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11 Inoduction

D enative saaurities are widely traded  nendal instrumeants which inharit trar
properties fran the uderbing essets - T he welHkonn B bdk and Sdokes famula
[B ek ad Sdks 1973 is ae of the v Gsss where the price of a dervative
asset @ Eurgpean calll qotian) aan be analvtically epressad U nfortunatiely, the set
of asssumptias uderling the B Id<S d ks econamy are rarely met in practice-
A mang many passibe extarsias of the B bd<S dolkss assumptias, modi Gatian
of the aastant ot ity assumptian hes pathgps remvaed the most attaitian in
theecoxametricammunity T het R CH madel develped T the disaetely sampld
databy [Enge! 982 Jad its many \ariats have recaved a btofattention, perheps
because they were expected O pture the spirit of aatinuas ime madek as
in[Hull and W hite 1987 T his intuitian was goparatly an mmed by | eban
1996 Jad [ elban ad Foster 1994 ] who esteblishaed that the aotinuousHecad
asymptotics Tor sone disaetetime A RGH  proosssss anvearge 1o the aatinuas-
time processes of [H ulland W hite1 98 7

T he purpase of this depter is 1 naparanetrically exanirne the rebance of
A RCH madek in gotian priang-W e igae the predictive agpects off RCH mad-
ek and eamire relvance sokly besad an thar perfamance in @otian pridng- It
is iMnerssting © note that much of el RAH  eyaiure verbally enphesizes the
potattial oft RCH ot ity in gotian pridng, but not many studies statistically
testthe reltion betneen thed RCH madek and gotiaon pridng-L adding statistical
tssting, a Bw authars do inestigate the Nk betneen A RCH modek and gotian
pridng, these inclde D uen 1995] [Engke ad Il wstafa 19927 [Engle etal 1996}
[B dilerskbv ad |l ikeban 1995 and [A min and il g19934 M the results seam o
imply at ksst tho assumptias.-T he” st assumptian, Wwhidh we wi ll calll the sut=-
dacy assumptian, is that the volti ity is a meensutdatstatistic o the gotian
price of interest gven otter rebvatt variebks _T he saaod assumptiaon, whidh we
will call the necessity sssumptian, is thatthe A RCH  volti ity hes additiaal ex
pbnatary poner gven other rebant \ariabls T his amaunts 1o the assumptian

1. Importart competitorsto the ARCH modeEk inLie the d isrete-time sochast-vo htility
modebd susel by [l eliro ard Turhul1990], [W igoirs1987], [Harvey et al19941], [J acquier
et al19947], ari [Shephard et al1998].Due to the eae ofimp Emertirg ARCH mod el ari their
corresport irgd om irane amoryg practitbrersw e Bt usattertorsoNARCH inthisgul y.
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that the dangng ot ity madel desaibed by A R CH - better epEirs the gotion
price then the aorstantvolati ity madel? R ecatdevelgoments in the naparamet
ricsped cation kerature albw us 1 tsstboth assumptias. In this depter;, we
testthe necsssity and sut-dacy ofh R CH madek for Eurgpean qotian pidng W e
goply the tests of [} FeSahallaetal 1994 Jand [Fan and L i 1996 Jto examine the
rebance ofA RCH madek in pridng Eurgpean gotias_W e ity 1O eanire the
wsellibhess and relevencz oft R CH madek in @otion priding teking a purely reduicd
1om statistical gppraadh S udh reducsd Torm strategy aamplements the theoretical
develpmeants of[Enge ad !l ustaia1 9927 [ minand g1993} and [D uen1995}

N aparametric sped catian t&sts hae an interesting practical implicatioan R e-
antly, [B raedie et al 1996b]ad [B raedie et al 1 996a] have sugssted napaa
metric esimaiaon ofA merican gotian pricss T hey suggsst estimating the pridng
fundiaal gven a parametically estimated ot ity and other relbvaitvariables -
6 iven tharppularity in volti ity extraction and prediction, A RCH macek are a
ratural dhdae in sudh procedure W e thus belleve that aur naparanetric sting
resulis fam nice aamplEmantts 1o rssulis an naparametric estimatian by [B raedie
etall99%6b]

12 Suwraexyad| ecsssity

In this section, we elbBbarate an the sut-dency and necsssity argumants introducd
in the pravias sectian.W e” Istmake avery brief reiew afFEurgpean gotian pric-
ing under dengng \voltiity.- In the simpk B Ed«S d ks eanany with aastant
ot ity the Eurgpeen calll gptian price C ; an an assstwirthautdividand paymatts,
G bevwitien es

C =P K;S;rT %) )

Here K;S;rT it ad¥% daote the strike price, the underbing essetprice, the
@standriskfiecinesstiate, the imetomatunity, and the (@ stan)voati bty
W henthevolti ity is dnavacterized by aaatinuous-time stodestic ot ity macel

? .Bycorgart vohtility basi optionprrirg,wedo rot regrct ourslesto the gartari B hek
Schoks®Brmub W e irterpret corgart vohtility basd optiorprrirgto meanary rerparametrc
Peci catibonofthe optionprie whih does rot in Ll e time-varyirg vo htility asore ofthe
e>p hratory variah ks
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and when the ot ity is unaonelated with aggregate aasumptian, then dlloning
HullaxdW hitel987] we may wite,

C =E [P ;ST i t¥%r IRL: c2)

where the @@ ditiaal) eqectatian @ven all tre infkomatian ada BbE) at time
t is Een with respect 10 Y%7 , the random \olti ity at maturity_0 n the other
hand, whenvoltiityfollbons ab A RCH pracess and when the ecuinalaittmartinggle
messure Q is sudh that the log of the uderlying asset price Tollons a partiaubr
randam walkk, [D uan 1995 Jesteblishes that the Eurgpean calll can be pricd by

Ce=epGrd i HE? [maxGr i K JIRE a3

0 bsernetatall 1), € 2), ad ¢ 3)ae all cserministic reltias W e donot
belee thatany oFthem will survive acomman saee tesstagairst a real dalaseti F
westrictly impcse this deterministicintepretation W e thus fisely departfiram this
detaministic inepretatiaon, and interpret eech of them in the stodhestic way-we
aegingtoread ( 1), ¢ 2), ad ( 3)as\ T he aadtiaal eqectation ofthe Eft
hand side of the ecpatian gven all the avd Bok infoomatian is ecpal 1 the gt
hend sice: ®

T he stodestic intapretatian of ¢ 1), ¢ 2), ad ¢ 3)hss an ineresting impli-
catian 0 bserve thatall oftham imply that;, gven all the aa BbE infomation .,
aly veaiabbss K;S ;T 6% ae rcbantorgtion pridng W emay ampactly
witeitas

E [CHJRI=E [CIK:S;iT i €% 4

A mag the e \ariabks of intersst, the  1st four \aiabks K;S;rT § t ae
doservad 0 Ny¥% is undoserved in the gotion pridng reletiaship _T his implies that
% is same realhallied mgppingvwhose algumeattis an in nite-dmersiaal collectian
ofall the asi Ebk infomatian.T obe mae sped” ¢, ( 4)implies that thae edsts
aaedmeasiagal statisticvwhidh we wiite (aith same abuse ofnotatia) as 4 ()
such that

E[CIRI 1 K:S:riT ith ) ¢5

3_Akhouch we d 0 ret have ary  raneeoremt jugi catbn®r thisgochadt irnempretation
we ad opt thiscorvertiond Le to the sem irg hckofresuksinthe ecoremetrr sofoptonpreirg
errors.W e re'Er to Reraul (1996) Br a recert attempt to re@ Ve thed & culkies akhouch we rote
that the d eterm ingt rebhtbnimp Eesthe conl itbralexpectatbnre btioNninarycase.
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Tarsanefundian § W eare nowreedy todotain the meen sut-dacy ad nacessity
ofte satisicy () aven K;S;riT § ©-

A s for suttday, dosene tat ( 5) impliss that the aoditicnal expectatian
gven K;S;nT j Dad ¥ (R)is equal o the aonditicnal epectation gvan the
" loation Rzl o aanpaait of e leatian /. hes any additiaal eplbnatory
ponar o the gotian price of intarsst. In the goplicatian, we will dhoose sane
sasibke\aiabE, sayV , in e leation /., and try 1 examine whether

ECIKS;nT i €% (RIISE [CIKS;hnT itZ OV k

A s Tor neassity, e dosene that the statistic % () is useless in naparametric
Qotion pridng ifwe urtherhane

E[CJRIFE [CIK:S;riT jt];

i e, ifthe exlsion of¥: (R)does notatEl any ks ofinfomatian -l ostatistical
procdure is ada bbbk o st such a graral implicatian- W e ths riestrict aur
attertian to the Tllbning implicatian ofthe necsssity aoditian:

E[CHK:S;riT jtI6E [CHK;S;nT j &% (R

0 bserve that the necsssity testdoes notsu@erfran the same poner prdblem ss the
sut-dancy BT he necessity simply asserts that¥. (1) hes additicnal eplbnatary
poner;, thus no subjectivity is involhed in practice gvan a parametric volati ity
mackel-

W ith the inaxpretatian of % (R as just sane statistic, asider the stodestic
inempretatian of € 1), ¢ 2), ad ¢ 3) agan-Eqatian ¢ 1) implies that¥ ()
is aarstantvaled Unctian uder the costattvolt ity madel_Equatias ( 2)
ad ( 3) imply that % () may be edpressad wEing a paramettic eressian in
the s oF atinuos-time stodesticvolt ity madel and disaetetimet A R CH
mackel, respectively.In evary e, the\ statistic " tEkes the fom oftte\ volti it/ *
ofthe conrespading econametric madel parameterized by |1, say W ith sane eouse
of notatian agein, e may thus wiite ek ¥ 4y ;) is the nacsssary and sue=dant
sttistic Tor the qotion price ofinteresstgven K;S; 1T §j © whare |y daoiss the
true \ale ofthe parameter-

It shauld be noted that a filure of necsssity doss not necsssarily invalidate
a parametric econanetric madel assodated with % @ ;R)-Foreample, we may
“nd that¥ @ ;FR)is napaamettrically uesssary, butitaul be the cese that
% @ sF)iIs astaitU nderthe B bd<S doks Tomulg, the (@stan) ot ity is
noparametrially unacesssary T he i lure may albbo be due toahigh conelation of
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% @ sFRYwth the athereplbrnatory \ariebles _T his may heppen it the alternative
attinuas reood ssymptotics by [Caradl 1997] is mare rebwant then that of
[V ebn 1996 ]ad [N ebon and Foster 1994} ¥ @ ;) would be a deterministic
ftndion of t, ad hene, T § €T harefae, results from the naasssity st shaud
be mare cautiasly intapreted then those filan the sut-dacy st a paranetiic,
dang ng okt ity madel aould be a reesanebe madel ofthe volati ity process itselif,
butmay twim aut o be unessssary Tor naparametric qotian priding-

13 N apaanetricSped catianT ests

In this sectian, we bri€ y imview the intuitian of the naparametric sped Gatian
t&sts develped by [} FeSahaliaetal 1994 BS s ad [Fenad L i 1996 ad
then disasss the implbnaitatiaon ofthe t5sts.Casidarthe aoditical expectatian
ofY gvenX ,whereY isaaedmasiaal randaon varicbke axd X is a randam
vectar axsisting ofap-dmesiaal randon vedar! and agdimasiaal randam
vectrV _T herullhypothesis thattV  is daes nothave any eplbnatary porergvan
W eanbewitienassE [Y W ;VI=E [Y W }l etingl @W)=E [Y ] =w]ad
m@v;V)=E [Y j@ ;V )= ;v)] e cn renite the hypottesis a6

Pril @ D=m¢ V)II=1:

T he intLition of the test by [ FESahalia et al 1994 ]is basad an the ollbning
implication of the null hypothesis:

h i
E ¢ @D)im@ V) =0:

I o, ifwe are gvan a reltinely lige datasstaasisingof (55X D)1 =15:2:;5n,
we may be abk o esimatell W) ad m (w;v) by any naparametric methad,
say, a kemel regressian D enote the regressian estimattes by ™ * @Wand ' @v;v),
respectinely, i e,

Pn o lwan, Py bwan,vay
MA!@V)Z Fj=1 TN !¢; m!@V:V)Z Fj=1 TN [ T

n LYY T n lWiW i-ViVi e
i=l K L) =l K LA |

whare 1 is a suitebly dhosen bandwidth_A s the sampke size gets g, we waud

= -

X] AN | | 2
in=— @ DM @i o 65
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uder the rullL IT j, is substatially bigger then zero, it Gan be inteypreted a6
evidanee agrirst the hypothesis? || ote that the st statistic is besed an karel
regessias Whidh use the same bandwidith, T; underthe null and the allermative.-
[Fen adl i 1996 Jdevekp an altemative test using simi erirntuition -

T ossehovthese tests eanbeimplmatted in thevolati bty sped cation st sUp-
poe thata theory sugssts that the volat ity process is govermed by aparametric
madel ¥ @ ;FROWth the tiue \ale of the paraneter ecpal oy, -Forsimplidty of
notatian, wiite % @) = % @ ;FR)- 1T this theory is aonrect;, then we shauld dosere
Qotion pricss such that

E[CIRTI= 1 &K:S;nT i Ghe @ );

Tarsanefundian § Suppce Empaari ly thatwe knovthe ttueab e, T henthe
disassiaon of necsssity and sut-deancy in the previass sectian immediately implies
e tsts 1 be aaducted . Farnecsssity, we Gan tiesstwhether

E[CIKS:nT i G%e@II=E [CHKS T ¢l
and Torsut-day, we éan tesstwhether
E[CIKS:nT i 6% @ II=E [CIKS;RT i €%e @3V 1

orayrebaitV 2 K.

W ithautknonidoe of the exact\valLe ofy, , itis natural o rely an an estimated
\alLe, fareampk, !l L E_U nderthe null of conmect parametric sped catian of the
\okhti ity process, e can wsually dotein &' nraorsistent estimator;, call itfl A n
interesting and useful agpect of the sped” Gatian test by [ FESahaliaetal1 994 is
that the ssymptotic distributian of the st statistic underthe rull is notdnenged
aeen vwhen we ieplbe |y by a’ naosistatt estimatar.® 4 haudh [Fen and L i
1996 Jdoes not eplidtly aasidar such a Gsg, itis reesaebk 1o eect sudh a
behaiarin thartestas well® T his doservation sugssts the olloning strategy or
the naparametric tesstof relevance of A R G madek fargotion prding:

4 _The ted gatid by [A&-Sahala et al1994]d Persfom the irtuitive equatioNn(@ 6) inort er to
accommod ate a techrrality rebtel to kerrellregressoriT heir tes gatr rvolestrinm irgba<sd
onthe edimatel d ersdty, asiscugomary iNnecoremetrr app Eatorsoflerreletimation

5.See Lemma 4 2 iN[A&-Sahala et al1994].

6.T he inuitbNisthe sime asiN[A&-Sahala et al1994].T he rate oftorvergerie ofparametric
egimationismuh Eger thaninthe rorparametrc cae, art the agmptotr ¢ igrbutbnofthe
teg gatigr by [Famnari Li1996] isbad onttap_asym ptotr ¢ igrb utionofthe kerrellesmator
w ho=e rate oftorvergenie ismuh sbwer tham n .
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1 _Bstimate anA RCH madel-

2 .Far sut=daxy, doce V  in the infamation sstvwhidh is eectied o hae
additical eqplbnatary poner, aad gpply the nopasametricsped  Gatian tsstwhere
the rmgessorudaerterullis K;S;nT § €% ﬁ ad the rigessar uder the
allemative additiaally indudss V .

3 - Far nes=ssity, goply the naparanettic sped catian st whare the regressor
udertterglhs (K;S ;T § Dad the imgessoruderthe aliermatine edditiaally
incdes % 1 -

Itis 1 be noted that the testby [} FeSahalla etal 1994 Jis aignally developed
fari i d_dosenatias, butitapplies 1O depadattdatawithautmad catian? Itis
ressaneble 10 eqpect the same property fiam the testby [Fenand L i 1996 F

14 BEurgpeen O ptias ante S&P 500 Index

In this saction we gpply the testing methodology Eid autebove o Eurgpeaen gotian
axtracts witien an e S&P 500 index-

141 TheDaa

W e gpply the data set fran [ FSahlia and L 019987 gadasly projded 1o us
by the authars _T he aignal data set axtairs 16,923 pairs of call- and putqotian
pricss (bidesk aerags) an the S&P 500 index rieoaded betnean Januaxy 1, and
D emamber 3!, 1993 _FHam this, we eiminate aattracts with Ess then ae day~to-
matLrity, implied ot ity geater then 7 % , aaprice ks thend A T his” Mering
bass 14431 desernalias.

D we o prdblams of infrecuatt treding of infthemaney gotias, the nesd orsi-
mulaneas dosseratias ofthe underlying index, and undoserved dividad stireams
fian the index, we wse the implied Titures price of the index as gopased o the
actual spotprice.0 urprocedure ollons [ FESahllaandl 01998 LT hespoefutures
parity nks the w0 by,

For =Seo0@ir iz XX i OX
whareT j tis the rumberofdays-tomalurity, i is the riskefiee rate, and £¢1 IS

7.See Sectbrd 32 IN[AR-Sahala et al1994]-

8 T hisisb ecaus, asinthe test by [Aft-Saha B et al1994 ], the covariatiorsini el byareasorab b
amourt ofi eperdenie iNthe d ata are expectel to be ofsnalorder.
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TabB 11 )

Desriptive Statiecsofi{AR-Sah b ari Lo 1998] Data Set
V ariebke een SWDes. Win. W ed. I ax
CallP rice 24 23 2541 013 1668 121 93
P UtP rice 975 1257 013 473 102108
Implied V clati ity 11 36 329 507 10 4 36 43
ImpliedA TI Voltiity 937 0 86 610 936 1647
Time Ol aturty 86 64 7232 100 6600 350 00
StiikeP e 440 80 3302 350 00 44000 550 00
Futures P igss 455 42 1026 42840 45782 47444
RiskHe=R ate 307 008 285 308 321

te @stant)dvidad rate betnean timetad T _T heimplied futLires price gven
fian the cllputparity at=themaey is,

Fao = K+ eplur @ i)
EHCuKST itra 2 )i CCuKST i Grix st D)

whereH @ad G @are thecall and putpriass respectively. | n adertoget relicbe
Utures pricss, clll and putaontreacts are ussd where thestrike price, K = K=V4S ¢,
is dose O attemaey . on, gven the implied a=the-maney Tutures price, F ¢ ,
the pricss fion the iliquid infthemaney calll aatracts can be calaulbated s,

HGuK:T itrg st ) = GCCuKT i Grur st )
+Co 1 KPGrar @ i O)

sine a strike price, K, anespading o an iliqud @qud) infthemaey cll
athact, autonatically anespas © a qud (liqud) asteoFthemaey put
aatract.

D esaiptive statistics of the data setare proaded inTabke! 1

142 ImpkEmentation oftte T ests
T he naparanetric regression under aasiceratian inolves many regressars evan
uderte nullzW ehave at kst ragessors K S hr ;T 1 G )-Bvan thaudh

the noparametticsped  catian t&sts wark ssymptotically, the asympitotic gppro<
imatian may be poorin ™ nite samples when the number of regressars is lrge. W e



14 _E uopeanO ptiorsonthe S&P F0 klex 9

thus make a saries of sssumptias 1o reduce the number of rgressars - In e ad,
the sped cation we E&stis
- - - H |
e e N B LD
Fer Fer

Tor sane naparametric Linctian H, whare F 7 is the implied futures price am-
puted viathe putcll parity.T hesped Gatian can be derived underthe assumptian
that

2T he aument udering esset price S+; ad the dvidad rate +; aterinto
aly thraugh the implied futures price;

2T hetundian § is hanageeass ofdegee aein € «r ;K);ad

2T heintarestrate, iy , IS Aastat

0 bsere that the ™ 1st tho assumptias are satis ed under the standard B bd<
Sdoks famulbd s Torthe seood assumption ofhanaaty, [B reedieetall 996b]
daived similer results or A merican gotion pridng- T he secod assumptian is
impartartnotanly because afthe dmeasian reductian imp icatian butalobecase
ofthe presumed staticnarity implication T he testoy [ FeS aallaetall 994 Jepplies
withautmadi cation fora ganeral dess of stiaicnary processss ? B ut the testdaoss
not essl ly acommadaie the nastaticarnty that is eqpected 1o be presatin the
uderhing asset price bal, S+ - Faced with this dallacg, it seans reesanebke to
olbvthestandadd przacliceofars.sunings:lali(nali'lyofCF“%< ad FtK:T Supparting
this assumption, wedonot nd anly sigil Ganttrancs in the tho ratics in aurdatia
st

W e take aur bend mark \varianee sped caticn obe te 5 A RCH (1 ) madel
fran [l ebon 1991 1T hus ve estimate

h@D=1+0—"—° 5+ h@,X
3/“til 3/“til '

9 _See their Asamptiornd ari rebted | IsSusON
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Tab B 12
E6 ARCH(L1)E gimation

Parameter Estimate Staxdadenmor R dowstS E.

I ean 0268 0195 0202
L -0398 07 0131
® 0481 0096 0166
° 017 0072 0205
9923 0022 0042
Tab B 13

6 ARCH(1)E gimation
Parameter Estimate Staxdadenmor R dowstS E.

I ean 0388 0198 0201
L 0031 0011 0018
® 017 0032 0058
h 9760 0038 0067

Estmating & A RCH madeb an the S&P 500 index retums @< dvidands) yields
sttagly parsistent] dose integrated] sped catias!l! InTabk! 2 weshovthe
estimatian results flom aurbendmark sped” cation.-

W ewill abo be enpljingasymmetrict A RCH ¢ 1 ) madel belon.In this Gee,
the estimation resulls areas inTabke! 3:

Fnally, Et s tum 1o the actiual hypotheses tested W e canty aut the Tdlloning
epaimats:Casess 1 thraudh 3 testthe sut=-dency part of aur hypothesis:

2InCeel wetadeteE A RAH ( 1) ged cGatian 1o be the rull, ad indude
F St das an epbratay varieble uder the allermative hypothesis, testing ora
mare ekEbaate g structure in volati ity

= ) variebl desaibing the numbearofdays since the st trading day is sametimes
included in the aoditicnal variane sped cation..[Faxdh and R oll 1 986 ] suggesst
the ped catian, 'y = 1+ h( + N O, whareN ¢ is the rumber of aledardays

10 - The wuierlirg gock irex d ata are draw Nnfom the CR BP tapes (riesSP INDX)_We
egimate ond aily d ata fom April1988 through December 1993 whth gives1,90 ob<=rvatbrs
We rote that the sock iniex prcesare recoried at a sightly d Rerert time ofil ay thanare
the optiors.Bu, ary determirigik irtrad ay vo htility pattermshoull be captuel well inthe
b =quert rerparametrc regesorn. Sine we ue the gfock prcesorly to obtaina parametrc
egimate ofthe cori kbrallvarine, thisisrot ofmajpr conermn
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sine the bsttadingday_In Caee 2, we indudeN ¢ underthe altermative caling it
te 'l axday E&ct'" ad retain testandad B A RCH (1) sped catian under
therull.

2 |n Cese 3 we st Tor ssymmetry under the altemative Lsing a symmetric
6 ARCH € 1Dsped cation uderthe rull_ltis interesting to note thatthe standard
inBrence in Tabkl 2 implies Sigi atasymmetty intte B A RCH ( 1) sped -
ction, wharess the B dllersb\ Al oddridoe rdoust inferenae rigjects ssymmetry/.

Casss 4aand b testthe sut-dacy part of aur hypothesis' ! -

2 InCaseda,netestirenacesssityoft R CH usingasimpkehonaskadsstic, napara-
metric riegessian induding just ime-tomaturty and stiike price oer the Tutures
price underthe rull.T healtemativeindudss an & A RCH ( 1 )volti ity messure.
A Hhouch we calll the rull B anacskedestiaty”, it is somenhat of a misnaner-A s
noled abowe, the rulll indudess the ase where the Vol ity is dangng butin a
deterministic feshian -

2 Caeedbis similrtoda oy itgoplies asymmetrict A RCH ¢ 1 ) madel undar
the altermative.

2 InCasss 5aad b, we restrictCase 4 further, and take the riegressarundertherull
1o be the standard parametricB d«<S dokes price with hancskedssticinnovatias -
T he altematinve here indudes the bedmark B A RCH (1) ad 6 ARCH € 1)
aditical\volt ity respectively_Caseb is induded todhedk the parametricB bd<
Sdhoks sped Gatian, butabko o dedk the poneroft B S t&sts in the actual sample
athad.

143 TestR esults

B oth teststatistics are ssymptotically standard nomal: the rnulllis rIgected infavor
of the allermative undar5% sigi ane bel ifthe Eeststatisticexassks | 64 .To
anpute the st statistics, we e a b assian kamel, whare the bandnidth is
doen viaacshvaldatian an agiid afpassible valles underthe allematine, using
standardized regressos -T he resuls ofthe \variaus eparimatts Ltsingthel BS test
aresunmarizadinTebEk!l 4.

0 bsenetatttel RCGH madel ofaurdxdae passes the test ofFmean suH-dacy:
INCases 1,2, ad 3, the rulb which anly induce thed RCGH  volti fities cannotbe
rgected uder5 % signi cane kel Furtrermare, the asymmetry doss notseam

11 . Inca<e 1 throuch 4 , the regeessonur er the rullin L1 esthe time-to-maturity asw e Masthe
grike prce remalkel by the Bturesprre.-
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Tab B 14

Ted Resulks

Cas= I ull A lemative p+ g I ABS st
1 EARCI (1) # Seird 3+1 128 254
2 EARCI (1) W odayERxt 3+1 (94 262
3 CARCH (1) ¢ S¢ 3+1 125 257
4a Hanoskedsstidty E ARCH (1) 2+1 (6l 421
4b H ancskedsstiaty G ARCH (1) 2+1 054 55
5a B lbd<Sdks BEARCH(CL) 1+1 052 77
5b B lbd<Sdxks CARCH (LD 1+1 041 9 8

1o matter for @otias pridng-0 n the otherhad, theA R CH madel does not pass
the testofnaassity_In Cases 4aand b, we see thatt the noparametricmadel whidh
doss notincludeanyh RCH volti ity is acapted A s eected, we geta resaunding
rgjectian of the parametric B bd<S ddkes pridng fomub in eses baad bb_W e
tae this resultss eddence tat tte d BS testis quite ponerful in the sampke at
hend.

T he reducdH-iom nature of aur gppraech iefiars s fran speaulEtion es 1O
the nandal econanic rees why the A RCH madebk do not pass the t&st of
nEEssity. W e anjecture that the volti ity procsss hes a high conelatian with
the other riegessars indudad in the rulll, so that it doss nothave any additiaal
epbnatary poner oar and eboe the honaskedsstic, naparametric regressian.-
A nother passibke eplrnation, namely sasitivity of aur resulis with respect to
bandwnidth dxdae is eplad in the next ssction.- Finally, we remark that the
gpplicatian of the testby [Fan and L i 1996 Jielded simi lar results L2

144 R doustress of T estR esulits 1o the Chaae of B andnidth

In adarto add abitrarness in the daae afbandnidth, every eaimaittaboe
bu ks an a acs~\alidated bandwidith parameter-T o amplbmant this datatossed
bandwidth ddce, we aanducted some sa s ity analysis ofthe testresulis in T able
1 4 o the ddce ofbandwidth_First, aasider the sut-daxy testoft A RCH ,ie.

12 .We acpinu=sl the ¢ aussankerrelinthisapp Eatiorn[Fanan Li1996]tes requiresthat the
bariw i tha urder the rullbed Berert thebariw B thh urier the akerrative:Wereed a=h 1 1
agmptotcally_.Becau wewoull have a=h ¥ 0 fwe chos botha art h by crosvalil atbrnwe
chos h by crossvall atibonari experimertel witha = h; 5; ard 10h _Akhouch it Isposb B
that ourbariw il thchote wasmiskad irg,we i that the power offFanard Li1996] rather bw :
We accepted the ruls®r everycae we cordl ered , inn il irgthe rullofparametre B hekScho ks
prie.
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csss 13 - In nather of the three earmants aonducted, did we igect the rull
hypothesis of sut=dency Torany reesaneb e barndwnidth ddce.T hus the sut=dency
results seam rdoust

Seaod, asider the necssity 565 of 6 A RCH in@asedaad b_T he rigectian
oftrenaaesityoft A RAH  is sanenhatsastive o the ddae ofbandwidth_Fora
bandwidth markedly d@entiion the acs~aldated ae, nemely lxgerten( 1,
e test igacts the null that the noparametric B lbd«S dokes madel is sut-dent;
adthisadids thatt A RCH o A RO  is neassary Tor @otias pridng-

Finally, the rgection of B Ed<Sddks inaeebaad b inTaebE! 4 is rdaustto
any resscnebke ddce ofbandnith._

15 Summary ad Caxh.dingR emarks

W ehaveasiderad e relevencaoft R CH madek in nanparametricotion priding-
R elevence was decompasad into o aompanarits: sut-dency and neasssity-U sing
thetests by [} FESahallaetall 994 Jand [Fanandl i 1996 we aondlude thatth R CH
maodek do pass the testofsut-dangy-A s Trthe tsstoFnecsssity, we nd the st
resulttobe somenhatsasitive O the bandwidth dacs, althauchA R CH volatiity
Bk o pass the neessity tsstin a Eiry lEage igaon araud the acs~alidated
bandwnidth W e thus tentatinvely andide thath RCH - madek migit be inelbwatt
1o Eurgpeen gptian priding in a naparanetric statistical sase-

A nevargoen gusstian in statistical hypothesis testingis the ponerofthe gpplied
st in the partiaubr situation under investicatian W hille we hae a reesaebly
g sanpke athad, the ponerofthe naparanetric tsts goplied migitnotbe ss
hich as wau be desired_Same rigxyas Il ate Carlo eerimantts arhigher ader
epasias ae nacessary ovalidate arinvalidate this ancem W hi e thisis beyad
the sape of the presant dngpter; we plan 1o address itin future work

D expite aur andiLEias, market partidpants ad acadamics might still be in-
terested inA RCH madek since the naparametric qotian pridng reltiaship in
paoulatian cannotbe hurtby the indlsian ofadditical variebless A RCH madeks
may beinteresting in practice sokely in aneconamicsase.-T his tentative andLsian
is supported by the et thath R G madek pass the tesst of sut-dacy, ad that
they doagRarsigi cantimprosemaitoer paranetric B lbd<S doks pricss.

R eferencs

Al-Sahala,Y P _Bikelard T _Stoker.1994 _ ¢ ood ressoF t tedsBr regessonudiryg kerrel
method s. upw kel marusript.



1 1. Norparametrt TegirgofARCH ®Br O ptornP rrirg

AR-SahBa, Y _ari A_Lo 1998. Norparametrt esimatbnofgate-prie-iergtesmpkit in
“ranilasst prres. JouralofF irane, pages499{5! 7-

AmiN K _ard K _Ng-1993. 0 ptionvalationw ith s/tematc gochagr vohtility. JouraloF
Firare, 48:881{910 -

BEek, F.ari Il .Schoks.1973. The prrirg ofoptiorsari corporate Ebilities. JouraloF
PolticalE coremy, 8163463 -

Bolerskv,T _ari H.l ikeEn1995. Lorgterm equity artt patibonNsc uritiesan gockmarket
vohtiity d yramcs. U rpuw Eed || arusript -

Broad ie,ll ,J -DetempE,E _6 hyskk art 0 _.Torr§s.1996a . Amercanoptiorsw ith sochagt
¢ v erisard vo htility: A rorparametrt irvesicatior. U rpub Eheld || arusript -

Broad ke, I 5, J-DetempE,E _6 hysk ari 0 - Torrfs. 1996 - Norparametrc egimationof
amercanoptiorsexert i bouriariesan callprees. Urpuw kel Il arusript .

Corrad 1, V -1997. Decererate cortiroustine Imits®r 6 ARCH ari 6 ARCH-type proceses.
Urpw Ehed | arusript -

Duwanyl .1995. The 6 ARCH optionprcirgmod el || athematkcalF irane, 513{3 .

Ergk,R 198 . Autoregesave conl itioralheterosel ast ity w ith e2imatesofthe varianne oF
UK irfatior. E corometrica, 3 9841008,

Ergk,R , A_Kare,ari J _Noh_.1996. Iniexoptionprcirgw ith gochagc vo htility ari the
valLe ofaccurate variane Brecags. Review ofDerivative Ressarch, 113{157.

Ergk,R .art C.ll uta®_.1992 - Inplel ARCH modelbfom optionprees. Jouraloft coro-
metrcs B 289{311.

FanY _ar Q-Li-1996_ Cor=dert mod elpeci cationtests O mittel variah Bsani =m para-
metrr Bntoral®rms. E corametrica, 61 865{890 -

Frennh,K _ari R _-RoL1986. Stockreturnvarianes T he arrivalofinrBrmationart the reaction
oftrad ers. JourralofFiraniialk coramiks 175{26.

Harvey, At _Ruk,ari N._Shephard 1994 _ Il ukivariate fochagt variernne mod els. Review oF
Ecormmi Stules 61247426

Hull) _.ari A_W hite_1987_ T he pri irgofoptbrsonassetsw ith gsochagt vo htilities. Joural
ofF irane, 42 281{3)0 .

Jacqueer,E . N_.PobBn ari P _Ros=9.1994 . Bayesanaralygsofsochagsr vohtiity molek
JouralofB udressan E corom i Statigi s, 12 372{39 -

I elreo, A_art S_Turrhull 1990 - Prrirg Breigncureny optiorsw ith sochagt vohtility.
Jouraloft corometri s 452 3{265.

Nelbon D _1991_ Conl itioralheterode] asr ity iNnaset returs A rew approach_E coremetria,
DA AZ3N -

Nebon D .1996. Agmptotcally optimalsnoothirgw ith ARCH mod ebs. E cormmetrra, 6 561{
573.

Nelbon D .ari D _.Fogter 1994 _ Ag/mptott ~ kerirgtheory Br uvariate ARCH mod els_ E coro-
metrca, @ 1{41.

Shephart , N, S_K im,art S_.Chib -1998_ Stochagrt vo htility: Likekhood irErerae ari compar-
i©Nw ith ARCh mod els. Review ot corom k& Stul kes, 66:361{P 3-

Wigdgirs J -1987. Optbnvalesuder gochagr vohtility: Theory ari empirralesimates
JouralofFiranialt coromks 19 3BI{37 -



