PRI ICHED SRS T 0 U T ¢ Tl
B (PR, TS (957 RO 22

A BRI (A)
[RE5E U R 7 OFETF O ER | MR HR L IR EHES
BRSPS NS R — )
2015 4 12 H 18 H

' BEHLEICE DRI T4 V7 0 Till -p.1/29

REEREALLE IS D < Tl

ooy BHE R 0y = (af,..2f) TTHT BRE

o (xk,. . aly)i=1,.n ¥ FUF or T—HERN—R

o LEBOHMEZHZ 588 s (R xR - R, ;) &
FrEfb

o il llT—R xy = (.CU%, . ,xf) MR T-Rf, FA{LIE I A
DNT Ty ZLL DK S ICHRT %

yo = > i<n S(Ti, T1)Yi
! Zign S(flﬁi, xt)

Gilboa, Lieberman, Schmeidler (2011) J Econometrics

' BSOS RS T 4 VT ¢ Tl -p.2/29



HLWL?

s TTFIVT AL =V T, exp(—AIC/2) I X B EMAFIT
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ES1
HEE A - 5230.2599 687.1264 5126.0609
PRUERR - 1170.6525 188.7263 1436.2081
t #iata - 4.4678 3.6409 3.5692
p fE - 0.0000 0.0003 0.0004
HAR
HEEE 0.002 0.274 0.5077 0.1012
FEAERR 0.000 0.020 0.0317 0.0276
t #intE 6.061 13.738 16.0186 3.6624
p A 0.000 0.000 0.0000 0.0003
AR1
HEEAH 0.004 0.668 - -
PEHERR 0.000 0.012 - -
' t #iata 19.637 53.905 - -
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HEEM RO : KDDI
ESH1
HEEME - 0.0934 0.0792 0.2252
PRUERR - 0.0193 0.0194 0.0393
t #ietE - 4.8324 4.0751 5.7315
p fE - 0.0000 0.0000 0.0000
HAR
HEEAH 0.043 0.456 0.3266 0.1446
FRUERR 0.011 0.019 0.0295 0.0243
t #iatam 3.815 23.556 11.0903 5.9559
p fE 0.000 0.000 0.0000 0.0000
AR1
HEE(E 0.125 0.788 - -
FEHERR 0.011 0.010 - -
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o AWIFETIE, be {1,0,—1,-2} LW\ 5 4 HFHOEZ
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%0 HEEEH (b=1,0,—1,—2) OEAHEE (in-sample)

b=1 ESO ES1 HAR AR1

£y 0.0186 0.0185 0.0185 0.0205
RKE 0.8704 0.9900 0.9717 0.9674
EERE 0.0830 0.0827 0.0836 0.0925
EE 5.7047 5.9336 5.9975 5.8805
RE 38.3773 43.4167 44.1103 40.9770
AL 3519 3519 3519 3519
b=0 ESO ES1 HAR ARI1

R3] 0.0106 0.0101 0.0101 0.0115
RAE 0.9818 0.9703 0.9486 0.6294
EHERE 0.0455 0.0436 0.0431 0.0465
EE 8.5951 8.7612 8.6038 6.8007
RE 112.6878 118.8399 114.8965 61.9610
EARE 3520 3520 3520 3520
b= —1 ESO ES1 HAR AR1

E52] 0.0126 0.0122 0.0123 0.0150
RAE 0.7353 0.7070 0.6921 0.7416
BEERE 0.0307 0.0294 0.0294 0.0356
EE 8.2619 8.2384 7.9477 6.9066
RE 124.3799 124.9828 115.5328 81.9811
AL 3521 3521 3521 3521
b= —2 ESO ES1 HAR ARI1

E32] 0.1182 0.1171 0.1170 0.1409
=AE 0.8761 0.8750 0.9881 0.9643
EHERE 0.0804 0.0804 0.0818 0.0969
TE 1.5317 1.5297 2.0063 1.6576
RE 9.2594 9.2258 14.7414 10.4143
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b=1 ESO ES1 HAR ARI1
B3] 0.0029 0.0030 0.0030 0.0039
=AE 0.4941 0.4660 0.5642 0.7705
EERE 0.0176 0.0183 0.0188 0.0242
EE 13.3959 12.3298 14.5015 16.0055
RE 264.8005 211.3206 319.6418 390.0936
B 3061 3061 3061 3061
b=0 ESO ES1 HAR AR1
B2 0.0057 0.0055 0.0063 0.0071
RKE 0.5086 0.7682 0.8100 0.7864
BERE 0.0368 0.0381 0.0439 0.0456
EE 11.6775 14.4489 12.4176 12.7044
RE 149.2158 239.8356 168.9225 181.5710
A 3061 3061 3061 3061
b= —1 ESO ES1 HAR ARI1
B3] 0.0098 0.0104 0.0106 0.0146
=AE 0.3381 0.5879 0.5105 0.9356
BHERE 0.0244 0.0310 0.0279 0.0380
TE 9.2539 12.3787 9.6937 10.6424
LE 111.5964 195.2102 122.6855 174.7504
AR 3062 3062 3062 3062
= —2 ESO ES1 HAR AR1
B3] 0.1218 0.1237 0.1273 0.1707
RAE 0.5506 0.7121 0.5685 0.8637
EERE 0.1012 0.1036 0.1053 0.1430
EE 1.2880 1.3960 1.2796 1.4295
RE 4.6043 5.3772 4.5292 5.2193
AR 3063 3063 3063 3063

R DAL (CFEEE)

o FIEHMEICIEHT S L, AUV )IVDEI TIX
ES1 & HAR MM FETIRWME S 72> THD, ART1
EITAXRTDHICBO TR EWVHEZ D TWV5.

o 7 NATHTIVDE A0 TlE, ESO DIERIAH
AS)

o COXRMNS, T NETY T INCEIT BIRAEDT-
YElE, RN EmnE LT

ESO < ES1 < HAR < AR1 £ > TWAZ WV

5.

I REBFALEICHED CRT T 4 U T« Tl - p.20/29



TR DBEE (RNME, FER )

s RICERAKMEICEHT S L, XIBXUE104EIC, b
DEIC K> THERDEBEBTHSH, AR1 Litho
ET IR TEWHDZFNREAE IER0.

o IABICHEHEFRAICBALTCHS &, 41Tk
9TIE, IRTHHLIZHEBNT AR1 Hd EViE s
o TWAD, o ESO, ES1, HAR 1355 b I35
WTREREWVIZHSNRL.

« ZLT, 7URATH T ILDEK A0 TIX, ESO(E
FH1/3 DEEETIV) INTRTO b IZB N TR KD
RO E 755 TN 5.

. FBHLEICE DRI T4 V7« Till -p2t1/29

ETIVDIFHIE

o 7—FA LTI R—=ZADNHIMIEIC K BET IV
DFHHEZT S

» Hansen et al. (2011) DMER L =T )VEHES
(Model Confidence Set)
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Z, BETIVMe Mol UTHE. #IIME
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o & Uit Ho D5 OAEUKEE (T2 & 213 10%)

TEHAZTNSE51E, TN REENET IV
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MCS(2)

« T T Tl Hansen etal. (2011) IZH€Wy, Hy 7% 21l
I BHDICLL IO XS GHiHfiiEZ HW %
Tri = max tij| = max ]
,JEM 1,JEM U/C?r(dij)
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7‘—]‘ FowTHELDELNS.
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ETIVOMH M OSBENENERmEBL W
EEFOETIV i TR K > TGEIENS.

= argmaxL_
ieM | Joar(d;)
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Ty e J—h ATy TERIATL TV S,
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o (A YT RFEETIZ TR TOHEER T
HAR DB ETIVEASE, XSH EST.

o (AP T)V) EREMNTIE, HEERRD 5 2L
DTF—Xtwv N THAR & ES1 Witz L ES1 Hix
BEETIVEH.

o (77U A THTIV) MR, AR, HEE
WIRAA 5 4ELL LD T — 2w R EFRE ESO HMRRE
7 Vi,

o (7Y NATYTI) HEEIHEN 5 FLL EDT—Z

T bTRE, HREHRECTIE HAR, R8N Tl
ES1 BZNTNEEET V.
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REFELIE =TV ES1 & ZFDMMOKRYIET IV &
DT L%z, 4 DOFEAZRIEIC X % MCS = H
WA KD, O EHEE T HIHARIC I8
BETIVOT R ZNEAATT L, &REETIVOZER
g9 %2 & Tirolz.

MEFe8ClZ A, T A TY VA,
HAR DR ETIVE LTOMHENRE @ L, @78
fRICOWTIW, A Y 2 IVTIZEST, 74T
Y TIVTIE ESO D ZENFNHREETIVLELTD
MENRE - Tz,

« 77U NATY YT IVCET B ESO DTHITIAMBO
ETIVEH L TE AL, Jefrifst
Golosnoy et al. (2014) DFER L BEENTH .
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1. JefTiitde « IR D EHI

IRFFI A
Granger (1963): RIRIEDRS { X } = { Xjr },
1 — var[ Q] / var[ Q(k) ]

o Q: MBI { Xy ), i=1,...,0 DEA
@ QUh): QiR ( Xy ) ZERA LD D
o varj[ Q1: MR { X; } © Q IZ X 2 WIS PMEAE DI

JEl s Granger OREEREEHIEED A R 7 V5 fiE
@ Geweke (1982): FrEDIRE T TD VAR €7 )L

@ Hosoya (1991) X » —f&iN 72 & & i
@ Yao and Hosoya (2000): FEE H D IL5R

KT & RE (RBOK)

JE 3 B ek C D b
@ Diebold et al. (1998) : A v )V AWVEBIEUL, BERRT R E R EGEROE
WMHEATVS

- FSIEERE TOVORHI ¢ A > OV Z0EBEE R B L, 1 R 2
5 8 £ TORMPAGKDEMA T 2>, EFVZHET 5

@ Otrok et al. (2002) : W& D HIEK
- spectral utility function which decompose agents’ preferences for

consumption smoothness into preferences for smoothness by frequency.

- For time-separable preferences, spectral utility is flat because in such cases
agents care only about overall volatility in consumption and not about
temporal distribution of volatility.

- For habit preferences, the spectral utility function is not flat: agents are less

averse to low-frequency (persistent) fluctuations than to high-frequency (less
persistent) fluctuations.
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KSR D2 DT ORETE
@ Tsukuda and Miyakoshi (1998) :
&2l & VAR € 71T Granger K F M E

CEFADST A — I DEALT BB ORR LD 5.

- “money — income” was strong before 1980 but weakened or virtually
disappeared after 1980.

- more properly, “no causality” was rejected before 1980

A TR
o JAMEH IR CORPMDELDORE I 2B
(Hosoya (1991) 12 X 2 RIS MIEE D FH)

o KIRMEDZAMD K E S ITBHT 2 at iyl

KT & RE (RBOK)

TR X, Y() ) BT B DR S

Geweke (1982)

Var(one step prediction error of X(t) given{X(s)}'-} ) }

Fy_x =1o
o g{var(one step prediction error of X(t) given{X(s), Y(s)}'=} )

Hosoya (1991)

var(one step prediction error of X(t) given{X(s)}/- ) }

My_x =1lo
o g{var(one step prediction error of X(t) given{X(s), Yo _1(s)}*"} )

o YO,_l(t): Y(t) v {X(S)}t_oo, {Y(S)}t__ol, J\%YJ%ZL%C & g’@?&%
YHEHEDY ay 7, X(t) kAR

@ My_x: Granger’s strength of causality for Y _1(t) — X(¢) (X
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Hosoya (1991) 12 & % My_x D &AW fiE

My_x = f My_x(A)dA

My_x(A) = @)

( — — — ), —-n<A<Tm.
f11(A) =27 f12(A) fa2(A)7L fra(A)®

@ f(A): { X(t), Y(t)} DAY PVEEEFTH,

© F(A): { X(B), Yo-a(t)} DARY FIVEELTS,
o «: JLfE

. fiA)  fia(Ad) . _ .
A= T T R = ), Fa) =fad
f(A) Bl Fnlh) fuu(A) = fi1(A),  f12(A) = far(A)

AT & KB (KBA)

A7 bIVEEBI R E Z Do

BUT 2 e

o Z(H) = [ X(t), Y(t) Y 12 ISR, A<y VBT F(1) % b

° f logdet f(A) dA > —o0

ZDLEEF(A) BRODIRE B

fA) = A(e‘m )AE™Y,

Z(t) O—HETHHE (X6 &

(Y(s))rl ~DRFERE) DI85
ZLETBHE

= A(0)A(0)".

2D Y IZBH L CTLURSROT

det © = (2n1)* exp {% f log det f(A) d/\} .
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EHRRIIE TILD AT b IVEELTY
AR FOVEELTH (L), f(A) Z S EDBIDIF Ale™) DISEE

e ARMA £ 5L A(L)Z(t) = B(L)e(t), e(t) ~ N(0, %)

@ Z(t) DARY b+ IVEIELTH
FN) = 5 AN, AC) = A BE N
@ { X(), Yo-1(t) VY DAY FIVEELTHI f(A)

fli(A) = A), £ (A) = F A,
~ [fll(/\) fiz(A) ) =fu@), frz(d) = fa (1)

)= . , A
/ fa1(4) fzz(A)] fa) = [ -ZuZyl 1] Be™)AE™) fuh)

fa1(A)

7

Fo(A) = (Zan — L0127 T12)/(270)
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2. FEEDISAFRICB 9 2 IR L OfE

e
® Z(t) IXEFED o) flifs, AZ() 132 DIEEE (V¥ —)
o &2 LRir Ty = cT, c € (0,1).

@ k=1fort< T, k =2 for T1<t, 0= {91,62}, O = {\pk,Qk}.
Pk
AZ(H) = ) W()AZ(E — ) +e(t), e(t) ~ N(O, ),

j=1

APEOR DAL
max [(012) = max L1(6112) + max [,(6,]2),
1(02) = ~—Edet Oy = 3 Y (AZ(8) ~ () O (AZ(D) - u),

Pk
wlt) = Y W(AZ(t-j), T,=T-Ti, k=1,2
j=1
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Test of zero causality: Yao and Hosoya (2000)

@ My_x(A; 0) DML i
VT (My-x(4; 6) — Myox(A; 0)) 5 N (0, H(6))
where H(0) = (0My_x(4; 0)/90)V(0)(dMy_x(A; 6)/36).
@ Test statistic for Hy : My_x(A;0) =0 for a frequency A
Wr(A) = T Myox(4;0)*/H(O) — x*(1) under Ho Hi#I1Z1%7?
@ Test for Hy : My_x(A;0) = 0 for frequency band A € [A4, A5]

A2 2
! My_x(A; é)d)\) /Hz(0) — x*(1) under Hy ?
/\2 - Al M

WBZTX(

An
Hg(0) = Acov( VT (A — A7)~} My_x(A; 0)dA ) .
A
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Test of causality change: Kinoshita and Oya (2014)

Yao and Hosoya (2000) & [Flfkic

‘/T( My_x(A; 61) — My_x(A; 62) )

SN Myox(d;61) = My—x(1;62), V(1;6) )

oy LIMyx(A; 61) IMy_x(A; 01)
where V(A;0) = ; 50 V(61) 50,
1 IMy_x(A;67) My _x(A; 0)
T o, VT e

Test statistic for H, : My_x(A;01) = My_x(A; 6,) for frequency A

~ A 2 A
Wr(A) = T( Myox(1;01) = Myox(A;02) )/ V(4;0) — x2(1) under H,

AT & KE (KRIKRY)




Test of causality change for frequency band ( block wise )

Ho : My_x(A;01) = My_x(A; ;) for frequency band A € [Aq, A;]

A N 2 A
W =T X ( My_x(01) - Myox(02) ) / V(0) — x*(Q) under Hy,

where
1 Az
Ar = A1 ),

My_x(0x) = My_x(A; 0r)dA,

V(6) = Acov ( VT( My-x(61) - My-x(62) ) ).

DIBED I3 HrClx, AP (0,n] 2 6 77§ 2

fi=0,m/6], fo=(2n/6,31/6], ..., fe = (57/6,m].
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3. FZEEIIMT  BRAliFE £ & Z DSV DRI R

@ Intraday data ( 15sec. int.): Nikkei 225 (index), Future mini (mini)

price & return (15sec interval): 2013/03/21

° Nikkei 225 Index ° future mini
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Fig.1: price (upper panel), return (lower panel)

AT & KE (KRIKRY)




Block wise: 2013/03/21 — morning session

f—mini ——> index

index ——> f—mini

@4 @ 4
o - o -
[e] o
= =
o o
WhOIe . WhOIe .
o] | - o] --__
1: 217/6 317/6 4Jr/6 511/6 r‘r 0 Jr/6 211/6 37:/6 47:/6 51:/6 Jc
frequency frequency
BMO: block-wise measure of one-way effect
whole f-mini ——> index index ——> f—mini
o
” ° T whole
© - ° © - ° °
L © Lo -
2 2
B 2 B ° e
L]
[V L ] [V |
L] L]
(=0 (=R ®
T T T T T T T T T T T T T T
0 /6 2n/6 3n/6 4n/6 5n/6 7 0 /6 2n/6 3n/6 4n/6 5n/6 4
frequency frequency

Fig.2: causality (upper panel),

test stat. (lower panel)
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Block wise: 2013/03/21 — afternoon session

f—mini ——> index

index ——> f-mini
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frequency frequency
BMO: block-wise measure of one-way effect
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Fig.3: causality (upper panel),

test stat. (lower panel)




JAM L (F) JEc: 15 BERT — % o8&

long 6min 3min 1min 45sec 36sec 30sec
run cycle cycle cycle cycle cycle cycle

[ | | | | | J

0 /6 21/6 31/6 411/6 571t/6 T

@ (Hii¥) future mini — index: JAPEEGT (0, 7/6] 1T K ZF 7 KISV HI BE
BERER = (6 o L) It W»T, GEZNEELH 2

@ (Hi¥5) index — future mini: AT (11/6, 271/6] 1T K Z 7o AR EHIEE
BOEREHR = 306 6 wO) ItV T, AEAREELDH %

o (&Y)) 1ZEA EDBHEGTT, KR MKEE
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BRAGFE 2 & 2 DS DIRNFME B % FEEE o

HRIVE RN (QQE) 1%, #RAS LYiGic ED k) RgE2 5 2 7o)

o 15 MDD T —% « HEE Vg & HRE M 2 =

o MHUAMAR : 2013/02/25 - 2013/05/16

@ 2013/04/04: £ X b H (BOJ I2& % “QQE” DEAD 7 F 7~ R)

o SHOKRMEZH#HE (ET7 VEHEE L, KR

0 /XY FDHIBDZNZFNDOHIRNCE T 2 HUGEHNEDEA 2 S L D
o FWIM DRI MMEED VI 203 0 270> &) 122 FEE

pre-event period event period post-event period

| L | L |
2/25 3/25 3/26 4/4 4/15 4/16 5/16
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Strength of Causality (f-mini —> index) : 2013/03/25 — 2013/05/16 morning

freq. A € (0, /6 ]

freq. A € (7/6, 21/6 ]

freq. A € ( 2n/6, 37/6 ]
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Fig.4a: causalities for each frequency band
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Strength of Causality (f-mini —> index) : 2013/03/25 — 2013/05/16 afternoon

freq. AE (0, /6]

freq. A € ( /6, 27/6 ]

freq. A € ( 2n/6, 31/6 ]
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Fig.4b: causalities for each frequency band
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A XV RO BT 2 KRR E O (RS 2 L)

i
f—idx | fi fa f fa fs fe

pre | 0046 (5.69) 0.045" (6.04) 0.043" (5.71) 0.039* (527) 0.028" (4.22)  0.022 (2.25)
post | 0.080° (8.66) 0.080° (9.38)  0.073 (9.09)  0.053" (6.70)  0.040" (5.52)  0.037 (3.10)
idx—f | f1 fz f3 f4 f5 fﬁ

pre | 0.018(2.13)  0.021(2.56) 0.019 (2.69)  0.017 (2.37)  0.010 (1.83)  0.006 (0.82)
post | 0.023(2.32) 0022 (257) 0.019 (256)  0.016 (1.95)  0.014 (1.74)  0.014 (1.19)
%5
f—idx | fi f2 f3 fa f5 fo

pre | 0088 (7.04) 0.092* (7.12) 0.071" (5.61)  0.050° (4.01)  0.052° (4.18)  0.059 (3.10)
post 0.096* (8.69)  0.113* (9.85)  0.105* (8.23)  0.083" (6.89)  0.064" (5.73)  0.047 (2.89)
idx—f | fi f f fa fs fo

pre | 0.031(2.37) 0.038(249) 0018 (1.75)  0.015(1.33)  0.016 (1.50)  0.015 (1.01)
post | 0.019 (1.74)  0.021 (2.06)  0.019(1.82)  0.018(1.62)  0.020 (1.89)  0.017 (1.03)

Values in parenthesis are chi-square test statistic for no causality.
= : The estimate differs from zero at significance level of 5%.
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Strength of Causality: morning

f-mini ——> index (before 2013/03/25) (after 2013/04/16)
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Fig.5(morning): averages of causalities for each frequency band
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Strength of Causality: afternoon

f-mini ——> index (before 2013/03/25) (after 2013/04/16)
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Fig.5b (afternoon): averages of causalities for each frequency band
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Causality diff. (post event) minus (pre event), morning

f—mini ——> index index ——> f-mini
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Fig.6: averages of causality differences for each frequency band
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Strength of Causality (index —> f-mini) : 2013/03/25 - 2013/05/16 morning
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Fig.4c: causalities for each frequency band
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Strength of Causality (index —> f-mini) : 2013/03/25 — 2013/05/16 afternoon

causality

causality

freq. AE (0, /6]

freq. A € (n/6, 21/6 |

freq. A € ( 2n/6, 31/6 ]

< < <
@ @ @
= =
~ ELE ELE
=] >
(] @
o o
ol WAMM&WAJEJ o o WUV ZY VAN
Mar3 Mar23 Apri2 May2 May22 Mar3 Mar23 Apri2 May2 May22 Mar3 Mar23 Apri2 May2 May22
‘ f1 m1 ‘ ‘ f2 m2 ‘ ‘ 3 m3 ‘
freq. A € ( 3n/6, 4x/6 ] freq. A € (4n/6, 5n/6 ] freq. A € ( 5n/6, x|
< < <
@ @ @
= =
o G G
3 3
© @
o o
o '\WA%MM o oA AN o desﬂv%vwbﬂ

Mar3 Mar23 Apri2 May2 May22

fa

m4‘

Mar3 Mar23 Apri2 May2 May22

5 m5 ‘

Mar3 Mar23 Apri2 May2 May22

6 ms |

Fig.4d: causalities for each frequency band
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Causality diff. (post event) minus (pre event), afternoon
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Fig.6 (goba): averages of causality differences for each frequency band
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