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Abstract

We note that the dynamics of realized volatilities (RVs) are near the boundary between stationarity and
non-stationarity because RVs have persistent long-memory and are often subject to fairly large outlying
values. To forecast realized volatility, we consider a new method that adaptively use models with and
without unit root according to the abnormality of observed RV: heterogeneous autoregressive (HAR) model
and the Integrated HAR (IHAR) model. The resulting method is called the IHAR-O-HAR method. In an
out-of-sample forecast comparison for the realized volatility datasets of the 3 major indexes of the S&P 500,
the NASDAQ, and the Nikkei 225, the new IHAR-O-HAR method is shown superior to the existing HAR
and ITHAR method.
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S&P 500 Nasdaq Nikkei 225
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Figure 2.1. Realized volatilities (RVs).

Table 2.1. Basic statistics of RV
RV n Mean se sd Min Q1 Med Q3 Max Skew  Kurt
S&P 500 3984 84.64 0.89 56.33 1349 5040 70.57 100.23 924.37 3.51 24.22
Nasdaq 3988 98.23 1.00 6294 21.12 56.81 78.61 120.15 693.09 2.48 10.50
Nikkei 225 3864 92.75 0.76 47.22 25.50 62.93 83.37 110.69 561.50 2.88 16.47
Unit = bp, 1 bp = 0.01%, The scale BP applies only for mean, se, sd, min, Q1, med, Q3 and max. RV

= realized volatility.

o7 d F 18, 58 = 108 7149 1= doJeE ARE-3ttl. Andersenst
Bollerslev (1997)+ €49 W54 FAAZ 57 714 Adsdo] 443 FGXet wgley et
AR =RAAME bR HE AdAWEAES ARSSt AdWEA dlolE 2+ Oxford-Man Realized
Library(http:/ /realized.oxford-man.ox.ac.uk/) oj| 4 st o= F71 A5 278 LB F7ER(S&P
500, Nasdaq, Nikkei 225)E 20003 H€ 20153 7}A] 4
Franses®} Ghijsels (1999)=2olA W54l 71E9 2 AFA7IH A3 £ 2] H=7F =11,
o]H gt AL WA T = o]§ F9] st} o] 4A] (additive outliers; AO)olH o]o] whe} o] AXE 1
o= HEA 23S AABITE AAE HEAY 3ol AFHEA (realized volatility; RV)ellA] 7]
£ ZEA| 28} FAT] 2po]7} v o] AR E A HE T 5 Ytk thE Figure 2.1-2 20003 5£€
2015A7kA1 9] m|= 371 A4 27)9F B 7R 4 (S&P 500, Nasdaq, Nikkei 225) Al 7}A] #]422] A
ANEA Al=3ko|th
Figure 2.19] A¥HEAE W vol WA & P4
4 A= 2 Bla3rt wredE o] AdHF Aol AA = Al
grosk 4= glth. 2007 delA 2008 £7to] u]=Y] AH=
WHE MAFEA 7ol oluf Al 7kA] A4 BREFA Z ‘?i
= UliLJJr dE FF3H OE 2011V‘°ﬂ F7F ‘H’—'—"] ik

=

[o
'S
pac
_Q,
o:{o
do
N
o

5
§9071 A4E 18 o 2
Z] (subprime mortgage) AL E A
2% T 5 Ao AAZEA OIF

2l
o ijl

N

]—r—a—oi] UHOH (2 2%1)1} /\VPtﬂ o] iE /\F&ﬁ}— AR( 2)528 A T ape] JE7) S&P 500

53.16, Nasdaq= 34.30, Nikkei 225%= 20472 w}-$ 22 3}0] 319}, wlebd AAWMS Ao o] 4]
e 2 ARUEA oIZolE o A DT DasF DS E 3 T 4 ek

Table 2.1 Al 7}x] X498 AdAHAFAol st 7|2 FAZF
TZ 2000dFE 2015371219 16Wd7ke] wlolgolmz tﬂ°1E1 =
Z(mean)2 80-90 bp(l bp = 0.01%) AT = Z A2 &



326 Ji Won Shin, Dong Wan Shin

S&P 500 Nasdaq Nikkei 225
o
= o =
g j=3| =]
= o =1
« - «
b= f=4| 8
p= o P

0.04

| j i

0.0z

0w o
}»i”»‘hm@@ oW
00 o
Il Il

8,00

)

000
1

Figure 2.2. Box plots of realized volatilities.
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Table 3.1. Estimation results of heterogeneous autoregressive model

S&P 500 Nasdaq Nikkei 225
4.158% 41807 6.9017*
Const, Bg x 10*
(0.925) (1.045) (1.222)
Day, 5 04517 0.449** 0.470%*
a
Vo (0.019) (0.018) (0.019)
0.339%** 0.288"** 0.272%%
Week,
eck, Bz (0.028) (0.029) (0.029)
0.161%** 0.219% 0.185%*
Month, B3
(0.022) (0.023) (0.024)
Sum of Coef 0.951 0.957 0.926

Significance code: *** for 0.1% levels. Numbers in parentheses are OLS standard errors.

Table 3.2. Unit root test results

ADF (AIC order) KPSS d (se) GHP
S&P 500 —4.861** (25) 2.520** 0.596 (0.03) 3.233**
Nasdaq —3.870** (33) 8.885** 0.546 (0.03) 1.545*
Nikkei 225 —6.536** (21) 3.423** 0.482 (0.03) —0.588

Significance codes: ***, ** * for 0.1%, 1% and 10% levels.
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4. THAR-O-HAR 0] 9
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Figure 4.1. HAR and IHAR forecasts. HAR = heterogeneous autoregressive; IHAR = integrated heterogeneous
autoregressive; RV = realized volatility.
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Figure 4.2. Outliers in terms of residuals.
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Figure 4.3. Outliers in RVs. RV = realized volatility.
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Figure 5.1. Efficiencies of IHAR-O-HAR forecasts relative to RW, HAR and IHAR forecasts. RW = random
walk; HAR = heterogeneous autoregressive; IHAR = integrated heterogeneous autoregressive; IHAR-O-HAR =
IHAR-Outlier-HAR.
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