00 2250 Realized Volatility*
—0odddoooododdooooooodnddn—=

ogoooboooboon booo

1. 0ogg

OO00O0O0DO00DOO0O0DOO0O00OO0OO0DO0ODO Realized Volatility OO0 OO00OOOOOOOO
0000 Realized Volatiliy 00000000 200 1000000000000000O0O (2007)
O Realized Volatility OO0 225000 0000000000000 0ODO0ODO0OO0O0O0OO0OOO
Watanabe and Ubukata (2009) 000 22500000000000000000000O00O00O0OO

Realized Volatility 0000000 200000000000000000O0O0ODOOCDOOOOOO
gboooooooboboooboobobooboooooobobobooboobob oobobDOD
Realized Volatility 00000000000 DOOO0O0O0OO0OO0OO0OOO0O0OOO0OODOOOOODOOOO
00ooo0oobob0ob0obbo0Do0obU0b0odnbD 000D 00D ORealized Volatility O OO O
gbobobooboboboboboboboboooooboopooooboboboboboboboond
gbobopoobobobonoooogbobe:00-11:000 0000 12:30-15:000 00000000
00 15:00-9:00 (D 0O) O 11:00-12:30 (D0O0D) 000 100000000000000O0OOOO
gboboboopooooobobooonoooobg 2000000000000 0bO0ODbODbODdg
gboooboooboobooo

Watanabe and Ubukata (2009) 0000000000000 000000O00OOOOOOOOO
O0000D00O0D00O 2250 Realized Volatility D00 DO O0ODOO0ODOO0O0OODOOODOOODOO
gbobobobobobooooooboboobobobooooooobobobobobobonbg
g

2. Realized Volatility

00000000 p(s) 00000
dp(s) = pu(s)ds + o(s)dW(s) O (1)

0000000000000 O0W(s)0000000000000u(s)0e2%(s)000000000
000000000000000000000000000O0O0(s)00000000000000
00000000 o%(s)000000000000

00000¢t-100+¢-1000000000+00+¢0000000000000000000
000¢0000000000000

t
U?:/ o?(s)ds (2)
-1
00000000000 00000000O00?s)00000000000Integrated Volatility O

goobooo
0D000+¢00000 20000000000 {r141/n Teet42n---»7} 0000000000
gobooboobog 2000000000

RV, =Y rf 1 iim (3)
i=1

‘00000000 00oU00o00DOU00OO0O00O0DO0O0O0DO0O0O0ODOOUOODOOUO0O0OOODOOOOOOO
CoE0O0DODOOOOOOOOOO000O0O0O00oooooooooooooooon




00 ¢+00 Realized Volatility 0 0000000000000 0000@B)0000000O RV;O0O
n—oo00000(2)0000000000000000620000000000,000000
O00RV;00?0000000000000

UO00D0O0D00ODOD0O0O000D0O0 Realized Volatility DO D OO0 ODOO20000000
gboboooboboooooobobooboobobooboooooboobobobobooobon
oooooooobobooboooooboboobuobuobooooguDoOon bid-ask bounce D OO O
gbooboooao220000000o0oobobooboboooboonoobooooooooon
gboooooooboobobobobobobobobooobooboboboboboboooboong
gbgbobobobobooooooboboboobooboboboboboboobobg
000000000 Campbellet al. 1997 000000 O0O)

0000000000000 p(s) 00000000 p(s)D00000O0O0O00O0OODOOOOO n(s)
god

Bls) = p(s) +n(s), n(s) ~ WN(0,07) (4)

O000000000O0O0O0ODO0O0OOgp(s)boonO0O U%DDDDDDDDDDDDDDDD
OO0 p(s)D0D00O00O0DOOOO
000004 0O0t-AQ0D0tO00O000OOOOO00OOOOO0OODOOOOOODOOODOOO

Var (p(t) — p(t = A)) = Var (p(t) — p(t = A)) + Var (n(t) —n(t — A)) (5)

0000000000 p(s)0 (1)OD0OD0OD0D0D0ODDO0O0O0ODODOOOO 1000

t
Var (p(t) - p(t — A)) = / o (s)ds (6)
t—A
goddoooogoododn ADDDDDDDDODDDDDDDDDl:ll]l:ll]l:ll](S)DDDDD 2
odn
Var (n(t) — n(t — A)) = 202 (7)

goooAQOOOCOOOCOCODODODOO
OoOo0000AQCCOOOOOOOOOOOOOOOOCOOOOOOOODOOOOODOODOODOO
gboobooboobuooooabodd

. 0bbbugoobboobobbbuoobobbod

D00000000000009:00-11:0000000 12:30-15:000 000000000000
00000 15:00-9:00 (00) 00000 7,1, amOnM™ 000000000 (r_y amans---
Ty 1iam 1nema)011:00-12:30 (000) 00000 7,4 Ammnemarandn® 00000000
O (M 14 A+ AD 4 (rim 41)As - -1 T 14 A +AD +(ntm 1nya) 000 00000000000000
D00AMDAOVOADODODOOOOODOODOOOOOO0DO0DODODO0O0NOoOoon
00000000A® +AO 4 (™ 4 plh)A=1(0)0000

D000000000000000000000 200000000000 RVNOOOO

nlm)

_ 2 2 2
RVNy = 1 am+ Z T+ A 1A T T 1AM 4rm AL AD
i=1
n(a)

2
+ Z i1+ A L AD 4 (n(m) 15)A (8)
=1



obobooobooboboobobooooboboooboboboDoo 200b00b0 RVNODO
000000000000000000000OHansen and Lunde (20052) 00000000000

00000000000000 RV 0000000000000 RV 00000000000
0000000000000

T )2
0 " (R -R
RVHL, = cRV,”, ¢ = 2= (Fu = B) (9)
S RV

D00O0RO0OOOO0OODO0O0O0O0O0000000000000RVOOOO00000000
000000000000000RY, 0 RYP000000000 200000000000 200
0000000000000000000000000000000 (Hansen and Lunde 2005b)0
Watanabe and Ubukata (2009) DO O RV,” 0000 2000000000000000000
0000000000000 000000000000000000 2000000000

n(m) n(a)

2 2
RVt(O):Zrt—1+A<n>+m+ZTt—1+A(")+A<’>+(n(M>+j)A (10)
i—1 j=1
000 (9)UD0OOoO0O0O RVHL,OOOOOO
O0o0oo0oooooooooooooooooooooooooooooooooooooo
oo0do0ooooooooooooooooooooooooooooon RW(O)DDDDDD

RV (g)!”

n(m) q n(m) —k
= ; +2
= T 14 A £iA W Tt—l-l—A(”)+iA7at—1+A(")+(i+]g)A
i=1 k=1 i=1
n(a)
2
- Z Tt—1+A(n)+A(l)+(n(m)+j)A
Jj=1
n(®) ]

q
+22Wl Z T 14 A AO () 4 HAT 14+ A L AO 4 (™) 4 +1)A (11)
I=1 j=1

Ubb0Ow; 0000000000000
J

wj:l_q—i——l’

j=1,...,¢q (12)

00 RVi(¢)® 0 (9)00000000000000O0

0 1(Ry — R)?
RVHL@ﬁ:cRV@ﬁ),(ﬁzé%iR;mﬁw. (13)

0000 Hansen and Lunde (2006) D0 00000000000000000000¢=1,2000
RVNORVHLORVHL(1)O RVHL(2) 0 400 Realized Volatility 00000000

4. 00O 2250 Realized Volatility

Watanabe and Ubukata (2009) D0 019960 50 29000 20070 90 27000000 2250 1
000000000000 00D0O00O0O 400 Realized Volatility 00O O OO OO O Realized



Volatility 00000000 100000000ORVHLORVHL(1)DORVHL(2) O (900000
(3)0000000000O0000O000O00O000O0O00OOO0D0DODOOOD0LOOOoOOO
OooooooooOoRVNOOODODOOODOOODOOOODO Realized Volatility DO OOOO0O
O00000000O0O0O0O0ORVHLORVHL()ORVHL(2)UOOUOODODODODOOOORVNO
ooobOoOO00o0ooooooOooOoOOOOOOO0O0000O0oOooOoOOOOOOCOODODODbOObOODOD
000 Realized Volatility 000000000000 OOOODO Hansen and Lunde (2005a) OO
oooooooooooooboooobobo0oobbo0oobbo0oobo0o0bDbodn Watanabe and
Ubukata (2009) OO0 O0OOO0O0O0OO0O0OOOOOOOOOCOO

01

RVHL RVHL(1) RVHL(2) RVN

00 2.0331 2.0331 2.0331  1.1366
0000  1.6144 1.6602 1.7760  0.8611
000 0.1700 0.1389 0.0948  0.0774

gogd 26.2450 23.6369 21.8362 11.5341

5. Ubboobuoooboo

Ubukata and Watanabe (2009) 0 O 0O O Realized Volatility 000000 22500000000
0000000000000 000b000Db0o0bO00b00DODOOORealized Volatility O O
goddddddoooooooooobbboooooooooooooooooooooooon
oo ooooooooooa
0 0 0 Ubukata and Watanabe (2009) 000 0000000000000 00O00OOOOOOO0O
0 O Realized Volatility 00 0000 log(RV;) 00O ARFIMA(0,4,1)-X 000000000000

(1 - L)d(log(RW) — po — pi|Ri—1| — poD;_1|Ri—1]) = wg + Qug—y, u ~ NID(0, 02) (14)

O000OR.,0¢t—1000000000D,,0 R, 000000 10000000 00000
00000w ~NID(0,02)0000 v, 0000000 +2000000000000000000
00000 w 0000000000000000000000000000000000L000
00000000 (X, =X, ,)000000004d=000000000 ARMA(0,1)-X0000
000d=1000000000 ARIMA(0,1,1)-X0000000ARFIMAXOOOOOOdOO0O
00000 1000000000000((O0000000000000000000)0<d<0.5
00000lg(RV;)0000000000000005<d<10000000000000000
000(1-L¢00L=0000000000000000000000

(1_L)d:1+Zd(d—1)--l-€!(d—k+1)(_L)k (15)

k=1

000000 ARFIMAOOOOOOOOOOOOBeran (1994)0 00 (2006)0 00 (2007)0 0 0
(2003) 0000O0OO0O0O0O0O0000000000000 Beran (1995) 0000000000000
0000000000000000 (2007) 00000000
00000000000000000015:000000000000000000000 22500
00000000000 1500000000000 225000000000000000 15:00 0
000000000000000001500000000000000000000000 Ubukata



and Watanabe (2009) 00 014:0000 15:000 0000000000000 000OOOO0OO0O
1000000000000 00000OL0O0DOO0DLO0ODLOO0DDOODODbODOOOO0DbO0ODbO
ooboobooboobobooooobo0bobuobuobogbobo bid-ask bounce DO OO OO
O000000000000000000 ( Campbell et al. (1997) Chapter 3)0 0000000 » 0O
0CDODODOOOOODOO d0 Nishina and Nabil (1997) 000 05% 00000000

ooboobobooboobobo1boo0oboobooboobobboO 2001040110000 225
ooboboooboboobobooboooobooooooboooobboooO 2001040100000
120000000 225000000 Realized Volatility 0000 ARFIMAXOOOOOOOOODOO
000000009 OO00O00 cO0DO 120000000 22500000 Realized Volatility O O
ooboooboooobobooobboboboboobo 20010401100 1500000 225000
oo cbooooooooogoo o000 bODOOOO 100000 2200000000000
oooooooboo0ooboo0oooooooDOOoOo0DbO00bOobO0OObODOOOD Watanabe
and Ubukata (2009) O0000O0O0O000O0O0OO00OO0O 1000000000000 0OOOOOO
20000 509000000000 1xx00ODOOOODODO 1000bOO0 22000000000
gboooooobooboboooboobobooooooooooboogooo 20070 90ooooobOon
o000 2200000000000 0000O0000000040000000000000DO
gbbooboobooobooo

N

1 -
MAE:NZI P, — P, >
1= 1=

L« |B-P
RMAPE:NZ =
=1 ¢
O00O0ONDOODOOOODOODOO0O0D0O000D00000 N=7300000000AR 00000
oO00oo0d0.000000000DOCO00O0pR 000000000
000020000000*00000000000000000OO00CO0O0O0O0OMAPEOOO
000000000 RVALOOOODOUOUOOODOOOODODOODODODO0ODO0O0DO0Oooooooo(1)
0000000000000 00000OHansen and Lunde (2006) 0000000 ODO0O0O00O0OO
00000000 Realized Volatility 0 00 0000000000000 OOOO (2) Hansen and
Lunde (2005) 00 0000000000000 000O0O 200000 Realized Volatility O O O
oo0oooOoooOooboooooo

02
RMSE MAE  RMSPE MAPE
RVHL  47.820° 28.926* 0.418*  0.278
RVHL(1) 48161 29.077 0.418  0.275
RVHL(2) 49.622 29.817 0.437  0.283
RVN 56.787  33.706  0.562  0.406

O000oo0o00oo0ooooooooooo0ooo0oooooooooooooooooooooo
000000000000 (Ait-Sahalia et al. 20050 Bandi and Russell 2006, 2008)0 000000
00000 RVOOOOOOOOOOOO (Zhang, Mykland and Ait-Sahalia 20050 Zhang 2006) 0
000000000 (Barndorff-Nielsen et al. 2008) 00 OO 000000 O Bandi, Russell and
Yang (2008) 0000000000000 O00OO0O0OO0D0OO0O00OODOOOODOO Realized Volatility
0000000000000 00000000000O0OO Watanabe and Ubukata (2009) 00O 00O



O00O000OOBandietal. (2008) 00000000000 0O0O0OODO0OOOOODOOOODOOOO
goobobooobooboobooboobooboobbooboon

gogd
0000 (2000)0 000000000000,

0000 (2007 00000000000 0000000O00OOODOOOOOOO.

0000 (2003)0000000000000000000000000000000000000
000000 000000000100, pp.103-202, 0000,

0000 (2007)d Realized Volatility-O0 OO0 0000000000000 OO0OOOVol.58 No.4,
352-373.

Ait-Sahalia, Y., Mykland, P. A. and Zhang, L. (2005), “How often to sample a continuous-time
process in the presence of market microstructure noise,” Review of Financial Studies, 18,
351-416.

Bandi, F. M. and Russell, J. R. (2006), “Separating microstructure noise from volatility,” Journal
of Financial Economics, 79, 655-692.

Bandi, F. M. and Russell, J. R. (2008), “Microstructure noise, realized variance, and optimal
sampling,” Review of Economic Studies, 75, 339-369.

Bandi, F. M., Russell, J. R. and Yang, C. (2008), “Realized volatility forecasting and option
pricing,” Journal of Econometrics, 147, 34-46.

Barndorff-Nielsen, O. E., Hansen, P. R., Lunde, A. and Shephard, N. (2008), “Designing re-
alized kernels to measure the ex post variation of equity prices in the presence of noise,”
Econometrica, 76, 1481-1536.

Beran, J. (1994), Statistics for Long-Memory Processes, Chapman & Hall.

Beran, J. (1995), “Maximum likelihood estimation of the differencing parameter for invertible
short and long memory autoregressive integrated moving average models,” Journal of the
Royal Statistical Society, Series B, 57, 659-672.

Campbell, J.Y., Lo, A.W. and MacKinlay, A.C. (1997), The Econometrics of Financial Markets,
Princeton University Press. (000 0000000000000000O0O0OOO0O (2003)
O0000000000000ooOOooooon.)

Hansen, P. R. and Lunde, A. (2005a), “A forecast comparison of volatility models: does anything
beat a GARCH(1,1)?” Journal of Applied Econometrics, 20, 873-889.

Hansen, P. R. and Lunde, A. (2005b), “A realized variance for the whole day based on intermittent
high-frequency data,” Journal of Financial Econometrics, 3, 525-554.

Hansen, P. R. and Lunde, A. (2006), “Realized variance and market microstructure noise,” Journal
of Business & Economic Statistics, 24, 127-161.

Nishina, K. and Nabil, M. N. (1997), “Return dynamics of Japanese stock index options,” Japanese
Economic Review, 48, 43—64.



Watanabe, T. and Ubukata, M. (2009), “Option pricing using realized volatility and ARCH type
models,” Global COE Hi-Stat Discussion Paper Series 066, Hitotsubashi University.

Zhang, L. (2006), “Efficient estimation of stochastic volatility using noisy observations: a multi-
scale approach,” Bernoulli, 12, 1019-1043.

Zhang, L., Mykland, P. A., Ait-Sahalia, Y. (2005), “A tale of two time scales: determining

integrated volatility with noisy high-frequency data,” Journal of the American Statistical
Association, 100, 1394-1411.



