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Pacing opions and evaluating Crecks under the constang elasticity of vanance (CEV ) oode] requires
the computation of the non-ceivtrml chi-square distribution Tunction. In this article, we compare the
performance, in ferms of acouracy aml computitional tme, of allemative methids for codmpaiting such
probability distributions against an extemally tested henchmark, o addition, we present cdosed-form
salutions for computing Greek measures under the unmestnicted CEY optson pricin g maodel, thas being
alde to accommodale direct leverage elfects s well as invene leverage effecis thot are freguently

observed in options markels.
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I. Introduoction

Every option pricing model has o make o key assumplion
regarding the “right” distribution to be used when discounting
the aption’s expecied pavoll, This expectation is 1vpically
computed by imegrating the payofl Iunction over o msk-
neutral density lunction. Under the log-nomnal models of
Bigck and Schales (1973 pund Meron {19730 (e BSM model)
itis assumed that the underlying asset price follows
geomeiric Brownian motion. Yed, this predicion hns been con-
viecmgly rejected m the finance literure. For instange, i1 is
well documented—see. for example, Jockwenh and Rubinsiein
{ 1990 —that the log-normal assumpion is unable 10 sccom-
medate the negative skewness and the high kunesis that ane
vsually Imghicit s emparical asset retumn cdistrbutions,

The comstam elasticity of variance (CEV) model of Cox
(1975115 conststent with two well-Kiown fucts thid have fournd
empirtcal suppon in the Hterature: the existence of 4 negl-
tive comelation between stock. retums and realized volsiility
{ levernge elfect ), as observed, for instance, by Bekoert and W
{ HOHE, amal thee inverse relmion between the implaed vidatiliny
umid the strike price of an option: contrict (implied volmiliey
skew -see, for examiple, Dennis and Mayhew (20012, More
impomantly, being a ‘local volatitity* mode, the CEV diflusion
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is consistent with a “complee markel” setup and, therefore,
alflows the hedging of shor option positions oaly through the
underlying assel.

Computing option prices under the CEV model wypieally
invelves the use of the se-called conmplementary von-central
chi-squase distribution function, There ¢xists an exjensive
literiture devoted 1o e elliciem computation of this distibii-
tion function, with several altematve representitions av ailable
(see, for instance, Farchrother (1987), Posten (19849),
Schroder (1989), Ding (19921, Kniisel and Bablok (19946),
Benton and Knshnamoonhy (X613 ), and Dyeting 2006450, The
complementary non-<entril chi-squre distribubon fumclion
can ilso be computed using o method based on serics of in-
complete pammia lusetions, For cenuin ranges of parameter
values, some of the ollernntive represenfations aviilable nre
mere computaiionally eilicient than the series of meomplete
gammi functions. Moreover, for some parameler configura-
tions the use of annlytic approximations (e.g. Sankaran { 1963,
Fraser ef al, (1998), and Pepev and Riykov (20001 may be
prefernble.

The main parpose of this articke s W provide comparative
results in termis of pocursey weld computation time for exist-
ing alterngive algorithms for computing the non-central chi-
squere distribution functivn to be wed for option pricing and
hedging wpder the CEV model for o large sel of parameter
values, A& stmidurstudy has been conducted by Agen and Chonce
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