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An Endogenous Regime Switching Model
for Realized Volatility *

Sejung Kim T Heejoon Han?

Abstract This paper introduces and analyzes a new model for realized volatil-
ity that accommodates endogenous regime switching. The model is based on the
heterogeneous autoregressive model and allows for two-state regime switching.
Importantly, a current shock to the realized volatility affects the regime switching
in the next period. We apply the model to the realized volatility of the daily S&P
500 Index return series. The estimation result shows that the short-term volatility
component is the most influential in the high volatility regime while the long-
term volatility component is dominant in the low volatility regime. Moreover,
the model significantly outperforms existing models in within-sample fitting.
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Abstract

2 =22 ag AAIEY Ad HEAd-E A9ty Ao HAE = Hgt
& EQT Aze BYE APl 45t ot BY L
(hetorogenous autoregressive) -2 7|HFO & St T =TH(two-state) g &

Foltt. ZolA 7 S B2 A 719 A Mgl tidt S40]

w 7 = Ao g Al WA = dE 725 EAT Holt
= 2 ¢dH S&P 500 2|4 g A HsAdol A8t 2 MEA
o] 2 oAM= @] MEA alo] thg 7] WE el AuiA ] FFS
1] 2] = W H-gAdo] W qo A= 7] Mg aqlo] Al 9=
A E Aoz e B WA S dghs el W VIE RS
o vls) EE717H W g Hol FofstA /N s e A= UEbdTh
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74 WA =0 A o] 87 AR WA =

ofl

=8 Aol W54 (volatility)2 2] A F (risk)of] thet 574 2B =2 AMH-E
= 9Jo] 38 71 THE 9 A4 71 A A A (asset pricing), 2] A~ 2] (risk manage-
ment), AH4F Bl E(portfolio allocation) 5-2] OJA} A A of] ZQ SF JFS 7|2 =
202 ool glek. ufehd MEAL B/l 25 et AAD BYSo] @
ot A= o] ghom, 22008 MA 89171 ol F a8 AT 4%
Hato| w2 A A 9] IAE Aem B Ao T87d0] Haljx]aL §l
F7t FolEolu g WIS E 5 a8 AlAIE Y Al (time-varying) ¥1-57d 8
=0 B7Fso)7| WfFof dutA o 2 Z A Bk (conditional variance)-& ©]
235 GARCH JEj9] 23 E= SH5 -5 A(stochastic volatility) =& 52]
-z (structural form) R g2 0]-&5}o] FA 4 of| =5}o] gt

FZ 20008 ] E0]A+= 1HIE d|o] B (high-frequency data)2] 2H-g-0] 7}
SR HA o] & o]&ote] WSE ] = AA s E FHcte d+E0l
s A . o & 5©] Andersen et al. (2003)2} Barndorff-Nielsen and Shep-
hard (2002) 52 A ¥-5J<l 1’4]?‘?} A= F4FZ Alsotes ot Ad
-5 A (realized volatility) = zﬂ J 2| 5L AA 5. o]9} SHA Ad HEA o

o|H & 214 o83t 24 GARCH °3EHJ T2 R ApEstE = S5y
(reduced form) HEA R So] AL 9J=d), Corsi (2009)2] o] A=A Z}
7]13]# R & (heterogeneous autoregressive model, HAR &) 11 o2 & 4~

AUTH.

A5/ Il ol A= Dingetal. (1993) 5l oJal| 5§ Al A 2] ¥574
o] 471 7] 9 (long memory) §/d= 7FA] = A <44 (persistent) 91 A A E o] &
2] 24 2F11, Banerjee and Urga (2005)0] 7] &5} 50] o]2]3t HEA 2 =2 #]
442 Aot = d+7F 6] 8 E o] Ith. Andersen et al. (2003)0] A
A H5A] o] d o] ARFIMA (Autoregressive Fractionally Integrated Moving
Average) &2 0]-835F o]+ ARFIMA 20| #7| 7] EAS AHe 4
%7 HlZo] Ut T2 ARFIMA R &2 F=7g o] H| 4] EZ‘OPE 73 A8 0”4
SfAo] HEmok] o2 @ o] =T, olofl et ek 2 A|A[H HAR 23
S Miieller et al. (1997)2] o] &2 A%} 714 (heterogeneous market hypothesis)
of st FEAA}F £ ofl4S 7hs oA st ER @ttt AY X
7IA B2 HAaas & o] gt A FAS 4 = 540l AT

HAR & 82 o] & FHoct F7] 719 EA4 Tt A5 5
Aog dejx] Q7] ol 48 HEAHe HAH} oS
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0]= Corsi et al. (2008) 5-o] g5l v}2} ZHo] HAR R.§) 2] ZFx}sH(residual) o
A7 A} P (autocorrelation) T= M54 78 (volatility clustering) @AFo] W=
wo] Tedt HAR RaRto 2 Ad M54 AAde SH6] A¥elt o
FZ9bo] k= Aol g F7] wZoltt. o] 2jgh o] f-= X< Andersen et al.
(2007), Liu and Maheu (2008), McAleer and Medeiros (2008), Pypko (2015),
Wang et al. (2016) 52 HAR 2 of H|AFA, H I (jump), +Z HS}(struc-
tural break), <~Z% 2-2 ©]3Y $h=(smooth transition function)E- ©]-8¢F =™ A
2H(regime switching) 5= At R 5= YHAIA ).

olzigh metol A B A7t Are A8 WA Rdg Agteln 24a
Lo, o} FA% 22 22 Chang et al. (2016)9] oJa) 278 WAA 2w
7%} ¢ (endogenous regime switching model)-2 HAR 2ol Agst Ao 2
YR = Welo] el HAR BRo] A4-So] FRHR the he 714
Sttt 71£9] npa . M3t 2 (Markov regime switching model)of] A= A E
¥ 2>(state variable)7} 7] 2] A]A| < (underlying time series)¥} =32 o2 ZAH

+ A7} 9= FHH, Chang et al. (2016)2] WA = H A 32 o] &
wgkstel kg 71o] Al W47 @A) 710] 714 Aol ols) dere W
% 5} E7o] girk. & @70 222 H 02 T Ae(wo-state)9] F
o] o] 2ol 7= HAR B3 24 5te] ol 2lgh B3] o] A H5A
2] AR ES AAT 4 Q] AR Holdt.

B Ee A5 EA014 98 seP 500 A4 o8] 48 WE
51,2006 1€ 3UFE 20159 129 31 47kA] o] A A 22 7|7H
717 A 2] 2010 19 44X € 2015 129 314712 2] 51 &
Vst Qo BYP] =4 A F MY & S WEdo] =1
FHERE o3 7] HEAde) 7Y 27 9FE nA= a81E0] Aol
g th= Folth &, W/l =2 A HolA= U(day) T2l ©7]
fglo] o3 7] HE gl AujA ¢l FF= n|x]AL, fEAdo] ¥ =
F(week) T+= € (month) 19| F71e} 7] HF5/4 2Q150] A|H|A Q]
= U A= Ao Ueth o| 4 2t s 2 w@r]et 7] Fs/d 8¢l
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Error) £416+9} QLIKE £&A15HEE 0]8-519) 11 Diebold-Mariano(1995)2}
West(1996)2] 7-& AlYste] A4 7 2pol 9] o4& AAsHAE &
5] = 2] YA 5185k Y= 7ol Hlol o] & o8& o 2717
o e eo] golaiA AAE S Kol gt ol vl 2 Hehg Al
W5 o] A8t B mo] 484 dFsH Sl

g e b} Zo] 4] ole. 2404 RAE alehn 24
& Astol S AL AF R A dolel, BY| 33 AT 12
3R] ARMd Bt AyE HAlghth T8 4ol A ] A2 A
gttt

F

-] o

2.1, Li42 2B W HAR 23

2 o] 4 Aotsta BASHE BHS HAR Bado] e T A8 7
Z:% °P°4 271219 Alg-Eo] AJH Wl wet destes oF A4
='H 712 HAR 2 % (Endogenous Regime Switching HAR Model, ©]|5} ERS-
HAR EOé)O]E’r AolA = o] P& ol Bt FAsHA Msde F
Aatal, s 5ol e FAAA AT AdAE ] A4S A E 1zt
Sttt 241 ERS- HAR 28S AUt 3, Yo = 712 LA @ AQTHAR &
A7} g Fe 1e B ol ofa) ZH7H AWl E 2 ol 2lch 2 B A Ao A
RV & 27} S0l goln} 08 WiE %—T}% A G 2] A(daily) A B
=48 Jepdt}. T35k RV J,]- RV % Z+7y 2218 (weekly) 2} € (monthly)
“ﬁ‘?ﬂ%"éé LR, ohat ol o ﬁ% HE/ T Ao 2 ALt
e,

w 1
RV = SRV RV 4 RV,
55 RV RV 4+ RV,
Ag W5 A =42 95 ERS-HAR 3 9] 7| 229l 12 t}-ea} 7t}

logRV,(d) =c(s;)+Balst) logRth] + B (s:) logRVt(_Wl + B (s¢) logRVt(_ml) +ou,
(1

()= ((2) (2 2))



AAA, etslE 77
S[ == I(Wt 2 T), (3)
Wiyl = OOWr + Viy 1, 4)

ac[—1,1],v, ~iid(0,1).

ERS-HAR 2 -2 2] (Do|A] & 4 IR0l A= theE TV A HEAHES
o] &3t A9 3] 2§l HARR S-S 7|8Fo 2 5111 QIth ERS-HAR 232
HAR R5jof] 5 e L2 E o]-§ote] Alg= (c(s:), Balst), Bu(s:), Bu(si))
o] Zyz} e} W4 s, 7F0 &2 19] 32 71l ol whet 5 = (two-state) of A
2 == 7= FHolth o] off AH W 5= A (3) Zo] A W
(latent variable) w; 2] Zrol et A =t = = (two-state) -2 7} 519
AH H47E09] gh2 7HE o s Ado] W = e al 19 gh2 e o '
Fol w2 FHo s A S sk Qlek. A Ha= A (e Eol 12} 2] 3]
(AR(1)) IS T == A F 4w, 2F S 2] 4=F(threshold) Tof| 2o A =] +=
Z|A] §H4=(indicator function)= 7 2] = t}. o] o ERS-HAR R of| A t+1 A]H
O A W49l @A} v t AL TS A A Q] @A u o] ATEA
(correlation) & 7} &5 Sf= Zlo] E4QIH], o= v 7] 7 H-& dA 719
71 2] A A E (underlying time series)2] $t2 A 2]5lo] YA A o2 AAH &
£ 3t Aotk &, @A 9 Ad ¥sAdol thet T2 o] nl= 2] A= ¥4 24
FFS U|A wHo| Hop A4 A o 7 A E L= oF Zo|t}. 3 Hof 4] HAR
Pt YA = et Bgof tiof 2pe| = Aot 2 Aol A Al
o] A 4 o] tisto] =olst = st

H

Q.

21.1 HARRZH

F7} ol &0 <4 g4 74 (continuous diffusion process)E WS o, A}
Aro) 271744 p(1) th&7 2ol LEha 4 I,

dp(t) = u(t)dt+o(t)dw(t).
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o] 4% o(r)= 47t ¥-5A(instantaneous volatility)o] ™ Y (day)2] 22
H 5 A (integrated volatility)-2 4] (5)9} Zro] A o] = .

A :/tloz(w)dw. (5)
i
Andersen et al. (2003)2 T X =& H]

2l =(intraday) 52 & 2] Al 52 ¢o 2 Ho|x]= Ald HAK(realized variance)
o] 41 s o] djgh LA 2ol Be Rtk Talu A FIATE L
(market microstructure noise)©] EA & Aol = o] gt A H HEA =4 2|9
H 9|7} ¥rAISHA| =]+=d|, Barndorff-Nielsen et al. (2008)-2 o}l o} Zro] #] o] &
L A% A (realized kemel)o] A% WAl 72 2] theko] 77 (robust)3t
Z& B

I (sampling frequency)”} =O}2]H

H h n
RK, = Zh:—HK(TH)Yh’ V= Xt T

714 K(-)i= Parzen 71'd eolH rji= 1A O] jRIA AHIE 0]F0]

oH

olef g 4@ HAL AW A 5O chord 4@ MEA FAAEL ASA
(persistence)o] 751 LFebLH= 710 8 9ol 4] QL= HAR R g2 54147
A g o] AAo] FEste] olejdt B HBFITE FHAFE] FAES
o] M2 thE Ad) 718 72 7] el 27 b2 MBA 248 T4
FIThE 49 o 4 A% 7Hd (Miceller etal., 1997)0] Ak} Adf FA1 52

&), 719 A7) AR FAZITE 09 e 77t BHR e 7helA o1,
AFY, gt Z& 1A5E 4 ek JHAR B @2 olge} o] A 712 T
A HEAHY o] 711 7)) gEol Haixl 27157 Fele A Hed=
=Rt

d)

RV =+ DRV + IRV 4+ BRY™ 1 g,

'Bandwidth H 2] A&} 5 ZA|3t AHE-S 915 4= Barndorff-Nielsen et al. (2009)3} Heber
et al. (2009)2 &z 5}7] vlict,

2 HAR 2g 9] o =8 Ay} FEGton] o] Fxo] gigh =0k 2T Eof F7sia
?)t}. Craioveanu and Hillebrand (2012)= 3 @9, 9 @9 HH HEA S Z7|e A7) HE
d 848 RE3ole Aol o|2F 0w A7R o et A-E X353l 1!, Hwang and Shin
(2014)2 ThE A2} 25 112t HAR B@E0] B2 U A3 22 & 4 58S 5
THE H3tA 7| 2] Rtthe 2 ES S &S



£ Re B AT s B2 QWS AeASNL A8T 4 7] R
ol 2ol ] W) MEA L] A7) 7o) S AT 5 9 o Zol
ol Ao 2 dajA 9lth 29|, Deo et al. (2006)2}+ Martens et al. (2004)
5ol oJsff 2t A4 -5 Hapo] 2 Fe FHIE AMEohs Aol REd
THNA F-&sthal I A it 1 ol = 2A, Ad HE ol 21HeS
A2 o Aol ZASHA Eof EEA AAYE Bd ol H 2gst
o= Holi, &4, 211 JE|9] Ha-E eotle A5 58t HEA ghol
O] ZFh(positive value)Z 7} of tth= A2 F7HH o= 71 Q7 ¢l
o= Holth. whebA 2 AFo A= o33t Zo] =1 H2hS F3t HAR 23
FHE A ()=} Zo] BP Ao AF-&-5tT

logRVt(d> —c+ B logRVt(_d% +p ™) logRVt(_wl) +pm 1ogRVt(_m]) +uy.

212 YAH I HEg Y

WEE ] = dE "7 iEE E A| Ql(Markov chain)& TH2= =
8+ -2 Goldfeld and Quandt (1973)of 2]3]] A7|= ©]<, Hamilton (1989)
of o) A A o] 12} nf= I A (first order Markov process)-& T2 =
AE|HTE ASsH oA T A3t 2§ (Markov Regime Switching model, MRS)
o] WA &1 11, Kim (1994)0] AFel 3-7F 2 3 (State-Space model)2] 7]'d-& ©|
Lol Y- -2 UHtStelY ot Hamilton and Susmel (1994), Hamilton and
Gang (1996), Gray (1996) -5of| o|5to] =1 At 1527} Hs /gt Tt o
Toll &= EretA A8 = U

AHrA o 2 wo] ARG EE F JH (s, =0,1) = AR L2 FA|o] &
it =%, AR F7|e I F 7] 5 AdEtE = A S-S AH "B o8-S
W ol 9HG5HA H =, o] e F ATH = gk 2o o] o] 2-E(transition
probability)2 p =P(s; =0[s;—1 =0), g =P(s;, = 1|5,y = 1)} Zo] EHAH 1,
o] 113 o] H o] Y H(transition matrix)> 2 &7l BRe} Zro] o33} At}
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W 5, 7F nfF I A ¢l(Markov chain)2 WhEo 24 022 A
= 5100 YefATE GRS T, 71H AAIGT = SHACR
Sttt ‘52 A (homogeneous)©] 17 A Al A (stationary) Q] Hf 5 IT

H (s,)7F 12] Ho|PE = s A E 4 A,
A S BV AE S pet g T B s WESH B Hrgd 4

T A M) A1 FA S WG] el =¥ Agho] 714
Ay A (exogenous) 0. = A== A2
ol2fgt FAHS 5517 g Al
| ‘143 2 (endogenous)’ 1 =H
gk By 5ol A=t Kim et al. (2008)9] 4= 5H-s Y22 G.id)E o
2= A A 1 7] dAe ARt IS AAE L] AR 7] 4k} 7He]
X A]MEA) 2 9] (contemporaneous) AFEF PAIS 51851t} 212 479 Chang
etal. (2016)2] = A 232 Kim et al. (2008)9] RS B2 BHAAI 7] A
o=, E " s E A Q) A () Zol 12 A7 3] B2 T2 JHAY
A%7 7] SEnTh 2 o) 19 e AAAES Helsterk. of w) A s
Ol t +1719] At BE A A AA 719 15} 7He] FHBAE p
ohe B2 1 abe) 94 1710 $20] $4H 02 AW 4+ Es 7
diggto 24, @] FA o] n o] e HA Aol Tojsto] aiHo] Kot
A4 A o 2 AA L2 519t Kim et al. (2008)2] R & 7} Chang et al. (2016)
o] 1 o] AFA|gE 2fo]d of] tilj A= Chang et al. (2016)9] 2.1 & Z=5}7]
ufeict.
Chang et al. (2016)°] W{AJ A = Mg oA AR(1)S T2+ 22| ¥
T (W) & A7 8] Al o= B o] i o] drput 2| &2 0 2 AR =THE
529 4 oA Bk a glo] 245 2o ek o) A&HE elslelw, o
B AL a =121 @9 (unit root)S 7FA] = H| A A& (nonstationary) Q1 73
7k 1S 4= 917 S5HSITE Chang et al. (2016)2] 25 9] 79 ®o 4}
A A A5 FESH= Ao] 71estER w5 Ve s &
470] 9lck. Chang et al. (2016)2] UPY= Z g
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29572 o 83 LHHR ;
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= Aol A WA = Hek By o] 24 W& A&ctes sHAlth

I

22. 28 LY

HEQ) ol n A8 Ree) F4L 2e e (Kalman filens} 22
A7 R A2 Gzl 7| b HE el S o] 92
2 ARttt 2] Bauwens et al. (2010) 5of 2]3] H|o] 2]t 37 (Bayesian
estimation) W2 ©o]-8¢ =1 Mg HYP o FAH L o] Fo2|il glon}, E =
20l A= Chang et al. (2016)& whe} |42 0]-8-6}o] ERS-HAR 2 5-&
2452 st £ mge] 2L A RH0 = 4] () 2 2ol (i, vii1)°l
74 (normality) & BHEA|Z1TH= 714 Shof] 29242 A5}, BEHA
o= JE 0] RA Y& W str] Yol A H vhE 242k  Ef(modified
Markov switching filter) (Chang et al., 2016)& ©]-&5}o] 271 =3 (log
likelihood function)E T 23t} Chang et al. (2016)2] W{AA = 23 15
oA E4gt 7921 p =0 2l 492 AelshaLt 5, 7} ukE HolS w2 A
orol MEZ ol ufA T A3}t I e (Markov switching filter) S AF-83t 4 o] &
7Vsslr] wizel A viE X Mg WEE o] &3ttt 7[E nfAx A%
oA AHEEH nrEx Aet e ot npztrt2| = of| S(prediction) v} 7841
(updating) o] = @A & WHestH 271 L E9tp-E | 3lst= 2| siE ALt
S & ot B o] FA4of ¥Rt Bk ZpARE ARt Chang et al. (2016)E
Zkarst7] vt

s
s
H

=]

[t

ol

ﬂH

3. 4

oIN
iz

=
—

3.1. §|0|E 2 2 23

= T O o

H Ao A AFESH Ho]E]= Oxford Man Institute Realized libraryof| A
A S&P 500 A& 79 (realized kernel)©]t}. Realized library o] A]
A% 8B4 2AAE F A9 AL 2ol A Adazo] A% v
K72 345l dato] 275 R AT F3Folch EE(samplerS 2006
| 14 3¢ - 2015 129 314 9] AA| BE2717H2,5109) 7} =5-8917] 717+
Al 2]et 2010 1€ 44 - 2015 12 314 9] 619 EE7]7H1,5109)= 21
Skt 19 (D)2 AA| 2271708 =15 FSH A AdT o] 9 A7) /g
St (autocorrelation function) & LERH Z ot 19 (1)9] &= g S Af
H 2 =204 13ste AR A e ¥ dFEolA d2i3l el 2o

w Mr e e



A7k 220] Hol A= 27| Aol £ol5HA otsli: 7] 719 542 A
2 3415 % giet.

1: A3 HEA AA S A7t

log S&P 500 realized kernel Sample Autocorrelation Function

o
3

o
=)

o
~

FoLULLLL L EIEEEEEE L L

2 5
=
===
Sample Autocorrelation
1)
i

| R . |
2006 2008 2010 2012 2014 2016 0 20 40 60 80 100

Notes: §1Z&90] 7182 A o] AL&3E U S&P 500 A4 4=2&2] A 7 (realized kernel)
ol 215 A3 AADS etk ER7]7HE 20064 19 3 - 2015 129 3122] A7
ERQ.510 0b9)T AEH] ML 02 A5alelE 4 917 7178 Alele 20104 1914
2 -20159¢ 12 314 9] 519 EE(1,510 obs)2 1 H3}HL @ 2& I3 2 IE FHot Ad

71'd o] A7) gttt

2ol A Agotdx =1 jgE Fstd A9 W4 AAIEe] Ade 2
et HeE BT 4 el & (D] et A Ad 9| 7|2 8AF=
Sl o] & &RlshE & vk ZIRES F5H7] A 2313 e (excess kurtosis)
7F A B2} SR B 71Ol A ZH2F 3083 1610] E3E Zlof] vl s g &

HE27|F B A 30| 7PEAl E0lE e ke Het & 0o 23513

A Ho A Aol et A2 F 2 E
S & 5otk ZF BEI|7H] o WA
= ZZe0] AA HEE7| 7| H]5|
%171 717l Al 2= 217

ETI
rE

offt
‘;lllg oX,

ol

%7 2902 AU HAR 29 7o) 959 Y84 325 ERS-
HAR 2 13 ERS-HAR 20]H WS AAT 28(p=0) 5 A 2
Q5e nefstart 2 gol At RYS] F4 AvE BAsty R Y S A
T4 W712 AT S 5Hck ERS-HAR H@o] 4] p = 0zH Aok Fof
WS A7 BE ()5t 9484 RS-HAR B3)L 212804 QFet a5
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1: 7| %

of

A

| A EE | &
| RV,  logRV, | RV, logRV,

Mean 0.0001  -9.8391 | 0.0001 -10.1067
Median 0.0000  -9.9718 | 0.0000 -10.2059
Minimum | 0.0000 -12.9611 | 0.0000 -12.9611
Maximum | 0.0093 -4.6764 | 0.0028  -5.8804
Std.dev 0.0003 1.1132 | 0.0001 0.9451
Skewness | 13.2540  0.7097 | 10.3131  0.4873
Kurtosis | 308.871  3.7352 | 161.551  3.6422

N 2,510 | 1,510

!:t:l

2

Notes: A BEE 7|7t} 519 BE7|7He] AH 7 d(realized kernel) o] o] Tgt 7| % &4
SFS PR Holch 7} Eie] 42 A8 A9 AY, 95 9.8 27 Weks 2g Ad 7Y
U 3uE ehd,

o] A I e BP0 R LRE|L ulaL S AT HAR 2
(oI5} MRS HAR )3} 31270 2 So7] o] 44 232018
P2 % 91-go] 957 9lrk HAR 29 o] Aol HaxgH oz 54| 7}
ST, o7 AL B 7 $Ego] Fui ML E S19] 29 F g0 R
Al 28e 245122 AT 9 A8e o 85 LRSS 24T Ao
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oh 7t 2ol HojHt.
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MY oo 10

RV, RV,
OLIKE, = — —log—~ —1
RV, RV,

25 £4E% 3ol 2718 HlEel o] ARl S o] Aolr}
L9512 & H 7| 95to] DMW 7 A (Diebold-Mariano-West test) (Diebold and
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717t EEe &A% 3] Afols

d; = L(RV,,RV;) — L(RV 3,RV})

2 Btk £UF5 L) Pl A ¥ MSES} QLIKE £4g45-2 242}
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AVar[\V/T dr)
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27174 ) 2§84 (in-sample fit) ]

HAR RS-HAR(p =0)  ERS-HAR

ZAA| EE: Jan 03, 2006 - Dec 31, 2015 (2,510 obs)

MSE 0.3287 0.2845 0.2842
DMW s 12.506 *** 2.415 **
QLIKE 1.7959 x 1073 1.5538 x 1073  1.5507 x 103
DMW ke | 11.644 %%% 2.626
519 EE: Jan 04, 2010 - Dec 31, 2015 (1,510 obs)
MSE 0.3554 0.2982 0.2957
DMW s 9.559 ks 5.399 %
QLIKE 1.8280 x 1073 1.5372x 1073  1.5237x 103
DMW grixE 9.149 ks 5.718 ks

Notes: 1) DMW FA|FE-2 th2-3t -2 &A% 2po| & Faf Al4TE St
d; = L(RV penchmark,i»RVi) — L(RV ERs—paR 1, RV: ).

A71A RV pencimarks= HAR B3 T RS-HAR(p = 0) R3] FE7|7F Y o]Zx]o|1
RV grs—nar, = ERS-HAR 29 9] HE7]7H 1] ol Zx]o]t.
2) #, o, wwle Zk7E 10%, 5%, 1% 3053 shofl A 40182 trebdit.

S7), DMW 742 53] ERS-HAR 237} sl 2] 5 eS| H2713H
o) o] EAA.02 /5 Mol 7} 1= 1S A 1 gieh ERS-HAR 5.
271202 e 5 297 247 DMW 44L& AA3HL 1) BE H9ofA
1% = 5% 015204 AL 7128t 9let. o]i= ERS-HAR 29
ol L} F RRuct EALOR S5t S AT AL Yehhn 98-S
omjgtt}. 53] g4e A A% RS-HAR 2] H]s|A % ERS-HAR 2
o] BAZ O GOl L £UTS S Vel Fe 39 A3 HAR
B4 WS 3851 Zo] 29 A4 SulolA Faghe ofn|sit.
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