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4% 53 }JI') Gaussian GARCH #%] - GARCH-GED #1%] - GARCH-HT #4.5] » #51%7% #
UGS iy ~ TR o ) ORISR Wi S RS ) -
RGN > TR ] - GARCH-GED 1512 GARCH-HT 815175 Il %1F
TG R R AT 23 Gaussian GARCH L5 - GARCH-HT LUt 51
W RS GARCH-GED fr%*ﬁ“J g I SRS (MAE) (BRG] AR
e IR - LW S Tt
erg(ntﬁg AR 7 MSE ¥ MAE ISV 3 % (R Wpﬁ FUEI/\‘) LS DM At
[ORE BN  J BLE POAESE TR | eI A “?FP” - IR - A 'EFE’S”%AM
PR SR AR I o
¢71’5Ef*” FEm g 'Jﬁ‘UA - W}%&ﬁEIPohtls (2004) ;FEL['FIJ%I&';}E’@* ‘S1ff GED 53 i
rL GARCH E'JI'JLW =N Euﬁ[ﬁ%@;ﬁj[i S| Hidls ] f[ = ﬁF F: g ~ ﬁlrxlﬁjﬁr i GED
”f = HT 5[0 ) ﬁ“%?' HT wf’ﬁ”l SFJH 0 1) DM AR R A R
gmf'ﬁf%* GARCH(1, DRV FRVATER TR n‘v 1 £, [F'FJ'

Mati s GARCH > 5k > L #{43gir]

ISR PR S BT — ARIOTY S B R P O ORY
F[ [ 12 2 ?EF}EUW]‘BB o f355 > Markowitz (1952) FIASRNT e
oAl By P 1 [ BB e J?F[j@ B = SRS ] AR R I R B
I O B Eﬁi’ﬁﬂiﬁ‘fiﬁ?aaﬁﬁ%ﬂi&L A
AEE;{[F} FF’{[F[U%‘;[’%] o HyE o P ']fﬁigpjguﬂﬁl?{' PRI o TSR A £ ST
VAR VIS DRI e e s
pﬁﬁ% 5% T IR ERI ] B TE'fPFI?ElJF oo B
H-38 & d5%g (Armstrong and Collopy, 1992 ;  Makridakis, 1993 ; Brailsford and

T EHS ?HTJ% RIS E A I ?ﬁfﬁ P T BRSSP A R
ST & A Irr@wrfﬁ:
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Faff, 1996) « [ IRFE BRSSP HESIPRIRLE (= » IR HR-A] LI
SRR 10 o 0 I FR e W AT e

- RERY A PSR ST W [ R (volatility  clustering) fiY L 44
(Mandelbrot, 1963 5 Akgiray, 1989) » 7 J[[ Ll (= FE=F N pLah » [ PLED = FEF,
[ PLE - Engle (1982) QL EIERVEIRESLGE » FRLTVE 125 IR T B WA B
1% (autoregressive conditional heteroskedastic model ; ARCH) » [i'I' J}'“F}‘F“[f_
P g e RS R TS 1id SRR T 2R
THERE PRI 2 Rl P T R J RS (eptokurtic) = (fat-tailed)
ﬁfﬁiﬁ % - Bollerslev (1987) #{!i GARCH #8.%| (generalized autoregressive
conditional heteroskedastic model ; GARCH) » & f@]%?i;ji fEIﬁIQJ/rf’H 53 il > ‘F'J‘:"E |
FE VR S T o (R S € 5T el A S RIS 5> 2 DRy ek 2 1
P ﬁ,’f%@l’% EIfJﬁ 1% © Nelson (1991) #t1i GED il (generalized error
distribution ; GED) = Politis (2004) #i{I'/ HT'S3 il (heavy tailed distribution ;
HT) ’F‘T Aot o) fﬁfﬁ‘[ﬁﬂé?ﬁ,fjd% < R TR o

Politis (2004) HWEEPHAFI1 > ASRYERIST A RIST > FIRE I 5%
= I'FL[E:JFQEJ Fei] e SERIECT R e oF ?‘Wf%ii PPl e Ry - Pk ﬁél‘ WA=
TR G R R PR AR PRAR R R o PN A2 ) GARCH(L,1)
PRIEL S - T@F%iﬂ A T IR ri’pif‘—?f?ﬁljﬁfﬁ ficl ~ GED 5jfiel ~ HT 55 el » &
ST HHRD - SAPS00 THHAHE - NASDAQ TETEHE B
R RRECEAR = I%Vr*ﬁ (WTI crude oil) ~ i fﬁ@?’ﬂ JEUEJ’% ROPEFL €T TF]'FF‘[ (Brent
Europe) 8w V[ IRWRRE S HREPH R fln) g ['ﬁl?rij B
VST » 271 | DM f 7 7 [ 753 B 7 GARCH(L s
EPFRE IV ETE AT RS

B A R RIS ¢ FE > 5 PR R R
FIIEHREE (MSE) > fal PSR [AELY SR 10 o BF IR DM e
£ (Diebold and Mariano, 1995) Sf+ 5L E]E = AT ] H: NEN
(pairwise comparison) * F /=5 5 [ [FlIUfEA A=Y (loss function) i R
j’ﬁjj > et (LB IFUHCESE T [ I;EI I'Fﬁ TR IV RL AR - 1 T [ E'UFEI fﬁ[fiﬂ
Ml e @ T PRt (Brailsford and Faff, 1996) « [<1= 25 0
FHEEERE (MAE) (BRI 7 ff 38R PR Apssopl /=2 DM A& i

[
oo 1SRRG )@fﬁ @j F[J —ﬁ:é@—jﬁiﬁrﬁmﬂuﬁz TIpvig L JUE] ngﬁ Eg/g.ié_%z ) I I'Fﬁ:f_}ﬁ%ii

! Politis (2004) ST Oy GARCH #41%] (GARCH model with normalizing and
variance-stabilizing transformation) °



B e GARCH #-3) 2 B (238 Bl i 4 v

49

It s @F‘ﬂl}ﬁﬁ i lﬂ?gﬁ?ﬁ I IR 3 (R VR IR
FIETHOGE S By PR s - ¢:1/7JI”,I~1J,E;F§J{/[IT DT ALY
RRIpIVER © 5= AR Y R ST a R R ) T’?Ef‘f‘}%ﬁf ]

oV RIpEE

e B UL AR R [ e P AR ORR Y o IRy A
E}@F E;Fﬁﬁfjj;i{»éﬁ‘[ﬂ:— E[ﬂ%?{’?ﬁ»ﬁé&%&ﬂ ’]UFIL EEO— ﬂ&?@éﬂ[‘ﬂ:ﬂﬁ%ﬁjﬂ”ﬁiﬁq—k?
16 73 BRI P E A R SRR TR IR« R 5 o o A AL R P R P
}“@1 ff1re [fﬂ%'Tu TS e Q#ﬁﬁﬁir PegnsR (implied volatility) : [fi R fi]
SR F‘@Uﬁﬁ'ﬁ[ﬂi[ S [ PR3 R] EDRLRE T (R EtE p RRsEAE
ﬁ'[‘il o PNER fgﬂr WL ,.\ﬁi{fdﬁﬁﬂlﬁl” o B TR P PIEE TR
B R
[’E“l%“&ﬁpfjﬁ IRl NP ﬂlq |E§%g¥@§ P PP RLEES - ﬁ;lﬁ i e
Al gl & A I |E§§?§Q2,FIE gkl BT u”il |7 (Homoscedasticity) e
Mandelbrot (1963) ~ Fama (1965) AUERETE Jr:igﬁ%‘ﬁ&%ﬁﬁ‘@‘gﬁﬁh; ficl
£'E JFJ'J’?&’“% (leptokurtic) ~ =" (fat-tailed) Elffif’“j 4, 2 ]”FFWF‘[EU?@ (20 F i
ﬁlﬁrgguﬁﬁl% s PSfE D TREEROR | TR - Engle (1982) $41) ARCH
5] SRR ST T MR R KO R
[~ (time varying) » ™' U [IR] VPR RV RIS - Af N 4pT ARCH 8L
i ﬂ:ﬁAEﬁ TIPS {5 ST PRI » ET il E s
OLS L BIAIUB o - = F |35 fldy P @;{*J[ﬂ:fﬁ: G
Bollerslev (1986) ;H ARCH U] H1LT GARCH LR - (147 1538 ARCH

@FJ PR TR EARYEITE T > Bollerslev (1987) [P s -7

PRIt 53R R GARCH-t 485 » {13 O = ORI « (EI e ¢
SRR YOS IERES > [ R BTV B P S 1 -
fi¥ - (1998) #27] ARCH-family & # ARCH-M(4) - GARCH(L1) -
EGARCH(1,1) ~ TARCH-M(1,1) > %3] * SWARCH ﬁﬁ'@ﬁ@ﬂ#ﬁi W
g US| -l R GVl APV ) FVPssigs > VRS 01
(FiTD) > 2S4[0 (F12Y) ~ 7 - 01 (f]3k) .V E'e¥k - I') MSE » MAE ~ LE2 ~ LE|
(ERTIFRRER ROl - FAr R IR SRR T - 5) e
A E PO ) o B tyjflait"“"ﬂa:fpffﬁj'[‘; o
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Fﬂ b (1998) A E MY SRR €1 o ST AT E ST 2 SRR EVRY
Yo Fal BRI IR p e CTE e SR ET] BV Ry o AR
Gaussian-GARCH ~ GARCH-GED f8U5| {4 « UGEaifil el 11 €70 B
% » I'] Gaussian-GARCH 8L &] I'F‘, = N ij[ Hrl g o b s
GARCH-GED L7l r%fuffﬁ“@ﬁuqﬁu o T ET R Bl i F[?%Hiéfg
Yool [P AR - [ GARCH-GED MBI fE | S54pi-AH153 0
S AP T T

Politis (2004) I'] S&P500 ﬁ&iﬁ?ﬁ%{f\ FIEN ST S L ek & IBM fﬁﬁ&ﬂ&*iﬁ%‘“
FrevRl - I Podei 2 e | Eﬁ'ﬁ?ﬁ %Y GARCH-HT 5L 55 [[[#* Gaussian GARCH
RIS GARCH-t LR[S IFHPVAA0 08 S E gt > IRt i
(mean absolute deviation ; MAD) fit+53 EI?E[JF PR PR > %ﬁ%\[}‘ﬁ
EMH S GARCH-HT A8UE] /G 150 Pl = dffdeimen iy i ~ BB po st - i3
EF PR AR )P RS (5% Gaussian GARCH #8177 1 GARCH-t
BUE] -

Akgiray (1989) I'| 1963 £ 1 [ % 1986 & 12 F|[1s CRSP 1§t "
o SRR AL J\rgr{@%gw 7]~ ARCH f51%]% GARCH
PELE S A IR /P - RN AR ] GARCH SRV - 1
9t » GARCH(1, DFSLEREF 135 | 19F] (one-step ahead prediction) ﬁ&ﬁi}&ﬁ”i@ i
[l = ARCHQ)If -+

Andersen, et al. (1998) ['J L pl 57 307 fiss=2 | JFPJ‘ T REFAVE I
P TSN TR IRIETY 1987 & 10 F TU 1992 =& 9 K| ERf5A [ [HHR
1992 & 10 #1993 =+ 9 F| [R5 It H[] IE:I“ GARCH(L,1)["| & [npsi
‘*Jﬁﬁ'] (stochastic volatility model) [EELVERFELE] » I'JI5 7 (mean square
error : MSE) [ ¥EFFIJFE 1 FOL TS 1) - (7 GARCH BUBIFOREA % B
D SR (EDRLSPFORCE I PP st T s Al T UPIRES L E st o
i Heynen, et al. (1994) Gt 7 BUEFHARE 5 BT R 3 B0 B o 46t

E] (random walk model) GARCH(1,1) ~ EGARCH(1,1) == [FfSil gt B3 i~
W STARS TE4  R T BB M A fﬁﬁiﬁ@i&?ﬁ@w@éﬁ I 5 i
GARCH(1,1) ﬁiﬂhﬂf RSP B I 50 e TR ) o 2T Rl TR
TR T « B R T (1998) FIFP |7 W E G
F s PR PIRFRH o P4 FERATEES )0 B o BRI
SRR RS RS R F SIS S B0 AL WO 3!
SR E 9 37881 E] > =2 Heynen, et al. (1994) 7 “?TU e e
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,}ﬁé’[—kiﬁ[ﬁj} Fﬁjﬁfﬁﬂ{[ﬁ_&}‘}& %F\'\'jx%’iﬁ;’éjﬁlj)%}@% N =B AR (s
E! ?J— gf‘.j?v]“[\_ﬂ: ) i/[lgifyﬁl%gj‘)Hi@'ﬁﬁ[i%ﬁgq ﬁj 14 - Bollerslev, et al. (1992) TE
L GARCH(U)@EJEWI%%” 5" SUAE R R 9t o e s s -
ST AR < POISEEVRII IR R RO SRR
£44 - Sadorsky (2006) = f<TFIRY ’f[} —tjPIFIJEMﬁZIIPIF“F{IHI ifictt GARCH(L,1)
R TEPFE RO F e vR] pupd g 51 "’Eﬁ AR 0 e [N A PRIV
GARCH(LDIUE] » = P ¢ PP s i (25 AL | o e s
. “ijrul » GED = HT j}fIEIUEI 1) “J}(Héi}ug‘}gé %F’x’j&:ﬁfjﬁl)’/j‘@l&&?@&:’%[% o
i S A R a5 [ PR i PRI BRI
PSP -

iﬁz’éﬁ‘[ﬁbﬁlfﬁﬁiﬁﬂ o TR RSEIES = YUt ?ﬁ,'ﬂﬁﬂ‘kﬁ@?&/@f » Christoffersen
and Disbold (2000) P15 » PASIERY P FFSSEF TR R 47
S g R PR o Y hﬂ‘izxﬁFj@Elﬂlﬂ::F[jEH}{ﬁjJEﬁ v 1%&%5@*
Pz geEn | R %«Fﬂ‘— SRR A RSO o %ﬁi:ﬁ;ﬂ VLT
TSR AT © YU PIFSRT I WA AR -

Gty memétﬁ' Hi GED 53 [ HT 53 i e ity ~ !
BT £ ¥ iR @;F% GARCH(1, L0 215 453 B A
GED - HT 7j[il » 4[] Gaussian GARCH ~ GARCH-GED - GARCH-HT = %
PUE] > [l GARCH-GED 5LE[= GARCH-HT 8L E[SPHE [ 1y fpuT ) VA
If3 EI?EIJF JHF < B4 Gaussian GARCH ﬁﬂf\_p I RLSEIHRY Iﬂf‘ﬂ%}[ﬁj
H Kkt GARCH-HT 50 %] Fl%ﬁ?ﬁuf “JF <B4 GARCH-GED #81E] -

4 HE

A1 Gaussian GARCH ~ GARCH-GED ® GARCH-HT <7 3 7
PR [ ol S A S R S > P ﬁfé? Z 73 el f@?ﬁffﬁj ERRGN! q?ﬂm/&
PR 2 Bl 5T 2 AE I’F‘ﬁf i e dek i PR R AT A Pk

» IR ST IR GARCH(LL LR

(— )Gaussian GARCHf5LE]

Bollerslev (1986) {S1~" ARCH 5] » 7 Fi A4 GARCH 11 %] - lyﬁr?i £

GARCH MLEISHH o I 520 56 (P8 Bepo a1 ARCH MUE] 15 - HE
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i GARCH(p.q) LRI 1) T3 % T [l o 4y = (FLRL~ 4 f) 7 2 1
GARCH(1, )5t B[ 2" F | =k ET (par51rnon1ouS) AUTERT > hydrsy o S R
GARCH(1, LR 55 (I FABEI G LR « ) P A ey g 5 ¢ A9 T

fi + 5T AP DT, = (In P, lnP %100 HEpE

1=\, -Z, @)

2_ 2 2
o, =ota-r_,+B-o,, 2)

B &)

e Z 8% iid SVRIEN(O,1) > 2Bro ~ o ~ BISTRZREEROT REE
(R oy S ERT s i RLEERAY IR S ot B<1 o ¥t GARCH BB+ flii®
PR TRIEE Eliwf‘glﬁfg +I'] OLS #1\[?‘, 52 Herflif uﬁﬁ}ﬁj R o L
GARCH #LE]; “E‘[Fl ] 5 AT [ﬁ,;{‘?i (Maximum Likelihood Estimation ;
MLE) - Gaussian GARCH .V S5[HeAfT | e g™

1 r
LL, = ZT_I—E[ln(Zn) +Inc? +—c;2 J (3)
t

(= YGARCH-GEDFLE]

B F IS RLE B A e R IOZL 40 o Nelson (1991) T ™
73 iel (generalized error distribution ; GED) » GED Jj Jiel /485 W [rBlp o™

v

fr) = —r e L]
-2 v

Exp| —— - (4)
) ¥

2"

LA =27 T(1)/T(BR) » = 0<v<oo i v ELIEIRLr Hts)
el B[S o — 50 F[ F4[1)<2 Eﬂj » ) PRl BRI (thicker tail) ; A’EI}’D>2 Eﬂj v 7]
Jiclifik E5AF 1" (thinner tail) ; FIID 2E3j FRE G Iﬂﬁtﬁf[ (ﬂ‘*ﬁ A=1)- qﬁb

) GED 53 Wt i) Ty kit i WLV 4 » ) 350 GED 53
e i, FE| “‘gﬁq TETEEES % - i GED 53 Rl  S48iag & i el 5P )
Hri&fE 41 5 GED nE' [0 i E 53 [ GARCH-GED |V S:{fiffs
UTErEegp™ -
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v

d —llnof ()
2

v+1 A

1 1
‘-In2—-InT"| — |——
v (v] 21(- /Gf

» Ep[1A = Exp —l-ln2+l-lnr(lj—l-ln1ﬂ(§j °
v 2 v) 2 v

N GED (1.25)

LL;p = Z[T:llnv—lnk—

/’ o A\
/ \‘
: \
=) /i = ‘\\
\" . :.l-“'/ o
. . a - -

-4 -2 2 4 -4

a g RS (476 vs. GED(V =1) (36 bAZE i 53 THI(H74) vs. GED(V =1.25) (1#7st)

u

4

N &ED (2.0

-4

A M e S

CAZYE ﬁ'Jl f(ﬂfhé\) vs. GED(D 15)( L) dfﬁuf*f{ 253 T35 vs. GED (1 =2) (55
Bl - L R Aoy GED 4 b 5 % A Sk fe Bl v i

(= )GARCH-HTALE]

Politis (2004) $ft1\~ ST [v GARCH-HT 8% » 1 55a U 5 ok
P S E e RS R ORI o POLESE PP lﬁ,ﬁf‘ﬁﬁ' i
Gaussian GARCH 2| #1 GARCH-t #1 B[ 1 {F - }5U§!F f* ARCH f51% JF%T{LJ/D :

a+y ar’, (6)
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HHREAZ, 1 did SN, 1) » FIT S R SFN7)2S

- (7)

Hlt > 7 Ful ARCH puﬁalz%* WA T ndMWﬁﬁ EEES Ay
a,a,,a,, ...5a,a, ,a,,. ﬁJJIEF[[ﬁ,JrgEj o £ KJ(Y)t VA (YL, Y e ,Y.}EJ'L
[z - ‘Héz“]jjrﬂv DIIERAE S IfEIPfA Hf%i?hi J/'J"'%FtITEF o R A
AU EE (5 [fglm?'*’fﬁf 1S 35 H[13< K“ (Z) <KMr) - — 450 AHT ¥ rﬂfﬁ
EfUA, A, A, TR T iR K (Z) 54507 3 o K 1 UL ST 5
N

W = d ®)

(8)F RO iU = :

Xt:Wt'\/a+a0rt +Zaltl )
i=1
]:[[’—A—(9)$L [ I = lj: ‘»rI/ »FILJ é aog a é ) IE{ (;E ;91"‘7?“ _'_.,FI W E Jﬂl%ﬁ: ’e

YEEI 3 (Polits, 2004) - T SEO) 1 W B3 355 0 fOfTEST
fiel - ;.H(g);k EE R/l

r=U, /a+Zalt 1 (10)

Hf

- W GED

b Jl—a WP
HII(10)=2 ik ARCH(p)LEIFVP) A1) » 2 B Uit U, 202k = T
’l‘—?i‘?ﬁﬁ&:ﬁ fiel o (U, }{;‘T {0 8 53(10)=1 1y ARCH A8 B fie-f(usa g, 1) 55 fiel » =
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PI(12)7 4 A ARCH FEEFPVSTTH (1) 25T HT S flua,,1) 53

i)

—1. 2
(1+a0u2) " eXp{_Z(lrauz)}
f(u;ao,l)Z YueR (12)

For(o(e") o)

f(u'ao, )FJIHI 1 R T EIpAEES ~ a A E[=Er (0<a, <)~ @
25 Tﬁfﬁ”ﬁ R [ BAR AR R e [ BB 2 e, = 0.5 0.25 - 0.1
R 0.01 [ » f(u0.1,1) 485k 53 [l i » = '?#ﬂﬂ:ﬁ TR0 P o pf
PP R0 1, 1) 53 fifeaste i) PRI # Rl = R 1 2 fusag, 1)
55 el gy ’FHF F:1F[jﬁ [EI a, _)Oﬁf » f(usa,,1) r:%;Frl'r jjo;lzﬁ?%ﬁf»ﬁ:ﬁp o
NIRRTl e 2L B 7 - T ) i
IR T

aEAEHTE ST (U978 vs. f(Ui0.5,1) (K7 DA (95 vs. f(u;0.25,1) (554)

CARIR TR IR (75 vs. f(u 0.1,1) (s dAREHITE [ (#75) vs. f(u;0.01 1) (HR5Y)

Mo R A R f(way,]) 5 % 2 S lA WL
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L P GED 3P f(usag, 1) 3V RO 1 55 P SR
SRS PR U (RO 2R - = il GED ) e o e
f(u a,,1) 53Rl 2ra, f"E"HT/J‘J:h fr’bﬁ’l%‘ﬁ*ﬂ”ﬂﬁ[ R 2R - “&?‘“4 i
> GED 75 [elpviEfiit f(wsa,, 1) o7 ey » (R = AR T (wa,, 1) i S
fpph= s f(usag,1) 55 FEpIEERE SuifjiRlp = (87 - (W= GED 5j e
flusa, 1) 7’F?Hﬁ ﬁzj}flﬁgjﬂg&_g' W= GED 5[ f(usa,, 1) 55 Efl[[55 Hll e
i i
GARCH-HT [V SfgeAfs{l | g™

1
Ll =Y —5[3 In(l+a, - (u/6,)*)+In 271+ 2In(D(a;™) - O(-a;*))
/ 2
+Inc; +(u—6t)2 (13)
l+a,-(u/c,)
GED (1.56 ) U(0.041 ) GED (1.393 ) U(0.085 )
0.5
0.4 -
0.4 fo.,
0.3
0.3
0.2
0.1 01 ]
T 0.5 1 15 2 _: 3

a.GED( L =1.56) (#4759 vs. f(u;0.041,1) (#5359 b.GED( L =1.393) (#f78) vs. f(u;0.065,1) (5

B= GED 4 pe f(ua,,]) 5 % & dfics el vt

M=) SR |
GARCH(L LB A 9~ HFRRIGI™ ¢ 47 Q88 7] ¢ WJomne 2y
%Fﬁ |
E(c}, |Q)=E+a-1’ +B-c.|Q,)

= o+a-E@’[Q)+B-E(o7I)

P HZ @)% (b)Y =PI HIPVE SHE T FOREEREE T O T RS AL FE D S -
f I FIF
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=0+ (a+p)-c;

= oL, =0+ (a+Pp) - o’ (14)

FIT (18 I A 9 - RV IR Hroy, 25 FFP] I S S
Erip! ffirf (rolling window) PRI = o f@%’sﬁlﬂ T = vR > R A B A |V
M P A A IR {EY (T=R+P) » I'] 1 ~R B il (5], fﬁﬁ‘ﬁﬂ
H o PR SERISY RAD S VIRPFARRERE s 1) 2 ~R+1 STHEE [l < 0 5T R+2 =iy
MEFAFAE s ') R~R + P — 1 ST il <50 57 R+P VR [FRgg fre A3

(iR R S5 1500 2 o RN P £ 250 K ¢

e 2 2 2
IFL'”#;IISOZKGN > Ogep * Our

N\

s ~ 2 2 2
IFL,E,:HTlSO} ~~Ox " Ogep ° Ownr

e 2 2 2
gt 53 1501 % Oy ~ Ogep ~ Or

1 2 3 \ 1500 1501 1502 1503
I I I

I I I I
it HII(1500 )
IR

L

v

B2 g
513 Rl
B] =

tk ~ ¢t — % 75/p] (one-step ahead prediction) # #4L % =

;\w@ﬁmW%ﬁﬁ?ﬁﬂﬁ
(= ]

A’E['[Ef' WL R AL E R RO > 2 PR Fj:ﬁl'x B 1Pk
£ [’ﬂ (unbiased measure of volatility) [UfiE! ?ﬁ@ P PRIPR Y FRE P S
Ot ) (e A A PP A R Y ORI - Awartani and Corradi (2005) $#1 EF{'}?EJ

FPED S O (MSE) o [H EBPSR T PR A EE o (T R
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#'J F”@UF |J| J/;rrgq»,ozﬁgj{'ﬁﬁ“ééﬂ#a %ﬁ%ﬁgﬁpﬂgpm :f?J £ é”leJ'Jt_lgEJ
ORTERYRE 7 - HRFE(L | Q,)=0 ~ B |9, )=] » H Hla?*%ﬂ 5t
R (b 1 ﬁ@fﬂgw f0h  On T HIFA IR GARCH(L LT

A E B I REY ¢ BV IR  E A LR (covariance
stationary) > [/ E(c;")* ~ E(c},)” ~ E(op,)” F1 ] [H‘”[q ‘Bt~ (finite constant)

SIHE I E(r - E( Q)" R R e H s g h T o
AMHEE(0,,)” ~ E(op,)? S0 2 TRk

IS 2 + 2 s 2+ 2 N2 2+ 2 5\2
EZI(G?_OQ) _(Of _Gé’t)] —E((o, _GA,t) — (o, _GB,t)) (15)

¥ E(0]" —0,,) <E(o;" —0p,)? » F7- B AR (MSE) BB
HIE - ABLE] A SSpefRpooey i i pospi A5 5] B o ) 7 EPERpT
) el (i) - g
N 2
E(r) -0},)’=E[ (i} =6]) = (o), — 07" |
=E(r’—0!") +E(c}, —0;') —2E[ (" -6." )0}, —0. ) ]
— E(I}Z _Gt2+)2 +E(62A’t _62+)2

t

AL -0 )= QL VIR, v o
”:[%[ ’ E(I’t _GB,t) :E(rt _Gt2+) +E(GB,t_Gf+ ° EI”

1 T
?Z I:(rtz - Gzzx,t )2 - (rt2 - Gé,t)z:l
t=1
—5E [(rt2 - csf\)t)2 — (1] - GZBJ )2]
=E(I't2 - 02A,t)2 - E(rt2 - Glzs,t )2
= [E(rf -0, ) +E(c},—0;") ] - [E(rf -0;") +E(op, —0;")’ }

_ 2 2+\2 2 24N\2 __ 2 2 2 2 2 2
—E(GA,t—of) —E(GB,t—Gf) —E(of—GA,t) —E(Gt+—GB,t)
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IE(0h, — ol ) ~B(oh, —07")’ <ORT  Hffh ™ || P ot 4 o
Ef' E{f@é’b@ﬁﬁ ’ ]’ﬁrh[ﬁ\ﬁﬁiﬁq E[JEUF JFU] }IIEEE,' .
(= DM
4 ¥ #5111 Diebold and Mariano (1995) 11V DM At » 57 [FIVEHEL ]
 RFSFIESTIGE 1557 R f) DM .0 i B st s i
H, E(( T Gf\,tﬂ) ( L — GzB,tH)z) =0

H E(( Ly Gi,ﬁl) ( Ly GZB,HI)Z) #0

H 1> 0 FE O o) WA RA T AR B (%[ T 5y i) DM
o AR

T-1

. § (12, =) ~(2, — ) (16)

Efl § Sl E[ﬂﬁ[rj;&@ﬁﬁ{%[%%lﬁiilﬂ@%[ lﬁﬁf—i (heteroskedasticity

and autocorrelation robust covariance estimator ; HAC) >

2

+%i Xl - B - - Sy

=1 t=R+1
[ RS Ta ey an)
H H[ > W, :l_T/(lp—l) ~ lp :0(P71/4) o

FIVE 5 ol S 07 BT 6 KRR TR  H [iEli&ﬁ'FTﬁ' ’
WL%ﬂ/riéffmp‘,;fEﬂﬁ PIOEp v ERIQ,) = nE B |Q,,) = ptd 1, fRET

BRI A PRl T PR T SRR ?Ulﬁﬁﬂiﬁ”ﬁfﬁ

-
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= - RN

75

50 ]

25 | i IIII.|_ I[Y

WG e

0.0

25 ) N

50 .

75 L L B L B 8 T T T T v T T

250 500 750 1000 1250 1500 1730 250 500 750 1000 1250 1500 1750
a. DOWJONES iﬁ&fﬁ?ﬁg’r b. S&P-500 ’%&[’%ﬁ?@(f

14.0 15

105 10

7.0 | 5

(L1 ‘| alf 1 ORR 4 PRI 1 PR LT L [ itk
35 ‘ 0 {fL ] il ‘Illl 1"y i I |
4 f K

0.0 ||\ ‘| A ' 5

35 | 10

7.0 15
105 T T LI B B L LI L L B T T T 20 TTT T LIBRLL  L BLL BL BL T

250 500 750 1000 1250 1500 1750 250 500 750 1000 1250 1500 1750
c. NASDAQ %&E?pg’r d. [ i AR €T Eﬁrﬁ

15

10 ]

5

1] _\u‘h‘\l.l [ [ OTITES .u.|..|\ Lttt

0 i | i i ikl l\ il bR T

5]

10

15 |

720 T T T T T T T ML

250 500 750 1000 1250 1500 1750
e i AR RU A T A
Bl PR LSR5 2 pERY B 7 )

LRSS ARG - S&PS00 TEfHAH - NASDAQ Bl
He [N UEER E7 S (West Texas Intermediate crude oil; WTI) ~ ] /]
FFUER E7{§7H (Brent Europe erude oil) 36 7 U /3 1 » wVRI IS S5 149K -
KBS T OGN S&PS00 WG NASDAQ W FHTNY F 4 HIR
Fit5 1999 % 8 £| 1 1% 2006 5 6 £[ 30 1+ & 1751 57 0 F 17 | WRspriiy
Bl (TET) % Yahoo Finance afffle |71 B8 [13% RO €7 f?*ﬁﬁi HifE1 S 1999
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#7515 F1E2006 5 6 71 30 [ U FURR 65 PR #1 1999 5 0
H 2 1% 2006 6 4] 30 [0 5 1751 ST PSSR (Enerey
Information Administration, EIA) + | SPVHISGH {17 2 SRV 53 i pj5€1 |
100 » EJHrt = (II’IPt —ll’lPtfl)XIOO » El H[rt ?{‘;\ E I%F‘I‘[EK , Pt?w;h rﬁt,HEJ;l/q&@
$ri O RURERLET 00+ 5 70 F PR PSR IS e

% - PARAN 2 AR

DOWJONES | S&P500 NASDAQ WTI-OIL BRENT-OIL

] 0.002646 -0.002546 -0.011122 0.075391 0.072106

v 1.118982 1.155147 1.957889 2.511006 2.404893
(] e -0.04025 0.11562** 0.18671** | -0.60518*** | -0.51445***
WERS R | 3.55324%* 2.33660*** 3.55584*** 3.89674*** 4.41290***
i 6.154722 5.574432 13.254645 12.442533 12.853403
] i -7.396143 -6.004513 | -10.168411 | -17.091786 | -19.890648
JB 920.558*** | 401.773*** | 931.595** | 1213.335** | 1496.293***

Q%(12) 583.914*** | 686.234*** | 954.131** | 109.360*** 94.569***

fgﬁﬁé} D1 EREE \T'E(J%J%W%FE 78 (Excess Kurtosis) - 2. JB 1% Jarque-Bera .V (&) Frhfi & -
3. QXI2)854 T 12 12 Liung-Box Q st ki « 4. * » #% + wsx IR 10% ~ 5%
19,1 B A%

Fom IS UL PR AREEED - [ S&PS00
I'EJ'?‘F'@?:?? NASDAQ /& I'E]'#F'IEK\’T;I/ TS IR 0 H AR T o E'Ifﬂfﬁ [Er
i1 S&PS00 Y EHFETH NASDAQ TAFHEHY FIEP LR ) 21 ERET
KL ) o ) S FEERR] ISP L SES R (TR T A 0 BT F LB AT
F{J}j@% A j:"‘)ﬂﬁ“gfﬁ FU s EVVIEE o £ o [T Jarque-Bera FIJ
EFER - 7 SR VRSB SR RS A TR 5
fﬁi (VTSRS o (1 Ljung-Box Q A EAFHEL » VST )% 7 97l
JOF IR0 AP &4 PRI GARCH f
E'gi%f’*l‘it o

F RS BNEE T FOFHRN - S&PS00 THEHHY - NASDAQ J R
BT ROERL 67 TS 7)) 980 FOR R 6T T o PJ['FLI%%E\, CH %
AL = o~ a > E’JFD'%’JEF?‘ Wi o +[§< LIy ELERERVIEET  a fy
FafEl ks 0 < a, <1 =4 EILJBELﬁj”k?IU >0 o



WEERTH > 5235 -8 AR &5
22 ARECTOES ENR T FAGIERY - xSRBS
] % | DOWJONES | S&P500 | NASDAQ | WTIOIL | BRENT-OIL
Panel A. E(r,|Q,,)=0
® ]0.033(0.003)* | 0.054(0.003)** | 0.152(0.005)*** | 1.628(0.054)*** [ 0.712(0.029)"**
GARCH-N o |0.105(0.004)* | 0.124(0.006)*** | 0.140(0.006)** | 0.117(0.008)*** | 0.091(0.004)***
B |0.872(0.003)** | 0.841(0.004)*** | 0.823(0.005)** | 0.639(0.008)** [ 0.794(0.005)**
Log-V | -2223.78 -2295.29 -3025.85 -3520.21 -3451.22
®  |0.032(0.004)** | 0.043(0.004)*** | 0.106(0.007)*** | 1.069(0.063)*** | 0.632(0.038)***
o |0.099(0.006)* | 0.111(0.006)"** | 0.124(0.006)*** | 0.082(0.010)*** | 0.076(0.017)"**
GARCH-GED|[ B [0.879(0.004)* | 0.862(0.005)** | 0.852(0.005)** | 0.754(0.010)*** | 0.819(0.013)"**
v [1.561(0.079)** | 1.532(0.062)** | 1.565(0.078)"** | 1.340(0.053)"** | 1.393(0.065)"**
Log-V | -2211.92 2281.71 -3014.10 -3482.08 -3419.62
®  |0.027(0.006)** | 0.022(0.003)** | 0.014(0.004)*** | 0.418(0.027)*** | 0.363(0.025)"**
o |0.080(0.013)"* | 0.078(0.004)** | 0.068(0.003)*** | 0.038(0.004)*** | 0.046(0.004)"**
GARCH-HT [ B [ 0.884(0.016)** | 0.891(0.004)** | 0.921(0.003)** | 0.861(0.006)*** | 0.860(0.005)***
a, | 0.041(0.008)"* | 0.046(0.007)* | 0.040(0.004)* | 0.072(0.009)"** | 0.065(0.008)*
Log-V | -2209.43 -2277.069 -2992.45 -3473.55 -3410.42
Panel B. E(r Q) = u
I 0.013(0.023) | 0.012(0.026) | 0.036(0.035) | 0.141(0.062)** |0.174(0.059)**
©  |0.034(0.004)** | 0.054(0.003)*** | 0.154(0.012)*** | 1.632(0.054)*** | 0.686(0.126)***
GARCH-N o | 0.106(0.004)*** | 0.125(0.006)*** | 0.142(0.007)*** | 0.123(0.008)*** | 0.096(0.015)***
B |0.871(0.004)** | 0.841(0.004)*** | 0.821(0.005)** | 0.633(0.009)** | 0.793(0.027)**
Log-V | -2223.61 -2295.18 -3025.43 -3517.69 -3447.09
i 0.014(0.022) | 0.018(0.024) | 0.054(0.035) |0.197(0.064)** [ 0.178(0.052)***
©  [0.032(0.003)** | 0.043(0.009)*** | 0.108(0.020)*** | 1.088(0.063)*** | 0.610(0.154)***
GARCH-GED|__®__[0.100(0.005)** | 0.112(0.016)** | 0.126(0.015)** | 0.088(0.010)*** [ 0.082(0.018)**
B |0.878(0.004)** | 0.861(0.018)** | 0.850(0.018)** | 0.745(0.010)** | 0.817(0.034)**
v [1.560(0.076)** | 1.528(0.068)** | 1.552(0.064)** | 1.318(0.053)"** | 1.386(0.061)"**
Log-V | -2211.73 -2281.44 -3013.07 -3476.51 -3414.73
i 0.011(0.023) | 0.013(0.024) | 0.050(0.036) |0.191(0.058)*** [ 0.175(0.054)**
o [0.027(0.003)** | 0.022(0.003)*** | 0.014(0.004)*** | 0.480(0.039)*** | 0.367(0.117)***
GARCH-HT | [0.081(0.004)** | 0.078(0.004)*** | 0.069(0.003)** | 0.044(0.012)** | 0.051(0.012)**
B |0.883(0.005)** | 0.891(0.004)*** | 0.920(0.003)** | 0.839(0.024)** | 0.853(0.034)"**
ap_ | 0.041(0.007)* | 0.046(0.006)* | 0.040(0.004)** | 0.073(0.010)*** | 0.066(0.009)**
Log-V | -2209.32 2276.92 -2991.53 -3468.36 -3405.75
Panel C. E(r Q) = p+o 1,
i 0.014(0.022) | 0.012(0.027) | 0.037(0.036) | 0.146(0.064)** | 0.167(0.056)"**
¢ -0.027(0.026) | -0.026(0.025) | -0.030(0.027) | -0.022(0.030) | 0.034(0.028)
GARCH-N ® | 0.034(0.007)** | 0.055(0.003)* | 0.152(0.005)™* | 1.580(0.050)"* | 0.670(0.030)"**
o | 0.106(0.014)** | 0.125(0.006)™* | 0.141(0.006)™* | 0.120(0.009)** | 0.096(0.015)"*
B | 0.871(0.015)* | 0.840(0.004)™ | 0.822(0.005)"* | 0.643(0.008)*** | 0.796(0.011)"*
Log-V 222311 2294.70 -3024.81 -3517.39 -3446.37
i 0.017(0.023) | 0.021(0.024) | 0.055(0.035) | 0.216(0.056)** | 0.173(0.057)"**
) -0.045(0.027) | -0.045(0.024) | -0.013(0.027) | -0.049(0.029)* | 0.020(0.026)
® | 0.032(0.004)** | 0.043(0.009)* | 0.108(0.006)™* | 1.014(0.059)** | 0.602(0.040)"**
GARCH-GED[™ o | 0.100(0.005)** | 0.112(0.005)** | 0.127(0.007)** | 0.083(0.009)** | 0.082(0.008)"**
B | 0.878(0.004)* | 0.861(0.010)™* | 0.850(0.006)™* | 0.761(0.009)"** | 0.818(0.007)"*
v | 1.542(0.065)* | 1.511(0.065)** | 1.557(0.034)** | 1.304(0.051)"* | 1.389(0.054)*
Log-V 2210.25 2279.97 -3012.95 -3474.62 3414.42
i 0.012(0.023) | 0.014(0.024) | 0.050(0.038) | 0.199(0.057)** | 0.173(0.056)"**
) -0.040(0.028) | -0.044(0.028) | -0.006(0.028) | -0.041(0.025) | 0.011(0.026)
® | 0.027(0.003)** | 0.022(0.003)* | 0.014(0.005)™* | 0.446(0.029)"* | 0.366(0.027)"*
GARCH-HT ™4 [ 0.080(0.004)* | 0.078(0.003)"* | 0.069(0.002)"* | 0.042(0.005)"* | 0.051(0.005)"*
B | 0.884(0.004)* | 0.892(0.005)"* | 0.920(0.002)** | 0.848(0.006)*** | 0.853(0.006)"*
a,__| 0.042(0.007)** | 0.047(0.006)** | 0.040(0.004)** | 0.075(0.009)** | 0.065(0.009)**
Log-V 2208.15 2275.50 2991.50 -3467.04 -3405.64

e 1. o] .V Wk 2t Tt (standard erron)- 2. =+~ 7. =

5% 1% S <1t o 3. Log-V F7 Ml e -

10% ~
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= J)ItI] Gaussian GARCH ~ GARCH-GED » GARCH-HT = ﬁ%ﬁfﬂﬁ
F [7%27.[: JEIEH] 250 EvR| V#5874 EEE (mean squared error ; MSE) o AfifN 8
i T RIP fﬁ@ﬂﬁ:@,ﬂ%tm » FEEYR F"}'HI » GARCH-GED 5 FJ==
GARCH-HT f8L %[5 ?i%ﬁ | % Gaussian GARCH fL%[ » £ f[1< ][]
GARCH-HT A E|AvIS % o[ > ISR I - Spusging) o el 385!
GARCH-HT #7] 5 F [fib ] sty s -

%= LA A IERI2 395 324 (MSE)

] cm(1) cm(2) cm(3)
N 0.40718 0.40663 0.40635
DOWJONES GED 0.40607 0.40544 0.40502
HT 0.39630 0.39584 0.39514

N 0.43955 0.43837 0.43721
S&P500 GED 0.43953 0.43810 0.43673
HT 0.43509 0.43405 0.43290
N 1.02409 1.02046 1.01985
NASDAQ GED 1.02318 1.01927 1.01896
HT 1.02124 1.01789 1.01755
N 37.63655 37.64126 37.52331
WTI-OIL GED 36.37836 36.48057 36.33888
HT 33.89892 33.89844 33.88217
N 28.88645 28.98035 29.00614
BRENT-OIL GED 28.64463 28.74347 28.75660
HT 27.15109 27.22478 27.22649

fifgE - om(1)~ om(2)~ em(3) il 1 LB A VBT I E(rlQ,, ) = 0~ E@]Q,) =p »
ErQ ) =putdr,

Inoue and Kilian (2005) ;‘FIL", S IR B HEEE (MSE) (B R
AL IRY g R F’,iylﬁ%gﬁi L g L SN i ERE A R Jﬁﬁ 3T
CRESWERES S L WA IBL B R TR R mﬁ R e ﬁjﬁ—”ﬂ (MR EE DM
B A0 LU TFOHISENE 12 o DM A5 R 2 e
R T TR F*[H' > GARCH-GED 5 #[=* GARCH-HT #8157 7+ [Fil %
[ Haglot A =0 @%m o SRR P S PR ) fBFH Gaussian
GARCH {81  [FIBRj=IHL % <4 1%Y GARCH-HT % GARCH-GED
FAEIAF - GARCH-HT MBI 5 1/ HIEH GARCH-GED HLE] - i3t
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sl FL b

FleE g AR E ST

%ﬁ&iﬁﬁ%ﬁ;?[ » DM i ik 5 & fﬁ 2UE | LO% VR, 7<YE S R FE U
FETIE] j?F‘P IFi i J\{*?ﬂ& 5%/
Fr  DMig T E
L cm(1) cm(2) cm(3)
N vs.GED 1.26738 1.33997* 1.42338*
DOWJONES N vs. HT 1.61319* 1.58437* 1.57535*
GEDvs. HT 1.62693* 1.58656* 1.55775*
N vs. GED 0.02214 0.51778 0.92421
S&P500 N vs. HT 0.95481 0.92219 0.89831
GEDvs. HT 1.04167 0.93747 0.86024
N vs. GED 0.72536 0.95385 0.70179
NASDAQ N vs. HT 0.44979 0.39646 0.35337
GEDvs. HT 0.36849 0.25362 0.26195
N vs.GED 2.88933*** 2.62666*** 2.71654***
WTI-OIL N vs. HT 2.46766*** 2.37568*** 2.33707**
GEDvs. HT 2.17700** 2.15652** 2.06908**
N vs.GED 3.21354*** 3.41211*** 3.48575***
BRENT-OIL N vs. HT 2.28060** 2.29968** 2.32231**
GEDvs. HT 2.04768** 2.07784** 2.08898**
MifE o1, £ A D DM Gl t ARGl - 2. DM Al s R oy {8 B 51 ¢ I?F‘UF
3. IV (F7) tARFREN A i HARE] B (F) FEFELE] - 477 ***fH ? 2! 10%
5% ~ 1%V B <% < 5. cm(1) ~ cm(2) - Cm(3)?*5~ PR SR A= VT

E(r|Q_)=0

Brailsford and Faff (1996) jcﬁltif%i?ma

=3 IFFISFHEH}’\F:T}VS‘Ef g5t (AL

fﬂ f JTEHTWE““ (B8

= o
Hm IR

Er|Q ) =u

BIFHREH T [IF
7 AR R r% BT i
Hnﬁ[t 27 (mean absolute error ; MAE) [‘PE‘* ]F‘ﬁ‘* K
Bep e AT D e P RIEFE T SR A ‘%L* ’
(MAE) ri*f?fﬁ**lﬁ II’J\J’"E’TE'F’% FE_*’ Fo LRIV E

TR R P RO (R o 2 A -

N E(r[|Q[.1) = H+¢ r1—1 °

F ﬁ 'lfjﬁjf};ﬂﬁ,ﬁ_:':“ (loss function)
[?‘ﬁﬂi p3EE TV LAy > o [T ;j
P R

F - A SRS
pBEIEA SR

F'J N4
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5 BC B R PSR T 98 384 (MAE)

% 3
L] cm(1) cm(2) cm(3)

N 0.43285 0.43228 0.43217
DOWJONES GED 0.43132 0.43060 0.43044
HT 0.40131 0.40067 0.39930
N 0.45195 0.45133 0.45094
S&P500 GED 0.45160 0.45073 0.45027
HT 0.43543 0.43488 0.43391
N 0.65578 0.65440 0.65428
NASDAQ GED 0.65441 0.65281 0.65272
HT 0.64174 0.64063 0.64068
N 4.68203 4.68978 4.67199
WTI-OIL GED 446713 4.48404 4.46505
HT 3.68041 3.66777 3.65780
N 4.10081 4.10876 4.11052
BRENT-OIL GED 4.07449 4.08148 4.08216
HT 3.59446 3.60594 3.60490

Wﬁ;lt s em(1) ~ em(2) ~ em(3) & [ fF T SR A D ?"J&ﬁ? HIEE E(r|Q,)=0 -

EQ ) =p » E@lQ ) =p+dr,

%7 A5 B B {8 20 & AR A eH IR p3E 2 34 (MSE) ~ L 353 ¥:%- 4 (MAE)
TR cm(1) cm(2) cm(3) OBS
N 0.31999 [0.40942] | 0.31951 [0.40885] | 0.31955 [0.40879]
DOWJONES | GED | 0.31857 [0.40783] | 0.31798 [0.40710] | 0.31791 [0.40700] | 248
HT | 0.30589 [0.37714] | 0.30546 [0.37650] | 0.30492 [0.37514]
N 0.38914 [0.43929] | 0.38835[0.43872] | 0.38763 [0.43840]
S&P500 GED | 0.38886 [0.43890] | 0.38787 [0.43809] | 0.38698 [0.43770] | 249
HT | 0.38240[0.42239] | 0.38169 [0.42188] | 0.38093 [0.42097]
N | 0.86167 [0.63255] | 0.85915[0.63126] | 0.85871 [0.63115]
NASDAQ GED | 0.86036 [0.63115] | 0.85762 [0.62963] | 0.85735 [0.62955] | 249
HT | 0.85568 [0.61821] | 0.85329[0.61717] | 0.85298 [0.61722]
N 28.11130 28.18414 28.02227
[4.43946] [4.44835] [4.42975]
o [om | mgmm | mars | meme |
HT 23.06784 23.06217 23.02339
[3.41174] [3.39893] [3.38858]

f

FIFE 1. OBS Ao RSy e LV W 1 (HE 2. om(1) ~ om(2) - em(3)A: e[ 1445

WAV RETIBECQ, ) =0~ ErlQ,) =1~ B@lQ, ) =ptd 1, o3 i

[ SR PR e > SR 91T T it

=i
FRESS

(MAE) -



66

WEERTH > 5235 -8 AR &5

[0 R P A [ - R 2R G ET - 2] SIS P
?E[JHFJWF [ PR BT 2 SRR 9 250 AT ISPV R
IS R OB AT S EOPTRT R (R T R ISR
?“?7{5‘  MSE » MAE - i 5[ o 2 ﬂﬁfﬁfﬁ FUIE > EERP IR R
PRI I e e R T IR SRS 1 MSE (MAE) $5 R
PR Z (BT NEFE 2 (PRI E LA is‘é? el e
B o

F= BrEAEE S 2 DM e T E
R cm(1) cm(2) cm(3)

N vs.GED 1.73590** 1.85261** 1.89642**

DOWJONES N vs. HT 2.22497** 2.19236** 2.18981**
GEDvs. HT 2.24506** 2.19497** 2.17830**

N vs.GED 0.56558 1.02758 1.32179*

S&P500 N vs. HT 1.64725** 1.63229* 1.60259*
GEDvs. HT 1.70975** 1.63129* 1.55939*

N vs.GED 1.08599 1.26085 1.14252

NASDAQ N vs. HT 1.08549 1.04525 1.02754

GEDvs. HT 1.04447 0.95048 0.96718
N vs.GED 4.80443*** 4.78142*** 4.83581***
WTI-OIL N vs. HT 4.16283*** 4.11166*** 4.04232***
GEDvs. HT 3.69648*** 3.68391*** 3.56678***

Bifs 1. 4 ) DM LD Al - 2. DM Al e n@%ﬁ‘[ LT S F A E"J;E?EIJE“’
B0 (1) URFHEI A B BRI () BT HILEL - 4.7~ - 3R 5 10% -
5% ~ 1%V 8 <% - 5. cm(1) ~ cm(2) ~ cm(3)?&%~ [";fﬁfi'\ g AR l/%iu Il E%

E(r2,)=0 - EGIQ,)=p - EGIQ,) =p+,

PR £ RS FERIRIR ST DM A SER R
o A IR GARCH-GED 15[ GARCH-HT #1517 T [l (51 45
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=710 WiEy 20 B v &l 0 GARCH-GED A5
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WIf= 141 5 B4 Gaussian GARCH 1% - GARCH-HT A5 [IREF 4"
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[EVEREIAE RS~ IR © GARCH-HT BLE[RIS!
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Panel A. 10 = #3#4 91 5]

E(r|Q,,)=0
DM-15 3t DOWJONES S&P500 NASDAQ WTI-OIL BRENT-OIL
N vs. GED 3.19134** 2.40473** 1.64100* 5.24030*** 4.71232***
N vs. HT 3.92880*** 3.93160"** 2.04332** 6.23593"** 4.50903***
GEDvs. HT 3.98308*** 3.95889*** 2.08518™* 6.32333"** 4.48129***
MSEn 0.42176 0.37443 0.81838 40.41609 29.56312
MSEcep 0.42157 0.37437 0.81831 40.25440 29.51161
MSEnt 0.41947 0.37312 0.81771 39.71129 29.13513
E|Q,)=u
DM-15 <& DOWJONES S&P500 NASDAQ WTI-OIL BRENT-OIL
N vs. GED 3.20730** 2.39788*** 1.57568* 5.16287*** 4.81668***
N vs. HT 3.90863*** 3.89284*** 2.00779** 6.23646™** 4.61961***
GEDvs. HT 3.96018*** 3.91976*** 2.05864** 6.33652*** 4.59704***
MSEn 0.42108 0.37330 0.81538 40.51522 29.69121
MSEcep 0.42089 0.37324 0.81531 40.35392 29.63875
MSEnr 0.41880 0.37200 0.81468 39.73634 29.18944
Er|Q,)=ptdr,
DM-f5 <t DOWJONES S&P500 NASDAQ WTI-OIL BRENT-OIL
N vs.GED 3.31726** 2.55189*** 1.58557* 5.20568*** 4.83671***
N vs. HT 3.90895*** 3.80937*** 1.99332** 6.19464*** 4.62303***
GEDvs. HT 3.94978*** 3.82037*** 2.04119* 6.27922*** 4.59879***
MSEn 0.42025 0.37136 0.81464 40.36824 29.69474
MSEgep 0.42004 0.37130 0.81457 40.20310 29.64252
MSEnr 0.41787 0.37007 0.81395 39.60888 29.19359




68

WEERTH > 5235 -8 AR &5

3~

£ R H AR A HIRR 2

DM # % %2t £ 2 355 3.4 (MSE) (%)

Panel B. 20 8918 % f]ﬁ"-;’]iﬁ[]
E(r/Q2,)=0
DM & DOWJONES S&P500 NASDAQ WTI-OIL BRENT-OIL
N vs. GED 4.73865*** 2.06936** 1.78950** 7.55657*** 6.03186***
N vs. HT 5.57585*** 4.18372** 2.24989** 7.32894*** 5.60395***
GEDvs. HT 5.63698*** 4.26136*** 2.28430** 7.25640%** 5.54744***
MSEn 0.45495 0.48226 1.09664 40.93066 30.44227
MSEgep 0.45468 0.48220 1.09659 40.83295 30.37841
MSEnT 0.45144 0.48062 1.09596 40.23385 29.91738
E(rt |Qt-l) =u
DM-fgi - DOWJONES S&P500 NASDAQ WTI-OIL BRENT-OIL
N vs. GED 4.76271*** 2.02014** 1.64677** 7.64723*** 6.07866***
N vs. HT 5.58419*** 4.16407** 2.25314** 7.33768*** 5.73450***
GEDvs. HT 5.64297*** 4.24796*** 2.30931** 7.26968*** 5.69629***
MSEn 0.45505 0.48154 1.09456 41.02441 30.56352
MSEgep 0.45478 0.48149 1.09451 40.92084 30.49804
MSEnT 0.45153 0.47992 1.09385 40.24366 29.93745
Er|Q. ) =p+dr,,
DM-fi DOWJONES | S&P500 NASDAQ WTI-OIL | BRENT-OIL
N vs. GED 4.85702*** 2.19449** 1.69057** 7.61224*** 6.09295***
N vs. HT 5.61476*** 4.12474*** 2.24133** 7.31411%** 5.73531***
GED vs. HT 5.66941*** 4.19363*** 2.29184** 7.24069*** 5.69575***
MSEn 0.45511 0.47999 1.09412 40.93723 30.56199
MSEgep 0.45481 0.47993 1.09407 40.83280 30.49678
MSEnT 0.45142 0.47834 1.09341 40.17504 29.93696

Jie3. 11 (Ffj)
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Comparison of the Volatility-Predicting
Ability between Heavy-Tailed GARCH
Models

MiNG-CHin LEE, Jui-CHeng HUNG, Hung-CHun LIU”

ABSTRACT

In this paper, Gaussian GARCH, GARCH-GED, and GARCH-HT (Politis, 2004) models are used to discuss
the relative out-of-sample volatility predicting ability when the distribution of returns exhibits leptokurtic and
fat-tailed.

Empirical findings indicate that the relative out-of-sample volatility predicting ability of GARCH-GED
model and GARCH-HT model are both superior to Gaussian GARCH model while GARCH-HT model performs
better than GARCH-GED model under alternative conditional mean specifications. The performance ranking
among these three models remains constant when using the mean absolute error (MAE) as the loss function.
After removing outliers, except for Brent Europe, we found that both MSE and MAE have dropped
substantially for all models and all conditional mean specifications. Meanwhile, the DM statistics show that the
relative predictive ability is consistent with the result before removing outliers. Particularly, outliers certainly
confound the relatively predictive performance.

To sum up, this paper adopts rolling-window scheme to further examine out-of-sample volatility predicting
ability among Gaussian GARCH, GARCH-GED and GARCH-HT models. In comparison with GED distribution,
HT distribution reveals its predominance when returns exhibit leptokurtic and fat-tailed. Moreover, it is more
appropriate to use DM test to demonstrate the relative out-of-sample volatility predicting ability among these
three GARCH(1,1) models.

Key Words: GARCH - Fat-Tailed - Volatility predicting
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