three different models may yield similar or greatly varying results. One
would expect the jump diffusions produce similar results on long horizons to maturity when their
respective jump intensities are low. The comparison result will depend on the shape and scale of the

Gamma distribution on short maturities with high jump intensities.

The next section will provide the empirical rationale for choosing a dynamic Gamma-distributed

new arrival intensity parameter for the case of litigation news.



Chapter 3: Methodology

I.  News arrival process

As previously stated, this model does not consider the news to be purely company-specific, but
rather deals with news on a stream of litigation which numerous public companies are involved in

and therefore sensitive to.

In litigations, it is often impossible to single out two or even three distinct parties of a dispute.
Moreover, new related to a certain legal conflict can affect other similar disputes, as it acts as a

precedent and changes investors’ beliefs concerning other proceedings’ outcomes.

The Bloomberg Terminal provides a wide range of news-related research tools. One of them is the
possibility of extracting the story count for certain keywords appearing in news. This option is
provided in the News & Research Menu of the terminal (TREN<GO>). In the opinion of the author
of this work, this story count is a good proxy of the intensity of litigation news arrival — it represents
the actual number of news stories involving the word combinations of interest at a given point in
time. Below is a comparison of graphs illustrating the story count for a patent lawsuit-related query

and Apple Inc. call option implied volatility calculated by Bloomberg.
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Figure 9. Bloomberg News& Research trend analysis, story count for patent litigation query,

compared to AAPL call option implied volatility, Jan 2011 — Jun 2013

Apparently some news arrival intensity peaks coincide with unusually high levels of implied
volatility, which may indicate that a jump component related to these peak intensity levels is present

in the option’s dynamics.

We have constructed several keyword queries to capture the news on the main types of litigations
which may be of interest and also involve a large number of publicly traded companies with liquid

options trading on the market:



"PATENT" AND ("LITIGATION" OR "LAWSUIT" OR "DISPUTE" OR "COURT" OR "LEGAL")

"FRAUD" AND ("LITIGATION" OR "LAWSUIT" OR "DISPUTE" OR "COURT" OR "LEGAL")

("REAL*" AND "PROPERTY") AND ("LITIGATION" OR "LAWSUIT" OR "DISPUTE" OR "COURT" OR "LEGAL")

"INJURY" AND ("LITIGATION" OR "LAWSUIT" OR "DISPUTE" OR "COURT" OR "LEGAL")

"ANTITRUST" AND ("LITIGATION" OR "LAWSUIT" OR "DISPUTE" OR "COURT" OR "LEGAL")

"BANKING" AND ("LITIGATION" OR "LAWSUIT" OR "DISPUTE" OR "COURT" OR "LEGAL")

Figure 10. Keyword search queries constructed to illustrate the main types of lawsuits considered

We continue by looking at the empirical distributions of these intensities. Below are the histograms

of news story count for the main litigation types:
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Figure 11. Histograms of story count for the main types of litigation queries considered

From these illustrations, it is clear that the information arrival intensity can hardly be viewed as

constant. Also, it seems reasonable to model it with a gamma distribution given its theoretical form.

Having identified the type of news of interest, we continue with the following steps. First, for each
type of news flow, we fit the empirical distribution to a gamma one (choosing a lookback interval
for distribution parameter calibration). Each following day, the parameters are updated. Having
obtained this distribution’s historical properties, we incorporate it as a jump-generating process into
the formula (5) we developed. We calibrate the models for each stream of litigation for a sample of
companies with the highest number of docket filings for this type of legal proceedings. Jump
volatilities for each stock, which we estimate in the course of model calibration as the average over
its options, are interpreted as sensitivity levels to the given legal dispute types. We predict that these
sensitivity parameters will be related to the percentage of cases of a certain type a company is

involved in. We evaluate this hypothesis based on actual results later on.

We then compare this model to a basic version of the Black-Scholes-Merton formula with
lognormal jumps estimated for the same sample of companies and to the simple Black and Scholes

formula with no jumps. The Black-Scholes-Merton formula assumes company jump intensity



estimation along with other parameters in the course of model calibration; it has one optimization

variable more than the model we aim to estimate.

We calibrate model parameters by solving the following constrained optimization problem:

min
J,O'j

' 2
T <E%j(;)c]umps Prob{njumPS}BS(S’ T, K, O'r% ,T) - Mr)

M
t=0 t

(6)

Where Prob{n jumps} is calculated according to the previously derived formula (5). The
default constraints used for all volatility parameters were {0} as the lower bound for all
volatilities and {2} as their upper bound. This is a minimal restriction to the problem, which

will allow us to capture the “natural” diffusion parameters.

[I. Company sample and data

Our choice of companies for analysis was based on their presence among top 100 US public
companies in terms of docket filings number as provided by Bloomberg Docket analytics
(DCKT<GO>). Thus, for each legal news stream we choose some of the most active litigants.
Naturally, the company selection was also based on the presence of actively traded options on these
companies’ stock. We also chose only low-dividend companies to eliminate early exercise effects in
order to be able to use our formula for American options, not only European ones. Daily closing
price and trailing dividend yields are obtained from Bloomberg.



Table 1. Sample of most active publicly traded litigants with liquid option contracts by litigation category

TICKER NAME GICS_SECTOR_NAME | GICS_INDUSTRY_NAME SHARE OF DOCKET FILINGS
AMONG TOP 100
2013 | 2012 | 2011 2010
Patent
AAPL US Equity | APPLE INC Information Technology | Computers & Peripherals 4,20% | 1,65% | 1,96% | 2,43%
DELL US Equity | DELL INC Information Technology | Computers & Peripherals 1,77% | 0,70% | 0,83% | 1,02%
GOOG US
Equity GOOGLE INC-CL A Information Technology | Internet Software & Services | 1,59% | 0,62% | 0,74% | 0,92%
MYL US Equity MYLAN INC Health Care Pharmaceuticals 0,19% | 0,07% | 0,09% | 0,11%
CSCO Us
Equity CISCO SYSTEMS INC Information Technology | Communications Equipment | 1,12% | 0,44% | 0,52% | 0,65%
Fraud
Diversified Financial
BAC US Equity BANK OF AMERICA CORP Financials Services 2,05% | 2,47% | 2,22% | 3,62%
TECUA US TECUMSEH PRODUCTS CO-CLASS
Equity A Industrials Machinery 0,00% | 0,00% | 0,00% | 0,41%
CECO US Consumer Diversified Consumer
Equity CAREER EDUCATION CORP Discretionary Services 0,68% | 0,35% | 2,33% | 1,65%
Consumer
SHLD US Equity | SEARS HOLDINGS CORP Discretionary Multiline Retail 0,00% | 0,71% | 0,00% | 0,21%
Real property
Energy Equipment &
CAM US Equity | CAMERON INTERNATIONAL CORP | Energy Services 0,12% | 0,01% | 0,05% [ 1,31%
Energy Equipment &
RIG US Equity TRANSOCEAN LTD Energy Services 0,78% | 0,01% | 0,06% | 0,94%
Personal injury
Ol US Equity OWENS-ILLINOIS INC Materials Containers & Packaging 0,17% | 0,28% | 1,43% | 2,11%
FWLT US Equity | FOSTER WHEELER AG Industrials Construction & Engineering | 0,02% | 0,06% | 0,14% | 1,01%
OC US Equity OWENS CORNING Industrials Building Products 0,00% | 0,01% | 1,75% | 0,85%
Antitrust
Consumer
NFLX US Equity | NETFLIX INC Discretionary Internet & Catalog Retail 0,00% | 0,00% | 0,15% | 0,22%
Banking
Diversified Financial
C US Equity CITIGROUP INC Financials Services 1,82% | 1,57% | 0,35% | 0,17%




Collectively these companies cover a diverse range of industries, which makes them an interesting
sample for analysis. The share of docket filings over the recent years represents a measure of each
company’s “contribution” to its legal conflict category. As mentioned above, one could suggest that
the jump volatility parameter estimates we will get will be the implied analog of these sensitivities.
Within litigation types covering the largest numbers of companies in the sample (patent, fraud) it
will be possible to compare estimated jump volatilities and see if there ratios correspond to those of

docket filing shares in any way.

Option price data and contract specifics are obtained from OptionMetrics, which provides
information on daily bid and offer prices, strikes, types of contracts, maturity and so forth. The
currently available data encompasses a period of time up to January 2013. We choose to analyze a
two-year period (2011-2012) to incorporate the most up-to-date data available and cover a period of

upsurge in certain legal activity, such as “patent wars”.

When selecting option contracts for analysis, we eliminate certain extremes which may bias our
calculations. We consider only contracts with implied volatility over 0.05 and less than 2. We also
do not consider options which have not been traded for longer than 1 day to control for contract
liquidity. We exclude options if they are a “special settlement”, if the midpoint of the bid/ask price is
below intrinsic value and if the underlying price is not available for that day. The levels of moneyness
(the ratio of current stock price to the strike price) for options in our sample range from 0.5 to 2. We only
considered option contracts for which prices are available for a minimum of 40 days, to exclude
extremely close-to-maturity contracts which may result in unrealistic jump premiums based on our

models.

Unfortunately, due to the significant amount of machine time and memory required the author was
unable to estimate and average results over all option contracts satisfying the above mentioned
conditions. Among the contracts satisfying our criteria, for each company we chose a minimum of
twenty option contracts trading over the previously specified time period. These contracts were further
used to estimate model parameters according to minimization problem (6). The evaluation of our model
over different maturities, as done theoretically, and for various jump volatility constraints remains a

topic for further research.



Results

The results of model parameters’ estimation with the optimal pricing algorithm chosen for each

stock are presented below:

Table 2. Results of chosen model ’s estimation on the sample of most active litigants: implied

continuous diffusion volatility and jump volatility

Gamma

Average share of Gamma implied implied jump
Patent docket filings volatilty volatility Preferable model
AAPL US
Equity 2,56% 0,275 0,191 | Poisson Constant jumps
DELL US
Equity 1,08% 0,356 1,118 | Litigation Dynamic jumps
GOOG US
Equity 0,97% 0,111 1,641 | Litigation Dynamic jumps
MYL US Equity 0,11% 0,000 0,110 | Poisson Constant jumps
CSCO Us
Equity 0,68% 0,223 0,350 | Constant Poisson jups
Fraud
BAC US Equity 2,59% 0,100 0,100 | Ordinary BS
TECUA US
Equity 0,10% 0,541 0,100 | Ordinary BS
CECO US
Equity 1,26% 0,105 1,753 | Litigation Dynamic jumps
SHLD US
Equity 0,23% 0,139 2,000 | Litigation Dynamic jumps
Real property
CAM US Equity 0,37% 0,331 0,100 | Ordinary BS
RIG US Equity 0,45% 0,101 0,100 | Ordinary BS
Personal
injury
Ol US Equity 1,00% 0,359 0,148 | Ordinary BS
FWLT US
Equity 0,31% 0,286 0,712 | Poisson Constant jumps
OC US Equity 0,65% 0,221 1,130 | Poisson Constant jumps
Antitrust
NFLX US
Equity 0,09% 0,381 0,100 | Ordinary BS
Banking
C US Equity 0,98% 0,317 0,236 | Poisson Constant jumps

The model proposed in this paper has been chosen as the one yielding the smallest mean square

deviation from market option prices in four cases out of sixteen. These do not always correspond to




the segments’ leaders in terms of litigation volume (for the two absolute leaders in litigation share —
Apple Inc and Bank of America Corporation — constant intensity Poisson jumps and the baseline BS
model have been chosen, respectively. However, the firms which it appeared to be preferable to
analyzed with our model can be considered “runners-up” in terms of litigation volume share;
moreover, an important result is that the model has been chosen within the sector with the largest
number of public companies with liquid options. These sectors may actually be the ones with the
most sensitive market responses to litigation news; therefore, within these groups our results appear

to be more trustworthy.

As expected, for the companies singled out by our model the implied Gamma jump volatility is quite

high, meaning that a large proportion of these stocks’ dynamics was due to litigation jumps.

Several companies — Bank of America Corporation, Mylan Inc and Transocean Ltd — appear to have
been inadequately priced by our model: their resulting parameter values did not diverge much from
initial values used in optimization. This may be due to the fact that their business activity is highly
linked to other news-generating events, which may be more helpful in their pricing. For instance,
Mylan Inc’s legal conflicts constitute only a minor share within the patent dispute category.

The analysis performed is evidently only a first step toward the research if litigation news impact on
options. The author would like to expand the estimation sample and conduct other tests (such as the
distinction between long- and short-maturity options and imposing additional constraints on

volatilities) in the future.

Conclusion

This thesis presents a model of option price dynamics involving jumps caused by legal disputes,
regulatory proceedings and such. The jumps incorporated in the proposed model arrive governed by
a Poisson process with a dynamic intensity rate. Assuming this rate to be gamma-distributed, we
obtain an analytical solution to the model in a Merton (1976) framework. The rationale for choosing
a gamma distribution for the intensity parameter is explained by actual data characteristics. A novel
feature of this research is the estimation of jump characteristics based on actual news flow data,

which is obtained from business news analysis data provided by Bloomberg Terminal.



Having modeled our version of stock price dynamics theoretically, we show that the Gamma-
distributed intensity model is a very flexible one. In comparison with the fixed-intensity Poisson
model and the baseline Black-Scholes formula, our model may yield very similar results on long
horizons with low distribution scale parameter; an excessively high jump premium in case of short
time to maturity and a high scale; and low premium relative to fixed-intensity jumps in case of short

time to maturity and a moderate scale values.

Our empirical testing sample consists of the most prominent litigants within 6 legal dispute
categories: patent, fraud, real property, personal injury, antitrust and banking. We have chosen
public companies with actively traded option contracts and low dividend yields. As is often the case
in similar research, a complete model empirical testing course would take up a lot of machine time
and resources. We have limited our scope to option most appropriate for analytical evaluation
(eliminated evident arbitrage or non-liquid contracts), and then chose numerous random option

contracts to parametrise our models.

The model developed in this paper proved to be most adequate in the analysis of several companies
from the litigation categories comprising the highest number of publicly traded companies: patent
and fraud litigations. The estimates of Gamma implied jump volatility for these entities is quite high,
meaning that indeed a large proportion of these companies’ volatility may be attributed to litigation

Nnews.

However, twelve other companies from our sample have proved to be more concisely estimated by
other models. Ordinary Black and Scholes apparently still remains an important pricing benchmark;
nevertheless, for large companies often highlighted in the news such as Apple Inc, jump diffusion

still seem to be more appropriate.

The research conducted ion this thesis may be expanded in a great variety of way, including, but not
limited to, a broadening an the range of empirically estimated companies, separating option sample
with different maturity and moneyness levels and modifying keyword queries in order to get a more

precise proxy for litigation news flow.

As a potential field of further research, the author of this paper would like to propose using another

type of Bloomberg news-related data: the company heat news story flow parameter calculated by



Bloomberg. This indicator is calculated based on the number of key news stories published related
to a company on each given day. As this paper places special emphasis on actual news arrival as a
source for empirical parametrization of news arrival processes, this indicator would be the perfect
candidate for a jump-generating process generalized over all kinds of company-related news.
However, its employment in analysis and comparison with other models, such as the one presented

in this paper, remains a subject for further research.
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Appendix

[.  Poisson mixture of independent Gamma distributions
The probability of n jumps occurring in a Poisson process with a given intensity 4 is:

/Ine—ﬂ
n!

P(X=n|1)=

Thus, the unconditional probability of observing n jumps in a mixed Poisson process specified in
this paper will be given by:
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Recalling that T'(a) = (a—21)! for an integer a, we get:

—-n)Y"p". =11
P(X =n) = 1-p)"p"-(n+m-1)!
ni(m-1)!
distribution, where m is the number of failures of an experiment (in our case, time periods without
jumps) which occurred before n successes were observed.

— the probability mass function of a negative binomial

II. A derivation of the European call option price formula

Recall the dynamics of the stock price given in Equation (1). According to financial theory, under

the risk neutral probability measure the stock price must be a martingale. Thus:

E(d(e7"S,I3,)) = E(e T8 (=S, + dS)IS,) = e " - E(uS,dt + oS, dW, + dj, — 1S,|3,)
=e "t [E((u —1)Sedt|S,) + E(Sdji|3)] = 0

Therefore, under the risk-neutral measure, the stock’s drift becomes (J; further omitted from the

expected value formulas for simplicity):
p=r—Edj)=r—EXY-1))=r—EWMEY -1 —cov(L,Y) =r—¢
o =EWQE{Y -1)
cov(A,Y) = 0 by assumption of independence of jump intensity and size.

According to the Girsanov theorem, under this risk-neutral measure, the Brownian motion

governing stock price dynamics will be:

-rS5.+
Xt:_u
o

As well as in the case of Poisson jump with constant intensity, an analogue of the Ito lemma can be now

applied. It states that: for any scalar function f(t, X) € C2:

1
df (t,Sp) = fs((r — 9)S,dt + oS, dW,) + 5 fss02SEdt + fodt + fdq,



Where:

f(StYJ t)

dq, = m— 1if a jump of sizeY occurs

0 otherwise

Thus, for f(S;, t) = InS, we obtain:

2

o
d(InS,) = (r - —7> dt + odW, +Zlan

S<t
where s is the number of jumps that occurred before time t.

Therefore, the actual stock price is:

2
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Where J; = InYs, Jy~i.i.d. N(0; 0})

We now carry on with a derivation of a European call option price conditional of s — the number of

jumps occurring before the option’s maturity:
C§ = (E(Sr 1spax) — K- E(1spax)) = e7T(Py = Py)
Denoting Wy = 0vTz, z~N(0; 1), we proceed:
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2
where d/ = dJ + /Ta2 + sof

We have obtained the formula for a call option price conditional on s jumps occurring during the life of

the option:

2

C§ = So exp (—(pT + S%) o(d)) — Ke "o (d})

2
Only the term % appears to be different from the standard Black-Scholes (BS) formula. In line with

Merton (1976), we denote 62’ = o2 + %sz and express the formula for s jumps as:

C§ = BS(S,T,K,d?,r) —standard BS formula with a new volatility term.

To arrive to the final option price expression, we need to aggregate the expected value over all possible
numbers of jumps:

A -p)pim+ s —1)!
CO_Z sl (m— 1!

BS(S,T,K,c2,7)

s=0



II1.

Empirical distributions of other news arrival processes considered
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