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Semiparametricoriskpreferencesdmpliedtby£SOs

Semiparametrictisk(preferencesimplied

bylexecutivelstockloptions

Abstract

Wellexamine!the pricing of[‘executive [stockJoptions (ESOs)Jand 'managerial
preferencesuisinglinique marketldataonESOs. [Firstwe(look atthepricinglissue
and[calibratetheléxtended[Black[ScholesiodelofIngersoll [(2006).[(Welfind [that
ESOlpricesléontainlalsubjective Tisk[premium(SRP)withimedianvalue0f(8.1%,
andthe[ISRPIdecreases[Jwith[Tmoneyness[lof(Ithe Joption.[IWe[Jthen[Jestimate
managerialltiskpreferencesMisingthesemiparametricimethod0fTAit[Sahalialand
Lo[(2000).[Ourlresults[suggestthatrelativeTisk[aversionlisjustlabovell forla
certain(stockpricelinterval.[Thislevellofl¥isk[aversionlis dow butreasonable,land
itCmaylbelexplainedbythefact thattheltypical(manager islwealthy andlhis
marginalllutility[lis[Jlow.[1Further, T marginallrate[lof [1substitutionJincreases

considerablylin/stateswith{lowstockprices.
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1. Introduction

Thelrisk[preferenceslofl companylimanagement(playanlimportantirole Wwhile theyldecidelonl¢capital
investmentsand [ capital structure, Jand when[various[types[of executive compensationeffectl on
managerial behavior[{(Lambert, Larcker[ & Verrechia, 1991; Ross,[2004).Inmost[studies, thelirisk
preferenceshaveleitherfully heglected by limplicitly[defining(managerslasitriskheutrallagentslorthe
modelshave [ varied imanagerial ¥elative ¥iskaversion (RRA)between1and 50 withoutreally[knowing
themagnitudeofTit.[AlthoughthisCmagnitude of T[RRA sl of greatlimportance bothlfor analytical
purposesiand practicalldecisionmaking,molémpiricallybasedlestimatesthavelyetbeenpresented.This
study(fills[thelgap byéstimatinglRRAbasedon[the éxecutive Stock loption (ESO)fradeswith fhe tselof
Ingersoll[(2006)incentive option[pricing model, Ait[Sahalia fand[T.o[(1988,12000) semiparametric
estimatorlofrelative [risk[aversionland[asmooth[volatility functionléstimatedin[deltalsigmalspacelas
in[Blissland Panigirtzoglou(2002,[2004). Weise[the word [Semiparametric, becauselourimethodinserts
allnonparametriclJvolatility Ifunction[Jin[Jparametric[lriskheutralJdensity[lfunction, JandJadds[(a

nonparametricimarketdensity function(foéstimate risk [preferences.

Suchlanlestimation[0fTRRAwould providelguidancefor[derivinglagency theorybased imodels[with
managerial¥isk[aversion/similar(toParrino, [Poteshman[& Weisbach[(2002)(where [they made[anodel
onmanagerialinvestmentlbehavior,[withpositivelRRA.Their[modelFesulted [inl¢ontradictory results
compared(withthe Myers(1977) model withoutisSuchlanassumption.

Thisresultlislalsouseful forlevaluatingexecutive compensationplans.Themajor[question,(howlimuch
compensation[for[topLexecutives[shouldlincrease comparedwith[the shareholder¥alue gains,would
haveldifferentlanswer dependinglon/thellevel 0f[RRA.[Thelagencytheoryresultspresented bylJensen
andMurphy[1(1990)indicateJthat[lmanagers[]are Inot properly[Ipaid Twhen[the lpayperformance
sensitivity[isonly[0.003, whereastheltresults(by[Haubrich[(1994)and[Haubrichfand[Popoval(1998)
where[RRA[varied from[about[1.1 ipwards[suggestmeed [forxratherlowpayperformancesensitivity [of
closefo(0.01forwealthy manager.

InCaddition,thelefficiencylofstockoptionplanswouldbeldifferent dependinglonlthelevellof RRA.
Whilelon(thelotherrhandhigherRRAincreases(theldeadweightlloss'between(thel¥alue ofléxecutive
stockoptions[between[Iportfoliofinvestorsandundiversified lmanagers[(HallCand [Murphy(1(2002);
Ingersoll[(2006)),lhigher RRAmaylalsolinfluenceonthelincentiveéffectof stockloptionsitoindertake
riskyprojectsiéither(bylincreasing[(Parrino,[Poteshman[&Weisbach[(2002))[orlbyldecreasingit[(Ross
(2004)), and[thelconvexity[oflcompensationlcontract[similartolstock optionswouldbeloptimalwith
moderatellevels({close[tolone) of(managerial RRA[(Hemmer, [ Kim[&[Verrecchia,[2000).[Thepositive
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values(of(RRAMmaylalso motivate Mmanagers(withlincentive [d0ptionstolcontroltheFisk level (volatility)
within[the[firm[tolincrease the [subjective ¥alueslof these incentive options (Hodder and[Jackwerth
(2005)).

Tolattain[an[empirical estimate of L(RRA, we [ uselthe[subjective valuation oflincentive options of
Ingersoll(2006),[whichis[an(éxtended[Black [Scholes(imodellofferinglalc¢losed form(solutiontomeasure
subjectivelrisk premium.Theladjustmenttorisk[freeratelis calculated byltalibrating[theimodellto
actuallESOprices. Usingthis modelwe [show, how muchthemanager’slémpirical pricingkernel(differs
from(theriskmeutral pricingkernel.[Infaddition, weapply the semiparametricimethod offAit[Bahalia
and[L.o[(1998,2000) tolestimate the optionimpliedprobabilitydensity [function (PDF)inltwol&teps.
First,[welfitlalsmooth(volatility[functionlindata.[lWeodel volatility[as[a functionlofldelta,following
BlissfandPanigirtzoglou(2004)land Kangand[Kim[(2006), andthenlestimateimplied[strike[prices
from(theldeltas.[Second, welinsertthe Volatility functionin allognormaldensity [function, implied (by
thelasset/dynamicsof(the[Black[Scholesimodel.[ThelAit[$ahalialand Lomethod producesiestimates(for
relativerisklaversionandmarginal ¥ate0f[Substitution, bothasfunctionsiofunderlyinglsharelprice.

Ourlémpiricallestimationlofimanagerial[RRATsbasedlon[the datalonthemarket quotationslofiglobal
technologyfirmNokialexecutivelstockoption (ESO)trades.Ourfdatal¢onsists[of[7,610tradeslinthe
NokialESOslissuedin[1999.[AccordingtoNokia’sfannualreport[0f[1999, theseoptions[werelissued[in
March1999to[about[5000[Nokia ‘managersandlother keylémployeesaround theworld.Theloptions
hadla¥estingperiodloftwolyears, afteriwhichtheywere(listed[on the Helsinki[Stock [Exchange lintil
theylexpiredatthelénd0f[2004.[Afterthevestingperiod, theseémployeeslarefreeltolsell TheirESOs,
andlin[most(¢ases thefradesweremadevia[Helsinki[$tock Exchange. Givenl[thesefactsour(resultsion
impliedpreferences/¢haracterizethe(representative[managerworkingfor’a multinationalltechnology

firm, instead oflxeflecting(thefastesdflalsinglemationality.

Ourlresults(regardingthe Fisklaversionl¢oefficient'showslalstable(RRAeéstimatelof justlabove 1 [forla
widepricerange0flESOs/and/aldownward(slopingmarginaltateofisubstitution (MRS).This[Servesthe
intuitionthatow(levelsioficonsumptionlarelassociated withlow[stock prices.[In theselstatesmarginal
utilityisthighlandthe(willingness folsavelisdow.[OurFesultsionthe[RRAThavelamajorimplication(on
thelagencytheorybasedmodelingas[welllas[bnlstructuringcompensationpackagesfor[company
managers(and thelincentive éffectsiofiStockoptions.
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2. Framework(forsubjective option(pricing

2.1 Thelsubjectivepricing kernel

Ingersoll[(2006)[solves[thelconsumptionlinvestment problemlof alconstrained imanager and[derives
closedform(solutionsforleéquityand(optionvalues.[IHeladds[two complications(to[thestandard (Black [
Scholesmodel. [ The[firstlonelis[that[until_ themanager[retires, hel[is[irequired to hold[a[positive
proportion(ofthiswealthin[the(company(stock.'The [Secondcomplicationis[idiosyncraticl(stock $pecific)
risk[thatltannot[belhedgedlinlthe imarket, evenlifithe managerlis allowed toltradelin[themarket
portfolio. TAn[importantadvantagelofthis[frameworkisthat[it satisfiesthemolarbitrage¢condition(for
the[managerwholpriceslall assetssubjectively.Thisis[equivalent to assuming the existencelofla
subjective pricinglkernel,land (becauselitThasalriskmeutralldrift[thatlislowerthan(the [Tisk(freelTate,

subjectivelassetvalues(willbe Towerthanlobjectivelassetvalues.

Welmakeltwolsimplifyinglassumptions(to [fhe Ingersoll[(2006) framework.The firstonelis [thattheres
onlylone factorlofsystematicTisk, beingthemarketTFisk.Thelsecondassumptions(thatthe portfolio
constraint Olequals(thelstocklweight.In[theory, 8 wouldbethe [excessweight over(a benchmarkindex.
In(practice,the weightloflany(single(stock[is[close(to zeroinla globallequity index,[so [welset Olequallto
stockweight.

Tolget[started,assumelthatthe(imanager haspowerlutility(function,lor U(C,) = (Ctl_y )/1—y ,[where
C, Islcurrent[period Gonsumptionand y dsetheariskeaversioneparameter. Themodelthas[fworisky assets,

marketportfolio M andlcompanylstock SiwithlexpectedTeturns unfand u.[Themanagerlislallowedto
tradelin(the (market portfolio.[Inladdition(therelislarisk(free[bond yielding r.[Itlis[assumed(that(the
continuous[time[CAPMholds,[sothe[marketportfoliofisiefficient. Themodellalsoaccountsfor/dividend
yieldslonmarketportfolioland(the e mployer(stock, denoted g andlq. Both(tiskylassetsfollow geometric
Brownian(motion,dand theylare(correlated (asshownbylequations((1).

aMm
1 = —(u, —q )dt+c,dB
@ v (kb —qp)dt +0,dB,

% =(u—-g)dt+ po,,dB, +vdB.

Equations((1)[TuselJstandard[notation. Bm[Jand Blldenote/Brownian[Imotions[IthatIgenerate[Ithe
distributions(ofimarketlandidiosyncratic(tisk factors. Itlislassumed(thatthe marketandidiosyncratic
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riskslareuncorrelated. Under(thislassumption[thevarianceoflcompanystockisthesum(ofimarketand

idiosyncraticlvariances,or o> = ﬂzai +v2.

Ingersoll[(2006) solves(the manager’s problemlin(twolstages(tofindlout(theléffectoflalpositiveholding
constraint(in[the ¢companystock.Thefirst stagelsolves(astandard Mertoninvestmentproblem, where
theltresulting(portfoliolis[tinconstrained. Thelsecond[stagelinvolves[solving[thetonstrained problem.
Comparinglofithelsolutions(givesthe[managerial hedgingldemand, Wwhichlis(theldifference between
unconstrained and[constrained (market[portfolio[Wweights. Tt follows from(the Merton(1971)mutual
fundtheoremthat/demandforthelcompany stockisZerolin thetinconstrainedproblem?!,[and fif[welforce
it[belpositive,[thelconstrained ‘manager[will[invest[lessin[the (marketportfolio thanhelotherwise

would.

Solutionofl thisconsumptioninvestment problem, derivedin[Ingersoll[{2006), yields[alsubjective
pricingkernel,3wherethe(Tisk(freeratelis[adjustedto compensateforthe portfoliolconstraint fland
idiosyncratic[risk. Theladjustedlrisk(free rate 7 [is[given[bylequation(2), where yeisetheerelativeerisk
aversion.[Note[that[theadjusted [ risk(freelratelis[decreasinglin[both[the portfolio[constraint and
idiosyncraticlrisk.[Forthe(same[teasons/theldividend rate g islalsoladjusted. Thelsubjectiveldividend
rate ¢ isigiven/bylequation((3).

(2) F=r—(1-y)0*v?’
A) g=q+(1-y)1-0)6v*

2.2Thelsubjectiveloption|pricinglimodel

Welderivethe partial(differential’équation (PDE)forthelsubjective ¥aluationtolstress/thatlarbitrage
pricinglin[this[framework[means(valuing[all assets[using[the[same subjective [ pricinglkernel.[We
employlalsimplelarbitragelargument/thatlis(basedlon[chapter(6[6fBjork((1998).[The resulting[PDE
gives[Tiseltolalclosed formloptionpricingformula,whichwel¢alllthe Blackl[ScholesIngersollformula.
Ingersoll[(2006)[derivesthe same[PDEusingmartingale[methods, butwelbelieve that[thelarbitrage
pricinglapproachlis[morelintuitive. Arbitrage[pricinglis basedonl[thelidealthat[theloptionlcanbe
replicated.Since[the[underlying[stock[involves[idiosyncraticLrisk, it[is clearthatthelreplicating
portfoliolconsistsioftinderlying(stockand wiskfree bond.Theldynamics/oftheseassetslarelgiven by

'Here*demand’ refers to [demand 6f the company stock in ex cess [0flits share in the tarket portfolio.
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) dS/S = (u—q)dS + o, dB, +vdB
dB/ B = rdt.

Infeq.[(4) pand g arelthelexpectedistocklreturnand(¥olatility.[(If'weldenote the price processofithe
optionlas II(t)[= F(S(1),t),[an application of 1t6’s[ lemmalgives[the following dynamics for I1(t).[The

notation meeds/some clarification: o, =(f0o,,,v) land 1=(1,1)".

%) dl/1 = a,dt + o,dB
FS(u—q)+F, +1/2FSSS2(G; 1)
H =
F
FiS(a, 1)
nET

Themextsteplisltol form[altrisk(free portfoliol from[the underlyinglstockandl[its[derivative.[The
arbitrageportfoliolhas thelpropertiesgiven[bylequation[(6). Notelthatwe[dolnhot[testrict[thelstock
weighthere, becauselthe goallis[tofind[thelarbitrage priceforlanlincremental ¢contingent/¢laim.The
portfolio[restrictionfislaccounted inlater(stage by(theladjusted tisk free rate 7 .

(6) u, +uy =1

4 p—
uoc l+u, =0.

Welcdan(solvethelarbitrageportfolio weights(us, un) bydombining(5)[and((6).[Note thatltheeplicating
strategylisthelsamewhether(thelderivative is[priced ising[subjectivelorimarketmeasure.Thisls[why
wehaven’tlassumedanything(yetaboutithe teturnon(portfoliol(us, un).

(7 uy =—F/(FsS—F)
ug = F,S/(F,S—F).

Now(wewill[putthesubjective riskmeutralineasuretoworklindrdertolderive the pricing[PDE. Under
thisimeasure the éxpected Feturnlon/anylasset2imustibelthe subjectivelrisk(free(tate 7 .Notelthat(the

subjective manager’s expected returnfonunderlyingstocklis fi .[Hencewelcanlwrite the returnon

arbitrage portfolio[(us, ur)las

®) Ugflg +upp =7

*More/precisely, 7 is theléxpected return tinder(the/subjective pricing rule E [d Mz )] =0, WwhereM(islthesubjective
stochastic[discountfactor.
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Inlequation[(8) thelsubjective expected returnonistockis givenlby g, = pu, +(1—y)0(1—-0)v 2, [(Using

thelarbitragetelation[(8)and portfoliolweights((7),we getthe modifiedBlack[$choles[PDE, whichwe
callithe(Black[ScholesIngersoll PDE.[Theriskheutral [drift[in[(9)ds mot[simply 7 ,becauselwelwant/to
express[theloptionpricelas alfunctionloflthelobjectivestock[price.[Theldiffusiontermlhaslaltlear
interpretation;litis/thevariance6flunderlying(stock.

) FS(u—fi+7—q)+F, +1/2FsS*(Bc2 +v?) = FF.

Inlorder(tolwrite[theloption[pricing formula morelconveniently, welsimplify[the hotationin[(9)[uising
thelformulael for[subjectivedividend[¥ield ‘andstockreturn.The final form[for thel Black[Scholes!]
IngersollPDE s (givenbyleq.(10).

(10) FS(F—§)+F, +1/2FS* (B0t +v?) = iF
where  §=g+(1-y)1-0)6v?

Aslshownlbylequation[(10),theTiskmeutralldriftlinfoptions(pricingis 7 — g, becausetheunderlying

equitylisipricedusingthe[market(iate. TheBlack[ScholesIngersoll pricing[formulaforlsubjectively
valued callloptionsfisigiven/inleq.[(11).

(11) ¢ = 5e™ 1N (d,) - ke " TN (d,)

s 2\ _
d, = 1n(S/K)+(;\/qT+_1Z/2G ) Z); dy=d, —oNT -t

When(the B[S [formulalisapplied,the(resultinglémployeelstockloption[values arelin generalllower
comparedJto/Black[Scholeslvalues. /From[lalmathematical perspective Jthis follows, Ibecausellthe
subjective riskmeutralldrift[is[lower(than(thelobjectivelone.[Hence therelexists[a valuation[gap, also
knownlas[the deadweight loss, imeasuringhow muchlhigher(the employer’s cost of the optionlis
comparedtolthe émployee’sperceived valueofithe Gption.

3. Methodologyforéstimating theloptionimplied PDF

3.1[Statelpriceldensity aslaValuationltool

Welestimateltheltiskpreferenceslofloptionléndowed ‘managers.[Measuring[tiskpreferences(requires
the[knowledge of managerialexpectations, whichare spanned by theprobability densityfunction
implied(byloptionprices.[Further,isingloptionprices[énablesus[to characterizetheldevelopmentiof
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preferenceslin[time. lAsargued by Bliss[land[Panigirtzoglou(2004), loption[prices are useful fin
investigating(marketléxpectations, becauseloptionslare(riskylassetswith[fixed [éxpiration[dates.This
implies(that[priceslofloptions[withldifferent maturities(teflect(the ¥variationlinléxpectedTeturnsiover
different[timeperiods.In[¢ontrast, becauselstocks arebasicallyperpetuall¢laims,litlisVery difficult(to
associate(stock price fluctuationsWwithichangesiinlinvestment/opportunities/duringalcertainperiod.

Ourlapproachltol¢alculating(thelriskmeutral(probability [density (function (PDF)fromloptionpriceslis
basedlonlestimatinglimplied[¥olatilitylas[alsmoothfunctionlofloptionldelta. Thelidealof estimating
smooth¥olatility[functionWwaslintroduced by Malz[(1997) and advanced by Bliss[and Panigirtzoglou
(2002,2004),lamong[bthers. In[contrast to these papers, we assumel[that[the observed [PDF[for
executivelstockloptions(ESOs) reflects the subjectiverisklfreerate r. Thislassumption islémpirically
motivated(byltheresultsloflTkdheimo et al.[(2006), who find(thatlactualltradingpricesfor[ESOs are
considerablybelow [ Black[Scholesvalues. Theoretical motivationfollowsfrom[the Ingersoll[(2006)
model,[where ¢onstrained managers adjust(risk(free rate [downwards. Thisallows[uis(to [determine(the
preferenceparameters usingloptionLand cashlimarket[PDFs.[Westress(that[this[approachlrequires
empiricalldataonESOprices.

Thelconnectionbetweenthelstochasticldiscountfactor[andthe probability[density functionliswelll]
known.[Welfollow[thelexposition[oflAit[Sahalialand [T.o[(2000),(buttheideascanlbeltraced backlto
Harrisonand Kreps((1979).[Tolsee how[the stochasticldiscountfactorlis[¢connected to the probability
densityfunction, weWrite[the [firstlordercondition(Euleriequation)forthe tepresentativeldonsumeras

12 U= TIUmwg,
=C¢r = er(Tft)M T
where M, =U'(Wr)/U'(W,).

Thelthirdlinelofleq.[(12)[gives[the[stochastic[discount(factor M,r,[alsoknownlaslimarginallirateof
substitution(MRS)inmicroeconomics. Interpretation [for(the first/order(conditionlis/that(a dertaininit
offfuture [¢onsumptionlislaslgoodlaslone discounted init(how, times the probability of¢current state.
Notelthat thelidealoflriskmeutral pricinglislincorporated here bylthe probability transformation ¢ .
Becauseloptionpricinglis(tiskmeutrallingeneral, [option[pricesteflectthe tisk(free(density f *[instead
offthelcashmarket/density f,[which is(generated by the inderlyingasset’s[geometric[Brownian[mmotion.
Inlordertolrelate f *land fiwelheed[the[Girsanov transformation { .[Fromlalstructuralpointiofview,

¢ lslequaltolthelintertemporalmarginal ratelof[substitution[(up(toalconstant). From[alstatistical

pointlofiviewlitlisléequalltothe Fatio(oftiskmeutralland (¢ash(market[densities, wherelthe¢cash(market
densitylis[generated by thelunderlyinglasset’sstochasticl process.[Thelusefulnessof((12) becomes
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evident[below,[sincelit[isisedtolderive[the Ait[Sahaliaand(Lo[{2000) monparametriclestimator(for

relativerisk(daversion.

Aslshown[in[Theorem[3[of (Harrisonand Kreps[(1979),welcan(calculate the risk(freedensity,calledthe
statelpriceldensity(SPD),las

(13) 1 (Sr)= fi(S1)Sr
Cr = exp[— LgdB— %L%zds}
where ¢ =(u - r)/o.

ThelSPD,as[defined in[(13),lislessentially(a functionlofthe marketprice [ofrisk,[denoted ¢.Inlour¥iew
the[Black[Scholes/Ingersollmodel danbelseen(as(alinodification(ofthe tarketprice of#iskinstandard
BiSisetting.[Becauselthelrepresentativelmanager has(to hold an asset[thatdoeshot(lie onthe [CAPM
efficient frontier, hisCmarketprice ‘ofl risk[islinferior[comparedto uinconstrainedinvestors. Froma
mathematical(pointof(view, thisimeans(applying[Girsanov’s(theorem for a ¢change of(imeasure, Where
the[drift[of the underlying[processl changes from[expected riskyl[return[tolthelrisk freelirate (for
textbook [freatment,(seelsection (5.7 0f[Bingham[and(Kiesel (2004)).[The variance 0finderlyingprocess
remainsuinchanged. Equation((14)[shows[¢changeof(ineasureinthe B[SI[modelwithladjusted market

priceloflrisk, [denoted $ .[W*[is[thel subjectivelriskmeutral Brownian[motion andW(is[the market

Brownianmotion.

(14) wx(e)=w(t)+| éds

Nextwe willlcalculate the expected value 6fia contingenticlaim Z(S; ) tohighlight therolelof the wisk

neutralldensity f*.[Equation((15)shows[thatlanylassetprice¢anlbelc¢alculated’aslthelMRS[weighted

expectation(ofioutcomes,discounted withtherisk freerate.

(15) E, [Z(ST )gt,T ]= IOOOZ (Sy )Mt,T AN

= IOwZ (ST )ﬁ* (ST )dST
= "I D EX(Z(Sp)].
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Inlealculating(thelintegrallwel¢an eliminatelthelstochasticldiscountfactor(bylinsertinglequations((12)
and((13)lin[thelfirstlinelof[(15).[(However, the dutcomelof this(derivationlis[thatlobserved éxecutive
option[priceslare priced uising[the subjective risk(free rate 7 .[Ait[Sahalialand[Lol(2000)recommend
usinglthelstatelprice[density[(SPD), becauselit[giveseconomicallyimeaningfullestimates for asset
prices. Specifically, the [SPDlaccountsfor(variationlin[the¥valuelof(¢consumption[in differentleconomic
states.[Thislisthelreasonwhy[the [SPD[shouldbelusedlin[¢talculatinglconfidencelintervals forliisk

managementipurposes.
3.2Theprobability density functionimpliedbyloptionprices

Thislsection[showshow [Wwelextract[thel(riskmeutral) (probabilitydensity[function[oflthe[underlying
assetfromloption[prices. Bylassumingthatlsecuritypricedynamicsfollow geometric[Brownian[motion,
Ait[SahalialandILo[(1998,12000)find thatfhe PDFlisgivenbyleq.(16).[Notethat 7 =T — ¢ [denotestime
toléxpiration,othermotationlislasbefore.

2
6 fis =e”[—a CBS]
K=ST

oK?
1 —(log(ST/S,)—(r—q—crz/2)f)2
= 2 SXP 2
Sr (27r0'21)| 20°t

Forlateruseweremark thatithel(derivativedfithe Wiskheutralldensity function((17)Gs[given(by

(17) (f5s) =~

1 { log(ST/St)—(r —-q —0'2/2)‘!]
1+ 5
S%\/27t0'21

o7
flog(5;/5,)~(r—q 02 /2)c [
p 2
20°T

Equation((16)isthelognormal (PDFlimplied by linderlyinglstock[dynamics. Under[theBlack[Scholes(’
Ingersollimodel(the tisk free(ratel(r)[and(dividendlyield (qg) are[replaced by their(BS(I[¢counterparts 7
and ¢ .[The BrSIldensity functionlis[allconvenient tool for(calculating bothltheltheoreticaland
estimated[densities. For example, Ait[Sahalialand[Lo[(1998,[2000) use[the BlackScholes[ PDF[to
calculatetheoretical(ldensityusing[lat[the money[volatility (land[factual’‘ldensity by pluggingin[Ja
nonparametriclvolatility [function. In[standard (B(S[économy/the [volatility functionislalstraightline,
whereaslin(practical(markets[¥olatility[is[éxplained [by ahumberloflfactors, for[instancelby[time[to

expirationland moneyness.
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3.3[Estimation ofthe smoothvolatility function

Welapplythe volatilityfunctionimethod Jintroduced by Malz[(1997) Jand Jrefined by Blissland
Panigirtzoglou(2002,[2004)(tolestimate the [PDF[bylmappingloption[priceslin[deltasigmaspace. The
process(startsbyleéstimatingldeltasfrom/optionpricesusing(atthe money)implied ¥olatility. The mext
steplisfoleéstimate fhesmooth¥olatility function,whichléxplains¥ariationin[¥volatility by wariationin
delta.

Malz[(1997)has(altich[dataonthree[¢ombinations/offorex¢allsfand (puts,land helderives(anlarbitrage
relationfor(their(prices.[AslalresultiMalzlgets/ahaturallsmoothing[function, whichlislalsecond order
polynomialloflfdelta.[Wel¢annotproceedlike[Malzland[derivelsimilarlarbitragelrelations,becauselour
datalconcerns(éxecutive [stock [options(withlonly[call(features.[Thereforewesmooth thel[datalin[delta ]
implied Wolatility[Spacefising nonparametriclregression,ising penalized(splines tolSmooththetesponse
variable[(seelchapter B bfl Ruppert,/Wand and Carroll[(2003)). [ In[nonparametriclestimationthe
objectivelis(tolestimatelimplied [volatility[as[alémoothfunctionlofldelta. By ‘nonparametric[Wwe ean
thatlourlinterestlisfin[the modelingloftheresponselvariable.[Thefunctional formlof[tesponse,aswell

as[parametervalues(areofllesserimportance.

OurCsmoothvolatility (function /4, [is[givenlbyleq.[(18).[Ttlis[estimated [ising[restricted lmaximum
likelihood.[Thelvaluelof 4, is(thelestimated ¥olatilitylatla givenlevellofloptionldelta.[Thefcubiclthin

plate’(splines,or thelthirdorderpolynomialslin[éq.(18), useradial basis functions3lof(third order.
Cubicithinplatelsplinesbelong(fotheldlassiof linearismoothers.

18) 6, =h+e
hy () = E(6Jx)= o + B+ 0w x- of

Inleq.[(18) ¢ is(thelérror(term(Wwith[zerolmeanland ¢onstantvariance, and {K jilsjsJ }are[ﬁhejknots

located [on(the x[axis.Inpractice(weléstimatethelsmooth[¥olatility function(byfittinglequation(18)in
option[deltaslcalculated (using the[standard (BS[formula4.[For[software we[use[the SemiPar(11.0
packagelforRlanguage (Wandétlal.(2005)).

. . 3
3Tolglaborate, [the Basis functions used @re 1, x,|x — K

seeey

X—Ky |3 .[Thislis[acalled [dradial basis, because [the

splines are'radially’symmetric/about ;.

*Note thatiwe lise/the standard Black [Scholes model (only(for[data transformation, iile. Weldomotlassume that the
modelwere frue. Blissland[Panigirtzoglou (2004) perform(dlsimilarfrans formation.
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Welhavelfitted [the Wolatility functionlin(deltalsigmalspace,but/deltafismotlaninputtothe tiskneutral
PDFformulalintroduced by Breedenand[Litzenberger(1978) and developed by Ait[Sahalialand Lo
(1998).[Recallthatlthe[PDFTlis[¢alculatedusing(the secondlderivativeofloption [price Wwith [Tespectto
strikelprice.[Hence we heed[tol¢alculatelstrikepriceslasfunctionlofidelta.Thislis[donelusinglatithel]
money¥olatilityobtained fromDatastream.Weldalculate [the implied [Strikeprice Kmumerically:

(19) A=g(S.K,1,r,0,,)=K=g(A;S,1,r,0,,)
atm atm

Now [thatwelhavelalonelonlonel¢orrespondencelofldelta, sigmaland(strikeprice, [ welcan calculatelthe
cumulativeldensity[functionfromleq.[(16), plugginglin(volatilities[fromthelsémooth[volatility function
(18)andIstrike pricesfrom((19).[Wethinkthatloursmooth[¥olatility function(strikeslabalance between
flexibility[and datalrequirements.[Compared to the resultsloflAit[Sahalialand[Lo[(1998), specifically
thelfimplied wolatility [Surface’lof their[Figure 3, ourltype [of wolatility function(¢aptures(theinoneyness
effect,sinceldeltalis(algood [proxyformoneyness.

When(the (implied) volatility functionlis[estimated, akeyissueisthe extent[of $moothing. Intuition
says[thatlthe(fitted [curve shouldbe *smooth’,(however[thereisho ¢common[horm as(to how[smoothlit
shouldbe.Thelaim0flsmoothinglis foldecreasethe[amountiofmoiseandlclarify[uinderlyingltrends.[But
theltradeloffisthatmore andmorelinformationlislost as[the amountlof[émoothinglincreases.[Tolsee
thelimportance ofl¢hoosing(thesmoothingparameters,motethat¥volatility[functionléstimationishot
thelonly [instancewherewe usesmoothing.[Below welwilll¢calculatethe [Ait[Sahalia—Lo[Tiskaversion
estimator, which equiresusfo/computelderivativesofidensityfunctions.[Unfortunatelythelderivatives

of(PDF's[fend o e “wiggly’,[and withoutlsmoothingltheriskaversion/éstimatesGanbelquite Volatile.

Ruppert,[Wand & [ Carroll (2003) recommendmeasuring[the Amount of[smoothing with degreeslof
freedomlofthe fitted Tinearsmoother,instead [0f using [the smoothingparameter A (fortechnicalldetails
seelappendix[2). Nevertheless, 4 isuisedlas[smoothing measurelinla mumber ofstudies, é.g.lin[Bliss
andPanigirtzogloul(2002,[2004).[Theproblemwith A 1s[Mit[doesmothave aldirectinterpretationlas(to
how(muchistructurelisbeinglimposedlin(thefit’[(see .81 Gf Ruppert, Wand(&[Carroll[(2003)). [Further,
applying[differentvalues Aof canl[iesultlin quite similar(fit,[and[becauselof this[insensitivity[itlis
difficulttolchooselanfoptimal (wvaluelof A.[Forlexample, Blissfand[Panigirtzogloul(2004,(1.416) try
values(intheltange([0.99,[0.9999] and feportthatwithin thistange,theirresults/areinsensitive(tolthe
choiceof A.

Instead,[degreesCof freedom[( df it ) has[allearlinterpretation; it isanalogous[tothe number of

parameters(in_allinear[model. Tolsee this,[note[that the generic[splinelmodel can[belwrittenlas
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y=38,y.where S,is(¢alled the hat/matrix (or[smoothermatrix). Technical details’and properties of

theléstimatorsarepresentedin[Appendix[1.[Whenlapplyinglinear regression, degreesof(freedomlis
equallfomumberofiparameters,butlitican(alsolbelcalculated(as(theltracelofithehatimatrix.(However,lin
thelcaselbf nonparametricimodels degrees ofl freedom cannotbecalculated from[the number bf
parameters,(becauselallitheknotslieon(thelsamelaxis. Hencelwemeedfol¢calculate degrees(offreedom

using(theltraceoflthehatnatrix:
(20) df p =tr(Sy).

Iftwelehoose df e 88 [the[smoothingmeasure, the hextlquestion(is:[Whatlis[theloptimal¥alue forl[it?

Theoretical lanswerlis[Igiven[lby [ Ruppert, IWand[1&[ICarroll[1(2003), Jwho[lrecommend lusing [ lthe
Generalized(Cross Validation GCV,whichéan(belcalculated [as

RSS(Z) _  RSS(A)
(=ners)f =narsf

(21) GCV =

Inlequation[(21)[RSS(A)[is[thetesidual 'sumloflsquareslofithelspline[modelland nlisthehumber of
observations.In(theory,lonelshould [¢choose [the (model(that[minimizes GCV.[However,lin[practice the
amount/ofismoothingimustbe determined(bytheldatalatlhand. In(particular,éstimateddensities need
tobelsmoothlénough(tothavelalsmooth(derivative; otherwisethe risklaversionléstimates iay[become

unreasonably(volatile.

3.41SemiparametricléstimatoriforrelativeFiskaversion

Thislsectionpresents(theAit[$ahalialandT.o[(2000)estimatorforrelative [risk[aversion. TtChaslthe
mainlbenefit’of (producingthe trelativeriskaversion[(RRA)aslafunctionloflthelobservedloptionand
cashmarketPDFs.[Further, using(theldensities[produces/almapping6fTRRAaslafunctionlofthelstate
pricelandmotjustlapointlestimate. Infacttheshapeof[RRAfunctiontevealslimportantipropertieslof
implicit[preferences. Iflfthe(RRAfunctionlis(flat, preferences are mappedbypower utility, swhichlis
consistentwiththeBlackScholesimodel.[Ait[Sahalialand [T.o[(2000)take thislargument furtherfand
show [fhatlallfutility functionsimplied (by [the [(Black[Scholesmodel [dorrespond(foconstantrelative Fisk
aversion® [Hence fhelshapeloflRRA functionlisfindicativeon ofThow[wellthe [@applied [pricingmodel fits

tothelémpiricalidata.

>This rfesult@pplies to dnléconomywith o intermediate consumption, ience the(set ip is fiot €xactlylthe same s i
theBlack[Scholes/Ingersollmodel.
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Herelwe meed[tolelaborate ournotation.[Probability(density functionlis(denoted by f,la hat(*)denotes

anlestimatelandlalstar((*)[denotes(risk heutrality. In[practice [ weléstimate[theltiskmheutral PDF J} *

fromleq.[(16)[and[the tash[market[PDF j} [usinglalstandardkernel (regressionmethods.[With this

information we’re[able tolcomputethe "Ait'SahalialRRA estimator, denoted p(S; ). Recalllfrom

equation((13)[that {(S;)= j}*/j} = er(T_t)Qt,T. (Using ¢ (Sy) Landlits firstl derivative ¢'(S;)welcan

relativeriskaversionmeasurelis(¢alculated(ds

U(Sp) __g ¢'(Sp)

(22) p(Sr)=-Sr UGS, TS
Thislexpression(leads(tolequation((23),[whichlis(thefinalformof(RRAéstimator. It veryiseful8incelit
doesmotrequire [@anyl(unobserved) utility parameters. InfactfhislRRAéstimatoridoesmotassumelany
specificl formofCutility [ function. [ While[this[does mnot[directly[imply[thatlempirical estimates[are
independent[oflthe [presumedutility function, Table 5 of[Kanglland [Kim[(2006) shows[‘that[the
presumed Mitility functionhas(onlyaminorléffectontisk [@versionéstimates.

@) sy =ST[J} - (f}*j J

Ziegler((2002)shows that#iskaversionlestimates(are(quiteSensitive folérrorsfin(density [éstimation.In
his[example[alsmalllerror[inlestimated standard(deviationleads[tol allargel perturbationinlrisk
aversion[éstimates.[Further,lourléempirical analysis(showslalkeylrequirementlinléstimating[density
functionsfis/thattheylarelsmooth.Thelreasonlisthatlalsmalllbump/in(theéstimated(density furnsiinto
allargeholelinthelderivative, whichismeeded[tol¢alculate kisk[aversion. Further,inthecurrent/setup,
smoothnesslofithe/densityfunctiondependsionfhelsmoothnesslofimplied Wolatility function.

5[Welestimate the(gaussian kernel using the “density’ function [0 fithe R system with [default bandwidth.
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4. Dataldescription,lempiricalfitiof the BSIimodelland riskaversion

estimates

4.1(Dataldescription

Aluniquefeaturelofthe Finnishmarketlisthatléxecutivestockloptions(arepublicly fradedonthe HEX,
the[Helsinki[Stock[Exchange.Ourldatalconsists[of(Nokialéxecutive stock [options(tradedontheTHEX
duringtheperiod2.4.2000=30.12.2002.Theldatalspans(7611tradeslinNokia[1999[Stock [option plan
thatléxpired0n[31.12.2004.[Averageltime[foléxpiration[is[3.10(years.[WeWwillnotlgolinto[the details[of
theseESOs,butlrefertheinterestedreadertoTkaheimoletial.[(2006).[Sincelfhe inderlyingNokialstock
is[the[most[traded stocklon[HEXand[listed [in[NYSE, andlordinary Nokia loptions havelexcellent
Liquidity(in[Eurex, holders bf( the ([ESOshaveparallellquotes[forlcalculatingappropriatepricing
parameters. A keylpropertyofithis(datalis[fhatmosttrades(80%)are donelin the money,asshown(by
Figure[1.[The[median andlaveragelvaluesoffmoneyness (S/K) arel1.54 and[1.49.[Inlorder[tofit the
volatility function(itfis importantfohavelalcertainlamountiof¥ariationlinoptionldeltas, which¥equires
that(theldatalspans(awideFrange ofimoneyness. Figurelllshows[thatlourldatahaslargevariation[in
moneyness,évenliffitisweighted fowards(inthemoneyfrades.

Welinvestigatelthe[pricing[of(Nokia1999[(issued [duringtespective [year)[ESOplan,léevenlthoughlthe
Nokial[1997(ESOplan(tradedlatthesame[time andtheltrade datalisavailable. [ However, duringour
researchperiod[the Nokia1997[ESOplaniwasVeryldeeplinthe money, whichlsshown[by[thelstrike
price[of(3.227euros, whereas[the Nokia 1999 [ESOplanhad alstrike(0f16.89(euros. These strikes are
adjusted for[subsequentlstocksplitsfandléurol¢onversion.[Underthese market¢onditions[Nokial1997
ESOsbehaved¥verymuch(likeordinaryStock, with[deltasléonvergingfofunity.InlaBlack Scholestype
model,stock likebehaviorlisicaused byltheasymptoticallyldecreasing fime valueldastheloptionbecomes
deeplinlthe money”.[Thelinterestrateslarelestimated ising[the Euriborlinterestirateland [the [ Finnish
zeroléouponbond[yield[curve.[Using linearlinterpolation, welobtain[all interestrates needed for

discounting.

4.21EmpiricallfitiofithelBlack[ScholesIngersollimodel

Now(welwilllturn[totheltaskloflecalibrating(theBIS1model(11)tolémpiricalldata.[Welhaveholprior
knowledgeloflthree[modellparameters:Tisklaversion[(y), Tequiredequity holding[(0)(and idiosyncratic

" Moreformally, /(S = K)Convergesrapidlyfo 1 (as S/Kihcreases, [éven at high levelsafivolatility.
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risk[(v).[Welassumel[ that[ the[manager_holds[anundiversified portfolio. In[termsof 6, ourlfirst
assumptionlis(that(theVvaluelof[company(stocklisone halflof(the et portfolio.Thiss[ourl¢asel] with 6
=[0.5./Thelalternatives(are casel2, where 0=[1land case3, where 0=[0.25. Below[welconcentratelon(the
results(oflecase1tolshowhowlacklofTdiversification affects[ESOvaluation.Notethatthe ¢ase O=1lis
lesslextreme [ than it first[appears. It[compares to the caselof anlentrepreneurwhosel[full financial
wealth As(fiedinhis[Own business.

Before [¥eportingthe resultswelpointloutlaltechnicalldetail. [Fromleéquations((12) land[(13)we know how
tolcalculatesubjective [Tisk(free Tate 7 [andlsubjectiveldividend(yield ¢ .Inlorder(tolsimplify(notation

weldefinelthe subjectivelriskpremiumlas & = (1 - ;/)v 2 .[Using[thelsubjective tisk premiumlallowsus[to

tolfitthe B[S 1 modelwithout alpriorilknowingthelidiosyncratictisk[and #isklaversionparameters.In
practicel welfit[ thel following B[S formulas[in (ESOlprice[data.[Recall[that Ol gives[thelportfolio
restriction,fi.e.fhe minimumoldinglofithe émployer’sistock.

(25) ég = é(S,KaTarA’qA’o-atm)
F=r-0%&
G=q+0(1-0);

Welcalibrate[the[ B[S I formulalusinglatthe[money[¥olatility o, [obtainedfrom[Datastream. The

atm
average[(unadjusted)risk(free tatelis(4.5%.[Dividend[yield wariesbetween(0.7%and [2.7%,the [average
being(1.2%.

Ourlempirical results[show[that[al[considerable[the [subjective risk[ premium (SRP), caused by risk
aversionlandlidiosyncraticlrisk, ¢an[be foundin[ESO(prices. Table[1 reportsidescriptivestatisticslin
cases[1-3.In[reportingtheltesultsiwe will(concentratein(dase(1,sincelcases 2and[3[yieldqualitatively
similar(results,Which ¢canbe¢checked from[Table1.[Medianvaluelof(the [SRPlinlour(sample(is(8.4%.
Usinglimedianpricingparameters,it[correspondstola13%discount[to[Black[Bcholesprice.[This[sin
lineGwith[thefindingslofl Tkdheimolet[al.[{2006)suggesting almajor underpricing[of Finnish(ESOs
relativefotheirlstandardBlackScholes¥alues.

Thelsubjective Fiskpremium [(SRP)éxplainstheldifferencebetween the linconstrained ‘market(values
andldonstrainedsubjectivevalues./Asshown[in[Table1,insomelcasesthe SRPmaylbehigherthanthe
riskfreeate. However, we'remotsaying(that exlante expected feturnunderthelsubjective viskmeutral
measurelis(negative.[Welarguelonly[that[the ex[postladjusted riskifree ratemaybehegativelin some
cases. Moreover,[it[islentirelypossible[that[the (SRPdecreasesintime, As[managers[becamelmore

familiarwithoptionpricing,éspeciallywithfhe [donceptofifime value.
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Next[welinvestigate how[the[SRPdepends onlmoneyness[oftheloption andlsort the datalin[S/K
quartiles.lLookinglatlcase (1, pairwiselt tests[(assumingunequalvariances)tejecttheéqualityofimeans
for[all[six[pairs.[Welalsol tested[ the hypothesis thatthe SRPlcomes[from[thelsamellcontinuous
distributionlin(alllquartiles[isinga mon [parametricfest.[TheWilcoxon rank[sum fest(tejected themull
forffiveloflsix (pairs[(with theléxception0f[Q2[and [Q4[incases 2[and(3),laddingfolthelévidence fhatthe
SRPlwvaries[with[imoneyness. Thusthe mainlconclusionfrom[Table1is that[the subjectivelrisk

premiumIidlearlydecreasesiasmoneynessofthe[ESOlincreases.

Thebox[and whiskerplotsoflFigure2[show how the SRPs[distributedin[$/Klquartilesinléasel1.[The
notches aroundlimedian(give approximate 95 % confidencelbounds.[In[Q1And[Q2[thelinterquartile
rangelislalmostsymmetric, (butlin[Q3and[Q4thelsecond quartile[(.e. distancebetween[25%and [50%
breakpoints)slquite marrow.Thislsuggests(thatthemajorityloflobservations(yield freasonable’[values
forthe[SRP,butltherelare a few[trades donelatiinusuallprices,[andinlourl¢aseltheseloutliers ¢create
upwardbiasfin[themean[SRPéstimates. In[summary, Figure2[confirms[thatthe [SRPldecreaseswith

moneyness.

4.3Volatility skew, risklaversion éstimateslandmodel fit

SincelourldataleoncernsESOprices[and (most[tradeslaredonelinthelmoney, thelshapelof(yolatility
functionmaybe[differentfromthe familiar[volatility ‘smile’Jor[‘'skew’.[[Derman(1(1999)gives[a
practitioner’s wiew [0f[S&P 500 ndex[0ptions’volatility'smilelandéoncludesthatfatany time,[implied
volatility increasesmonotonically(as(fhelstrikelevelldecreases’.[This[would indicate[a[positive [¥elation
offimpliedvolatilityland[delta.[However,the imarket forlexecutive stockloptionslisldifferentthan(the
index[optionmarket.

Figure3Alshowsthatthelimplied¥olatilitydecreaseswithloption(delta.[Apotentialléxplanationfisfhat
infany(Black[Scholes[typemodel,includingthe B[S Imodel,[thelsensitivitylofloption price foVolatility
becomes(quite[smallforhigh[valuesiéffmoneyness. TAlsimilarfemark(appliesifoladjusting(the tiskfree
ratelin(fhe B[S 1lmodel: forfhigh valuesofmoneyness, theladjustmentidoes motlhave @ material impact
inloption(price.[Hence, if pricesofin the moneyoptions(with(deltaclose fo[1)léxhibitlittle fime walue,
theirimpliedvolatilitiesare likelytobelow. Thenthelimplied ¥olatility functionwill beldecreasinglin
delta. FigureBBshows how[the moneynessloflan[ESOlis[associated with[timelvaluelandimplied
volatility.[Onltheupper rightlcornerlonelcan(findlowmoneynessquartile[(Q1) observations,tolbe
associatedwith'hightime [ valuelandhighlimplied volatility.[ In ¢ontrast, fromthe lowerlleftl¢cornerlof
Fig.r3Bloneltanlinfer[thatthighmoneyness(Q4) observationsassociate withlowtime[¥aluelandlow
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implied[Volatility.[Clearly, thel¢lusteringloflobservations[shows[that[deeplinthe moneyloptionsfare
treated(like[common stockin(subjective(valuation.

Welestimate [the [tisklaversion[0f[Nokia[ESO holdersusingthelAit[Sahalialand Lolestimator(24).Note
that(we use thelstandard[Black Scholesimodellin[this[sectionising(inarketparameters. As[described
inlsection(4.3,[weléstimate the[smooth(volatility[functionlin[deltalsigmalspaceuising[cubic/thin(plate
splines.[Optimallamountloffémoothingisdetermined by ¢hoosing the [degreeslof freedom[(dfi;) [of the
smoothermatrix S, defined(byleq.(21).[Moreover, Wwelchoose dfsi:[$olastolminimize[the generalized
crossvalidation[(GCV)leriterion[(22).[In[practicethisfmeans¢hoosing dffi=20,Which resultsfat’GCV
valuelof(6.92[and[Smoothingparameter A of(0.7605.[Welfried dfyi: valuesbetween15land 30,lhoweverlit
seems(thatherethelchoicelof dfy[doesmothavelabiglimpacton GCV.ThelsmoothTIVfunction(isplotted
in[FigureBAlover thelscatterplotioflobservations.[The éstimated¢urvelseemsto[picksip muanceslof
ourldata,[yetlishtis[smoothlenough. Figure3Blshows[fhatimplied wolatility increases[with[fime¥alue
offtheloption, aproperty thatlarisesfromthe BIS[0ption Pricing model.

Ourltisk(aversion/éstimator requires(the calculationof¥isk meutralandcashmarket/density functions,
as(welllas(theirlderivatives.'Welestimate thelriskmeutralldensity by plugginglintheimplied ¥olatility
functionlinleéquation[(20).[Moreover, welestimatelthelcashmarketldensity from[Nokia stock teturns
usinglten[year[periodthatléndslat[the[ESOléxpirationldate. ' The meanldailyteturnfor(the(10lyear
periodlis[+0.070%, afigure thatrepresents(typical stock market ¢conditions.[Weleéstimate the annual
cashmarket(densityusing[thelstationary[bootstrapslof Politisland [Romano [(1994).[Thismethod[does
notlassumelanyparametricfdistribution for the iinderlyinglasset.[Wesimulate Wwith #esampling10,000
returnisequences,léach/dontaining250(daily0bservations.[Each(sequence produces(alsingleobservation
forlannualteturn,(éalculated asthesumlof[250(daily logteturns.Thebootstrapyields(alhistogram for
annuallreturns.[Next, welestimatelthel¢cash market PDFlisuisingla(Gaussian[kernellandbandwidth

h= 0.785(&0475 — 025 )N_l/5 .[Thisformula islobtained fromDavidson and MacKinnon(2004,eq.[15.64).

Figure[4plots(thelestimated(riskmeutralland¢cash[marketldensities.[As[expected, thelcashmarket
densitylhaslalflatterprofile.[Thelshapelof risk meutralldensitylis[¢lose(tolognormal.If thevolatility
functionlof(Figure 3(was(flat,the[shapelofrisk meutral [ PDF[would (be [exactly lognormal.In[this[case
relative(risklaversion[would (bel¢onstant.[Bothléstimated [densitieslassumelaltime foléxpiration(oflone

year,[and[theylarelcalculated usinglaverageldividend ¥ield.[The upper panel of Figure 5 plotsthe

¥ We ftested [the stationarityofidaily returnsising[Augmented Dickey Fuller regression. Technically the Bootstrap
procedurewas [carried[dut ising[thetsbootstrap function(dfltseries package0fR language.
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marginal(ratelofisubstitution (MRS).Note [thatthe MRSshigherforlow Stock [prices, implyingfhatin
thoselstatesthe[managerlisunwillingtoltransfer(consumption.Thelower panelof Figure[6/shows the
relative(risk[aversion[dependingonlterminallstock price. Tt[is quitelinteresting thatlimplied[risk
aversion/seems(tobelslightly higherthan(one for most(ofthe Stock[pricerange.We[think[thisindicates
twolthings.[Firstly,[¢constant(relative [risk[aversion (CRRA) maybelareasonable assumption. This[is
comforting,(SinceltheBlack[Scholes[mmodellislconsistentwith[CRRApreferences, aspointedoutbylAit[]
Sahalialand Lo (2000).[Secondly, the datalsuggeststhatlogutility[approximates[the[average Nokia
manager’s preferences,land [RRAlson[averagedbout(1.1.

Thevaliditylof (ourlresultsreststolanéxtenton[the assumptionlofla representativelinanager. Therelis
some [support thatlonelexists. Ziegler[(2002)(shows[thatlifltraders’havehomogenous(beliefs, implied
riskCaversion[at[market[levellis[the weighted harmonic[mean[oflindividualpreferences,and the
weightslareldeterminedbylindividualiconsumption(shares.$ince ouridataléoncernsthe managersofla
singlefirm,the lassumptionofChomogenousbeliefs, leadingtothe Jexistence of alrepresentative
manager,lis(hot[¢completely inrealistic.[(In(fact, Ziegler’s((2002)(analysis[mayhelp tolexplainwhylour
risk[aversionlestimates[arelrelativelylow. Thellevellofl relative[risk[Aversion[decreases,[whenlthe
proportionLofCwealthyconsumerslincreases(holdinglotherthingsconstant).[Oursampletonsistsof
wellloff(people,lsotheirTiskaversionmaywell bellowerthanthelaveragelinvestor’s.[ Thellevel 6f (RRA
offecompanylimanagersmaylbelinderestimated, sincel[inthe ‘marketsalsolother(investors(may(trade

with[ESOseducingthelinfluencelofidompanymanagers(on(thelpricing.

Finally, welcomment(briefly dnlthe(fit(0f[the Black[Scholesinodelwithimplied wolatility function.[Qur
option[pricinglmodelfits[actuallpricesfairlywell, andthe quality[of(fitlis[dueltol the[flexibility [of
volatility function.Averagepricinglérroris0.004[eéuros, with[Standarddeviation[6f[0.29éuros. In90%
offcases(thelpricinglerrorisibetween(+0.44 and[0.47[éuros[(thoselarethe[5th[and[95th[percentiles).[We
presentthelpricinglerrorigraphicallylin(Figure[6.[Intheleft(panel,lestimated priceslareplottedasdots
andlactualpricesdrawn(bylines, bothlasfunctionlofidelta.[Thedonclusionfisthatwhiletherelare(Some
outliers,lingeneralithe modified B[SImodel(fits[quite wellinESOldata.Therightpanelfsthelq q plot
thatlexaminesthemormalityofipricinglerrors. If[thelpricingérrorwasperfectlymormal,iqlqplotwould
belalstraightlline.[ Thelfigure[shows[that the errordistributionChasheavier[tails[thanmormality
implies.The failslarelassociated withtheldutliersiintheleft panel.

4.4[Discussion

Thelrisklaversion(levelloffimanagementihasimplicationsfonl¢orporatefinancingldecisions/andloptimal
compensationlschemes.Parrino,[Poteshmanland[Weisbach[(2002)uise(aldynamicimodel forfirm[value
tolshow how [Tisklaversionlaffects[the manager’sl¢hoicelof[riskyprojects,[assumingthatthe[manager
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holds somelequity [andloptionslofthe [firm.The modelluises power utility,[so we're ablelto teflectlon
their[results.[Parrinolet[al.[ find [ thatlaslirisk[aversion[increases, the manager’s indifference[ NPV
becomeslal¢onvexfunctionlof(firm[volatility. InlotherWwords, highly[iskaverse(managers(willlteject
positive[INPV [ projects/thatalriskmeutral managerwould "accept, if those projects increasel firm
volatility.

Thelempiricallevidencel showingllow[level of payperformancegetsanewlinterpretationbased on
Haubrich((1994), where(RRA0f(1.1would indicatethat1 % [profit[sharelthe manageriwould be fairfor
wealthymanager.[ThispayperformanceltelationshipfisilargerthanlobservedbylJensen’and Murphy
(1990), butfarlessthanlthe1.0predicted by thetiskheutral versionoflagency theory.

Inltermslofioptimallcompensation, thereis[Someltheoretical[Supportforfusingloptionsifiwelacceptthat
manageriallpreferenceslareapproximatedbyloglutility.[Hemmer, Kimand Verrecchia[(2000)usela
principallagentlimodel tolshowthatlin[the caselofllogutility, theloptimalltontractlislinear[instock
value,andlif¥elative ¥iskaversion(islessthanlone,theloptimalcontractis[convexin[stock value.[Also
AsefflandSantos[{2006) work[with[aprincipallagent modellandshow[thatlalthe optimal contract
involveslalfixed(salarylandstock[options,iflone(assumesloguitility and[Some[Fegularity [conditions[for
thelproblem.Based onour(dataland(thetheoreticalimodel, welargue thatourldatalsupportstheiselof

optionsiinmanageriallGompensation.

5. Conclusions

Usinglactualpriceldatalonlexecutive stockoptionsproducesa mumberlofinsightsthathavehot been
presentedlin[thelempiricallliterature."'WeltalibratetheBlack[$cholesIngersolllmodellinlactualldata
andfind [that[ESOslincorporatelalsubjectiveTisk[premium.[Thislislequalltolsayingthat¢onstrained
managerslusela[subjectivepricinglkernel,[i.e.[they[settle for[lowerlreturn_since theylare unablelto
hedgelthe option[position. This[follows[becauselitlis[iinlikely[that the imanagerlcould takela[short
positionlin(fhe [Stock issuedbythisléemployer. Theléxistencelof'subjectivepricingkernelopensfuip limited
arbitragelopportunities[forunconstrainedmarketmakers, swho buythe [ESOsfrom managersand
hedgeltheirlpositionsiinthelopenmarket. Limitstolarbitragearelsetbythe limited humberofTESOs
anddompetition[amongmarketmakers.

Ourldatalgivestise[tolaldownwardlslopingimplied wolatility function.[This[unusualshapeloccurs
becauselprices ofin[thelmoneyloptions incorporatellittle[ time[value.[Semiparametric[estimation[of
managerialpreferences,orthe marginalrate 6fisubstitution,suggests(thatthe Wvalueofidonsumptionfis
higherlinlstateswith[lowstock(prices,[¢consistentwith[¢oncaveutility functions.[Infact, forlaleertain
intervallofistock[prices, the Telative risklaversionlisféstimatedlatjustlabovelone,lindicatingthatthe
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representative[ manager’s preferencescould belapproximated by logarithmiclutility.[[Further, our
resultslsuggestthatllog utilityfunction,leadingtollconstant[Irelative risk[‘aversion,provides[la
reasonableffitin(the(data.

References

Ait[Sahalia,[Y.land ILo,[A.-W.[(1998) Nonparametricléstimationlofistatelpriceldensitiesimplicitin
financiallassetprices.[Journallof Finance(53:499-547.

Ait[Sahalia,[Y.land Io,[A.W.[(2000) Nonparametrictiskmanagementlandimpliedisklaversion.
Journalof(Econometrics94:9-(51.

Aseff,[J.G.land Santos,M.S.(2005) Stockldptionslandmanagerialloptimallcontracts. Economic[Theory
26:1813(+837.

Bingham,N.H.l[and Kiesel,[R.[(2004) Risk meutral waluation. Pricingland hedging[financialderivatives.
SecondEdition,[Springer.

Bjork,T.[(1998) Arbitrage(theorylinicontinuoustime.[Oxford University Press.

Bliss,[R.R.land Panigirtzoglou,IN.[(2002) Testingthelstabilitylofiimplied probability densityfunctions.
JournalléflBankinglandFinance(26:381 =422,

Bliss,[R.R.land Panigirtzoglou,IN.(2004) Optionlimplied#isklaversionléstimates.[Journal6f[Finance(59:
407-446.

Breeden,D.T.[and LLitzenberger, R.H.[(1978) Pricesldfistatelcontingentclaimsimplicitlinloptions(prices.
Journal0f(Business51:[621-651.

Davidson,R.land MacKinnon,J.G.[(2004) Econometrictheoryandmethods. Oxford University Press
2004.

Derman, E.[(1999) Regimeslofwolatility. Riskimagazine,[April[1999. (seelalso www.ederman.com)

Hall,B.J.land Murply, K.J.(2000) Optimallexerciselprices forlexecutivelstockloptions./American
EconomicReview(90:1209(214.

Hall,B.J.land Murphy, K.J.[(2002) Stocklaptionsforlundiversified éxecutives.[Journallof/Accounting
and(Economics, 33:[3—42.

Harrison,J.M.and Kreps,D.M.(1979) Martingaleslandarbitragelinmultiperiod(securities(inarkets.
Journaldf(EconomicTheory20:(381-408.

Haubrich,J.G.[(1994) Risklaversion, performancelpay,.andtheprincipallagentproblem.Journallof
Political Economy(102:258(276.

5/3/2007 22/32


http://www.ederman.com

Haubrick,[J.G.and Popova, 1.[(1998) [Executivelcompensation:lalcalibrationlapproach.FKconomic
Theory12:561(581.

Hemmer,[T.,[Kim,[O.and [Verrecchia, R.E.[(2000) Introducingdonvexityintoloptimallcompensation
contracts.Journalof/Accountingland Economics(28:(307327.

Hodder,J.E.land[Jackwerth,J.C.[(2005) [(Employee Stockdptions:Much morewaluablethan you
thought.(CoFE Discussionpaper(series,[05.01.

Ikédheimo,S.,[Kuosa, N.and [Puttonen, V.[(2006) "Theltruelandfairview’oféxecutivelstockoption
valuation.European AccountingReview[15:3,[351[366.

Ingersoll,lJ.E.[(2006) Thelsubjectivelandabjective Daluation dofincentivelstockoptions.Journallof
Business(79:1453=+1487.

Kang, B.J.[and Kim,T.S.(2006) Optionlimpliedrisk preferences:[Anléxtensiontowidericlasseslofutility
functions. Journallof FinancialMarkets9:180=198.

Malz,[A.M.[(1997) Estimatingtheprobability distributionoflthefutureléxchangelfatelfromloption prices.
JournaldfDerivatives, Winter1997:[18=[36.

Merton,[R.C.[(1969) LifetimelPortfolioSelectioniunder Uncertainty:TheContinuous TimelCase. Review
of Economics[and [Statistics[51.

Merton,R.C.[(1971) OptimumConsumptionand[Portfolio RuleslinaContinuousTimeModel.[Journal
oflEconomic[Theory3:[373=413.

Merton,[R.C.(1990) Continuous(timelfinance. Blackwell[Publishers1990, tevised [edition[1992.
Parrino,R.,[Poteshman, A M.and Weisbach, M.S.(2005) Measuringlinvestment/distortionswhenrisk[]

averse managers(decide[whether(to iindertake #iskyprojects. NBER Working(Paper[Series,
Working [Paper(8763.

Ross,[S.1(2004) Compensation, incentives,landthelduality ofFiskaversionland(riskiness. Journallof
Finance([59:1207(225.

Ruppert,D.,[Wand, M.P.land[Carroll, R.J.[(2003) Semiparametricregression, Cambridge University
Press.

Wand,M.P.,[Coull, B.A.,[French,J.L.,[Ganguli, B., Kammann,E.E.,[Staudenmayer,[J.[and [Zanobetti,
A.[(2005).[SemiPar(1.0.[Ripackage. http:/cran.rproject.org

Ziegler,[A.[(2002) Why(doeslimplied(riskaversionlsmile?[FAMEResearchPaper(47,availablelat[SSRN.
ForthcominglintheReview(of Financial [Studies.

5/3/2007 23/32


http://cran.rproject.org

Semiparametricoriskpreferencesdmpliedtby£SOs

Appendix1:[Linearmixed model representation(ofithe penalized splines

InlCorder(toshowlhow[theltubic thin[plate splinelparametersarelestimated, we write[thelspline
equation(in(theformloflalinearmixed model[(Al).In(short, theidealoflamixedmodellis[toleéstimate
theltesponse variable asla sumlof fixed effects'and tandomleffects.[In[(A7) Blis[al2Vectorlof fixed
parametersfand ulisfa[KVectorlof(randomiparameters. Mixedimodels areloftenlisedinlongitudinal
studies.[In[theleontextlof[Volatility [ function(modelinglonel¢ouldthinkthat(fixed effectlis[caused by
delta,landtherandomI effectlis¢aused by repeatedmeasurements. Inlotherwords,iffweltooklonlyone
crosslsectionlofldeltasCand[volatilities,[therandomleffectwould [disappear.[Thelidealof presenting
splineslas(linear[mixed (models[is[proposed by[Ruppert,/Wand and [Carroll (2003) and we uise their
notation, inlwhich nlisthe mumberofiobservationsiand Klisthe mumberof’knots.

(A1) y=XB+Zi+&; where
B2 =(Bo, B1) 50k = luy,....ug)';
3 3
1 xl |x1—K1| |x1—KK|
X=: :land Z = ’ :
nx2 nxK 3 3
1 x, |xn—1<1| |xn—1<K|

TheBLUP(Best[linear[uinbiased [predictor) for[model[(parametersi¢anbelderived by minimizing the
following[lcriterion, whichconsists of ('squarederrorsandalpenalty increasinglin[thelsmoothing

parameter A:

1 2 A e
(A2) min ?”y—XB —Zu” +—2||u|| .

& &

The(fitting¢riterionshows[thatWwithoutlthe Fandom[¢omponentthe linear mixed modelwouldreduce
tolanlordinary[linear[modellleadingtolthe[(OLSestimator. Minimizing[(A3)[yieldsthe[following

estimator S, ,(which/isknownasthehatinatrix(or[Smoothermatrix):

(A3) y=S,¥
S, =C(C'C+AD)'C’

nxn

C =[XZ|; D =diag(001..1); A=c>/c>.
nx(K+2) [ ](K+2)><1 iag( ) e /0”

Somelauthorsmeasure(thelamountoffsmoothinglby A.[It[can(belinterpretedlas/the varianceltatiolof
modelltesidualsiandFandomleffect.[However,[ Ruppertet[al.[(2003) [stronglylargueforlmeasuringthe
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amountlofl$moothing[by[theldegreeslof freedomlofl the hatlmatrix (or[$moother matrix) defined[as
df e =tr(S)).
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Tablel1. Descriptivelstatistics forthe subjectiveliisk premium[(SRP). Indiceslof(tstatistics
standforLpairwise . comparison, forlexample t;s tests theléquality of Umeanslinmoneyness
quartiles Q1 land Q2. Alstar (*) denotes iejectionlof thelnulllat 1% significancellevel. The

SRPlisldefinedlas & = (l - 7/)v2 land(itlislcalculated by ¢alibratingthel BLS Iloption pricing
formulal(@5)folactual prices.

Moneyness

Median Mean St.dev.[] | tistatistics
quartile:[(range)

Case(l: 0=0.5

Q1:1(0.63,11.06) 0.1852 0.1928 0.1141 Ej:iggg:’[ﬁ13=36‘05*’
Q2:1(1.06,1.54) 0.0829 0.0827 0.0665 t2s=[12.82%,[f24=8.65*
Q3:0(1.54,11.83) 0.0719 0.0882 0.0546 t34=12.67*
Q4:1(1.83,2.38) 0.0391 0.0654 0.0567
Fulllsample 0.0839 0.1072 0.0917

Case(2: 0=0.25

= * — *
Q1:(0.63,1.06) 0.3134 0.3234 0.1882 | P2T8-047Ms=39.40%,

£14=47.31%
Q2:1(1.06,1.54) 0.1336 0.1327 0.1056 | tas==1.62,t2=10.67
Q3:1(1.54,1.83) 0.1149 0.1377 0.0824 | tsi=14.06*
Q4:1(1.83,2.38) 0.0609 0.0998 0.0838
FullSample 0.1341 0.1733 0.1510

Case(3: =1

Q1:1(0.63,11.06) 0.1436 0.1542 0.0972 Ei:gzigg:,[m=2o.58*,
Q2:1(1.06,1.54) 0.0774 0.0794 0.0669 | ts=I18.08%,[t2=10.91
Q3:1(1.54,1.83) 0.0703 0.0974 0.0707 | t34=6.39*
Q4:1(1.83,2.38) 0.0431 0.0816 0.0817
FullSample 0.0807 0.1031 0.0855
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Figurell. Moneynessiof (ESOradeslinlourldata, plotted isingthelempirical
CDF.Theldatalincludes 7610tradesinNokia sléxecutivelstockloptions, fraded
onltheHelsinkilStock Exchange.
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Figurel 2. Boxlandliwhisker plots of thelsubjectivel risk premium/in[different
moneyness quartilesland fulllsample (FS),[in(the ¢ase 0F[0.5.[ThickUinelinlthe
boxplotsithelinedian, and theltoplandlbottomlofthelbox arethe 25% and [ 75%
breakpoints.[ Whiskersl extend [ tol 1.5 timesinterquartile_range. [Thel fnotches”
around(thelmedian(plotlapproximatel95%!confidencelbounds. [Each quartilelhas
around19006bservations.and fulllsamplelsizelis[7610.
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Figure(3.[PanellAlisthescatterplotlofdeltalandimpliedwolatility. Goingfrom
leftltolright, theldatalisLgrouped by moneyness_ quartileslinlincreasinglorder.
Clearly, thel conclusionlisthatlimpliedvolatility decreases asl deltalincreases.
TheblacklinelinpanellAldraws(thelsmoothWolatility function.[Panel Bfeatures
thelscatter plotiofrelativeltimevaluelandlimpliedWolatility. Relativetimelbalue
islealculatedlasllogloftimelvalueldivided byloption price, thatlis log(CZ={(S+
K))/C]. Weluselallogarithmiclscalelinorder(tolinakelthelincreasing patternlimore
visible.[Theldatalareplottedin|decreasingorderdf moneyness.
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Figure(4.[Risklneutral {(smooth[line) andcash_market {(dashed line) density
functions. Thelriskneutral_densityis estimated from Nokial ESOLtrade data
whichleontains 7610 trades in[ Nokialseries[99IESOs(that vested in[April 2001
andlexpiredlattheléndof(2004. Thel¢ashlinarket densitylislestimatedusing the
bootstrap from(dailyreturnslofiNokialstock. Bothldensitieslhavelaltime framelof
onelyear.
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Figure( 5.[ThelupperLpanel plotsimarginallratelof substitutionLand thel lower

panellplotsrelativel risk_aversion, plotted [as afunction_of_moneyness. 1The
dashedllinelisldrawn(at RRA=1,équivalenttollogarithmicutility function.
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Figure(6.[Thelleftipanelplots_actual ESOlprices asldots andlestimated option
pricesLasllines. [Estimated prices arelbasedlon[BlacklScholesformulalising the
smoothvolatility \function.JThelrightpanellisalquantilelquantile[|plot Jof
(absolute) pricingerrorslvs.lthe[lnormalldistribution. If ithe pricingllerror
distributionwaséxactly normal,the( Q@ Qplotivould belalstraightline.
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