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This thesis examines the rigkljusted performane®f several arbitrage and hedging strategies
involving convertible bonds. Convertible arbitrage (CA) exploits the pricing inefficiencies of
volatility or credit attributes embedded in the convertiiwad by simultaneously taking a long
position in the convertible bond and a short position in the underlying common stock. The
methodology involves replicating various CA strategies set up on linear adtheanattrib-

utes of convertible bonds. The sdmponsists of 159 U.S. market convertibles issued between
2013 and 2018. The returns of various CA strategies are first examined as individual trade re-
turns and later aggregated to portfolios. Strategy returns are examined with the Sharpe ratio,
skewnessnd kurtosisadjusted Sharpe ratio (SKASR) aatinear riskfactor model incorpo-

rating equity and bond risk. The results present mixed news for investors interested in CA.
Strategies involving dynamic hedging around convertible bonds generate statisimaifii-

cant alpha on a risfactor basis but lack robust evidence from a total risk perspective. Results
indicate that arbitrageurs exploiting CA strategrgght find it worthwhile toconsider higher

equity market risk when setting up hedg&éresults are robust to modest transaction costs.
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Avainsanatvaihtovelkakirjalainaarbitraasihedgerahasto

Tama tutkielma tarkastelee vaihtovelkakirjalainojen ymparille luotujen arbirgasi
suojausstrategioden  riskikorjattua  suoriutumista.  Vaihtovelkakirjakibdraasissa
tavoitteena on hyotya vaihtovelkakirjalainaan epatehokkaasti hinnoitellusta volatiliteetista tai
luottoriskinhinnasta ostamalla vaihtovelkakirjalaina ja samanaikaisgg/malla lyhyeksi
kohdeetuutena olevaa osaketta. Tassé tutkielmassa replikoidaan useaa vaihtovelkakirjalaina
arbitraasistrategiaa hyodyntamalla 159:4a Yhdysvaltain markkinoilla vuosien 2013 ja 2018
valilla liikkeellelaskettua vaihtovelkakirjalainaa, igen ymparille luodaan instrumenttien
lineaaristen ja epalineaaristen ominaisuuksien mukaisesti erilaisia riskiarbitraasipositioita.
Strategioiden tuottoja tarkastellaan ensin yksittaisten riskiarbitraasipositioiden kautta, ja
myo6hemmin tuotot aggregoidagortfolioiksi. Strategioiden riskikorjattuja tuottoja tutkitaan
Sharpen luvun, vinousga huipukkuus korjatun Sharpen luvun seka lineaarisen ogake
korkomuuttujia sisaltavan riskifaktorimallin avulla. Tulokset osoittavat, etta strategiat tuottavat
tilastollisesti merkitsevia ylituottoja riskifaktorimallia vastaan, mutta kokonaisriskiin
perustuvien mallien perusteella vahvoja todisteita straitkgm ylisuoriutumisesta ei ole.
Tutkimustulokset indikoivat, etta avhtovelkakirjalainaarbitraasistrategiaa harkitsevat
saattaisivat hyotyd suuremman osakeriskin suosimisesta vaihtovelkakirjalainaposition
suojaamisessd utkimustuloksissa on huomioitu maltilliset kaupankayntikustannukset.



Table of contents

O ] (o To 18 ox 1] o PP PP PP PRPPPTPON 1
I R = 7= (o3 (o [ (o 1F [ o PO P PP PP PPPPPPR 1
1.2. HYypothesisS d@EIOPMENT........ooiiiiiiiii ettt ener e e s 3
1.3. Limitations Of the STUAY........uuuuiiiiccie it ee e s e e e e e e e e e e e e emenreenneees 5
1.4. Structure Of the theSIS.........uuiiiiiieei e e 6

2. Corvertible Bonds: Valuation and RISK.............eeeiiiiiiiiiiieeniiieeeee e 6
2.1. Overview of convertible DONAS..........c..uviiiiiii e 6
2.2.Valuation 8N GIrEEKS........ciuriiiiiiiiiii e ecee sttt e s nenre e e e 11
2.3. Adjustments to the models: Yield curve and credit spread............ccccccevviiiiemmnniiiinnnn. 17

3. ConVertible ArDItrage. ... 21
T S 1 =1 (=10 o (=TTl ] o) 4o TSR URT SRt 21
3.2. Empirical evidence on convertible arbitrage returns and market efficiency.................. 22

4. Data and Strategimplementation..............ccoooiiiiiiiiien e 26
4.1. DesCription Of the TaLaL..........uuueiiiiiieiiiiicee e ee e e e nees e 26
4.2. Convertible arbitrage trading methodology...........covvviiiiiiiiiiiiiee e, 30

i N 1= = T Lo = PSS 30
V0 \Y [ Yo [} 1Yo o 11 1 = 4 T=To [ [N 31
4.2.3. GAMMA CAPIUIE NEAGE ... ueeii e eereer e e e e e e e e e et eeeeeees 31
4.3. Returncalculation and position mark-to-market ..........ccooeeieeiiiiiiiiiiccceeeeeeeeeeeeeeeaee 33
4.4, TraNSACHON COSTS......uuuitiiiiiiieeeeie e imeee sttt ettt e e e e e s s mnee st e e e e e e e e e e s s snneaansnnnseeeeeeens 34
4.5, CaSe SIUAY OF TESIA......uuueiiiiiiiieiie et e e e e e e e e aeas 36

5. EMPINCAl RESUIS.......ouiiiiiiiiiiiee e 40
5.1. Individual trade analysis: Return and RiSK...............uuiiiiiiiiiiiie e 40
5.2. Portfolio analysis: Return and risk...........cccoooiiiiiiiiieeeiieeieecceeeeeeeeeee e 4D
5.3. EXplaining Strate@gy MEIUIMNS........ooiiiiieee et a e e e e et eeeeeaee e eeenenneenneas 53
5.4. Sensitivity analysis with respect to transaction COStS............ooveeieeiiirececiiiieeee 59

6. CONCIUSION.....oiiiiieieiee et neea e e s 61

REIEIEINCES ... e 62

7Y o] 01T 8 To [ o =SOSR 66



List of figures

Figure 1: Convertible bondés price s.ens..ti.v.i.t.y. . wi.t®
Figure 2: BinomiadTree With Credit RISK............c.uuuiiiiii ettt e e e s e e e e e e e s e eannees
Figure 3: Convertible Arbitrage Trade Sep, Long Volatility.................

Figure 4: HiStoriCal TreaSUINY RATES.........uuiiiiiiie e iieeee ettt e e e e e e e e e e e s st e e e e e e e e e s s aatbaeeessasbaeeeeeeeessansssssessanassens
Figure 5: Number of Positions in CA POMOlIQ.........cociiiiiiic et e e e e e
Figure 6: Return Profile of Gamma Capture HEAGE ... ....ccoiiiiiiiieeeee et
Figure 7: Simulated CA trade using the ddftadge approach with Tesla's convertible..............ccccoviiieciieec e 37
Figure 8: Modified DeltaHedge EXAMPIE...........oii ettt et e et reer e e e e e e e s e e e e nanen 38
Figure 9: StrategiesS COMDINEDL ... iiiii et e et e e s e e nr et e e e br e e e s s et e e s b reenrn e e e s naneeas 39
Figure 10: Kernel Distribution of Monthly Portfolio RETUINLS............coiiiiiiiiiieeeiiiieee et e s e e e e aan 51
Figure 11: CUMUIALIVE RELUIMS.......ueiiiii ettt eeei et e e e e e e seeet bt e e e e e et setbaar e e e s aeanseeeeaeeseasastbssseeeeesannnneaeaeeaaans 52

List of tables

Table 1: Convertible Bond Pricing EXAMPIE........coouiiiiiiiieee ettt e e e e e 20
TabIE 2: CB DEAI STALISHCS.....ciuviiitiieitti ettt ettt bt s s e et e se bt e e be e ekt e san e e e benr e e nn e e nnneenane 27
Table3: EQUILY MArKEE DALA.........cccuiiiiiiieie e ieeesiei ettt e ettt e e e ree et e e e sste e e e s anteeee s smeastseeeeansteeesanseeeeeantenasseeeesnnneeeean 28
Table 4: Rates and SPreads StAtISHICS. ... ..uuuiiiiiie e iieeei et eeet e e e st e e sb e e e e s tbeaeteeeesneeeeeantbeeeeensenneeas 28
Table 5: DeltaHedge Trade Returns
Table 6: Modified DeltsStrategy Individual Trade RETUIMS........ccoiiiiiiiiiii et
Table 7: Bullish GAMM@A Trade RETUINIS. ... ...uuiiiiiiie ettt e e e ee e s st e e e e e e e s e ssatbeeeassbsbeeeeaaeeesaassseseenan
Table 8: Bearish Gamma Trade Returns
Table 9: Portfolio Descriptive Statistics............

Table 10: SKASR FESULILS........ccoiiiiiiii ittt
Table 11: Descriptive statistics of the independent variables.
Table 12: REQIESSION RESULLS..........oiiiiiiiieieeetii ettt e et eeet e e s ettt e e s saaeeeeesn b beanteeeeanteeeesabbeeeeentennnseeeesnnneeeean
Table 13: Transaction Cost Sensitivity Analysis.

List of Appendices

Appendix 1: Cumulative Returns of U.S. stock and bond market indices vs. HFRI Convertible Arbitrage.Index.....66
Appendix 2Convertible bond price sensitivity to volatility and credit Spread.............coovviiicrniec e 66
Appendix 3: Trailing 3M relative historical volatility of the underlying stock after the IiB=RIa..............oooviiiiiieecinnen 67
Appendix 4: Normalized average stock price after the issuance of convertible.band..............c.occeeiiiiinnnnd 67

List of abbreviations
BSM = Black-ScholesMerton
BPS= basis point

CA = convertible arbitrage
CB = convertible bond

CDS = credit default swap
HV= historical volatility

IG = investment grade

IV = implied volatility

OTC = overthe-counter
OTM = out of the money
SKASR = skewness and kurtosigljusted Sharpe ratio

YTM= yield to maturity

respect


file:///C:/Users/OMISTAJA/Desktop/Masters/Thesis/AleniusThesis_forthelastime.docx%23_Toc91847025
file:///C:/Users/OMISTAJA/Desktop/Masters/Thesis/AleniusThesis_forthelastime.docx%23_Toc91847026
file:///C:/Users/OMISTAJA/Desktop/Masters/Thesis/AleniusThesis_forthelastime.docx%23_Toc91847027
file:///C:/Users/OMISTAJA/Desktop/Masters/Thesis/AleniusThesis_forthelastime.docx%23_Toc91847030
file:///C:/Users/OMISTAJA/Desktop/Masters/Thesis/AleniusThesis_forthelastime.docx%23_Toc91847031
file:///C:/Users/OMISTAJA/Desktop/Masters/Thesis/AleniusThesis_forthelastime.docx%23_Toc91847032
file:///C:/Users/OMISTAJA/Desktop/Masters/Thesis/AleniusThesis_forthelastime.docx%23_Toc91847033

1. Introduction

1. Introduction

1.1. Background

A convertible bond consists of a traditional bond with fixed payments and an embedded option
on the equitylnvestors owning the bond can earn a fixed return by receiving cashflows from
the bond butave an optiorto convert the bond toommon shareAggressive and skillful
market entities such as hedge funds and proprietary trading desks use a vast rasgting off
positions around the convertibles and try to create attractiveatskn profiles Convertible
arbitrage belongs to the class of fixed income arbitrage where the aim is to spot and capture
profits from the mispricing between the convertible band other instruments from the is-
suer 6s c a plntheaurmot athefinantial arigs.2008, highly leveraged convertible
arbitrage funds losiver30 percent of their valuendwere amonghe worstperforming hedge

fund strategieghat yeat. One of the oldest hedge fund strategies betting on the mispricing
betweena convertible bond and equity was no longer market neutral and profi&btzthe
financial crisis 2008nvestorshavewithdrawn approximately$ 30billion from the convertible
arbitrage fund€ When the COVIB19 pandemic hit the world economy in 2020 and the stock
market plunged, convertible arbitrage funds raised their heads for the first time in years. Funds
deriving return from the mispricing of the volatility in the convertibles show sadlidrein

2020 despite the stock market crasbeAppendixl.

Convertible arbitrage or any arbitrage is far away from textbook execution afateararge

amount of risk and uncertainty (Shleifer and Vishny,199#g scientificevidencespeaking

forthe strategyo6s super i oislimitad soatroeersidand lacks pastn ¢ h a
2012 coverageseee.g. Fabozzi, Liuand Switner (2009, Hutchinsonand Gallagher(2010),

Agarwal, Fung, LoormndNaik (201J). In summary, the resultadicate that on traditional risk

exposure measures, the strategy generates abnormal excess Retarngapers havesed

1 Source: HFRI Convertible Arbitrage Index

2 Source: BarclayHedge, 2021
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mainly two approache3he frst and more populapproacthas been to construct risk factors
that incorporatgfor examplea longexposureand deltahedgel exposure t@onvertible bonds

and use them to expla®A fund returnsin thesecondapproachCA portfoliosareconstruced

from historicalmarket dataee e.g. Fabozzi edl. (2009)or HutchinsorandGallagher (2008)
HutchinsorandGallaghe(2008) point out, there are issues related to historical hedge fund data
e.g.survivorship bias and how to address proper risk factors. FollodMinchinsonand Gal-
lagher(2008,2010)and Fabozzi eal. (2009), the approach in thikesisis to construct simu-
lated convertible arbitrageades and portfolioBom real market and bandata. In addition to
avoiding thepossible biases in hedge fuddta this method allows full control of transaction

costs and leverage throughout the time series.

Convertibles are often issued with a purpose to monetize the volatility i.e. obtairfilcaner

ing costs because investors are interestadang-term call option on the equity and willing to

pay for it. This volatility is often priced much lower than the volatility observed from the equity
or options market would indicat®aeSue Sinthavat, and Srivisal(2020) show that implied
volatility in the options embedded convertible bonds is significantly mispriced in the U.S
market during 201:2016. This is an interesting observation as it is very closely relatehto
vertible arbitrageind ndicateghe possible existence of arbitraggom the volatility perspec-

tive, this giveghemotivation to explore the strategy returns, again, as the strategy should derive

some of its return from the mispricing of volatility.

To derive the proper hedgingetrics, hedge fundand proprietary trading desksea vast
amount of modelthatare used testimate convertielbond pPrice sensitivity tahe underlying

stock, interest rate levelnd so onFabozzet al. (2009), Lonceski, Ter Horstand Veld(2009)
employthe BlackScholesMerton (1974) model to derive such metrics. To address the credit
risk, to which the arbitrageur is also exposed, a binomial model incorporating the credit risk is
usedin this thesis A binomial model with credit risk by Milanov, Kounchey Fabozzj Kim,
andRachev R013) serves as the framework on hedging strategies which has not been used very

often, if not ever, in the convertible arbitrage papers.

Arbitrageurs are exposed to market frictionshsas direct and indirect codtsat occur every
time something is bought or solfio enhance the robustness of results and to study the effect

of transaction costs, a market impact maafehe stock trading costs employed. Bonds are
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tradedOTC and trasaction costs are rather difficult to estimaesensitivity analysis is per-
formed to address the effect of bond-bek spreadnt he st r at e g yhissagapr of i t
has not been done according to thetedandhor 6s

should bring value to the existing research pool.

This thesisshould answer questions that have been left unanswered and gives a motivation to

test the deviations from the law of one pricghe convertible arbitrage context

1.2.Hypothesis development

In thisthesis a variety ofconvertible bond arbitrage and hedging strategiressimulated and
tested for the deviation from the law of one pridee sample consists 068 convertible bonds

issued between 2013 and 2018 in th8.Unarkets. Strategies employed in thissisare delta

and gammdased strategies that are set up between the convertible bond and the underlying
stock. All trades are first studied separately and in the latter part, aggregated to portfolios that
are examined withlinear riskfactor and totatisk models.n this section all hypotheses and

explanations for them amesented

Hypothesisl: Convertible arbitrage is a superior investment strategy on aatgksted scale.

A hedged position around convertible bond generates risgtadjusted returns both fromn
systematic and total risk perspecti#eg. Hutchinsorand Gallaghe(2008) show annual re-
turns of 847 % for equaweighted simulated convertible arbitrage watmannual volatility of
6.04%. In termsf the Sharpe ratjcan investor receivemore returnunits per one riskinit
than investing in the Russell 3000 (retur@346 with a volatility of 1541%as p.a. over the
periodfrom 1990to 2002. Also, the HFRI Convertiblarbitrage Index returned on average
11.02% with a standard deviation 0f33% during the same perioAt least in history, the
strategy has providealhigh return to risk metrics both thescientific and real world
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Hypothesis2: Convertible arbitrage is a marketeutral strategy.

Eg.Gal |l agher, Hutchinson, O0Brien (2018) <cl ai
itive returns for a relatively long period with low volatilitfhe aly exceptions are market

shocks that have had a large negative effect on the returns and gl twlaitility. However,

they show that convertible arbitrage has relatively low exposure to common risk factors in a

normal market regime.

Hypothesis3: The binomial model with credit risk isaldeto calculate Greeks for convertible

bonds and later to derive abnormal excess returns.

Thebinomialmodel by Milanowet al. (2013) has not been used often, if not ever, in scientific
articlesthatexamire convertible arbitrage strateghk regular binomial model result converges

to the BlackScholesMerton resultwhenthe numberof steps is increasezhough Although

the Milanov etal. (2013) model diverges from the basic Wiener Process approach, the result
should be close to the regular Bla8kholesMerton result as the tree construction parameters

are close to the regular Cox, Ra@sglRubinstein (1979) solution.

Hypothesis4: Hedge ratios calculated using implied volatilities lead to more precise hedging

andgeneratehigher riskadjusted returns.

Zeitsch (2017) challenged the use of historical volatdisya model calibration volatility in
capital structure arbitrage strategies. Although these strategies were about trading mispriced
CDS, the motivation to userhonth 10delta putimplied volatilitieswas clear. Buying CDS
protection inherently reminds of buying demgt of the money (OTMput optionsasaninsur-
ance againstinancial distressMarket players start buying OTMut options as insurance
therebydriving theimplied volatility up This means thahe CDS model should be calibrated
with deepOTM put optionvolatility as these insiments are inherently for the same purpose,
that istail risk insuranceThe sme conclusion could be drawn frantonvertible bondhat
hasanembedded warrant on the equity, a call optike feature. When the market expects the
c o mp afmanéiads or other featusdo enhance, they start buying aftthemoney calls,
speculating on the increase in the stock price. So, convertibles tissLeedOTM, should then

possesshesame features &TM calls.
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Hypothesisb: Modified-deltaand gammastrategiesoutperformregular deltahedging strate-
gies.

Hutchinsonand Gallagher (2008), Calamd2003) claim that daily delthedging is usually
ignored by hedge funds due to its expensive nature. Ammaadiseiz (2006)and Batten,
Khaw, and Young (2018}laim thatdeepOTM convertiblesare less likely to be efficiently
priced and therefore mightda larger hedging error$he tradermight thenenterinto trades
selling short too few or too many shares. This gihesnotivation to study strategies that use

differentrebalancingand hedge ratiguidelines than a reguldeltahedge strategy

1.3. Limitations of the study

On the limitations of thishesis a few themesshould be especially highlighted. Firstly, only
the binomial model with credit risk componesatrves as a valuation model for the convertible
bonds Other notable models suchthemodel proposed bfyache Forsythand Vetza(2003)

or TsiveriotisandFernande$1998)are excluded.

As many companies in the sample are smaller than for example comibaiase part othe
SP500 index, only one aggregate value addressing the implied volatilities-tdrtbetmoney
calls is used ithemodel calibrationSmaller companies might not have enough liquid vanilla

option quotes that could be employed in the model calibration

The maximum holding periodf a particular CA positiors 14 months after opening the posi-

tion. As the individual trades are aggregateth&portfolio level, there should be a clear limit

when thepositionexits the portfoliothat is, eithed4 montls, call or default by the issudihe

14 montts were chosen for several reasom&@abozziet al. (2009) indicate that delténedged

trades generate positive retufios the first15 monthsfrom the issuanceAlso, the liquidity

aspect is consideredccording toBattg Chackgoand Dhararf2010) t he i ssuer 6s st
CB have the highest liquidity near the initial issuaridarle andVerwijimeren (2017) claim

that hedge fundare exposed to particular tiaforapproximately 1 year

Other limitations consider the bond valuation &réek letter derivation. Creditsk is incor-
porated in both models and there should be some educated guess where the credit spread should
be for a particular company. Again,mapanies in the sample rarely have Cipfetes or liquid

vanilla bond quotes so the cresiitread is estimated withe Merton model (1974) framework.
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1.4. Structure of the thesis

The thesisis structured as followsSections 2and 3 focus on the theoretical framework of
convertible bonds and convertible arbitrage as an investment strategy. The methodology em-
ployed is thisthesis and maj or studies concerning conyv
mance and market efficiency are prasérnn the thirdsectionas well.Sectionst and5 consist

of the data descriptigmportfolio constructiorand resuk. Conclusios are presented thereafter.

2. Convertible Bonds: Valuation arRisk

Hybrid securities are between debt and eqitye most common instruments in this asset class
are convertible bonds and preferred shary$rid securitiescanpossess characteristics such
aslong or perpetual maturifyconvertble feature (convertible tequity or debt)lowest pay-
ment rankin acase obankruptcy(subordinated debtho voting right(preferred sharesand a
possibility of a coupon or dividend deferreihe accounting treatment, whether treated as debt
or equity, can vary between diffetecountries(De Spiegeleer, Van HulendSchoutens2014

1-2)

2.1 Overview of convertible bonds

A convertible bond is a hybrid security that consists of a traditional bond and an embedded
equity option. Like a regular bond, a convertible bond hiasa value andhvestor receives
coupons The holder has a right to convert the securitg poedetermined amount tfecom-

panyd sharedut has no obligation to do sd\fter the conversion has taken place, the holder
foregoes the remaining coupons dhd face valuand receives the shares that the holder is
entitled to The payoff to the investor is either therefixed incomereturnand/orthe equity

value when the bond position is converted to shétresuld be so that the equitsadesdeeply

below the strike pricand the investor has no incentive to convert wouldrather receie
cashflow from the couponShould the stock price Bnough, the holder converts the bond to

shares.
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Final Payoff

The convertible bond can be converted to equity during its life (American option) or at maturity
(European option). At each timeluring the life of the convertible, the conversion vatuhe

value ofanimmediate conversion.

(2) 0€¢&0QIWAnEn Y
Where Gis thenumber of shares the convertible bond can be converted into or the conversion rat
S is the stock pricen trading day.
If the bond is held until maturity, the final payoff to the convertible bondholder is either the
debt value or conversion value, whichever is greater. Unless the holder decides to exercise his

right to convert, the bond position exists.

2) 0 OGé WAIOQHO Gihé & 0 QiGiGFAHEQ
or
3) 0 &G é WA GOG "0 65 2 Y

Where FV is the face value of the bamatd C is the couporate

Pricing and expressions

The bond floor is the pure debt componefrthe convertible bond. If the bond is not converted
during its life, thereturn to the investds the same as holding a regular fix@ttome instru-
ment.The returrthenequalgheprice change of the bond plusetcoupon payments on the face
value The valuation of the fixed income leg is analogous to a regular fixed income valuation.
The bond floor value is equal to the sum of discounted cashflows received by the bondholder

() 5 5Q 0

Where N is the number of coupons received during the life of the boyid,tlie coupon paid at time ¢,
is the discount ratd, is the time of coupon arrival, is the time to maturity and FV is the face value ¢
the bond.

The convertible bond price ssum of the pure debt component and the equity option value.
The convertible bond is then economicalies ame as hol ding company?®6
optiononthe underlying equityl' he conversion price, or strike price, is the stock price at which

7
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the equity conversion value is equal to theevalue of the bond. In some occasions, the con-
version price is changed during the life of the security for exasteldthe company splits
stock or issue new shares to the markieé precise valuation method for the optioexplained

in detail after this suisection

(5) 0 O 06 0

Where Rg is the price of the convertible bond, is the price of a call optior, is the conversion ratic

and6 is the bond floar

(6) 06

Whered is the conversion ratiandd is the conversion price

The parity of a convertibles expressed as a percentage to the face value of the Famelx-
ample, a parity of 120% means that the value of the conversion is 20 % higher than the face
value of the bond.

7 N 4
(7) VD Wwi Q6w
0
or
v mms OZTY
Vi PO B——
Oow

Where0 is the conversion rati@, is the conversion price afids the stock price.

The investmentpremium is expressed as a percentage that describes the value of the equity
option.The investment premium is calculatadtaking the differecebetween the market value

of the convertible bond and the fixed income value or bond floor and divided by the bond floor.
The conversion premium describes the equity participation in the convettiates if the
conversion valués $75,000, the bondradesat par and has a face value%if0Q000 the con-

versionpremiumwould be33%.
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) NV | 0
Oc v Qi od TEAOCPO 0(6—
Whered isthemarket price of the CBndé is thebond floor
9) O | 0 "Y
0 €€ 0L QILI WAERS Gy

Where0 is themarket price of the bonand® "Y is the conversion value.

When theCB is trading below themplied strike price the security is more sensible to the
changes in the level of interest rates andtthditspread. When the embedded option increases

in value, or the delta increases, @B bemmes more equitlike and its sensitivity to traditional

bond price drivers such as the credit spread and yield curve, deciieigses1 shows the
convertible pricdrackwith respect to the underlying stock price when the bond floor is kept as

a constah The minimum value of a convertible bond is equal to the bond floor. When the stock
price increases, the convertible price increases and may become more than the value of the

straight debt component.

Figurel: Convertible bondds pri ce angerlgingtsioekiptice w
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Greeks

Delta 10 Price sensitivity of the convertible bond to the underlying shiameincrease in
1 "y  the underlying share pri¢ends to increasie price of the CB.

Vega 10 Price sensitivity of the convertible bond to the model volatiktg.increase in
1. volatility tends to increase the price of the CB.

Rho T o Price sensitivity of the convertible bond to tneerall level of interestates An
T increase in thievel of interest ratetends tadecrease the price of the CB.

Omicron 1o Price sensitivity of the convertible bond to ttredit spreadAn increase irthe
1 G credit spreadends tadecrease the price of the CB.

Phi T o Price sensitivity of the convertible bond to thederlying dividend yieldAn in-
1 Q crease irthe dividend yieldends tadecrease the price of the CB.

Upsilon 1o Price sensitivity of the convertible bond to #ssumed recovery rai& decrease
tii inthe bondds assumed r etendsitalacrgaserthe priee

of the CB.

Theta 10 Price sensitivity of the convertible bond to ffessage of timeA decreasén the

1o CBO6s t i meutor matusitygends todecrease the value of the embed(

call option.

Other Features
Callable Feature

The issuer may call or redeem ttwnvertiblebond if it is specified so in the bond prospectus.
The call feature reduces the pricdlegbondas the noteholder has an embedded short position

in the bondés call option.
Hard Call Protection

If the convertible has hard call protection, the issuer may not call the bond before the maturity

of the call protection.
Provisional Call Protection

If the bond has provisional call protection, the issuer may not call the bond unless it has traded

at orover a certaimpricefor a predetermined period.
Put Provision

If the bond has a put provision, the bondholder may redeem the bond at a specified price. Put
provision tengto increase the price of the bodput option is usually included as a change
of-control covenant. The put option is triggered if the company is sold to another entity and the
noteholders are entitled theredemption of the notes at a specified price.

10



2. Convertible Bonds: Valuation and Risk

2.2. Valuationand Greeks

In this section the convertible valuation methalpresented. In previous literature, B8M
modelis widely used due to its simplicity and easy implementatlalty (see e.gFabozzi et

al., 2009. The binomial model with credrisk by Milanov et al (2013) was chosen for this
study for several reasons offers a simple binomial tree framework and can be implemented
with the data that is available for this the3ise Milanov et al(2013)modelis mathematically
closeto themodel proposed by Ayaclet al (2003)as both assume that stock prices follw

risk-neutral jumpdiffusion process.

The binomial model with credit risk is a convertible valuation model derived by Milaralv et
(2013) The assumption ithat the bond itself is subject to credit risk, hence the obligofadan
to fulfill its obligation toservice debtt n t hi s model , the obligords

drop in its equity price.

As the convertible bond is a hybrid security, it feguregrom bothequity and debt. Assuming

a European type convertible, the investor decides whether to exercise the equity option or re-
ceive face value and coupon at maturity. A rational investor exercises the option if the conver-
sion value is highehtain thepresent value of the fixed income cashflofs the exercise deci-

sion depends on the underlying equity price, the equity price path idletbdieough a sto-

chastic modehnd affects the pricing of a convertible in a fisutral world.

Milanov et al. (2013)jnodel for convertibles that incorporate credik is based on variabtg

or the underlying stock price. The default by the issuer is associated with a drop in its equity
price. A more efficient and traded market (equifiydt obtans the information of financial

distress. Clark and Weinstein (1983) show that equity price declines approximately 30% upon
issuer default.The path followed by the stock price is a result of the Wiener process and Pois-
son process withgiven intensityof _, oradiffusion process anajump process, respectively.

The Poisson process can be expressed as a stochastic process, where the intensity is known but
the occurrence is random. Usually, the default probability is known or at least an educated
gues, whereasthe timing of the default is unpredictable and randdfor a nondividend

paying stock, the stock price movement for a discrete timestispdescribed in Equatiob0.

The asset price grows at rifilee rater (drift term) but is also subject to stochastic Wiener
Process and Poisson procdss.om |t ods Lemma, it can be show

tion canbe expressed as lognorm@doth real and logarithmic stogiices followgeometric
11



2. Convertible Bonds: Valuation and Risk

Brownianmotion). The change in stock price expressed as logarithmic value is presented in

Equation 1.
(20) 1Y 1 _YY 0,V o XY OV

Where thé "Y1 wand are small increments during afinite timestept in stock
price, Wiener Procesand Poisson process, respectivelyis the volatility of the stock

and\ is the percentage by which the stock price dugpendefault.

(11)

”

qEY &gy N0, badp Vo

(12 a gy a gy a gy a gy ag N

Where thedt £Y is the logarithmic value of the process in one arrivai(l) and the

a £Y is the value if the arrival is absent.

Milanov et al. (2013proposewnhen there is an arrival of the Poisson process, equal to one (1),

the stock price dropisy \ percent.If the value of the processds€’Y in case of exactly one

arrival, then the right side of Equation shouldlbeomposed ito a process value abn-arrival

i.,e Vv mhenced €Y plusa ¢ N that makes the equalihold. Thus, when rearranging

the terms in Equatioh2, thea €Y ) 6 on bot h s i andtenwafallihstockanc el

price through default can be expressedvap N .

aEy
q &Y &
(13
Or,
Y Y p N

Milanov et al. (2013) present thidite expectedtock price returrafter timestep a@s equal to
the riskfree rater as the model is by construction derived on the-misktral assumptioi.he

variance of the stock price return is presented in Equaton

“Y
(14) ‘]_Y i _Yo,] N7V

[
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2. Convertible Bonds: Valuation and Risk

Y
19 v Y _vi a0
Y
1 Y .
( 6) w (.|n_ ” (-I 0] \l(-l 0] ” \l(] (0]
Y
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(20) M T " =\l (] (0]
Since thed — can be also expressed as an expected change in stock price plus 1, it can be

shown that the expected return multiplier in a stockig@e 1 1. Given the dynamics of the
stock price movement, the event of default during timéstepeans thaf VO 1. The prob-
ability is then equal to-» (7 O 7). Given that, the Poisson process has an intensity equal
to_, the probability of default during timesfepdis p ‘Q  or po. Authors assume that in a
caseof default triggered byhe stock price fall, the stock never moves further hence the sto-
chastic movement no longer exisThe possible stock price paths are presented in Figure 2.
The stock may move up, dowand default. The default node is an imaginary node presenting
the stock value after default hen®ép N . The node is imaginary because it is not seen in

the tree as only up and downside movements are drawn.

13



2. Convertible Bonds: Valuation and Risk

Figure 2: Binomial-Tree with Credit Risk

e g(1-1))

The upside multiplieu and downside multiplied for a nondividendpaying stockare con-
structedike Cox, Rossand Rubinstein (1979) propose. As mentioned earlier the default prob-
ability po is known at this pointTo address the proper upside movement probalmilignd
downside movement probabilips, probabilitesin a traditional binomial trearemodified so

that the default probabilitgo is deducted from these probabilities as presented in Equaons

and24. The sum of probabilitieis then equato 1.

Parameters for constructing the binomial tree assumingH1

(21 6 O m
(22 Q0 Q"
(23) S Q Q
d 5 Q
(24) ‘ QO Q o
d 6 Q
(25 n p Q

Whereo is the coefficient for upside movement é@ébr downside movement, and

] are probabilities for these movements, respectively
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2. Convertible Bonds: Valuation and Risk

After the tree constructing parameters have been definedstock trees constructedThe
bond price tree isreated using the stock tra@rking backward from the final nodeBinal

node values argresented in Equation 26
(26) 6¢¢:£000QE O OW 2 YAOQEMaASG £ 61 ¢R O
(27) 6 ¢ &0 QD A s 27

Where the V is the European value of domvertible bondd 2 “Yis the intrinsic value of the

convertible boncnd( "QBME ¢ 0 QH €A Q
(28) 6 £ £ @QQMA G GwhYp YN 26 & &0 QIVIGQEGE
Wher e ™H i sSisthestocky@ice arid X is the recovery value.

The assumption is in thibesisthat the stock drops to zero upon the issuer default to avoid
making ad hoc decisions about the proper percentage. In the final nodes, i€ foathe
investor is either conversion valoe theface value plus the coupoNote that Equatior28
holdsonly if the assumed stock prideclineis under100 percent, otherwise the max value is
always the recovery valuBy now, the final node values of the convertible bond have now
been determined, the next step is to look at#révation ofpossible portfolio valuePuring

time 0the portfolio maypossesthreedifferentvalues specified in Equatid®. The diffusion

or delta neutrality in the portfolio echievedoy finding the propes or deltathat will ensure

that the portfolio should have the same value, not depending on the direction of the stock price
movementHence, the position is long in the convertible bond and short in the underlying stock.
The short position offsets the loss on tbawertible bond leg, should the equity prirepand

vice versa.
(29 0w 3Y0
L w 3YQ
@ 3Yp N\

Where V incorporates the convertible bond vakiéncorporateshe max(RN, G- p Y S).
However, in this casasit is assumd thatthe stock defaults completely, the maximum value

always the recovery raRRmultiplied withtheb ond 6 s no N.i on al

(30) ® FYQ ® Yo
(31) , O o
Yo Q



2. Convertible Bonds: Valuation and Risk

Now, when the hedge rat®is used to eliminate the diffusioMilanov et al. (2013) present
portfolio valuesas 1) nondefault state——— arriving at a probability of2  and2) the

defaultstate arriving at a probability of 1 mins . The authors assum@owever, that the
default risk is diversifiable hence the portfolio value after timést@p equal tatherisk-free
rate. By arranging the terms in Equati® the solution is to discount probabiltyeighted

portfolio values to get the convertible bond pyisee Equation 35

(32 y 5 1 ¢ Wo W 'Q,Q . W W y Q
0 0 5 0 w 5 O p P
Q o p Y p Q ,
0 0 @
Q Q p N p 0Q .
—— Q
50 W wp
(33) M 0170 M 0
(34) ) W W .
Q w - Q
60 0
Q o6 p Y p Q ,
o 0 @
Q Q p Y p Q N
—— Q
— W wp
(35) w Q n w N w n o

Notethat, e previous derivation is for zeomupon convertibles. To find the theoretical price

for convertible paying a fixed coupon, the coupons must be added to the proper steps in the
tree. Hence, now the possible portfolio values are presented in EgB&itibhe coupon pay-

ment is only made in the absence of defasltoncluded in Milanov et al. (2013)fter intro-

ducing the basic model, the modifications and assumptions for the model are presented in the

next subsection
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(36) ® 3Yo OQ
L o 2YQ &OQ
® 3Yp N\

Wherea is the coupon of the convertible bond @nds the moment of the coupon arrival

(37) G Q Ae e fe o0

2.3. Adjustments to the model¥ield curve andcredit spread

The model visited itheprevious suksectionassumea flat yield curveTo enhance the model
accuracydetermining the CBrice, a norflat yield curveis applied Instead of using just one
Treasury rate, the curve is constructed from Treasury securities with tenors from 3 months to
10 yeas. The Treasury curve sample consists of 8 securities on the curve and missing datapoints
are found by interpolating betwe#re known values on the curvE.g. if the coupon payment

is due in 4,5 years, the appropriate riskless discount rate is found between the-$eand 5

yield. The packageontaining the interpolation solution is a PytHmased Scipy Library.

If a company has many outstanding debt securities that are quoted and traded by many market
makers and/or the CDS market is effectivetioaparticular name, the credit spread can be
easily observed from the market prices. The spread is the probabdryanilt during a certain
period multipliedby theloss on given defaulThe loss given on default is widely assumed as
40% of the face value. If tHe o rs gagment rank isSllien it might be sometimes more or if

the bond is deeply subordinatdte recoery rate could be zerd\s many different trading
strategiesre being tested and the number of input parameters is relatively large, the credit risk
component relies only on the Bloombédrgsed (Bloomberg Credit Risk Function or DRSK)
synthetic CDSspreadand default probabilityThe creditrisk component igstimatedwith a

Merton (1974) basedmodel which takes market cap, debt, and volatility attributes (realized
and implied) as inpui®Bloomberg, 2015)The Merton(1974)model is presented in thégction

to give an indicative explanatioof the assumptions underlying the credit risk functida

17



2. Convertible Bonds: Valuation and Risk

mentioned in the limitations part, the credit risk assumptiorbeaather naive and straightfor-
ward but there should be some educated guess where the spread should be given the capital

structure andhevolatility of the assets.

Like other debinstruments, convertible bonds are subject to creskti.e. where the obligor

is unableto meet its obligation to service defhe creditrisk is the other major risk involved

in the convertible bond alongside the equity adtkough they are usually highly correlated
Maybe the most famous credisk model is Mertois (1974) modelIn this structural model,
there are two components, equind debt. The debt assumed aa zerecoupon bond with a
face value Kduetotimé&. The f i r més whaGeonetricBroivroanh Matiavrsom

I t 06 s L ebeshawnithat the lagof V also follows Geometric Brownian motion as the
Black-ScholesMerton model proposes. The value of equity at timeel'the maturity of the
bondK , is the firm value V minus the ,amndds
should the firm value V be less than the face value of the bond K, the debtiakeevsethe

firm. The probability of default is motled by first calculating the present value of eqi@ty
and using this extract the present value of the Yirr@nce the debt and firm value are known,
these are used as inputs in Equat8rasproposed byhe Black-ScholesMerton model. The
volatility of the assets can be derived by solMitggiation45. By using the cumulative proba-
bility distribution function, it is possible to get the probability of exercisg & and the
probability of defaultap B Q; oras 3 'Q; . The credit spreacequired over the risk

free rate by aationalinvestor is a product of loss given default and the probability of default.

Mertonds model (1974)

(38) Qw ‘0w , Qw
Where the firmasset valueo follows the Geometd Brownian motion

Or expressed as lognormal

(39) Qoo ¢ ? QO , QW
(40) W Qoo
® WQwn : ? Yo , Qw
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(49 0 O adww Ohr
WhereO is theequityvalueat the maturity of the zercoupon bona .
(42) 0O wkB® U B

Where the€O is the value of equity today, the isthe value ofafirmés assetis t oigl:
the value of the zerooupon bond today.

(43) o @t o Yoo
” Y O
@x @ , Yo
(44)
(45) o, — W B, w
(46) 0O B Ac
(47) YR BED QOIEEYEENGOd 2, 1 $

Wheren is the probability of loss and LGD is the loss given defdly. if a year zerecoupon
bond has a default probability equal to 5% and the assumed recovery rate is 483prdpeiate
spread is 5%(100%40%) hence 3% or 300 bps.

To illustrate the pricing, | price two bonds from the sanugiegthefirst available market data
after the issuanceéapply Tsiveriotis and Fernand€$998)modelas a benchmark for tloem-
parison Thar model is a binomial tree for pricing convertibles with credit asklis widely
used as a reference post1998scientific convertible pricing articlesThe pricing model and
code forthe TF-model (1998) are available at Mathworks.en. The pricing parameters and
results are presented in Tablelhefair valuesof the example convertible bondee relatively
close to each other as the-mfodel prices ar&27.278and107.758whereashinomial model
prices arel27.420and107.8500f the face valuerespectivelyThe prices of the option compo-
nents ar&8.967 and 19.85%ported as bond points, respectivdlige price of the option com-
ponent is the model CB price minus thend floor.The bond floor is calculatagsing the yield
curve on issue dayplus the synthetic spread. Yield to maturity is the yield as if the CB was a
straight bond.
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2. Convertible Bonds: Valuation and Risk

Table 1: Convertible Bond Pricing Example

The table presents the model inputs used to price the convertible bonds assuming a face value of $100,000 per bond. The
implied hazard rate is derived from the synthetic 5-year CDS spread and the recovery value is assumed to be 40% of the
face value of the CB. The call option implied volatility is the 30-day closest out-of-money call option volatility. The stock and
CB price tree are 400-step trees. The first settlement price is the first available market price for the convertible bond after the
issuance. The convertible bond implied volatility is the volatility figure that makes the convertible bond price equal to the mar-
ket price when all other variables are kept as constant. The bond floor is the fair value of the fixed income leg, yield to ma-
turity is the yield based on the bond floor and price of the call option is the Binomial model (2013) implied price minus the

bond floor reported as bond points.

COMPANY ABC

COMPANY XYX

Input parameters

Minimum subscription size

Coupon -% p.a / Payment Frequency

$100,000

1.25% / Semi-Annual

$100,000

0.375% / Semi-Annual

Maturity in years 5 5
Option Type American American
Conversion Ratio 1880 shares 2358 shares
Call Protection Expires Maturity Maturity
Stock price on issue day 49.99 32.00
Call option implied volatility on issue day 51.17% 36.49%
Assumed recovery rate 40% 40%
Implied hazard rate on issue day 1.93% 1.03%
Number of steps in the binomial tree 400 400
Model Output and Components

Binomial model (2013) theoretical price 127.420 107.850
TF-model (1998); Price on Issue Date 127.278 107.758
The first settlement price of the convertible 103.703 103.607
bond

Convertible bond implied volatility on issue 15.30% 30.00%
day

Bond Floor 88.453 87.993
Yield to maturity (based on the Bond Floor) 3.772% 2.955 %
Price of the embedded call option (in bond 38.967 19.857

points)
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3. Convertible Arbitrage

3. Convertible Arbitrage

3.1. Strategy description

Convertible arbitrage, one of the most popular market neural strategies among hedge funds, is
based on findingnispricing betweetthe equity or debinstrumentand the convertible instru-
ment (Loncarsket al, 2009). Maybe the most common and traditionalyws to purchase the
convertible bond and short sdlleunderlying stock i.@erform adeltahedge. Other strategies

are based on different risk metrics derived from the convertible bdhe. main goal is to
achieve attractive risketurn profiles thabffer a positive return but hawes littledownside risk

as possibleArbitrageurs mainly capture the positive income from the coupon payments of the
CB and shorsale proceeds. However, some market players look for undervalued convertibles
to capture additional profits. By disassemblihgbond to debt and option part, investors can
spot mispricing of volatility or credrisk. Figure 3 represents afuistrative example od con-
vertible arbitrage trade saip. A hedge fund seeking pure exposure to volatility would elimi-
nate the credit risk and interest rate risk by entering to offsetting positions in the derivatives
market and simultaneously gaig long volatility exposure by buying the convertible and
shorting the underlying stock. The portfolio valdencrease when the volatility of the con-
verti bl e dl&sincreabelnd vigetvérsaDepending on the coupoateandthe un-

derlying dividend, the fund may also gain net carry return from the coupon payment (positive)

and underlying stock dividend (negative).

Figure 3: Convertible Arbitrage Trade Set-up, Long Volatility

Long Position in
Convertible Bond X ] [T1]ocst

Short Position in

Underlying Equity X E
ying Equity Exposure: Long Convertible Arbitrage
—> Volatility Fund XYZ
Buy Protection for -

Convertible Bond X from | o]
CDS Dealer

[Mllocsl

Pay Fixed Rate, Receive
Floating Rate from
Interest Rate Swap
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3. Convertible Arbitrage

3.2. Empirical evidence on convertible arbitragéurnsand
market efficiency

Fabozzi et al(2009) perform a bagty of tests on the law of one price by evaluating multiple
trading strategies around convertibles. The full sample cen$i$R5 convertible bondssued
between 1990 and 2006 in the U.S. mak8trategiesexaminedinclude e.g. deltdbedg,
gammahedge, implied volatility convergence hedgand credit spread convergence hedge.
Fabozziet al.(2009) use the BlaekscholesMertonmodel(1974) as a option valuatiorirame-

work to determine th&reeks on which thposition set up antebalancing idased on.

The aithors conclude thatonvertible arbitrage is profitable after accounting for transaction
costs.Individual tradeggenerated on averages@gnificant3.99 percent 12nonth cumulative
holding return athe 95 percentonfidenceevel. Fabozzi et al(2009) however demonstrate
that cumulative returns stadto diminish after thearbitrageposition ha been active for 30
consecutive monthasthe returns tured negative after 30 months for the complete sample.
Although both sulsamplesntil 2001 and after 2001) show positive and statistically signifi-
cant returns, there is a slight indication that absolute reawessnaller forthe post2001 sam-

ple. Cumulative returns until 2001 and after 2001 samples wérgosand 112%, respectivel

Only the prior sample indicated statistical significance for thend8th cumulative return.

By construction, all convertible arbitrage positions are gamma positive, meanirgaigser
tilt to any direction should increase thalue of the portfolioFabozzi et al(2009) claim that
trades involving more gamma exposure and more infrequenttdeltgerebalancing can lead
to larger profits. As evidence, portfolios deriving retuinasn thelarger equity exposure (bull
gamma strategies) show-h#nth cumulative returns of ZB% for the complete sample at the

highest confidence level.

Hutchinson and Gallagh€2010) examine the return and risk of convertible arbitrage using a
samplethat include 503 convertible bondssted in the U.S. markets between 1990 and 2002.
Authors create simulated convertible arbitrage portfabagudy the risk and return in convert-
ible arbitrage. In addition, they use hedge fund indices as a compgrignsimulated arbi-
trage portfolio An individual arbitrage position was initially created by buying the convertible
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bond and shorting the underlying stock. They provide evidence of abnormatijisited re-
turns that occur in individual hedge fund metsl and simulated portfokovhenapplying the
equalweighted method.

The monthly &cess return over the rigkee rate foHFRI Convertible Bond Arbitrage Index
was 055% with a variance of.98 as the simulated portfolio generated an average3306

per monthwith a variance of 3.1The aithors fnd that systematic stock risk embedded in the
traditional market model (CAPMased)s significanty positive but the overall moddhacks
explanatoy power. A traditional threéactor model (Famand French, 1993) indicasethat
convertible arbitrage strategy dersweturn from its exposure to small and value stocks as co-
efficients were statistically significanhd positive One of the key issues ihe argumentation

for or against convertible arbitrage alpha is the liquidity risk. Bajfta et al(2010) challenge

the view onCA alphas and claim that it is just a product of bearing illiquidity risk. Eaéso

an issue indicated and examinadHutchinson and Gallagh€2010).The aithors fnd, how-
ever,no evidencdor the liquidity-based risk exposuré linearmodel containing the liquidity
factor (low minus high liquidity stocks) indicated coefficients ranging fror@15 to 0.0079
with no staistical significanceAccording toHutchinson and Gallagh€2010) convertible ar-
bitrage strategy is affected most by the credit and term risk. Alpha was not significant for any
of the linear modelsonsidering the simulated convertible arbitrage paafélowever, hedge
fund indicessuch aghe HFRI Convertible Bond Arbitrage and the CSFB Tremont Convertible
Bond Arbitrage indices captured almést same risk factor loadings but also produced statis-

tically significant alpha ranging from 36 to 50 bpsntidy.

Gall agher, Hutchinson and OO Br hedgefurfdpdispe®-) vi s
tive. They summarize the CA strategyaasonlinear strategy to the risk factors from equity

and debt markets. They argue that when equity marketiealiaing, CA funds tend to outper-

form indices incorporating common risk factoes returning alphal he case with bull markets

seems to be different as the alpha is diminished. The linear model incorporatiranBtisieh
(2004)factorsreveals that pfolios formed from CA hedge funds produce statistically signif-

icant alpha ranging from 0.29 percent to 0.39 percent moraldyp, a riskfactor model by

Agarwalet al.(2011) which includes a delteedgedportfolio and longonly portfolio of CBs

as exphnatory factors indicates superior returns produced by Hedgemanagers.
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Agarwal etal. (2011)proposehat convertible arbitrage hedge furaeacing as intermediar-
iesby buying convertibles (financing the issuer) and using equitskets tchedgeaway their
equityrisk (deltahedging) These CA hedge funds can asswahgger rolethan regular mutual
fundsas they are allowed to use leverage and selristocks whicimost of the mutual funds
arenot. Agarwalet al.(2011) construct an asdeasedstyle model which incorporates the dy-
namic features of convertible arbitrage. The-aagthedge factois constructed from an issue
size weighted portfolio of convertibles caan offsetting portfolio of corresponding equities
sold shortto hedge away the equity riskuthors use a trailing 3Bay linear regression to
estimate the delta for each CB and estimate the proper hedgeTltaiaebalance thehort
positiondaily, if neededThe buy and hedgefactoris includes on averagéll bonds with a
current yield of 13% and parity of 69%Rarity is theconversion valuexpresseds a percentage
to the nominal value of the bon8luthorsuseVanguard CB mutual fund aspasoxy for buy
andhold style.The model explaind0to 50 percent of the variatiom CA hedge fund returns.
Alpha is 0.4% monthly for CA hedge fundand statistically significanfAgarwal et al. (2011)
also specify another linear ris&ctor model where the ridlactors incorporate duration and
credit risk hedged delhedge strategy and the bagidhold strategy. The explanatory power

of the modified risk factor model is withB0-40 percent rangevhereasnonthly alphas 0.3%.

The prior research Bandicated the existence of excess returns or alphas in the convertible
strategiesAs mentioned eas, Battaet al.(2010)challenge the traditional view of convertible
alphas. If reurns of CA strategy are benchmarked against risk factors such as term structure,
equity risk, credit riskand so on, the strategy hasmany casesutperformedagainst its ex-
posure. They show that if the liquidity factor is includecaagxplanatory factor, alphas are
significantly reducedThis would indicate that alpha is hatg but a product of bearing the
liquidity risk. However, they also claim that preceding would be true fethaffun converti-

bles but convertibles that were issurecently were more liquid and arbitrage profits cdad
aresult of volatility mispricingThere is also another implication made by Agarwal.¢RatL1)
considering the supply of convertible bonds. Adding the supply factor to the regression model
changes thalphasign to negative as the supply factor shows podivadingwith the highest
confidence level. This indicates that the overall CA hedge fund industryiisgeh the issu-

ance of convertibles bond&.lesser amount of bonds to invest iduees the opportunity space

for convertible funds and contributes to the overall industry return.
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Fora sample consisting of convertibles issued between 1990 and 2007 Loetats{@d009)

present various explanations for diminishing returns in CA. First, popular explanations for di-
minishing returns are stable equity markets, rising interest rate level, withdrawals from arbi-
trage fundsand increased competition in the hedge fundistiy. Although the CBs were un-
derpriced inthe timespan between 1990 and 2007, companies issuing convertible securities
have started to purchase steakound the issuance to stop losses to regular shareholders caused
by hedge funds shorting the stoéksimilar finding is presented also by Werner (20&@)o

finds thatarbitragebased shosselling hastaken placearound companies issuing convertible

debt. Companies have started to combine convertible issuances with stock repurchases to lower

the discourg of the issuance and reduce the skelttpressure.

Battenet al.(2018) visit the convertible bond pricing efficiency theme in their stahgisting

of roughly 96 bonds from 2004 to 2011. They find that on average convertible bonds trade
6.31% lower hian the model price8onds with equitylike features such as high delta are found

to be more efficiently priced. Deep eaftthemoney convertibles that are more sensitive to
model inputs such as recovery rate and cgaigad were found to be less a#itly priced. In
addition, Batteret al.(2018) point out that liquidity affects mispricing significantly. Liquidity

is measured by the issuance size and oversubscription at the éssuanc
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4. DataandStrategylmplementation

In this section, the used methodology is described in detail. This includes the data dascripti

alongside the trade and portfolio construction methodology.

4.1.Description of the data

The convertible bond deal data is frdimomson One M&A DatabasAs the scientific research
coverage is mainly prioto 2012, the initial data seardd performedon convertibles issued
between 2013 and 2018. All convertiblesed in thighesisare traditional convertible bonds
exchangeable to common equity. All convertibles in the final saarpiexed couponbonds

with a maturity dateZero-couponconvertiblesare excluded as CA funds typically avoid zero
coupon CBs as the cashflows from conppayments are an important part of the trade
(Loncarskiet al, 2009) Convertible bonds with special features suclpagpetual maturity,

call or put provisionsor mandatory conversions are exclud€te similarity of convertible

bonds allows the age of universal hedging methooger the entire sampl&he minimum

amount of proceeds plus overallotment sold to invesaet to$ 100M to ensure the liquidity

and robustness of resultSommon equityunderlying the convertible bosdncluded inthe

sample had ttrade at NASDAQ or NYSE marketplace during the sample and test pEhied.

initial convertible bond sample congdtof 284convertible bondsAll main terms such as the

final maturity date, coupon ratand conversion ratio wemrdso collected from the Thomson

One M&A Database. Thierm sheet was manually dowdkeecked from either SEC Database

or the issuer 6s |.Anysssidances lackng bradvingoconsadiet@yhndor-t e
mation have been excluded from the sample find number of convertible bonds was 159

after some of the bonds had to be excluded due to missing deal or market data. In cases, where
the stock had been split, the conversion ratio and conversion price were calculated using the

conversion premium provided the bond issuance prospectus.

Table 2 presents the bond sample statistics grouped by the GICS Sector. The average maturity
for convertible bonds in this sample i46 years with an average coupon @&52%6. Convertible
bonds had an average of $ 322Mdavalue sold to investors aad average conversion pre-
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mium of 3092%. Earlystage or low valuation healthcare and technology companies are par-
ticularly active in the convertible bond market as they can obtain cheaper debt financing through
convertible securities as they would from regular bond issuance or IPO due to higher risk of
insolvency and business risk reasons. Although these companies are risky through either strong
regulation (healthcare) or uncertainty related to technology yet left to monetize -@iong

call option may be valuable and attractive to investors as alafige bet. Both sectors also
possessed on average higher conversion premiums than the full sample average meaning that
theimplied strike price of the bond is higher than the current share price. All the equity market
data is reported in Table 3. Columnslude average stock price, dividend yield per annum,
daily traded volume, and implied and historical volatilities, respectively. The daily traded vol-
ume is reported in millions of shares. The implied volatility is calculated tine®0-day clos-

est outof-the-money call option and the historical volatiliycalculated as a trailing 25fay
historical volatility using the daily stock price data. All volatility measures are reported as an-
nualized valuesThe erm structuref interest rateand synthetispread statistiassed to derive

the fixed income value of the convertible® reported in Tabke The historical Treasury rates

and thenumber of active positions in the simulated convertible arbitrage pordi@pyesented

in Figures 4 and5, respetively. The most active period was 2013 to 20temthe maximum

numberof positionsin thesimulated CAportfolio was almost 60 convertible bonds.

Table 2: CB Deal Statistics

The table provides the convertible bond data of the sample sorted by the GICS Sector. All reported values are averages
excluding the number of the bonds.

N“mber. of Average Averag.e Average Average Amount Issued in
Convertible Maturity* Conversion Coupon -% &M
Bonds Premium -%

Sector
Consumer Products and Services 11 5.97 28.49 2.13 236
Consumer Staples 2 5.61 28.75 1.63 329
Energy and Power 6 5.09 26.14 2.98 142
Financials 14 5.69 25.34 3.80 218
Healthcare 44 6.82 38.41 2.35 306
High Technology 38 6.54 32.20 1.38 426
Industrials 14 5.73 39.18 2.45 454
Materials 4 6.66 31.76 2.81 281
Media and Entertainment 3 5.74 45.00 2.46 600
Real Estate 16 5.32 17.48 4.39 253
Retail 4 6.32 27.48 1.69 331
Telecommunications 3 8.45 30.83 3.75 288
Total/ Average* 159 6.16* 30.92* 2.65* 322*
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Table 3: Equity Market Data

The table provides the equity market data of the sample. The average traded volume is reported in millions of shares and mar-
ket capitalization is reported in billions of dollars, respectively. The average IV is the 30-day closest out-of-the-money implied
volatility and the average historical volatility is the 252-day trailing volatility calculated using the historical stock prices.

Average  Average Dividend Trgt\j/:(rjaDgaeily Average Average Historical Average
Stock Price Yield p.a. \% Volatility Market Cap
Volume

Sector

Consumer Products and

Services 40.24 0.07 % 0.78 45.61 % 41.53 % 9.60
Consumer Staples 100.92 2.94 % 0.16 60.92 % 44.10 % 1.61
Energy and Power 19.21 0.31% 1.72 65.46 % 53.16 % 1.53
Financials 25.77 6.72 % 1.14 35.51 % 32.93% 1.44
Healthcare 44.02 0.25 % 1.39 56.92 % 51.00 % 2.58
High Technology 42.38 0.43 % 4.74 44.18 % 43.67 % 6.41
Industrials 34.95 0.50 % 9.91 50.66 % 44.28 % 9.24
Materials 27.83 4.37 % 5.78 46.79 % 46.75 % 3.41
Media and Entertainment 34.80 0.62 % 1.82 37.90 % 31.54 % 11.10
Real Estate 13.73 6.58 % 1.01 30.70 % 26.49 % 1.35
Retail 46.88 0.00 % 1.09 56.10 % 54.29 % 2.74
Telecommunications 24.01 0.64 % 1.23 78.15 % 58.20 % 1.39
All-sector average 37.90 1.95% 2.56 50.74% 43.99% 4.58

Table 4: Rates and Spreads Statistics

The table provides the rate and spread statistics used in the pricing of the convertible bonds. Panel A contains the descriptive
statistics of the U.S. Treasury rates sorted by tenor. Panel B contains the synthetic CDS spread descriptive statistics sorted by
year. Panel B contains all the bonds in the sample.

Panel A: U.S. Treasury Rates

3-month 6-month 1-year 2-year 3-year 5-year 7-year 10- year
Mean 0.80 % 0.89 % 0.98 % 1.18 % 1.38 % 1.76 % 2.06 % 231 %
Std 0.87 % 0.88 % 0.87 % 0.79 % 0.69 % 0.53 % 0.45 % 0.42 %
Min -0.02 % 0.02 % 0.07 % 0.20 % 0.29 % 0.65 % 1.07 % 1.35%
Max 2.46 % 2.56 % 274 % 2.97 % 3.04 % 3.09 % 3.18% 3.24%

Panel B: Synthetic CDS-Spreads

2013 2014 2015 2016 2017 2018 2019 2020
Mean (bps) 172 157 201 298 231 229 231 256
Std (bps) 13 12 22 26 10 7 15 27
Min (bps) 147 142 180 264 220 221 215 214
Max (bps) 197 185 267 349 266 260 262 302
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Figure 4: Historical Treasury Rates
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Figure 5: Number of Positions in CA portfolio

Number of Positions in CA portfolio

2013 2014 2015 2016 2017 2018 2019

29

2020



4. Data and Strategy Implementation

4.2. Convertiblearbitragetradingmethodology

Similar to e.gHutchinson and>allagher (2008, 201@ndFabozzi et al(2009, the proposed
methodology is to carry out simulations of convertible arbitrage trades from the first available
market price up to 14 month& long investment equal to $1,000,000 is applied to all convert-
ibles at the first settlement pric&he position is alive for 14 consecutive montssuming no
defaultevent occursand returns include price return of the CB and underlying stock and net
carry interest from the coupon and dividend. The position is closed after 14 month holding
period at the pr eviebihomial modé BydMdanawhal.(R0O&3) semes i c e .
as the framework for deriving proper hedging metftzsthe convertible arbitrage tradés-
vestmenstrategies modkdd and tested in thikesisare linear (delta) and ndimear (gamma)

strategies set up between the CB and the underlying equity.

4.2.1 Deltahedge

Delta-neutral portfolio is the proxy portfolio of CA in thilsesis The position consists aflong
position in the CB and a s hheideaofghe dalthedgedn i n
CB position is to neutralize thgosition value fronsmall changein the underlying stock price

while capturing incomeeturnfrom the coupons and nancome return from the long vega

exposure.

The position is opened at the first available bond trading price in this study rathestivamgs
a bid in the issuance and eventually buying the bond afrharamount invested isachCB
positionis $1,000,000Simultaneous to the CB purchase, the underlying stosklisshort.
The bnomial tree used to derive the fair value of a convertiaed is applied in the delta
estimation as depicted in Equatié@ To initiate a deltdhedged position foeach convertible
bondon the first trading day of the Cihe appropriate hedge ratias determined by multi-
plying the conversion rati® with the corresponding delb i (Hutchinson and Gal-
lagher, 2008). This ratio determines how many shares are sold short aganstular CBon
trading dayt. On the following day, a new hedge ratio is estimated that¥, if

y i shares are sold or ¥, Ey i shares are purchased in order to
maintain a deltaneutral hedgeThe casHlow return is captured from the coumominus the
dividend The CA position is close@fteramaximum holding period of4Almonthsdue tosev-

eral reasongrirst, Fabozzeet al. (2009) show positive returns for the first 15 months of the
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deltaneutral positionThe £cond argument has ¢ with liquidity. Battaet al.(2010) claim
thatthe closer the initial issuancéje higher the liquidity of both stock and bond. Similar ar-
guments are presented also by Marle & Verwijimeren (2@laining that hedge funds keep
arbitrage positions opdor approximately 1 year.

Delta estimation

(48) v 166066, 606
"TY YR YR

WhereY is the delta irthe specified model framewornsn a trading day.

4.2.2 Modified delta-hedge

As mentioned earlier in the hypothesection according taHutchinson & Gallagher (2008)

and Calamos (2003), the daily rebalancing of@#etrade is usually ignored by hedge funds
due to transaction costs and also the possible inaccuracies in thestiett@ion. Also, as Am-
mann & Seiz (2006) conclude, thinly traded and dé&M convertibles right not follow the
underlying stock price vergccuratelyln a world with nomarketfrictions in buying or selling
assetsthe position should be rebalancedadtily frequency. If there are transaction sakat

are paid, directly or indirectly, the position value decreases a small amount every time stocks
are bought or sold to maintain the hedge. To observe the impact of largetolbeliaceon

total profits | constructportfolios that use the same deltas as the regular delta strategy but are
subject ta2, 5, and10-unit deltatolerance ruleslThe short position is rebalanced onlizen the
changen delta islargerthan mentioned thresholds this thesis three different rebalancing

rules areapplied

(49 YQOohaQvon VY Y R aQ
@ g .
Where threshold isTi8t v Y is the delta on trading dayandyY is the delta othelast re-
T

balance date

4.2.3 Gammacapturehedge

As the deltahedging focuses on the linear exposure elimination and is dynamic, gamma strat-

egies are trying to derive alpha from positions set up on thdimear exposures. A regular
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gammahedge means that ndinear securities are added to the portfolio so that if the underly-
ing asset price changes, the delta stays unmoved. Inherentlyneettal positions set up
around convertibles have always positive gammas meaning thaoatilier bearish or bullish
direction should increase the value of the portfolio. Gamma capture hedges in this section take
speculative positions meaning thiashort position is left either lower or higher than in regular

deltahedge position.

A regular hedge fund manager would bialgamma position by combining the long position
in the convertible and shorting the stdamk initially taking a directional bet on the movement
of the underlying stock. Compared to the regular eedtdge, the short position would be ad-
justed so that the position would gain extra profits if the stock price declined (bearish gamma)
or the stok price increased (bullish gammé&pllowing partly Fabozzet al. (2009), gamma
positionsin thisthesisare set up on the assumptions of the vanilla dedtige but the delta is
9 or 14 units lower for bullish gamma hedges and vice vétsareturn profe of the gamma
capture hedge to the change in underlying stock price is presented ing-igure
Gamma estimation

166 V¥ y

Ty YOUY 2z

Where 3 is the gamma

(50) 3
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Figure 6: Return Profile of Gamma Capture Hedge
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4.3. Return calculation and position mark-to-market

Following Fabozzet al (2009) long CBreturns are calculated as the price change of the bond
plus the accrued interest on a trading d&utflows are the cost of borrowing and dividend

A dividend on a given stocRis paid to the shareholdatadaily frequency The dividendsield

is an estimated-$ear dividend yield on a given sto& The method used to calcula@A
tradereturn is adapted from HutchinsandGallagher (2008). The return calculatiorethod

is presented in EquatioBl. The position return is then equal to the price change of the bond
and the stock plus the net carry return from the coupon and dividedualgdyhe short position

is not marked as an invested capital, as it is assumethth@A fund could use th€B as
collateral

(51) , 0 0 6 0 0 o i Y

Where'Y is the eturnof the convertible arbitrageosition on day, 0 is the closing price of the
convertible on day, 6 is the coupon received on dgy Qop IS thenumber of shares sold short ¢
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dayt, O is the dividend payable on dagndi ™Y is the proceed frortheshort sale. The as-
sumption is that the CA fund could use the bond as collateral on the short sale, therefore limii
initial investment to the purchase of the bond.

52 o~
(52) 206
Cu g
Where thed isthe accrued interest during trading dayultiplied with face value FV.
(53) o

]

z
CU(]

Where théO is the dividend payable during trading dayultiplied with the number of shares
sold short

4.4. Transaction costs

To enhance the accuracy antbustnessf the results, all trades are subject to transaction costs.
Convertible bonds are traded OTC meaning tihategular way to estimate or gather transac-
tion costs desnot apply. To be able to obtain at least on some level precise transaction cost
estimaes, one would have to i.e. estimate the network size of the CB dealers and obtain refer-
ence prices from a major bond dealdedershottLi, Livdan and Schurhoff 2020). This is
beyond the scope of the study so | perform a sensitivity analysis on thegy©Bthe trade and
estimate whethereturns converge to zerg.g.Landschoo{2008) showthat bonds maturing

in 5-7years with an average face value of $606M and a rating equal to BBB are on average
quoted at 37 bps bidsk spread. | assume this figumethe base case scenario for all the CA
trades. Si mpl y -prigetis 100, the simolated CB fursd buys tHe bond at
100185and sells it at 9815 ceteris paribus.

| estimate the transaction costs for the equity leg usish@sk spread, nmket impactand cost

of borrowing securities or cashhe market impadaw says that less liquid stock, higher indi-
rect transaction costs as the limited amaafrgellers or buyers causes the execution price to
slipto unfavaurable directionFrazzini, IsraeindMoskowitz (2012) show that the price impact
of short selling is not statistically different from the price impact of selling-taged securi-

ties E.g Mitchell andPulvino (2001) estimate indirect transaction costs with a similar method
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in themerger arbitrage contexthe method in thithesisreplicates the solution implied e.g. by
Toth, Eisler, and Bouchaud2016) see Equation 54.

(54)
Wo -y -9

& <]

WhereYn 0 is the weighted average of the executostexpressed as a percentage

-0 'QQMXOOETT Qam € | QWi is the spreadost per tradg, is the daily asset

volatility, Y is anumerical constant of order unjty is the trade size ard is the total vol-
ume traded ofradingdayt.

In financial theory, shosselling is usually portrayed as costless and sballing earnsgisk-
free profit seee.g. Famg1965) and Ross (197@)lowever, the shoellers face transaction
costs directly and indirectly. Direct transaction costs are mat&ating loan feeand short

interest on the marketearing loan balano@® 6 A v @2000.0

CA funds often use leverage in their operations to enhance the rd&fugynsAgarwalet al.
(2011) assume that the long positiarthe CBis financed by borrowing dhe Fed Funds rate
and the cash balance earns interest batcaver rate, hencthe Fed Funds rate minus a haircut
of 50 bpsFunds may use the repesks to enter trades without committanigarge amount of
their capital However, as the convertible bond is subject to credit risk, thedegler might
requirearelatively large haircut on the trad&ccording to FINRA (2020), the capital require-
ment for buying convertibles on margin is 15 to 25 percent of the market ¥ahe bond is

not close to default and trades close to the par valbmgler | do not apply borrowing on the
convertible bond in this thesmit all trades are levered so that the initial investment is limited
to the purchase of the barlcash cdhteral (or Treasury securities)short positions usually
around102% of the market value of the short positios e e e . g . D6Avol i o, 2
daily. The number of shares shortethishisthesisalways less or equal to the conversion ratio
but never greateThemarket entitycould always 1) sell the CB at the prevailing market price

or 2) convert the CB to common shaaegl cover the short position.

D6Avoli o (2002) cl ai-weghtad praxy portfolio cansistingeofliguid a v a
stocks faces a5-bpsloan fee per annum in the U.S. markethe cost of financing the short

is subject taa netinterest of 50 bpper annumn this thesis The 50-bpsassumption is rather
conservative against the findings@f6 A v ¢2002)doutas mo st of t he st ocks
sample are not included in the most liquid indexes (S&P 500, N&olagosit¢, the 25 bps
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may not be valid The effect of transaction cisson thepositionlegis carried out in the fol-

lowing way:

1 Assume the underlying stock trades at.$20and thenaumberof shares sold is 10,000
shares corresponding to a market value of $200,00€ intraday volatility of a partic-
ular stock is 1% whersahe total amount of traded volume is 100,000 shares.
1 The fund paystockrelatedtransactios costs that are
0 30 bps from the market impa&ee Equation 54.
0 30bps is deducted from the selling pritegt isthe fund sells the shares on average at
$1994.
0 Assume that stock price stays unmoved during the life of the pogitiert, 6 s a s s ume
al-yeartenor, the fund pays 50bps on the financed amount, hence B@ldpplied by
$200, 0000 & $1

4.5. Case study of Tesla

To gain a more comprehensive understanding of the strategy implementation and dynamics, a
short case study of a convertible arbitrage
next. Tesla is an electric car manufacturer based in theTHeScompay issued a convertible

bond inMay 2013 carrying a fixed coupon of5P6 with a Byear maturityT e s | ads st oc k
around $1912 on the day the position is openbdthe first stepthe delta is estimated with a

200-step I\Acalibrated binomial model #t yields a value arour@75

The fund invests $1,000,000 in the CB that is trading aroufigl iff the face valu@A no-
tional value of $100,00% convertible to approximately 400@ of the underlying sharésTo

3 The fund is a simulated and fictional CA fund used as an example in this case study. Note that, this example is a simplified
version, and some of the figures are rounded to nearest thousand to give a more straightforward illustration.

4 Note that the stock price and the conversion ratio have been adjusted for the possible splits, that is, the conversion ratio reported
in this example is not equal to the conversion ratio reported in the original Term Sheet. As the stock price is adjusted with
respect to the possible splits, the conversion ratio, as depicted in Section 4, was calculated using the initial conversion
premium. To be precise, t he"olMag20m&ts$92924 abt MASDAQMarketplace asapkeafed on 16
in the issuance prospectus. The conversion price specified in the issuance prospectus was $124.52 (35 % in terms of the
conversion premium) and the conversion ratio was 8.306 per $1,000 of the notes. In the light of these facts, the conversion
ratio indicated in this example is equivalent, as the split adjusted price in this thesis is 18.45 (price on 16" of May 2013) that
multiplied with 4000.14 shares corresponds to around 74% of the $100,000 notional. This is equivalent to
(8.0306x92.24)/1,000 & 74% of the notional value as specified in the original Prospectus.

36



4. Data and Strategy Implementation

hedge the CB leg, the furehters alsort position equal t@9,700 shares?® To illustrate the
rebalancing aspect, the following example is outlifidak stock price jumps ®22.0670n the
following day after the position has been operibd delta changes @79 and the fund sells
additional1600 shares to rebalance the position. As the underlying stock performs rather well
after the issuance until September 2013, the short position is more, ordesased. As a com-
parison, the market value of the short posiis around $29M in September 201®ut as the

delta declines, the fund buys more shares to adjust to the lower delta. In#Fidnereeturn of

the trade alongside the value of the long CB leg and short stock leg are depicted. The trade
yields approknately 762 percent on annualized basis. The fund receiggesscarry return

from coupons equal to approximately $325throughout the trading peridd.

Figure 7: Simulated CA trade using the delta-hedge approach with Tesla's convertible
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5~39600 (number of shares includedint he CB positi @Wv00 x e of 0.75 4

8 The CB carries a fixed coupon equal to 1.5% per annum. The fund has an exposure around $0.99M on notional terms, corre-
sponding to $14,850 in terms of coupon cashflow per annum. The company does not distribute any dividends when the CA
position is active. The fund holds the convertible bond for 14 consecutive months, hence the coupon cashflow is equal to
14/12 x1.5% x $990,000.00 & $17,325. That is, the actual coupon cashflow paid in semi-annually and the accrued interest
when the position is sold.
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Letdbs consider the modified del t amainerbatt egy .
the short position is not balanced until the delta change is more-fh@nt8 in absolute terms.

The modified deltastrateqy is depicted in Figur8 using the 2unitrule. The position is initially
opened with a same long and short investrasim previous example in FigufeThe rebalanc-

i ng i s mar ked wi t increasingthedshof posittemddecreasiagitbhsleont e
position respectively. If the regular delta strategy would be depicted, these markers would ap-
pear daily, in this case, theieonly limited numberof rebalancing points when the delta has

moved over the threshold of 2. The trade yields 6 bpstbeeregular rebalancirgjrategy.

Figure 8: Modified Delta-Hedge Example
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To illustrate the more aggressive strategies (bull and bear gathev&turrs of the 14gamma
strategiesare depicted in Figur® alongside withthe deltahedge strategy return, underlying
stock pricereturnand the implied volatilityThe position is openedith an investment equal

to $1M. The hedge ratio diverges from the dékage strategy as the number of shares shorted
is ~24150and ~3,245in bull gamma and bear gamma strategies, respecti@elysidering

the base case of the deliadging, the delta is now 14 units lower (higher) in bull (bear) gamma
strategied he estimated delta is®® and the directional gamma exposure is initiatesetling

less (more) shareshortin bull (bea) gamma strategies.
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Positions are rebalanced at a daily frequency by either selling or buying more shares as depicted
in the first examplebut the hedge ratio is always lower (higher) in bullish (bearish) gamma
position. E.g. the opening hedge ratio in the bullish gamma tradé&isrinus QL4 multiplied

with the conversion ratiddoth gamma strategies yield positive return for the firsttimas the

stock price stays more orlessunmoveee s | a6s shar e st-monthbolding gai
period andhespread between gamma strategies starts to incretiseladlish gamma benefits

from the larger equity exposurBhe stock price déioes from September 2013 until the end of
November 2013 turning tHeearsh gamma strategy profitable for the next month. However, as

the stock price continues to perform rather robustly, the bearish gamma strategy generates neg-

ative return after January 2014.

Figure 9: Strategies combined
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5. Empirical Results

The empirical partis dividedinto two man sectionsin the first partthe strategy returnare
analysed at individual tradelevel. All individual trades are calculated on the basis of the long
investment equal to $1,000,000 and presented as cumulative return on the long investment.
Returns ar¢hen aggregated to monthly values and thgitistical significance is reportedh

the second parthereturn and risk of the strategies are preseatpdrtfolio level.To find out,

how CA strategies behawand performagainst equity and fixed income market factors, a re-
gression analysis is performe&l sensitivity analysis is performed at the end of gastionto

find out when the possible excess returns converge to zero.

5.1. Individualtrade analysisReturn andRisk

Following Fabozzet al.(2009, theindividual trade analysistarts with the regular deteedge
strategy. Individual trade returrd the regular vanilla delthedge strategy are reported in
Table 5. he &ble is sorted by the volatility used to calibrate the model. The average returns,

statistics andthe number of positive and negative trades are reported for each trade type.

Table 5: Delta-Hedge Trade Returns

The table provides the average returns, t-values, and the number of positive and negative return trades, respectively. The re-
turns are calculated as a cumulative return on the long investment of $1M per trade. Returns are not annualized. The table is
sorted by the volatility used in the model calibration, 30-day implied volatility on the left side, and vice versa. Significance is
marked as ***** and *, for confidence levels of 99%, 95%, and 90%, respectively.

30D IV 252D Historical volatility
FULL SAMPLE
Returns T-Value Positive Negative Returns T-Value Positive Negative
Delta-hedge
Months
1 -0.03 % -0.10 75 83 0.02 % 0.06 79 84
2 0.34 % 0.92 98 60 0.38 % 1.09 104 59
3 0.98 % 2.35%* 105 53 1.03 % 2.52%** 114 49
4 1.23 % 2.97%* 109 49 1.38 % 3.38*** 115 48
5 1.47 % 3.04%*=* 107 51 1.61 % 3.33%** 113 50
6 2.22% 4.69*** 111 a7 2.38 % 4,92%** 117 46
7 2.74 % 5.88%** 117 41 2.96 % 6.36*** 121 42
8 3.14% 6.94*** 118 40 342 % 7.42%** 124 39
9 3.14% 6.14*** 110 48 347 % 6.76*** 120 43
10 3.56 % 6.18%*** 115 43 3.96 % 7.03*+* 123 40
11 3.12% 5.61%** 110 48 3.53% 6.32%** 119 44
12 3.42% 5.73%** 116 42 3.85% 6.51%** 126 37
13 3.85% 6.00%** 116 42 4.38% 6.89%** 129 34
14 3.86 % 5.81%** 118 40 4.10 % 6.27** 130 33
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Results indicate thahe deltahedging strategy yields statistically significant positive returns
aftertwo monthsfrom opening the positiorHowever, the first month is not significant either
economically or statistically yielding approximately zero returns on averdgemarketim-

pact of selling stocks short can be larger in this instance as the underlying stocks usually have
rather a low trading volume compared to liquid names included e.g. in the SP500 index. The
costs are largest at initiation as the CA fund has to selba laumber of shares compared to

the small adjustments later as the delta changles.12month returr(lV) is approximatel\67
bpsbelowcompared td-abozziet al.(2009)reportinga 12-month return as.99% at the 5%

significancelevel. The 12-monthhistorical volatility calibrated trades yieRi85%.

Theresults of the modified del&rategyare presented in TableBhe table is dividethto two
parts, the results dfieimplied volatility calibrated binomial modeke on the left sidandthe
historical volatility calibrated results are on the right sidlanel A depicts the-@nit delta
tolerance portfolio, Panel B theusit deltatolerance portfolio and Panel C the-afit delta
tolerance portfolio, respectivel¥hereis a minorreturnadvanage in modified deltportfolios
over the regular strategywhen moving to portfolios assuming a larger equity exposure, the
returrs continue to increase. E.the 12-month cumulative returof the vanilla portfolio(lV)

is 3.42 percent versus thg.81 %return of thelO-delta strateg (IV). Fabozziet al. (2009)
performa similar analysisand find that returnareincreasd by 1-2% percerdageunits com-
pared to the vanilla strategy when the delta tolerance is incr&seonstruction, a convertible
bond offers an asymmetric riskturn profile on its own without any shelling required.
Although theconvertiblebond price is drivepartly by the stock price, it has fixed payments
and it ranks better in a case of insolvency, assuming no subordination of theNVutesthe
position is rebalanced more infrequentlyetradebenefits from the larger equity exposure as
the upside equity potaat is expoitable and the cumulative costs relating to hedging the CB

leg are lower

The resultof bullishgamma strateggire reported in Table 7. The bullish gamma trades show
statistically significant returns for a 48onth holding period for both 9 dri4 portfolios(IV)

with returns of 46% and 2%, respectively. Compared against the regular and modified
delta strategy returns, the bullish gamma hedge produces higher cumulative returns on 12 month
holding period. The bullish gamma has a largertggxposure than the delteedge portfolios

usually have.
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Table 6: Modified Delta-Strategy Individual Trade Returns
This table provides the average returns, t-values, and the number of positive and negative return trades, respectively. The re-
turns are calculated as a cumulative return on the long investment of $1M per trade. Returns are not annualized. The table is
sorted by the volatility used in the model calibration, 30-day implied volatility on the left side, and vice versa. Significance is
marked as ***** and *, for confidence levels of 99%, 95%, and 90%, respectively.

30D IV 252D Historical volatility
FULL SAMPLE
Returns T-Value Positive Negative Returns T-Value Positive Negative
Panel A: 2
Months
1 -0.05 % -0.16 71 87 0.01 % 0.04 77 86
2 0.35% 0.94 97 61 0.38 % 1.10 101 62
3 1.00 % 2.40** 106 52 1.02 % 2.53** 115 48
4 1.24 % 3.02%** 108 50 1.37% 3.40%** 114 49
5 1.47 % 3.07%** 105 53 1.60 % 3.35%** 113 50
6 2.24% 4.75%** 111 47 2.38 % 5.00%** 118 45
7 2.75% 5.89%** 116 42 2.96 % 6.46%** 119 44
8 3.16 % 6.95%** 118 40 341% 7.51%* 123 40
9 3.17% 6.20*** 109 49 3.46 % 6.82%** 121 42
10 3.62 % 6.27*** 114 44 3.95% 7.10%* 123 40
11 3.16 % 5,71 108 50 3.53% 6.39%** 117 46
12 3.48% 5.83*** 114 44 3.85% 6.56%** 125 38
13 3.92% 6.12%** 119 39 437 % 6.96*** 129 34
14 3.94 % 5.96*** 119 39 4.11 % 6.34*** 127 36
Panel B: 5

1 0.00 % -0.01 71 87 0.03 % 0.10 77 86

0.42 % 1.18 99 59 0.40 % 1.16 98 65
3 1.10 % 2.72%+* 105 53 1.11 % 2,77+ 114 49
4 1.33% 3.27%** 111 47 1.41 % 3.50*** 116 47
5 1.62 % 3.46%** 110 48 1.66 % 3.53%* 115 48
6 2.38% 5.21%** 110 48 2.37% 5.11%** 117 46
7 291 % 6.41%** 118 40 2.95% 6.52%** 122 41
8 3.36 % 7.44%* 120 38 3.45% 7.50%** 122 41
9 341 % 6.62*** 111 47 3.57% 6.80*** 118 45
10 3.81% 6.59*** 116 42 4.07 % 7.14%** 122 41
11 3.35% 5.83*** 115 43 3.61% 6.31%** 116 47
12 3.70 % 5.96*** 119 39 3.97 % 6.51%* 121 42
13 4.10 % 6.20%** 121 37 4.49 % 6.86*** 126 37
14 4.15 % 6.24*** 122 36 4.23 % 6.47*** 127 36

Panel C: 10

1 0.03 % 0.09 73 85 0.01 % 0.06 75 88
2 0.50 % 1.39 103 55 0.38 % 1.06 99 64
3 1.23% 2.99%** 107 51 1.02 % 2.71%** 115 48
4 1.50 % 3.74%x* 111 47 1.37 % 3.34%x* 113 50
5 1.80 % 3.77+* 110 48 1.60 % 3.39%** 114 49
6 2.58 % 5.51%** 117 41 2.38 % 4.96*** 117 46
7 3.16 % 6.60*** 122 36 2.96 % 6.22%** 121 42
8 3.65 % 7.42%+* 124 34 341 % 6.90*** 122 41
9 3.63% 6.66%** 115 43 3.46 % 6.35%** 117 46
10 4.02 % 6.80*** 117 41 3.95% 6.66*** 122 41
11 3.42% 6.07*** 112 46 3.53% 5.94*x* 117 46
12 3.81% 6.32%** 116 42 3.85% 6.31%** 121 42
13 4.32% 6.55*** 120 38 4.37 % 6.52%** 119 44
14 4.30 % 6.61*** 121 37 411 % 6.17*+* 127 36

As the proxy forthe U.S. stock marketsee Tablell) hasgenerated excess return over fisk
free rateon averagd).96 % monthly with a standard deviation o43% or interms of Sharpe
ratio, 0.96 per annum, a larger equity exposure has beeuorédle to the bullish gamma port-
folios. E.g Fabozzi et al(2009) iow that portfolios based on bullish gamma trade set up

generatean average return of.49 % atthe 99% confidence level which is higher than the
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5. Empirical Results

regular deltsstrategy that generatediaverage return 0f.39% afterl2 month holding period.
Thedifferenceis similar to the findings of thighesis The regular delthedgetradegenerates

anaveragel2-monthreturn of 342% versus the.46% return oB bullishgammatrade

Table 7: Bullish Gamma Trade Returns
This table provides the average returns, t-values, and the number of positive and negative return trades, respectively. The re-
turns are calculated as a cumulative return on the long investment of $1M per trade. Returns are not annualized. The table is
sorted by the volatility used in the model calibration, 30-day implied volatility on the left side, and vice versa. Significance is
marked as ***** and *, for confidence levels of 99%, 95%, and 90%, respectively.

30-D IV 252D Historical volatility
FULL SAMPLE
Returns T-Value Positive Negative Returns T-Value Positive Negative
Panel A: -9
Months

1 0.14 % 0.52 78 81 0.19 % 0.73 82 82

0.75 % 2.18** 106 53 0.79 % 2.41** 108 56
3 1.51 % 3.85%** 113 46 1.55 % 3.99%** 118 46
4 1.84 % 4.74%** 121 38 1.97 % 5.03*** 125 39
5 2.19% 4.77** 120 39 231 % 4.96*** 123 41
6 2.94 % 6.64*** 124 35 3.08 % 6.74%** 126 38
7 3.53% 7.65%** 123 36 3.73% 8.03*** 127 37
8 4.00 % 8.58*** 127 32 4.26 % 8.99%** 133 31
9 3.99 % 7.56%** 119 40 4.30 % 8.12%** 127 37
10 451 % 7.93%** 121 38 4.87 % 8.66*** 132 32
11 4.05 % 7.36*** 120 39 4.43 % 7.87%** 129 35
12 4.46 % 7.74%** 122 37 4.85 % 8.37*** 133 31
13 5.00 % 8.17** 123 36 5.48 % 8.90*** 134 30
14 5.03 % 8.23*** 126 33 5.22 % 8.49%** 135 29

Panel B: -14

1 0.23 % 0.88 85 74 0.28 % 1.12 91 73
2 0.98 % 2.87*** 105 54 1.03 % 3.17%** 114 50
3 1.80 % 4,58+ 111 48 1.84 % 4.70%+* 118 46
4 2.18% 5.54*** 115 44 231 % 5.74%** 122 42
5 2.59 % 5.52%** 121 38 271 % 5.66*** 127 37
6 3.34% 7.40%** 124 35 3.48% 7.45%** 122 42
7 3.98 % 8.17*** 123 36 417 % 8.50%** 128 36
8 4.49 % 8.88*** 126 33 474 % 9.29%** 134 30
9 4.46 % 7.84%** 117 42 477 % 8.38*** 130 34
10 5.04 % 8.40%** 122 37 5.39 % 9.04%** 131 33
11 4.56 % 7.84*** 122 37 4.93 % 8.25%** 127 37
12 5.02 % 8.37** 121 38 541 % 8.89%** 131 33
13 5.62 % 8.87*** 124 35 6.09 % 9.47%* 133 31
14 5.66 % 9.09*** 126 33 5.84 % Q.21 %** 137 27

The bearish gamma trade returns are presented in .alite returns significantly lower than

the delta or bullish gamma returns. The first4wonth returns after the position initiation are

negative although the returns are not statistically significant. The result is not surprising, as

mentioned earlier, the positionakeady hedged because 1) bond floapartial hedge, 2) the

stock market overall has performed waatid e.g. Fabozat al.(2009)and Choi, Getmansky,

and Tooke42009) claim that stocks underlying the convertible tend to perform well after the

convaetible issuance, although there are negative gieom effects as the hedge furtdad to

shortthe underlyingstocks at issuanc&he average stock price increased by ~15% during the

first 252 trading days after issuance (see Appendix 4) so trades set up on heavier short exposure
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show lower returnsThe 12month returns are positive and statistically significdre implied

volatility calibrated strateggenerated.43% and 189% returns for @ and +14 portfolios,
respectivelyLess aggressivaearish gamma hedge strategy is statistically profitable after 5 (3)
months in IV (HV)calibrated tradedrrespective to thetrategy trades set up on historical
volatility show slightly higher returns. With respect to the basics of call option delta, an in-
creased volatility should tilt the delta higher. As concluded earlier, underlying stocks tend to
perform well after the issuance. As theseage implied volatility is higher for the total sample

(see Table 3), one could assume that on average the estimated delta on a particular trading day
t is higher with implied volatility calibrated model leading to higher short exposure. A larger
short exposure should, all other things being equal, affect the CA returns negatively assuming

upward trending stock price.

Table 8: Bearish Gamma Trade Returns
This table provides the average returns, t-values, and the number of positive and negative return trades, respectively. The re-
turns are calculated as a cumulative return on the long investment of $1M per trade. Returns are not annualized. The table is
sorted by the volatility used in the model calibration, 30-day Implied volatility on the left side, and vice versa. Significance is
marked as ***** and *, for confidence levels of 99%, 95%, and 90%, respectively.

30-D IV 252D Historical volatility
FULL SAMPLE
Returns T-Value Positive Negative Returns T-Value Positive Negative
Panel A: +9
Months

1 -0.20 % -0.65 75 84 -0.15 % -0.51 82 82

-0.09 % -0.23 88 71 -0.04 % -0.10 97 67
3 0.43 % 0.94 96 63 0.50 % 1.13 106 58
4 0.59 % 1.27 98 61 0.79 % 1.75* 104 60
5 0.73 % 1.35 95 64 0.92 % 1.74* 101 63
6 1.49 % 2.74%+* 103 56 1.69 % 3.16%*** 107 57
7 1.93% 3.71xx* 106 53 2.19% 4 32%** 114 50
8 2.26 % 4.51%** 105 54 257 % 5.12%** 115 49
9 2.29% 4.07*+* 104 55 2.64 % 4.74%** 113 51
10 2.62 % 4.06*** 107 52 3.04 % 4.90*** 117 47
11 2.23% 3.56%** 101 58 2.67 % 4.37*+* 113 51
12 243 % 3.57** 107 52 2.90 % 4.40%+* 117 47
13 2.75% 3.73%** 105 54 3.32% 4.65%** 117 47
14 2.78 % 3.55%** 105 54 3.05 % 4.05%** 115 49

Panel B: +14

1 -0.30 % -0.91 72 87 -0.24 % -0.77 79 85

-0.33 % -0.78 78 81 -0.27 % -0.67 92 72
3 0.15 % 0.30 94 65 0.23% 0.49 100 64
4 0.27 % 0.55 92 67 0.48 % 1.02 97 67
5 0.36 % 0.63 88 71 0.57 % 1.02 102 62
6 1.14 % 1.97* 93 66 1.35% 2.39** 98 66
7 1.53 % 2.74%%* 96 63 1.80 % 3.34%** 103 61
8 1.82% 3.34%** 97 62 2.15% 3.99%** 107 57
9 1.88 % 3.07**= 99 60 2.23% 3.75%* 107 57
10 2.14% 3.09*** 101 58 2.60 % 3.93*** 107 57
11 1.75% 2.59** 94 65 2.24 % 3.41%** 106 58
12 1.89 % 2.56%** 95 64 2.40 % 3.38%** 108 56
13 2.16 % 2.72* 101 58 2.78 % 3.61%** 108 56
14 219% 2.57* 98 61 2.52 % 3.07*** 106 58
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5.2. Portfolioanalysis Return andisk

In thissection portfolio-level returns are examinethe position is opened in eacbnvertible
bond at the first available market price and subject to a long investment of $1,0E30600.
CB exits the portfolio when 1) it isithercalled by the issuer, 2) issuer defaults or 3) the CB
has been in the portfolio 14 months, whichever cofinsts The daily return of an individual
bond position is equal to the method presented eafler.equalweighted method is applied
to all portfolios that is every CA positionreceives equal weight in the portfalieollowing
Agarwal et al(2011), the simulated portfolios absorb new CBs arriving to the portfolio without
a need to sell existing positiorsis assumed tha CA fund could manage this by employing
leverage or capital infusion from the investors, or a combination of.tAHg@ortfolio returns

are aggregated to monthly frequency from daily retufiefinal time serieconsists of 85
months (February 2013 teebruary2020)for which the CA returns have been calculated
returns are first examined with traditional Sharpg®ssao assess the risidjusted performance

from total risk perspective.

A traditional Sharpe ratio is rather a strai
return ratio but has a shortcoming of not accounting for the risk embede¢grmdistributions
thatare noanormal’ To enhance the robustness of restulissethe skewness and kurtosis
adjusted Sharpe ratio (SKASR) introduced by Patari (2ahd)assess the statistisanifi-

cance SKASR isa modified version of the Sharpe ratio where the third and fourth moments of
the return distribution are captured. This method allows for enhanced Sharpe ratio comparison
of portfoliosshowingdifferent skewness and kurtosis measR&géri, 2011)The agusted 2

value® is estimated by employing the fourtinder CornrshandFisher (1937) expansion that
reveals the estimation of the true distribution. The skewness and katipssted deviation
(SKAD) is estimatedy multiplying & 7¥& by the standard deviation of excess returns (i.e.

» ). SKAD is similar to,, but should thdormer be higher than the latter, the investor would

encounteunfavorablaistributional deviation fronthe normality

"'Sharpeb6s ratio is presented in Sharpe (1966).
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5. Empirical Results

The SKASR is formed by replacing the stard deviation of excess returpswith the SKAD.
The modification of the resulting ratio is analogous to the refinement procedure proposed by
Israelsen (2005) to deal with the negative excess return validity pr¢Bgari, 2011)

55 " . P o~ P . v P . i
(55) () O -0 PY —O oL —CcwWw Vo Y
0] Gt (o0
Whered denotes the adjustedvalue,d is the critical value for the probability measure based on a st
ard normal distribution, wherea¥and 0 denote skewness and kurtosiaspectively.

i i
y UB
(56) ”
Where the N denotes the numbeoatcomesandi is the average return.
(57) P
v = —_— (0)
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(58) YO O YY——7o—
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WhereO "lenotes the average excestrns of portfolia).

The Sharpe ratio significance test follows the method first introduced by Jabdd&orkie
(1981) and is implemented as Memmel (2003) suggests, see Equliand 60. The test
indicates whether the Sharpe ratios of fwatfolios are statistically differenRatari (2021)
proposes that the test format is also suitable in skewness and kadpsited Sharpe ratio

context. In this instance, the Sharpe ratios Y@iYQ ) are replaced with SKASR implied
values.
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w —
(59) @
Where "Yand™YQ are theSharpe ratios of portfolicisandn, Wis the asymptotic varianad Sharpe ra-
tio difference
W ¢ G - Y2 Q2 c¢YQYQ
Y G
(60)

Where "Yis thenumber of periodic returns, is the correlation between portfoli@ndn returrs.

Delta and gamma strategy returns are reported in Bablee regular deltatrategy produced
on averaga0.43 % monthly return witstandard deviation of 29 percent. There is a gradual
improvement in the monthly retuaf portfolios that rebalance more infrequently (i.e. modified
delta) The average monthly return tfe 10-delta portfolio(lV) is 0.45% with a lower risk
(1.25%) compared to the daily deltabalancing strategynterestingly,the portfolio that is
rebalanced only when the delta change is greaterlfhanits shovg the highest return but the
lowest riskamong deltsstrategiesComparing with Agarwal et a{2011) return statistics are
in line with this study. They show monthly retuif$.50 % for equalveighted CA portfolios.
Unlike the findings of Agarwal et a[2011),the arbitrage portfolio in thishesisshow positive

skewness indicating that retgrare skewed more on the positive side of the mean.

When it comes to the counterintuitive return/risk ratio oft@eebalance, thers some prior
evidence of similar resultas e.g.Fabozzi et al(2009) show that under daily rebalance the
return and staratd deviation are.99 % and B0 %, respectively, but fahe 10rebalance
strategy they are.d@9 % and 08 %. The return is certainly higher, as the trade is allowed to
drift more, allowing the position value tapture positive returmore from the upward stock
price movement. The initial assumption behind av@hatility trade is that the equity and em-
bedded option volatility will eventually converge. However, there are extra returns available if
the trade captures capital gains from the stock price movemertrévait swallowed by the
excess amount of sheselling i.e. leaving the net exposure highemother point that was ini-
tially highlightedby Hutchinson and Gallagher (Z)andCalamos (2003) was that the daily
rebalancing is expensive. Thé-delta rule does not require balancing as often and consibute

to returns by reducing the amount of trast&m costs.
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Gamma 14(1V) returns are on averages@ % monthly with a standard deviation 018%.

The average returandSharpe ratios are lower for the bearish gamma portfdliesnumber

of shares sold short is mubigherfor the bearish gamma portfolio, hence the indirect transac-
tion coss are higheand the yield advantage over the dividend yield is loA#so, as indicated

in Appendix 4, the underlying stock performs well after the issuance of the CB which is not
beneicial for a heavy short positiofe.g. Fabozzi et al(2009)indicate thatullish gamma
tradeis by construction in a better position than bearish gamma because the stock underlying
the convertibleoondusually perforns well approximately 3 years aftessuanceThe Kernel
distribution of monthly returns is presented in Figl@eAs indicated in Table Syone of the
strategies exhibits large amouwftskewness. The bearish gamma strategies go#se largest

tail risk as theminimum monthlyreturns are lowest, whereas tha&tmndard deviation and kur-
tosis areamonghighestin the sample. One of the main risks embedded in the CA positions
taking a directional bet on the stopkce developmerit therise of stock price As the stock

price byassumption and in practice has on averagmafter the issuance, a significant appre-

ciation causes the portfolio to lose value.

Due to the limitations in traditional Sharpe ratio measure, the statistical significararees
outusingthe SKASR impled metrics.The SKASR results are presented in TableTh& ex-
amined portfolios are more aggressive bull and bear portfolios and delta pariffbkse port-

folios are included becaudg deltastrategyis a standardboth inindustry and theory2) most
aggressive portfolios show different characteristics of the strategy as the hedging ratio is either
very large or very smalAs the results of the standard Sharpe ratio indicated, bullish portfolios
show also highest riskeward ratios in théerms ofSKASR, 1.365and 1345 for IV and HV
calibrated portfolios, respectivelyNone of the convertible arbitrage SKASRs is statistically
different from the market indices equivale@onsidering the bullish IV gamma strategy, both

the traditional Sharpetio and SKASR arbowevereconomically significant against the mar-

ket indicesThe results thus implghat an arbitrageur harvesting excess returns from CA related
strategies, should assume more equity risk as more aggrézmsdlish gamma strategiessk-

reward ratio is statistically differemigainst moreonservative strategiessich as the delta and
bearish gamma. As indicated also in Fabozzi et al. (2009), bullish portfolios seem to dominate

over conservative strategies.
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Table 9: Portfolio Descriptive Statistics

This table provides the descriptive statistics of the CA portfolios. Values are reported as monthly values unless specified other-

wise. The risk-free rate is the 1-month U.S. Treasury Rate.

Panel A: Delta-Strategies Delta Hedge Rebalance Rebalance Rebalance
Volatility: IV-OTM 30D Vanilla 2 5 10
Monthly Return and Risk
N 85 85 85 85
Mean 0.426 % 0.432 % 0.442 % 0.453 %
Standard Deviation 1.287 % 1.283 % 1.288 % 1.253 %
Sharpe Ratio p.a. 0.9875 1.006 1.031 1.092
Skewness 0.233 0.205 0.213 0.240
Kurtosis 3.347 3.381 3.876 3.159
Min -3.749 % -3.776 % -4.051 % -3.603 %
Max 5.434 % 5.412 % 5.596 % 5.302 %
Volatility: Historical 252D
Monthly Return and Risk
N 85 85 85 85
Mean 0.428 % 0.427 % 0.442 % 0.463 %
Standard Deviation 1.291 % 1.291 % 1.229 % 1.201 %
Sharpe Ratio p.a. 0.987 0.986 1.081 1.173
Skewness 0.214 0.270 0.112 0.261
Kurtosis 3.562 3.880 3.079 2.412
Min -3.958 % -3.959 % -3.731 % -2.907 %
Max 5.576 % 5.709 % 5.124 % 4.971 %
Panel B: Gamma Strategies Bull Gamma Bull Gamma Bear Gamma Bear Gamma
Volatility: IV-OTM 30D -9 -14 +9 +14
Monthly Return and Risk
N 85 85 85 85
Mean 0.485 % 0.518 % 0.376 % 0.349 %
Standard Deviation 1171 % 1.175% 1.527 % 1.685 %
Sharpe Ratio p.a. 1.267 1.366 0.705 0.577
Skewness 0.164 0.158 0.320 0.385
Kurtosis 2.311 1.524 3.055 2.793
Min -3.070 % -2.778 % -4.461 % -4.886 %
Max 4.757 % 4.382 % 6.205 % 6.715 %
Volatility: Historical 252D
Monthly Return and Risk
N 85 85 85 85
Mean 0.486 % 0.520 % 0.381 % 0.357 %
Standard Deviation 1.186 % 1.199 % 1513 % 1.661 %
Sharpe Ratio p.a. 1.255 1.342 0.724 0.602
Skewness 0.204 0.232 0.271 0.324
Kurtosis 2.443 1.843 3.398 3.055
Min -3.237 % -2.833 % -4.670 % -5.063 %
Max 4.832 % 4.423 % 6.333 % 6.761 %
Risk-free rate
Mean p.a. 0.80% 0.80% 0.80% 0.80%
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Table 10: SKASR results

This table provides the skewness and kurtosis-adjusted Sharpe ratios (SKASR) and the statistical significance against various
market indices. SKASR results and their statistical significance level against market portfolios are presented in Panel A. In
Panel B, the CA portfolio possessing the highest SKASR is set against other CA portfolios and the statistical significance is

reported. MKTRF denotes the US Stock Market Total Return, CB Index denotes the Bloomberg U.S. Convertibles Liquid Bond

Index Total Return and BBG IG denotes the Bloomberg Barclays US Investment Grade Index Total Return. The significance is

in the parenthesis and is two-sided. All returns are in the excess of the risk-free return. The risk-free return is the 1-month T-bill.

MKTRF is from Kenneth French Data Library (2021), CB index and BBG IG are from Bloomberg (2021). Note that the critical

value &_applied in SKASR is -1.96.
Panel A: Strategy versus the market index

Bull Gamma 14 Bear Gamma 14

vanilla IV Bull Gamma 14 Bear Gamma 14

Y N Vanilla HV HY Y
Strategy SKASR 0.962 1.365 0.595 0.951 1.345 0.606
Vs.
MKTRF SKASR 0.829 0.829 0.829 0.829 0.829 0.829
(Significance) (0.7853) (0.2468) (0.7460) (0.7964) (0.2473) (0.7558)
CB Index SKASR 0.993 0.993 0.993 0.993 0.993 0.993
(Significance) (0.9876) (0.3905) (0.5489) (0.9706) (0.4005) (0.5566)
BBG IG TR SKASR 0.903 0.903 0.903 0.903 0.903 0.903
(Significance) (0.9017) (0.3238) (0.5269) (0.9214) (0.3472) (0.5406)
Panel B: Highest SKASR versus other CA strategies
Vanilla IV Bea;-f:a\;nma Vanilla HV Bull Gzrcma 14 Bea:[fsyma
Bull Gamma 14 IV
(Significance) (0.0663) (0.0304) (0.0491) (0.7328) (0.0291)
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Figure 10: Kernel Distribution of Monthly Portfolio Returns
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Figure 11: Cumulative Returns
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