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ABSTRACT:

This thesis examines the forecasting accuracy of implied volatility and investigates whether the
expected volatility of implied volatility or the market volatility level affects the forecasting
performance. Therefore, the OLS and quantile regressions are used to test the relationship
between future realised volatility and the VIX index on various levels of market volatility. In
addition, the impact of the VVIX index on the absolute percentage deviation between S&P 500
realised volatility and one-month lagged VIX is examined. The realised volatility is estimated
using the range-based volatility estimator.

Consistent with prior literature, the results show that implied volatility is a reasonable but biased
forecast of future volatility over a one-month forecasting horizon. The conclusion remains the
same regardless of whether overlapping data, non-overlapping data or log-transformed varia-
bles are used. The forecasting accuracy seems to increase during periods of high market volatil-
ity. However, the results for the quantile regression indicate that the forecasting accuracy does
not significantly vary within the level of realised volatility. Moreover, the implied volatility of the
VIX index seems to be negatively associated with the forecasting performance of VIX.

KEYWORDS: Implied volatility, volatility forecasting, VIX, range-based volatility
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TIVISTELMA:

Tama tutkielma tarkastelee implisiittisen volatiliteetin kykya ennustaa tulevaisuuden realisoitu-
nutta volatiliteettia. Tavoitteena on selvittaa, vaikuttaako implisiittisen volatiliteetin odotettu
volatiliteetti tai markkinavolatiliteetin taso ennustetarkkuuteen. Pienimman neliGsumman me-
netelmaa ja kvantaaliregressiota kdytetdan tulevaisuuden realisoituneen volatiliteetin ja VIX-
indeksin vilisen yhteyden analysointiin volatiliteetin eri tasoilla. Lisaksi tarkastellaan, vaikut-
taako VVIX-indeksi S&P 500 -indeksin ja yhden kuukauden takaisen VIX-indeksin absoluuttiseen
prosentuaalisen hajontaan. Realisoitunut volatiliteetti estimoidaan kdyttaen paivittdisten avaus-
ja paatosarvojen lisaksi paivan korkeinta seka matalinta arvoa.

Aiempien tutkimusten mukaisesti tutkimustulokset osoittavat, ettd implisiittinen volatiliteetti
kykenee ennustamaan tulevaa 30 paivan volatiliteettia, mutta se ei ole harhaton estimaattori.
Johtopaatokset pysyvat muuttumattomina riippumatta siitd, kaytetdanko paallekkaisia havain-
toja tai muuttujien logaritmisia muunnoksia. Ennustetarkkuus nayttaa kasvavan korkean mark-
kinavolatiliteetin aikoina. Toisaalta kvantaaliregression tulosten mukaan ennustetarkkuudessa
ei ole tilastollisesti merkittavida eroja realisoituneen volatiliteetin eri tasojen valilla. VIX-
indeksioptioista johdetulla implisiittisella volatiliteetilla nayttda puolestaan olevan negatiivinen
vaikutus VIX-indeksin ennustekykyyn.

AVAINSANAT: Implied volatility, volatility forecasting, VIX, range-based volatility
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Becaus#dacampgpeonebegmwi atil ity information fr

day prjlcéey pawwrmtohesst i mat i candea e&chuarladceynge t he e
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mat ors badecqouenBighiadah ;Btamadt , &2002bol d,
Mol n2&0rL Ror i nvsotlar@@&@d¢ 2 showheé hdai |y mseedt uryns no
the standard devi at i &«h & sle9aBl0d) urludathenda sfer onno rGa |
mal | 'y djastdr itbhutse ds e snul & rt htaot tAhned erresseunl test al .
tain f-foemgbeglhny addadtiat i-bas etheiss armglewst t o ma
mi crostruatrumcse ng-ai$&kmnncOdd i z adeh et al ., 200
Diebol)d, 2006

Théar mdalnas s)r @hl@@Oe gt | ne@amhor mprovemMamki asohhe
(1980) westimaaaddi ti on t ot hodpee nlamndghc laomsli h @ wp p i
are i nml udheed(Afl drzmuwleah ).et TGhad nkalna2sO0s0RE1 a8 0 | i t vy

estimator is given by

2 _ =05( - )2- (21 a-1) ? (17)

whetrlepenc!| ose reitsrn,

=l n)-1(0), (18)

t hcepenhi gt u,r ni,s

=l h)-1n), (19)

t hoepeanb orwet ur n,s

=1 0)-10), (20)

is the dailyscltbasi ogepsi ntgheep rhiicgeh,est pri ce

is the | owest price of the day (Garman & K
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Despiseromg results vél prioduiMp hgaw)itch@&dDa e (
Gar nkalnass el d@m@)lsort i nriotra ti inctrt ssdnocees, saeobpercogni
i ng jaummdippendoeomt i-numesgeometri c Brownian
drti vang & ZBhuogg& Z@EMfg,t he dsriigini hteéecr-&@m ti s
mai#l ass (1980prest amawar it(dreece& ZhdNogw,e 2006
t heltehseg i t @lhi Iriatnyge esti mat oe st ii masthiissutpgroirct aeld
by the empBru c& |Z hradsgl, In 82sD,0(62 0 1 2

23 | mpl i ed volatility

Il n conkhaalwaatadsiisg or i camphvioédit 8o apgtghedeyed
mar ked s sseinbvact| aderliivegd from.ept i drhepreixpest ¢

tilitwynddrltyhieng asset maWMay dyw, blpIH SH>hd015
plied vebadhtulatgd by invertingtohdegevmhner
the volatility impliséetMabhewhbed@ph)}l enpmat ket

I pml i ed volatilasgumdmeppiehre¢ Mbbynh gvwmend@95)t he
strict assumpScihoonlse so f( 1t%7e3 )Blnaocekpt e semp b i a d ms
ket ' s estimate o,whthe asmdert atnhit e vad gy immd it o/n
volatility, i1t i s tahvee rmaagrek evto’l sate xlpietcyt aotvieorn t
t he opMaiyohne w, 1995) .

Aaf or waorodleisth g, mmp ki edi wiodalty ludegd tresfdor ecast
vol atelgty Poon .Bo®Beabgersi a665) mplied vol a
mar ket prices, it 1is influenced by the noi:
(Fi gl ewhin,selgu®a)t.Fprecasting acdadtwr @acyl adf i
t mar ket d€flfoirdcdioemncyl995I;n€Edml ewseht, maoOREY), i
tility should contain all the available inf

of futur(eFivgolleavtsiklii,t y1997) .
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One issue witthy iimpliitesdndvaogpheantdaesnscuympt i ons un
option val Uatuinmams fed Coad V. g ha8I9B,F ete | mpl i ed Vv«
t i IldietrybwBerdi 9 o@ees and Neuibdeerpgeentdaenh0 @@t i on pr i
i ng famelxt aacts i ntfideurhdt iram gfer @wrh  av ainlgabl e
and Ti aens t(a20l0i5s)h t he & aleied ivtoy lad el ti ¢t ®/e mto d & |
more stradght fnmettihdad e vher ¢ mpr & 3§ fcmtlbosmpar i ng
modkbasedmadedt eenpl i ed wvegatdilngi €é®recasting
seeitmncongdiesldgea®Riig ,.an2Cbeng & FEFBinkt i MROrl@&v & Wa
2017

24 ThelaXxnd VVI X

TheéBOUB Il atility I ndex,sVihadiea suo da@dadgthpe kheodvn a
volatility ofi mplbitebdePRtriede @drnideeexs of t he S&F
put oMWhiad reG® (b 2601280 n ot her words, the VI X in
t hiempl i edoVvolt aei IS&tPy 500 i ndeal eowvawmbotéh@ f ol |
209The VI X was introduced i nsEIx9%%3a nbgye ,t haen dCh
val uecguoaireed percesdamadeaspuaualtir ms (WheE€begwg, 20
2019

Threet lmd afgoyr VicKael ¢ uwaastwiioonc hed -bas®s exd mbfdreetreo d e |
appr oacBBIOk3t igmiWad@)]l Thagenesadlfior muVlaX fiog t he

2
( )—1(—0—1) : (21)

wheries ti me t o sextphea atorowmard i ndex | evel de

prices, the firsti sttrhe&esthrdil lodulpponey opti on
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(@ cal>l g,i fai fputgand both pux jpanndd s atheeki sk
I nt er dats erda toen W.i Sl dT rceuaCsbuere r a2 @ $9)

The for war di denrdievxe d ecivddb meot nh&g P i5r0ddex sopti on
centarreoedund hawonaty stri ke )prThes(Cbbe,f @0Wwar d

i's given by

- f - ), (22)

wher e i s the prtihetes caltutwehidcihf f erence bet we
put ptihemst lis€Ebodhe2H9I )mabberierst édrhweal bet we
strikabpwviecas dnhde ibswu l(aCtheode ,as2019)

The v@lhiuwehmi dpoi nt -acsfk tshpea elmidd f ort heeachkept i
priceCboe, TR 1t91)me t ogexenrBAyi on

= : (24)

wher e denotthe® nutes remaining unti,l mi dni
denotes the minutes from midde ght un

notes the minutes bet wegeCboceur r2e0nlt9 )and expi r

Thd XVis calculated from the put and call 0 [
37 days tCRrxe,A 20 pbhleoms wr iodea ebriod are excl
from the cal culFarit drif (mG b etewso a2 O ®9¢)p iwd rx h

consecuti vendt rziekreo, moa edp &psr p tcieosnhsi gwhietrh (| ower
strikearmonsiedered (Cboei.hliOd®goNVI X amtlicaunsat i
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with a rema&itwerg Ri3madids t3i0daFwirs&dmm eqgqpti ons
and options with a remai ni eg mt io(pCbidoen,.s w2e0eln9 )3

Si naxte any i ghilveerne ogprtd omex ppheci s eB O daegs VI X
value is ambet wekreepsqufatnsdogni v eliq bayt if @mh e 1
nearnd next t(eCrbm eq.pRiOEeOS)VI X i ndex vfadlue 1 s

| ows :

=100V, F(—2—39+ , (22— 285 (@)
2 1 2 1 30

whenandgdendate ti me t o exjanrdatnieoxnt otfeertnh eo prnte
spect i yiesl gtuhneber of asne ntult e me ntd eorfm tohpg inoenasr
itshe number asfetnil euneeesk gadm tolpaiisomshmeb er of
mi nutes ,i nadd s deupmeber of mi-dnauyt dyelmiore , a 294D ) .

I'n the same ™Wadg OEYI| X hiesn &/ Xv,ol ati |l ity measur
option pricéeowe@lroe, the@l1¥yVI| X is ,dergikiend fro
avol atility of( Cholegt i210iltRg th dhe atisHt X emn diterd s

pl ved adfi HMalittydex over the 6ol lowotmigeBOwdrRgS,
the expected vol ati ITihep!| ol lestbhheoad s Kim{ Choef o2
VI X (6Hdeg . THReDI Z)e !l at itchne abvedt Xvivevaitrdd | lmevx c e p t
aextrwareues( CohbfoeVl x012) .
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3 Literature review

After the pubadaSkhdliomo@éEhzIheaBaareos mti ingn
valuanhdonmpl i e xpalnatelidd n d gyhlgiarsete goaf ost B e
forecaitdifintgiymp| i addvobmmpl e gt oo hfaotrielciatsyt

i ng mbdetbBi $ heedt¢i it @mnagb bhee f 0 eakcaceuw faiciygnp | i e d

vol aits lnegwi ewed.

Analmgghe opRAdonemphadiedt he Chi cagbhx Boamge Op't
LatanBendl|l egmad&émpare the implied vol-atiliti
Scholes (1973) vnooldaetlidtiadttdhee shtch aukad 3 m( 197 3)
plied vwdragimd@ b é eesx ericn steh e rrilezeel a n@e midé te,

maglousawehged avmeplaigeeddetvantabasit tder-snon

eyness offhdoypn dtolvwdedtght ed nmepvieireadgiesiogait i i cant |
correl atheedt wat hst anadnadr dg ednesvriaal tlaypmedacé or of
future volatility(Ltah&Reéehdbs,8&@EaBG al vol atilit

Schmalaemidse @ pi,CHilMa&B8)and Mamlestker (oInI B & )in)
t he f orpeacdstronagicnep| | bg e bmi hlil heplyte@ t-Cb n s
cago BoasEk cOmAnigdent hesaggésatdnpdd edovoperil it
forms historapcaldi cobme¢ @Iviodl gadt amd @ & sStcihenal ar
|l ensee andf T pexpgd®@t7r8t) 1 ontso mohid fiunfulr ee vo ¢ @
al lhibsyt ori cBuUr tvvio éBaanaold eerf)sy 1@ be i nf ormati on
tent of optisom prhiec ers0o ndeeypearsds tiohifee coapet yi oonps

ti omgslthede maoasel evant i nfor mation.

Unl hipea etvi oucLiatt @a®Riea d | ,e maheé 6 ma | &&Trr 5,6p® 7 8
Chi&Masn a dtogBe c kler8@&g mmi | amhy@s8bhlel |l i s Jand Meact
uset he data from the Lomddondonaded o@kteiExeh aM
formendsl tg8enc k eamr)s t(He&Ot8 1t heamp h e g ntelddfret t s
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casting pdoweGemmck suUlgP&éH ts -tthheo niery | mpl i ed
votlial ity 1 s the maost oatygusattghidobyesdbasetder t h
on past shaMoe epavueddehseohey i mpl i ed volatilitdi
formation relevant t dcenmid@PBasi agd t Msade Vv
(190é6popposeselts as the combi narnidnmpn icefd t i n

‘N

vol aitSdunay ttmer form either of its component

| nvestSi&PatliOondg i nQlaemxi noap ta nod sHiignldenpd lkeit e(l y9 A3 )f f
ent rtehsgunletvsi ouss mpudedissofaundstaegt havvecabl y
ni ficoamtel ati on witNKofetsmpeictvibd rea @il damlpiye d y

hi storical vaocl cautfri@tietcya sprso wif Cchsn &Ba gl e wb Bit i |
199G8n the otherfb&thdmngs ensen anadn dP rFalbehnailnag (
(199 itchaditee tvol at ibh&&Py 1iOndp loipetd on prikrces out
c laswdl| at i | i tCypo nrreq dhii amtgo(rses.Cgdn &g | .4 @B

Chri stensen anadr ghurea biphbaita d ( &ndr8g i kkisd syendh s e
bef orreegtihnee shidstoak omaadk @& ecr ash

Lamoureux and)dgsdthrkaplk s a f(dlOBFiptcechast i c vol a
option prficn@ad ymddeglmat i onal efficiehkgy i n t
find that, even though implied volatility t
t aivimd uiarbfl®er mati on not <containeldamaud&eitex hi s
Last rl®d@@B8g wewserexpl ai ned itne sti gy lrdfvostikhiat (i 1009 7)o,
t ent i mpl i ench g wdif @dhrel ijtoyi nt hypdohéeoshs (AOOB)
receegtnheef f i ci enctyo tleaspge seBull e si:ei ehpret daei voe

procedure is faulty, or markets are ineffic

As an alternaltasved tiomplhiee dnowdellat i | i t-i es, th
free 1 mplied-Jwmlest i& iNeyu b(eBrgietrt, e 000) are d
ciency it hjediermtd todst ( JHoawegn e tThi earni, & p2pdr®ada)c. h
firmedprovide better fRareciaddtaanngdeanudt T @anv @
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find tHeemodenpl i ed volati-Shaolyes o( DATPerifmpl
atililtnhy contr asd, WBn gstu(gigOtisaty bovhseddalnd

mo det ee i mpl iceodnh tevdofl macniif donrtibiaudt $ ¢ Sec hBd |hé@ sk 3 )

I mpl i edpwvoV anbeasd cwr art ef€warstt h eC hmeoarrmgd u 1290 1 2
concl utdiBel ta®cckit ol es (197 3 ubmspmlitigheed f oomati bnt y
t he nliordeeel | mpl oeder vomlxe wieeeikssy f orecasting hor

Consi sthennlagwoirti t y sdfu dpnreegvgi uoi utsympolpiteedo nvsol at i | i
curr@oc,itobkTaylopBbusch etPlailhal 2& )Hywdcsa, 2
cr udiel opa§loenss] (IMaI3tehe,i Nn2@04) fsaupredao-nr

partedhe hi stor.iPoaln Gamna@iedssomessart he défi ndi ngs
vol ati |l i tlyi tfeoirdetcaaiese o 8 g 93 KBitugti ecsf al | | t hey
that financi al ma r k(ePto oo |1&a tGrlain8ygelbaoseedfODrhg c a s
the restuddls iofdewdsickls, exchange rates, an (
both devel oped and emeft gendgydéemanto afyr onair e

most accuratef ibueeasvsodobkati |l ity (Poon & Gran

For the forecastthiengVIipX Fifredra(xi@®®é&@h dhil r-ong r e
|l ati onship betwesnd \Shdrcked ,v oiltnaprlieyl hiksgiItih at
performs well asuatwhelr antoir lei, t B fao mnehded Xta.l . (
provides more actctheat er & oa s tfarsebgauseenticaya ni nhdi egxh
turmesgar dilheess coft ahodnr mal | Yadfeopé alaestii b g
znSince the tchdlicXulvaadeosmwiotfc he-daded mt-onohe d el
free approach in 2003 (Bekwil Xiiove&r Wygng,t ui
VXO i.ndex

Theorecastuofy¢sxXnd VXOIi exs: mi n@ar rbaydo and Mi |
( 20.05e)y f ibrod ht hpantd v¢c €€ more accurate forecas
st ock tihnhdniscteod a € iwlvieon-msnt br ecast ({ €gr hadbz&n
Mill erCorWVdBgekgr etsualg.e sth2e@ OMAXX i ndex f or e
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I nf ermoodre dtstear e Maogte.ver, Ha2no ¢a8Bnngp aP &r-k he i nf
mati on contteeaveroadl WleXal i sed méadlhreqgquen@ryst r
dat aln -dfhamplue f orecasitfsSoumuglei e ch fwo Imattii lviet y

reali sed measures (Han & Park, 2013).

Some studies deabcofi thmplfioecdcaslt angbrty var
I nst@8@ceand Kimidedt B)mett fi orglneapnecned s on t he |
of investdm sadandttithmemtar ecasting mode-lsent hat
me matr e s hiomynr atvoe t he forecastiWagngbandd tWangSe
(2016) vewhatyinhlhgefor me asft iinngp | p eardf hoeronh aantfcioelr 1 t
mati on comnmthé n\aldaii & dhegvuardd i i Mgra spgci fical
they conct hmbestt hmactcur ate forecasts are provi
Wang, 2016) .PIFahrmad 6 20aflée nd evi demeadi otfi ve

powef | mplliagd |iindureiarsge peri ods iadfi tlyi gh mar k

The behawmpourdomdbaeshidt ywacroaeasxmammine dne ws
seveartaldNieksk.i nam| sgdo®AdPw t NaXK t herBAses pri
macroeconomic nearsd acaBoancemen##HHonewreae me mte
findings by Chan and Gray (2018) indicate |
very diofvfeerr etnhtel yd ag svasimrorumcredniempd shtd crud alr

i sed violarte daagwwl lygnl i ed volatil {Chanhe&d®&r ay,
2018)mil arl vy, the OVX index seemselpy decr ea
trolseatmupo(rNi kKki nen &9Rot hovius, 201

I n summampy!l i edsewali @&t imfigo 1t ghcuatsutrsed r ea,bat i | ity
its not an unlbn atsewade,e sti indathg.hesdggestast hayg
for maaceyryéer meln addivtoiloant,i liammpyl ifiddenfd est e d
by macr oeaevanono ucn c,evimé ahys i ynpt h@y ovi éd bi as
forechst Be c ofrurteusrpeowiraé anltgiscd erdot | bemaWheias | y

t hesamtri butes to ( heoexiagfsamdgadthteigmaet ug e
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var yiom@c asttiinsch esshi isl ietxya mihree d ewhedt hodr-mar ket
fluences the forecasti.ngexonur,adyheofefifreglti e
volatility of i mplied volatilityt osoenvetahle f o

furthebelenfddartehcea st bi as
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4 Data and met hodol ogy

The a@amad amet hodol ogy for examining the forec
tibBreypresentedhenVtiKi sndegtienused-as an e
titdi yitnies hpr @b abnielaistuy e meTnhtu ser rtohres r el at i on

VI X fandiesldiol att hSR&Py 50f0 i ndex is tested.

41 Dat a

AlHe tdata i s toket dihroend Dfart &e.tithea slan et e of
daiolpgning, cl osvian gufe shihg@h S&mwPdtSHoed wdianideyx c | o s i
of MIh»X | nared the dail yVv\Ill> sTilmeje kviankceo gseerrsife st h
t he pferrdmali€cd & p 2012

I n order toim@gstpetrlodrimbmre®dadtivadax i | i heg of
S&P 500 i ndex neSeidnsc @aa hmseena me & L BB Ht) ii mat or
prodacesrate results fromidai Iswité&adHHdPe( Molrn &
500 i(Shhdue x& Zh)amep,actd0 ¥® bh et B&PyYy 5i0dfe d@ mudreexd
bwppltyhGag nkalnass) (flo9f8@uwmicae. sedhevaoleatil ity est

each dalyc wl$aotleldo ws :

1_1 be 2 RN
T =VEE 06 S (@ a0 ) (26)
=1 +1- -

wheredenotes thedawnwsmbietei ohdri i@amodn,- , - ,

+1-andyy-are the open, highdawaw.and cl ose Vv,
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The VI X representost ig® SoPlvieeadeéekel dwoi Il otwy nc
ndar days (AVbamem®myo 20dDI9gndar daltsr acdoirnrge s p o
ayn aver Fggl ewskihreestl®9Vdpleati mate fisr each
cal cul at ed f rloonb stelrey afrriessrudot2isnng2 Eq 2 GBei o n

cautshee VI X i ndex 1 s aquotaesd ai (M\Haadreand,la gaeeO 9ns,
resldi vol atilitysedanmdumati ell G6sd adgpladiined i n F
t (all9.95) amdadCoMi2iGiitlve aseduablaetgudrm exddi

o o

(0]

i onal od3W2 whemt compar.&Ja dteog ettniems &/l Mpt i on
of 252 tradi,ndahdasad Wdpyeedean |l gt veémtlyy i s

—+

30
~ = ARV (27)
=100V 2572

which as amsedsti mat-eaypyfvohat alcittupli mf21thhes S&

t hesi s

TabllDescriptiokhet 8&Rslidd Ovso,l aVYIi X i#HrydmVYuXe 2006

April 2021.
Me an 148 7 19. 91.
Medi an 1195 16. 8 8.
Ma x i mum 8®6 8 2. 207.
Mi ni mum 40 5 ] 36.
Standard dev 9.7 5 9. ¢ 15.
Skewness 3.0 2. ¢ 1. ¢
Kurtosis 15. 10. 7. (
Jar Bee a 28693. 13422. 342356
Number of ot 374 374 374

The S&Peslid!| aitd | megysur ed -Kblya stsh e( 1@a8rOmanest i m
the Jmetqauuset rejects the nuthledhypgpothesanscefl
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The descriptive stardswviotatfortyheVBE&XPabao)
I n Tlalbhlee VI X has a 4. 88 sadghel amieskimtnydfmaalmdu tt h1
deviations are al most equal. However, the \
l eptokurtic (210. %3d vvso. IT diltbi. Mi\st) K. algald. e verad S s
Kur t(orfs.Ms8c)h t bweart he dXvahadeti bhalt gss Nonhe hy
esis of normality is rejected for ad|l t he

cantly | owserd fveord atthd irteal(i4. 05) compared to
whereas the difference bét wesen 8t2h & 9ma x ismunro t

cant .

Fi gaiirlel ust Y bhiXnedaend®  aryeseldi vol ati | i h&Pme5alsOur e
i ndieoxrhe whol e sBhml er preap oaddt caeesorrel atio
t he VIt KNeeamnldi v o.Fat imbie&ewi s ual i nspection of t|
several meaij nu | tsapnnekobusstlhy t 1 mest seoit ad-l vy, dur
20@%d 2020.

90
80
70
60
50
40
30

20

10 .’2',;

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

------------- S&P 500 realised volatility VIX

Fi gaTre&P r5ea®ldi vobhadi VI Xyfrom June 2006 to April
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42 Met hodol ogy

I f i mpl i eadn viod faarima ttilyom adcflagtt erf ¢ i waleatti | i ty,
= + ()=0, (28)
where 1Is the actuasl tvhod aitmplidgeydhe ot atvd dmt gr

rowi mh zer o Fmegd re wshkein, ¢ el 9 9Ca)nmagdi gl WP
JorionFi(do@weP€hr i st ensen ladngdda@rrmr a mdal and Mi |
(20,@h5e) f oirngge & Mm@ nociemp | i ed i seb by dilnintihneg OL S
regressirewslidofvotbdhieldi2dtly | agge,d VI X val ues

L=t 21t (29)

wheTe  ished2y se@aVvol ati 500 iofdeaxhwad &dn

, and,q s MIhXweal dayINo-ner,0 ndi cates t-hat the
tains some informatiChmiasbewmtsehutkumPeFcabhlaai I
moréde WBK unbiased estvombhateidolfainykidfo f ut ur e
(Fi gl ewCGhi i, s&@mPEremMmal)dan8 adsio meé oinn froergnaartdii onng
the predictive p@werr&litisd, i @0i06ated by

Toexami ne whet haecrc utirtmec gff d reecd a®dt b yt hhei srteogrriecsa l

sion model I s teh2eddeanyd € da glagyk da dr dieiaanl gid S tfyo |meacavssu:r
) L=t 21t 2 ,-21t (30)

wheTe | _,, s 2tihey seeaVvolatility of the S&P 5

day- 21l tf helcxont ains all the informatitchre i nvol

coefficiexnhowlsd O,bpexti@asnd=0( Fi gl ewski , 1997).
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Because of t het hoeveprolsaspipbiinlgi tdyatoaf, ser-i al cor
ered. TthhlkweeMeoyr a,nd West ( 1ax8&7 )u ssetda ndoa rcdo rerrercc
eroskedasticity and aut oChorriresetantasibdira.D 8 n s om
Corrado,2® 0MiClhleenrg &), IFaagnghs2 06 i thed data i s us
the absolute values of wvolatility measures
ues are closer to normale. pEhd st rhmetethrecavglst 8 r e
formeadues in addition to the oridamdadr vol a
days (or aoseemebnimby assumed to match 22 tra
Corrado & ;MiSleloer& RIiOM®Br201t5)i.s Hodwerst ment d;
cantly @adrnelcasitthess study.

As explChirnredtaeRimab@ia®P@oover| dppangehser e
l'iability of .Taegenref$wlirle@Wwrersgtienasers and Prabh
Corrado andaméilklteiam\We2009005Lhe OLS dedi eesli on s
byYquas(i2®rn aand uvi3t ntrhd-oyv er | a p p e n gi ant i-aodndsi
tion to t hkesfpuiltle stahmep Isdmiad ¢ revyditnmuiombiesrhi ng s e
corremayi decrease the probabldia@tiyanof 20006 al

Hent éreo-over | appi agssadhprehies anal ysi s

Thequant il e (KegnkBassoantl@pdpy oaplplto ednvesti gat e
whet her the forecastimgapesedr mbhaec ohartigsd ¢
t o h@LiSegr essi onstthheata vwesrtageatreel ati onshi p bet
i ndependent wvari abl eseadtrsheeednbdbnl eheegonedsti 00
esti madtiefsf er eoft hpoconsi ti onade pddansderntbuutaroina
(Koenker & Platsesredfhoeo EL|99%WBi ng quamndngdtet o etge ek s s
estimate the rel atdi oonshit pl béediefafear a/retX| g inna nt
() (01,02 505,0 7,6.9):

I )= 0O+ 1(0) -1t () R S €3 )
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wher ¢ | o )is #the conditi on&lldd agyu aSné P s£5d0 Oo fr etahl
vol aihi mooyh ;i s the MUeXni maekh vaanld _;
I's thed reallat il i-tlyThe nstmomddar d errorhse are ol

boot st roadp wmedrnthht h o us a ntdo meeoddestreea toiskresddast i ci ty

ri al correlation.

TheperceditbBgerence bedweehnathéitgalind | aggeod

for eacahs mont h

=100 —— ], (32)

whereda s the absodiut ferpe nweedmmt tacgheesddr eal at i | it
and VIiXn vimd.itekemal | er t he devi aits dtolreetclas t mor
The effectl eoof@lvton eaadfcatruateyasgk a mi netdnfeby | ownmigng

OLS regression
= + -1t 2 + (33)

where _;is the VVI X indexl VRaé uaduimmy moart ihatk
represents hi gh dardaa pktehitmegy btbhdBttititiat ye ta

al . uUz®EbFpecitfhyeixng eme v aOUXSs iiwdexeafsi ned
=1 ifboth _;> 3 and o> 3 and
=0ot her.wigisdi statee t hird quartile of the

abl.# poginteigwagiinvpel)i e si n chrae a st(eh.ee e, x\ptelc¥-ed vol a
tilit)deofeds&s (increasedsS) miieaar fsoiregirenafsit a anrgt

di c a hfesr ecast i nggh aancgeeutr thedryp airgie @ tiattyi |
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5 Empirical resul ts

I n this section, the forecastinigmpleird @rwmalnc
atility is showeca®t bekedu taviol beactatoehael diryt h- f or e
casting horizesul Heweé narn cattlree t hat | mpl i ed v
and the forecasdem@gndiccaaraeyelvaof egol at il it

some evidence of the implity aolactaibng yt né
I iy found.

51 The rel ation bet wedenvolnaptliileidt yand r €

Thresults for the r@Xi rveod raetsisl-tiayy boang gtdide V2 1
(Equa9amahddi ti on2idlalyagogestltvio| at Ed u 8fha roen
present edThme gilracdbd i on p araame tr erpCoals ggidnja tne s
and. &) NeNeey (e0o87pskhedasticity and autoc
st andarad ee rrragmosrptae ckCwotl huensnedsiecsa-stthaet i st i ¢ on th
hypot hesild henfsq ua%ceor r e s ptomead sn ulol hy®ot hesi s

and=1wi thalpue i nesparenthes

The statistically sigrdiofri ceddaet 2sH gogpeed c\WleX ,f irc
I n Collumdi cates that thesedl Xolf@arekciasys The
decreases slightly(0.n66&Mégepaoarutledd pilre Celgumrms s(i.
significant at the 1% | edvaeyl ,| anghg & dev btlhset octoietf
i's much | ower (0.107)naindh édiestodyrnd edp té& ateetr. msl n
significanlthheggumromdzefo 0. 557 i nt iCeolMWImt aln
explain 56% of the va.r iFRumoiRe g wna rtehde ouf aul t uuer se
both regressions are al mostt heeq ueaxlp | (a0n. a5t507r y sy

of the regnessioproved by adding the histor
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vol dthleh ggegd oWl X

(1) (2)
-0.10 0. 24¢
(1. 3¢ (1.0¢
21 0.75¢2931 0.66(-3.13
(0. 0¢ (0. 1«
) ,-21 0. 10"
(0. 1:
2(walue) 1187 10. 4
(0.0 (0.0
Adj us% ed 0. 557 0. 55¢
Number of observi3726 3726
The dependent varhWNeMedsg i(s1987) standard err

* k% %

t heses

Threeporvtaelduf@s 93 13 .aln33 MRafkeljeatul it hdhy popt hesi s

1,whi ch
bot h

hypot hesQOasn do=flat
Il mpl i eddoekswmibit sSkgyndiftomonsanbi ased

indi cates

& thapg e st thse
m\bodreel osv ehrs, g utshteat i st i cs

volatility.

As howmhlIli3et he
consi stent

VicXoef fiisciseinggni fi cantly

oL S
with t

sig@olfumepechsattti s¢iulk Ypnedafaie i
1. °(palou@nr es po Wdstdetlsa r=tOraen d = 1a n d

i ndi-~calt wea rdie

(o

coef fi ciiseingtniffoirc atnhté ryl a gegsesd
10

regr essitorna nrsef soulntesd

r eTshilelotigrsa i o fr odtatye dl a2giggeidn a

he

of

| eotgr ansf or mest d asgpd ead trheed Imio d e |

(0.971) ,
ter-tn. 254)

sl ope

reported

I s Howe,vginhd i jcainn t

i n

codfnf i_cii €enstiflolr

hypot hesi s

rejected

118.
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sedt i

frdém

fvoorl

and

mat e

zer o

Moreover,

at

t he

of
1%

t

Wohesigni fiAcamacailmgalodr esul t s

att h d

h

Col ump=1 3)ands athiesfiine®r

Z
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Tab3dlGBLS regr etsidactgman swfidrhmed vol atility measures.
(3) (4)
-0. 25 -0.17
(0. 1¢ (0. 1¢
l n _,4 0.971-0.49 0. &4¢«-1.76
(0. O0¢ (0. 0¢
| N —21 0. 11:
(0. 07
2(walue) 215. ¢ 10. 5¢
(0. 00 (0. 00
Adj us% ed 0. 557 0. 55¢
Number of observi3726 3726

The dependelnit variMéMessyti  1987) standard e+
ses. *** jndicates Galgnmdp chtetat a 6 thiul § p b %Udbhf
;=1 ?(palue) correspofnadrs 0Od md * haen dWail ndd itvosasd tiuees
rent heses.

I n Col umn -nfodn)t,h tlhasg doeeot atti 1 ity is included
thistbeda,ti sstihatshdhw VI X coefficient of O0.
from one, implying a bi abowenthetrins i gmiod ¢ Zathit n
ef ficlognrtanfsofror me s& dl argpdCad)ilridpdtin@tbe | agged r e
atid volatility does megaimadinmegp e noveaylnogntdi Intifhioey m:
VI.Xaeddi t haelnmo s tRseqgquuaa le d Ov. &bl5u7e)sv 8 d itbhaabt® 9b ot h
modelasx plr @aiughd®d yo fv aarhieab el rsegdl val ati |l ity.

Tabdlpg esents the results f-ovethap@PLSgrmemgneb|
servations. These results are consistent wi
significantly positi?wal uepseb ormd i snaldset sn tainadl
ences in the explanat orsyt apdbd Af4o6rosfuaan € %63 e p
I mpltihaahhe coef fiici snoginif orcantXl y.Tde fhelkrlenhyf
pot hesad Ganodf=1i s stil |l r e eecvteend ttaticeutghet & d et
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antdi st ool aaribdoii tnys i gni i mialn &srqluya,r et hiens cpil umn (
gesxat g ej etcht @ ajnotignmptot hesi s, I mplying that the
The tresfuér the correspontdragsfegmedsvani ablt
negligible dissimilarities besides the hight

gression (Appendix 1).

TabdlGLS r egfrcerbmeo-oovnesppbs amp | e
(5) (6)

0951 0824
( B.2)9 ( B8)6
21 0.9 * 2084 07 6*1* -1246
(099® ( 0.2) ¢
) o1 0037
(o8l
2(palue) 14 B 4 6. 4
(0. 0 (04D
Adj us% ed 0.78 0 .65
Number of observil78 178

Th@LS regr essiseodn sv oolfattihlel tryk aotinreototves rll agpge ch gV
The dependent varNeWMedsg i(s1987) standapdrent
*** jndicates sig@Qolfumeameckissattisdiuldfoobedf@iei
1. 2(walue) correspohdsOaondthandvail dd iteaslt ees i
theses.

The resus$2t3manidan dTalmi & hprteehvdi ioudoifhhgrsi steds en

Prabhh9a8)i an an€oT iraanda (| 22EABN d odshlee sVI X

seems to be a fbutawread weltad tinlaltigr wi¥butes mor e a
cast thawolhaKad isepiera,lhi€coeelflfsi ci enmpl i ed vol at
val ue’?svsiath bot h-ofvielrll agprpdamrgo rs atmpd saer otbot ai ned
Corrado andl Mr ddeeeexratnfvZn@® hi)er t he forecasting
VI X di fdtehveorl fat o mictoy ries@iccdcd g ngssi ons are pe
with the DAXraesabppd®éKameal obgeosuisdes t he signi
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posibtuitv élebgva mefdorl ag,ged mblés)i mgt @dinftfiedences b
t ween t hreegiamddiicnegs t hei r( Appe®aa¥d Acogrdcogr 8o

these reisulacsczrepit edrejected.

52 Forecasting performance i n differen
TabSlQuantile regression estimates.
Quant) | e

0.1 0.25 0.5 0.75 0.9

0.3470.2141.589-0.09E-1.02C¢C
(0.98(0.68(1.17(1.88(4.72

m-1 0.4850.5660.4940.6421.257
(0.08(0.09(0.12(0.23 (0. 459
B m-1 -0.00C0.0140.1480.248-0.22¢
(0.10¢(0.12(0.23(0.27 (0. 38
Pseudo 0.3210.3480.3790.4040. 418
Quantile slorg
01~ 05 09= 05 01~ 09 01~ 025 075 09
2 0.01 2.55 2.55 3.95
p-val ue 0.93 0.11 0.28 0.41

The quantile regression estimateé3.ipeobdbh:
standard errors are reported in parenthlswee
respectively

The quantile regressi oen Bbhes uletssul @arse dprmoset t

t he Va Xchrasifodeeahblseéi ng power rlegaasrl dllneés s of

coeffappeat sdiggsiitni ve@neer y quantile. ?Further
val ues indicate the ability efd WloX atto leixtpyl.a
ever, the coeffi’enbnes, asewelb @waryhamong

specificallg, atrlee he gthiema (| ower ) i n the uppe
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Il ncreasing pattern of the forecasting perfo
Il ng accuracy of i preprl ii cedds voofl ahii d hitssnaddduegdi ngn
mented ¢ant heRtluidhgadhod@HDP las wel |

To further examine whether the forecasting
on the marlkeMelleoleagtuial ity soft.Easdlelld p entemnttishe
results for téet stopemelquiapli e yquantile pair
test ed ansa rgtnii llense g o eMoy e o v er ,withhhel jtohien to btseesrtv
guanti |l erse jdehets nrud tl hypoehescsent Tegubhmages
c hsiguariestsitcati s obtai nedgafnays, buihget itlels t d dest wrec
i ndicate a significant di fference. However,
standard errors,ranfafy) CcCosaanamcetshternag e a

resampling |l eads to the rejection of equal

5.3 Thei mp a wdlatility b rthe forecasting accuracy

Tapeesents the resuldtes i fnerd t{h3eI@uee¢pegde s s
ent variable is tkeei dakst ovleeinhe t her d eamgtgaege VI X
vol athieleigirye p®ir d mow iimsehdrot nhteh loyv enrolne pmplogavoi d

seri al 0 ¢ c u eCroantsieognaseé h &1 PWatbhs can st anto setviic s hc
dencauwmdrrel ati on, hteherWhiceamngild9@ONty st anda

r or su seerde

Tabl e 6poejxtoretfd i & hvevratk ftonre 5% | evel i n the
and 1% | evel after the dummy vtalabasbolleuties i
per ceaditfafg@rserexdgpencc ebef@ds4£15 or 0. 551 fpetrlteent a
VViVHEl ue i ncrBhlisesr eolyatoindaeex penpl e @ stvivdhaV¥li Xi ty

has a negative impact on time oft hree c avotridrsg a
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(decrienahse¥ XM ¥ cr d da negtelmes essggcur acy of

| owB@aa@ay vowltahe&Pi 690 i ndex

I n addthiet edfh etchi e
I n Tealthlee si gni ficantly
|l ute percentage dedvaiyasicdoany ob ett wee mtyh ralad@ dgoende

VIiiXd 8. 82 percentage

forecasting

ket i s hiTghhelsye vroelsautlitlse .l eqpadn di.ldowéeernr.,ejteltd i loc

2val ues 6idinTatbd et hat

TabblTehe ef fect

hi gh

mar ket
|l ower

points

further

vol at il

negaitndiecztoed fti katnt h

perf or manc é& ewofr ei napclciuerda tveo Iwehteinl it

research

foorf e cvapd taitnd i ger foomr mance .

A

-1

Dependent =100 =

16. 032 7. 182

(15. 70 (15. 32

-1 0.415* 0.551~*

(0.180 (0.178

-18 .382"

(5. 678

Adj us% ed 0.026 0.061
DwW 1.90 1.91
Numbeobodr va 178 178

The results for
standard errors
ur iarug ocor¥ % aamadn* *

denotes

Figliriel lubérfadoescasting

bet we eommtome h Viaygannd
vi ati sanomshiodver abl e variat isdn 10We rt dalsfd,.

of t hehei dhevi ati on

I S porse dgudweel, b niencpal sytisn of utt hu

real i sed

OLnS (NBH3Q) (L 9 Il e o0& e feidmesd
ar OW eparrteesch@inmtiWp e nt b eng @i
significance

actbeapgroéenvVhiemda:t
v oxlTehtel ldiet y

dur i
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vol aThéibhiyghl igdapreds @ietr madtkg ¢ f batéhded g e d
VI X and regassedphvail aedihe nywSawctobnhighligh
B33. bpohsoserthadmeemeaii ghl hghGédBSdlmpds i ng

growing forecast acwalratciyl idtuy.i ng hi gh mar ke

240 ,
200
160

) | |
0 /(\\ \ J\4 —>
NIDRN |

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

-40

-80

Fi g3iPercentage deviation between the | agged VI X

54 Robustness check

The r oboufsttnhees sf i ndi mys riepeianveagt itdhet eachal ysi
the rangeswvomatoiti wyth t he .dalmpdmei gdgeawsdka r d
(19€dyrado and Mil lthed@2yy0bg alaindé tb#&Relr at, i | i
500 i ndex fioxy ceadschu ldaatye d
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30 252 1
~ = v = - — (34)
, 10021 _12( +1- Z +1—)’
=1 =1
wherg_represents an i mdex, r etdr, n wihoircréhea y

sponashe number ofa tmoaMt mtghldyayrse alni siesd vol a

obtained bynoacéwmnuldammpi g Iny btsheer .veaqt ui act ni so n

As shown I n Table 7remhegkipbbBul he dbt eaohatciha
esti neteorl agged VVI X is dHiogmi mModahtsl-y apod hiou
tude of I mpact 1t Is&a moaorrgriensaplal hyd essnjadhill reeir | 6a.r |y

t he dummyr emaasiinasbil €t i calhldy neQlpeas decant|l t s su

the findivmgyiwmnfg tfiomecasting ability.

Tab7llReswlfthe robustness test.

1

Dependant : =100 —
11746 2298
( @9 3 (@95
-1 0.68 * 0.08 * *
(0.4n2 ( 0.0n3
-19.9 2*8* *
( 5.6)6
Adj us% ed 0.1D 0 .56
DW 211 217
Numbeobodr v 178 178

The results for the OLMS (rEFlyr.ecdespeoemndeanmtfsi vcaad
frome realiseddefoilmaed | [BAMNBGUEEORGRroscedast
standard errors are DWpootedspoWhsticpotbkactdl
uring autséeodraeldatirondenotes significance a
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6 Concl usi ons

Thi s etxhaenstihse s f o raecccaum faiciygnp | i & r v d lha tsihlgiutryp.o s e
per foroam&dd e&X t pdexi ct-manteh ofnustedreolr @taiel i ty o
S&P 500 si mahahysedtrast to the majeswldty of
volatility i s e shtaisreadt eviebul natt i e g e dyheefoa alnate

vol atewwealdy VVI X i ndex on the fofMédeagtuiamg i & @«

regression approach is apopWweneditfd eexami el t
l evel s
Consistent with prior empirical rersedd It s, i n

i sed| gaveantmont h f or ec & srtotinpga shbaemibz @ars.ed t est
The conclushensegmendhess of wheotvheerrl agpwsd rnlga
dat a -torrand ofgor maduesvadd.wallee@ept abl e serial corr
wi t howeirel appi ngvhmagimplad | dat e tdlees pi dett t hteat i

eroskedasti ciatty oaand oasti sd ®emrtelst andard error

As a contribution to thesame eawitdidemene vol at
varying per toeosianiongpl i ed vDhatl évely o0f Mmamuk:
tility appeer sf aticee vanfaftbegc ta psealcetdee aigati on be
t weemmont h | aagh@é&® YODR reade csredasvod adurdiingyg pe
hi gh mar kélenceViaX hiemdegx seems to forecast f
cur antheelny t he markietHowebvatj | t hg qgesant-i |l e sl o

dicahas the forecasting accur aeeyd dvooelsatniati tv

I n additioaemprti ornwbor kofsash\ebfio rtehceabset e absi oanss
yondexmleanati on of.Fuoax kiemghiene &fuigcirhégetihecy i m

pacthedVIl X (i nidrexl i edo ¥ odv@gtXliadm styhe f orecasting
mance of VI Xh¥¥lap petaor nfreadve a negdathieve/liXnf |
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fecasowelgp gor t jaculianrcd easiena fehpeect ed vol at i | it

decreases (increases) the forecasting accur

Duet he n atthvetin ¢goofrxl y -nao notnhe f or ecasti ng. hori zo
Thuasd di triecsnredala eddedhdmotrer &aodi.t ofnugretrraeer mor e,
mor e sopheseéemetathceddo!l ogy -Andquesacgygif dfat @gohe o u |l ¢
t hteest .Asesvuolltast i | ity i s unobservabl esednd inc
volatility and forecasting implied volatil:|
fonteef feco!l oife haviyiolwfeor ecastiinmg dicfcfuegraeryt ma
condictoivdmds@aa €£si bi it hieesse Bfspra dfblatupgder-st and

i nogf the volatility of wvolatility could i mpi

Despite t hdé eldiemidtianbgisbas | mpy eimewnd «tdor s and f
practsHRdronientsdngpn ave d attoifliiqtuiieds and actively tr
t i amagp r o wiad euiarbfl ®@r maitn voens tfoarrs k amanagemewrct al |y
during periods o, tdiseghv/|sXa e imsdtepxoopat amat ¢

of t-day3Duture rkEealhiesendt eelad iyimkmigt f.o+r ecast i
racypltiteast he markets arewhcchdbemeybi Lty tradf

stratéeaa@ie ctomes mdrearyiomg@gcasting performance of
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