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Bernstein polynomial estimation of a spectral density

IHRERFRFIEEFHER MR EF

XUz
%4 o (BE) B, BEUREE, A7 Mot (BE) BEHEEILS D EWTHE
R385 Y, Rosenblatt (1956) & Parzen (1962) LA, FFIZ 7 —FLIRIC Jiéil:{ﬁ“ﬂﬁ@

Zﬁ%iﬁﬂjﬁ@ TEHETHME 52 O OEBRER L TEE. —F, DHDERSN-T
WHEE Vitale (1975) 1ZkD & 5 RfERSH (B E) BEHEEEEREL, V—F
BEEHETERE B Ui N 7 X, 38, MSE %?f{bbt Vitale DB iﬁﬂé"}
72 Weierstrass DITELERIZH 5: BHREARKE [1y, 20 + A] TEFH2BEE G(2) 1X

R D Bernstein 2=

JA T — Iy
Bla;m, G) = ]ZG(“O*F‘“) bim(~5—)
T—HRICEBTED (AL LI Z&2< [0,1] 2EBXDORFETH DD, AR
7 MNAHEEDHE |0, 7r] ZEBRICHREA L), & L G 0B 61 B(z;m, G) 1
N—=EZ 5HDOBEEDHIT/R>TEY, TOEEMN

DA ‘A ‘-
Bleim,6) = 5 5 6o+ %) - 6o+ 22 o (F52)

ELTHELND (Ror Rt or R™ 20D EET S I EMBEEMLHIET—F OmE Y
REHE LT L), Blz;m,G) HBVIE B'(z;m,G) IZBWT G #RB oA

WCEEHA T L& Vitale O (FBE) #EE TH 5. Ghosal (2001) % Babu et al.
(2002) i Vitale DB EHERICOWTHR—EM L BRI EREL R Lz, 28, BlFE
TSR D ERBEEHEEII N L T — RV BEEER L EU L ZEE A T2, &
B, MSE 4RO bH 5.

2. HEE
K%mfit%®7fu~%%*ﬁﬁ+ﬁwx&7bw%ﬁﬁﬁmowféﬁfé.
(ER) EF@EE {Y,:t € Z} TFEH 0 TEOESBEE v(h) = E(YiYin) = y(—h)
EHbOETHAE TR (k)] < oo OTF TEREMLARS R
_ 1 & —inn_ L 1&
fO) =57 3 Ah)e™™ = 5on(0)+ 2 32 9(h) cos(h)

MEZEIND. M EBEAMHEDTZD AT MVEERBE CIIRERAY by
Ht L ZOBRREEERE Hf REETHS:

(@) :2/0 FOV AN, B (o) = 2/:IT(/\) A\ (ael0,7]).
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it HY 12T 5 m RD Bernstein ZEFNELZEHEL LT f(a), a € [0,7] 12
B 1 o0 MAHER

(j+ Um =y (T o
frml@) = 5= Z{ () - B ) P (B)
FRETS. E-EHME L EARELD, bL a=w+2mv (w € [-7m,7] = 10,
v €) DI Fom(e) = Frm(lwl) E7 5.

FEECIX Bernstein ZIERFLZ +EE LY VA NI T L Ir ZETHEALEE
RIRWEFER frm 50 L7228, Daniell 222 pAEEER
M /‘OH—?T/M

Ir(A) dA
o1 a-n/M (V)
OBREFEASL L THEATED: a=w+2nv (well,veZ) DEE

anie m—1 iw‘ J lwl m-1-j
fanlo) = T ) (") (Y - 1)
:@%ﬁ%@DT;@%&Z&&F»W4VF?%#

PR e) =

Ku(\) =M i K{M(\+ 27v)}

V=00

Wk BBEDORNT MLEER
e / Ky (e — N Ir(N) dX

E-RICLIHEE
iy m— 1\ /lw|\i lw|ym—1-j
’BGK JZ: szm ( ] )(7) (1 - —7;*)
ERETDHIENTED. 22U, B2 U= [-m,7 &T5 3ER) RAad#H2BEE
K(z) 3 g K(v)dv =1, &, [K(z) - K(y)| < Clz —y| (z,y € ) W=

3. fRGK » fX D

FEC BRETS. BEDH—FNVAY MAHETEER X, OBE 1T X, #i
Gk, BT AR ?E%d)‘"@ﬁﬂé’]fé’%“mi <ELNTEY, T 2EEAE 2 — ik
Bernstein 227 MVHEER FROK ICOoVTHER L. WE OBHIAR LEBIZRD
MISE

MISE(fr) = E[ [ w(@){fr(@) - f(z)}* da]

DEEE AMISE (2L 5. Z2I2, fr i fE,, 5% fBSK ThB. M = M(T) &
m =m(T) ZZnEn0 AMISE B/MEIC LV EDD L&, ZDLED AMISE @
F=F—DBWE LD O(T°) THY, WiEIZIZRE TH 5 Z LRSI,
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BROEE 2 B ORRIIENRE T L OB B
Bk - ERET RS

1 B

RRFIERET MZBNTED b Ly FEEOENRFRHAH 2 RMFEATENRT S L EICETDOEL
BEHMETORBEILE TLEETH A, FRIIERETFT L TRT I LD TE DSR2 R EBECHIE
ﬁ%ﬁﬁfaﬁ%uﬁwf,FvykﬁmﬁﬂénéﬁﬁT«f WCBWT—ETHAZ LixEnZ
ETHY, ZOBAEEETAEE CUIHI I LAEZ LN, BRENSBCHEEL TV AR
FIEF IR L THERMOBELT, VBT M AME, £ A7 M EEBRICENES
HRBEICOWVWTOMEREIHEL HY ., W OO ELEHEERNRE SN OB O — ik
DERINTEL.

FALRHEE OWHLBROIE & A L —BE LEES T 2R ->72 b O THh 553, Shiohama, Taniguchi
and Puri (2002) CIIERMTERE CERBEI FHI OMELIEZ F O RSB &7 IR LT,
HBRMIFECRBRENELT D L EOECAHEOMEEE X, £ LT, ETVORMEET
HOARREETILEORLHERE A AR EREZEHEL, TOWNEEREZHLNCL, WLHEZ
REEBIZOWTER L, FRRUIEROEREZFORRIIEURET VISR T DB A ER
OETEREER LT,

2 ETFILEXLELIBIE

KOL D REERFIBIRET VEEZD.
ye = {Bix(t/n <)+ -+ Brpx(t/n > 7))tz +
= 71¢(B1, -, Bma1>T) + U, (say), t=1,...,n,

ST By By ERMOEREE, = (n,... ,7m) EARMOBICK, x ZERME, u 127
0 TR bAGEME f(\) & RO EMIESR ARMA B &+ 5. %7t 2, 1213 Grenandar £/ %%
T ZOET MK L TRES

ﬁgn)z,@i%—D;lbi, and 7M™ =74+n"1p
&pz(m,--- )pm)IERm %%Zéa:-:v(:‘Dn:diag(\/a?l(O)a“-1\/ ( ) n Zt—l ity
bieRifori=1,..., m+1ThHd. ZORFRINIKT S LELERI

L'n.( gn)> ”37(:_){_1’1_(11))
Ln(ﬁlv"' ::Bm+1aT)

=emL%ﬁ;ﬂ&ﬂ”@ﬁwwwﬂmmAWH—iZ}WM1

k=1

Zn(b11"’ ;bm—l-l’p) =

TREND, 22 Tda(M) = 2mn) 250 et THY

A(Ax)
m  [Tin+p;] m+1  [rin+e;) )
— Z Z )+1 A —i8Ap _ Z Z b}D;lzse_”’\’“
27Tf /\k 7=1 s=[r;n]+1 j=1 s=[rj_in}+1

Ar(Ag) + A2 (M) (say).

Thab.
=T, COLEHRBRBOBERREERD .
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3 HEHES
WICHRAHEER (MLE) & <A XHFEE (BE) OBEMNRED BV A2 E~5. MLE

B = MBI ALy o —imkmscati 5 BE O = 3. BE) 5
R TESRETD
L(i’iML)y ?é%i)7%(ML)) = max L(blv--- 7bm+l:T)
5140t ,bm+1,T€

e

- (B) w(8)L,(6)

8% = 0|Y,)d0, q(6|Y.) = ,

BRI CEATTS e e

THD, SITH(0) FEAMAHTHD. SBIZ Z(u),u= (br,... ,bpy1, 7) IIK LT 2 OOREREH
/ x(malypm UL d
Z(w) = sup Z(u), @= fmq (mt1ym WE(U) u‘
UEReX(mHEE= quX(m+1)+m Z('U)d’v

EERTD. UTFOWENRERBELNE.

Theorem 3.1. /$5 # —# %4 © I be an open subset of RIX(M+1)+m DEEASEA LT3, T3 L
MLE 1 (b1, ... , b1, ) € © ET—EEIC,

Plim & =0
n—co
— A,
~(ML) N
% {Wn(e - 9)} — Z(a),
DOIMIPIRS D, ZZ T o, = diag(Dn,... ,Dn,n...,n) THD. EiEEDEFLEBEBERIC
N e’ N e
m+41 ™m
%t LT
lim Eyuw(aa (8" - 6) = Bu(a)
MARY 370,
Theorem 3.2. ~A & 8 119 c © LT—#ic
Plim 8% =0
-0
— R,

. (B) )
% {40 -0} — 2@
DS T 5. /- E DM BRI LT
lim Fow(en (8" - 8)) = Bu(a).
DALY 320,

2% 3k

Shiohama, T. Taniguchi, M and Puri, M. L. (2002). Asymptotic estimation theory of change-point
problems for time series regression models with its applications. Preprint.
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/A R B R EEEOHAREICNT 2V 2 —T Ly bOAE

—RERERZEGHRREEZR HBA

1. FL®HIC
BB/ A b e ET IV
Y =1+, {u} ~iid(0,p0%), (1-L)fz, =g, {e}~iid(0,0% (1)

B L HERIRE R BT B, COT, BE (o) & EESIVEIEEELENR
BOBRICHEL, /A 2 {u} REGDBRICHS. E51, BB E /A RZHWTHNT
53 LITET B, |

COEE, A OB B REmE

Ho:p=0 V8. H1:p>0
95555 Y 2 FREIREI,
T-1 T-1 6 T-1 1 2\ 1/2
&:%Tzém/(zéﬁw—<zf®>> (2)
=1

i=1
DRENE EIC Hy ZRNTBBEL%S. T T,
o; = Covl(z, 2-4)/0”
_ It —d)T(1 + 2d)
T D= T +d)T(1+i+d)
’Z:‘ﬁ D’ Zg = (1 - L)d‘st ci9 Iy = (1 - L)_dft Lzy;fﬁ-éﬁi@%%?%% ifC, T; Gi§§
EWRETH .

STV A RBEREDRB N, EENEEDRE, §/4bb, 0<d<1/2D
BAICIERICEL xS, TOREAERRTZEDIC, Yx—T7 1w bOFEICEDIN
T, EEEBIKEENIRENRTA—ZEHET IV OLOHELZERTS. &5
I, BELUFHZEROBS R VI 2L — 3 VERICK D HEET 5.

FHFE, Ur—7 L MENTE, BEROELOBENE, 7TV IR EBA 5,
HEINE, TORBREMS HEE LUTHESINZ. Y—7 Ly MEFTOREIR, 7—
R A —)L (B W03 2DODEEI LD ZCLTHS. LWhIE, &
TR, KRB L ThH3.

K|EE, V=T L hDAER, BERAID . A X THEREN TS IRRICER
THLEDTHD. ZOXIBRT—AHSEEZVNCHELELXRWAEERLE. F
B LTI, B, EFEEERICR ORI BTk, ZLT, EBEEERED
Thxl, FEEERBEEIOVTHEERLE.
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CZTCEALVWT LIZ, RREDODBNEET—F DAL= AcHBHDTIERL,
HEPHRTE EOHRIZITS L THB.

2. B2 REFLELEE

HeAERE {y) DDV AR T =27 DK y = (31, -,yr) KT BLAN j O
DWT (BES(v =T Ly FEH) Z W; £95% (G=1,---,]). W; &, T/Zx1D
NZPLTHY, ZOFELERE W, £T5. B EXEDE LT, & j LI
(W,,} BEBEERERD, b, MEEERLEETENRENS. LichisT, L
NV j O =T Ly MU ¢ ITRELEVDT, ThE of = Var(W;,) &B<.

ZDrE, vr—7 Ly NEROBEEIRNAEEC XD, Y- L 1 B,

o2 ~ positive const. x 47¢ + po” (3)

DEINTEUTES. TDT b, o ZHERBTEEMA T, FYES/D 2 FTIEIC
&Y, dZ2HEET B LHNEEEL LS.
7, EREOREDS &T, NELER

T o 1 _
L(p,d,0®) = - log(2mo®) — S log |[T(d) + pIr| — 2y( (d)+pIr)~"
2 2 20

T L I+ 1t WIW
= 2 - = | d ey L
5 log(27ro® Z T; log(Cj(d) + p) 902 > Cy(d) +p

3 =1 Jj=1

Q

DXHCHELUTES., TTT,

O';; = VG‘T(Wj’t) = O'2 (Oj(d) + ,0)

Thd. TORKICKDBELURITHEENMEISNS.
3. DWT &1 DWPT IZED5< MRA

DWT%&UIMWT(%ﬁvz~7bzbn#/%ﬁ@>m BERXREBRTHSH
, WX, JeDT— X BB LT RENTES. TDE X,

y=§?@+&; (4)
j=1
DEICHRHETE, MRA (ZBEMRBGEMN) HAlfEE %D, TTT, D LN j
DT z—TLwbk e Tao7=)l, SGELNNVJTOTL—TLw b« AL—XEL®ETN
B, JARDZEE, Jx—TLw bk T4 T7—1D jHWNENETACENSDT,
CNLZERET B LICKD, EEME (B NTEs. 2530, B0 (3) K
WCBWTEIAE 2L 0 LAHERTTeHNTE, MEEREORRRXLS d EHET ST
EDATREL 12 5.
DWPT icE#3J< MRA &, ARICLTEAZ LN TES.

—120—



MULTI-SAMPLE PROBLEM FOR ARCH RESIDUAL EMPIRICAL
PROCESSES

S. Ajay CHANDRA
Osaka University, October 2002

c-sample rank order statistics and results. This article gives the asymptotic theory of a
class of rank order statistics for c-sample problem pertaining to empirical processes based on the
squared residuals from a class of ARCH models.

Let us consider the ¢ independent random samples from the following ARCH(p) models

v p1 -
03 t€it, ait = 99 + 3 9§Xi2)t_l for t=1,...,n;,
I=1
0 for t=-p;+1,...,0, i=1,...,c,

Xit:

i

where the €;, are 1i.d.(0,1) random variables with corresponding fourth-order cumulants ;c( 2
6; = (02,6},...,60")T € © C RPitL| and g, are independent of X, ,,s < t. It is assumed that
60 >0,6:>0,1l=1,...,p;,i=1,...,c,and 6} +...+6% < 1. Denote by Fj(z) the distribution
function of E?’t and we assume that f;(z) = F/(z) exists and is continuous on (0, c0).
In the following, we are concerned with the c-sample problem of testing Hy : Fi(z) =
- = Fe(z) for all x against Hy : Fi(z) # Fj(z) for some z, and i # j. Write ¥;, = X2,,
G = (Efyt — l)aﬁt and Z;; = (1,Yi4,... , Yit—p,a1)T. Then the autoregressive representation is
Yip = HfZi‘t_l + (it We first consider the estimation of §;. Now define the conditional least
squares estimators of 8; by éi,ni = argming, Qn,(6;), where Q.. (8;) = Y 1=, (V;, -67z;, 1) ,
i=1,...,c(see Tjoatheim (1986)). Then empirical squared residuals are given by 6m =X7,/6%,
where 67, = 69 P b L XE L i=1,. e
In the settmg of Puri and Sen (1993), let N = >;_ n; and A, v = ny/N, i = 1,... ,c
For €2,, the size N is assumed to be such that 0 < Ag < Ayn,..., Ay <1 =X < 1 hold
for some Ao < 1/c. Then the combined distribution is defined by H(z) = Y ;_; AinFi(z).
Likewise, if F,(z’) (z) denotes the empirical distribution function of é'f’t, the corresponding empir-
ical distribution is fIN(a:) =Y )\i,Nﬁ’,(l? (x). Write Bﬁ,‘) (z) = ni/2(ﬁ',(,? (z) — Fy(z)). Then
BO(z) = n]tPy e [I(€2, < 2) — Fi(z)], i = 1,...,c. From the result by Horvé.th et. al

(2001) in the case of ¢ = 1, we observe that B(l)(a:) = E,(,, (z) + Az fi(z) + 17 (:1:) where
Ee) = n]PYM (2, < 1) - Fio)), A = om0, — 697, 6 = 1,...,c, and

2

sup, |nt (z)| = op(1) with 70 = E[1/0},] and 7, = E[o7,_ la” ,/aft] 1 <! < p;. Denote
by F (z) =n;' Sop, I[e? i+ < =] the usual emplrlcal distribution function of €7 ,. Hence, from
the preceding arguments, Hy(z) becomes HN(J:) = )+ Yin —1/ AiNAiz fi(z) + En(2),
where Hy(z) = >0, A NF,&’)( ) and En(z) =35, ni—l/z Ai Nnn‘)(z)

Let SU) = 1, if the ith smallest one in the combined residuals €7 |, ... €%, ... ,€2,... &2
is from EJ 1o-ee ,afn , and otherwise let S](j,)i =0,i=1,...,N,j=1,...,c. Then consider the
rank order statistics Ty ; = nj'1 Zf;l yN,ng),, J=1,... ¢, where the #y ; are given constants.

An equivalent representation of T ; is T, = [ JN[N(N + 1)~ lfIN(x)]dﬁ',(,f)(z), i=1,...,¢
where &y ; = Jn(i/(N + 1)). For typical examples of 5"1\“, see Puri and Sen (1993).

We now impose the following regularity conditions.
Assumption 1. (i) J(u) = lim Jn(u) exists, is not constant and has a continuous derivative

J'(u) on (0,1); (i) [{Jn] N(N+1) LN (z)] = J[n(N + 1)~ Ay (2)]}dEY (5) = 0p(N~1/2) for
all j = 1,... ¢ (ifi) |d*J(u)/du’| < K[u(l —u)]"*" 2+ for 4 = 0,1 and some 5 > 0 and K any
constant which does not depend on ny,... ,n., Fi(z),...,F.(z) and N; (iv) zf;(z) and zf’(z)
are uniformly bounded continuous, and integrable functions on (0,c0) for all j = 1,...,¢ (v)
there exist constants d; > 0 such that Fj(z) > d;{z fj(z)} forallz >0,j=1,... ¢
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We also require the following regularity condition.
Assumption 2. E(Y%) < oo, i=1,...,c (see Giraitis et. al (2000)).

In order to elucidate the asymptotics ofTv;, 7 =1,...,¢, we require further settings. Recall-
ing Q(#;) and using the notatlon o; t(9 ) = 90 +91Y;t 1+ +0 'Yl t—pis 8 =1,..., ¢, we notice
that 0Q,, /8(90 =-2% M, l)al 4 ( -2 Zt_z i 8Qn,/89’ -2, (e,
Do?,(6:)Yie = 23 2(]31(8” , 1 5 l 5 pi, 1= 1,. . ,c, where ¢i(u) = u — 1. Write
R; = 2E[o ”(9) i-125_1], and u = B[Z;y1Z],_\Jand 9; = (¢82,... ,97)T, i =1,... ,c
Then, using standard arguments, it seen that the /th component of each éi,m, 1 =1,...,cadmits
the representation 8!, — 6 = n;* Y1 Ulpi(eZ,) + 0,(n7 ), 0< 1< p;,i=1,...c, where

U} is the Ith component of each U; '9;. Write ol = E(U}), 0 <1 <p; and 7 =(Ti0,... ,Tip,)7,
1 =1,...,c. Then, we have the following result.

Theorem 1. Suppose that Assumptions 1 and 2 hold and that, in addition, éi,n,, i=1,...,¢
are the respective conditional least squares estimators of 0;, 1 = 1,... ,c satisfying | |63,~,n1. -6 =
Op(nflm). IfU; and R;; i = 1,...,¢, are positive definite matrices with bounded elements,
then NY*(Ty; — pn;)T % H(0,5), where un,; = [ J[H(z)dF;(z) and & = ((on 1)) with
TNjj = OIN,jj + Oan,jj + O8N,3j T YN,ji, where oun ;5 = 2[5 il Ay [ Ai(z,y)dF;(z)dF;(y) +

z<y
ANy Y=t )\Zfo Aj(z,y)dFi(z)dFi(y)]+AN5 2° k=1 /\i,N)\k,N[ff Aj(z,y)dF;(z)dFy(y)
] z<y ';ék,z#J, £ z<y

+ [[ Ajly, 2)dFi(z)dF(y)], oan,j5 = wiUy Rl wj, o3 = Zci;} U RUT v, and

y<z
VNG = 2[221;} Yoiio anTig [ R (2, y)dF;(2)dF5(y) + Ay} ZE;; S A yTia [ BY(2)
Yi(z,y)dFi(z)dFi(y)], and on ;5 = 01N, + Oan,jj, with oin g = — Yoy Nin[f[ A4j(z,y)

AELE)AE; 1)+ J] As{y AR )y )]~ Tics ] A,-f<x,y)dm<x)dFj<y>1?<f 45 (9, )
y<zT =<y y<z
AFL)AE ()] + i Mo lfJ A 0)AF )y () + ] Ay, 2)dFy(0)aFy )] and o s =

Zz 1 lN{Z 1=0 Ta,lfhl m)%(iﬂ y)dF; (fl’)dF () + Zz o T4, lfhl (75 Py (z, y)dF( )dFj(y) +
1o Tit [ B ()% (y, x)dFi(z)dFy (y) +21 o Tita J Wy (Y)05 (y, 2)dFs(2)dF;(y)}, where A;(u,v)
= F;(u)[l = Fj(v)]J'[H (u)]J'[H ()], w —)\_1/221—1 Mo [ zfi(z)J'[H(z)|dF;(2) x 75, v; =

Ay [efile)J'[H ()]dFj(w)XTmﬁj(u,v)=vfj(v)J'[H( N H®)], b (v) = o [ ¢ (w) f;(w)du

Observe that the terms oan,j5, O3N,j5, YN,;; and oan ;- depend on the volatility estimators
é’i,n,, it =1,...,c. Hence, the asymptotics of {Tn;,1 =1,...,c} are greatly different from those
for i.i.d. case.

By virtue of Theorem 1, the c-sample analogues of some tests, like Mood’s two-sample and
Klotz’s two-sample normal scores tests can be proposed.
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A Numerical Bayesian Approach to Time Series in Space
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® Faculty of Science

@ Hiroshima University, Japan.

Various concepts and notions of time series analysis may be applied to the analysis of
spatial data and vice-versa owing to their inherent similarity because both are
offsprings of stochastic process. More mathematically speaking let s€ Ry be a generic
data location in d — dimensional Euclidean space and suppose the potential datum Z(s)
at spatial location s is a random quantity. Now let s vary over index set D C Raq so as to
generate the multivariate random field (or random process) [Z(s): s € Dl. In the

parlance of spatial data analysis such variables are known as regionalized variable

Investigators in diverse field of scientific investigations have long been engaged towards the
study of regionalized variables. In such situations it becomes apparent to estimate the value of
certain measures or functional based on data collected at n data point. Let the random data
points be S1, Sy, .. . S, and the data are used to perform inference on the process, here, to
predict some known functional [g(Z(s)): s € D]. Sometimes the interest is not on Z(.),
but in a noiseless version of it. Suppose Z(s)= T(s) + N(s), s € D, where T(.) is the
true random process and N (.) is a white noise measurement error process. In such cases one is

interested to predict a known functional g(T(.)) of the noiseless random function T(.).

Spatial prediction refers to predicting either g(Z(.)) or g(T(.)) from data z(s,), z(sz), ...z(sn) that
are realization of Z(s1), Z(s2), ...Z( s,) observed at known but random spatial locations Si,
$2, .. . S, Naturally the terminology encompasses the temporal notions of smoothing
(or interpolation), filtering and prediction that rely on time ordering for their distinction.
It is well known that if temporal data are available from the past upto and including the
present, smoothing refers to prediction of g(T(.)) at time points in the past, filtering
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refers to prediction of g(T(.)) at the present and prediction refers to prediction of g(T(.))
at time points in the future. In case of spatial data the corresponding analogy is missing
owing to the absence of concepts like past, present and future that are the consequences

of unidirectional movement of time.

In the present paper one specific form of functional will be considered that represents
the total volume in space, or average of a process over a block. More mathematically
speaking, in such class of problems in spatial data analysis one faces the evaluation of
an integral '
S D Z(S) ds

on the basis of of data z(s|), z(s2), ...z(Sy), where D is a highly irregular bounded domain. As
an exainple the z-values may be conceived as the thickness of some accumulate at random
spatial locations and the functional may be considered to be the total volume of the accumulate.
Another example of z-values may be grade values of ore at several three dimensional locations

of an ore-body and the functional may be the average grade value of that block.

A numerical Bayesian method based on Gibbs sampling approach has been applied to solve this
class of problems, which is capable of being tuned to various investigations dealing with
regionalized variables. Several numerical examples based on computer simulations and one real
life problem of estimation of ejecta volume based on meteorite data at Lonar Crater,

Mabharashtra, India will be discussed.
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TEEBEOTIOFEEXRBMIEE R AR PVOHEIZ RITTREIIONWT
HER 7 (Lg% KERKERFMER) . EH B
1.

T Y RO 4 LRET., HEBESFEE LITEePICELT S L EZ O NARERYT —
YERNJ/OLBISEONDEZ &N H D, ARETIE, WEFFEET 2 BOBEEEHOBRAT —
FEEF—ZICLCIDL ) ZHEE b OEEERHOHFEBE, MU FOI EEELANRS ML
HEEETERL, SO EZRINICEELALL THEEREF V2 HTIXOTHET LB
BEICBIT A M EEICOWTHEES D E8BT 2,

2. BN LHEERLEAT A ECERBE

{Xpyn=0,41,.. ) IXIREIEE (Priestley(1981)) 12fEvy, 22 0Ll F O EFREE 0O H LG8
BICHE ) IEEE e san s 4 5;
Xn — (Pl,an——-l e <Pp,an~p = 9n5$;n) (l)
Pin = (Pi(t") (Z =1,... 1p)) On = a(tn): tn = nAT

772U eV} B n (S TR S N BT E —A A 1 S EREEEIT, B(e(Y) = 0, B((£7)?) =
1, B((e{")") = not,, < oo Rilifzte E7, pi) & 6() 1ZMBARE ¢ O L TEE SN,
AT > 03> 7)Y 7 OBBEBEEE T 2. ZZTUTOREESE <,
(A1) ¢n(z) =1 =35 0jn?? #0207 2| <1 LR BERD 2€ CTHRILT %,
(A2) BED ng o BT, UTORGZMAT & 5 2 EER M(no) #HEFET 3
(i) pi(t) & B(t) B ¢t € [tno——M(nO), tﬁo-i—M(no)] LAEED L ICTERE k5,
(i) @i(t) & 0(2) 12 t € (tng—M(no)» tnotM(ng)) PHFIZ BT | BH% 1 ROERIMK
pi(t) & 6 (1) HIET B
RIS, {Xp} DANRY PVHETERT Do REPBIZICTE D HED T T {Xn} DIEEE % XX
2+ VERBAT (Priestley(1981))

1/2 .
Xn= / e AL (NAZ (), An(A) = A(ta, A)
-1/2 .
LERBTEDI LR D, 2T {ZM W HBAnicBVLT@L A (M) LD R En 2
BAHESARTH Y . AC, ) EEERERE ¢ L BRSO LTERINAMET. UTOREL i
FbDE TR,
(A3) A, 2) = 6(2)/ (1 + o1 (D)e™™™ + - - + py(H)e™P™)
(A BED n & LKL T, {20} & {28 (0)) Lo Bih b, T4
bb,

EEZPMZIW)y =0 #4),  BEZMMZEI ) = 500 (V=2

B2 1= 0T, S0 = B2 0) 1t (M) o B A b VEERH.
INLDREDT., {X} D2RETHOE— AV MIFRT, FEEHER AN P VEERH F(\,n)
VHEET 50 £L T, { X} DECTHBEHEHE B(h,n) = E(XnnXn) 1L T, UTRIRET %,

(A5) BED nicxL T, T2 _|R(hyn)| < o0 2R T 50

h=—00
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3. REEMEOEBICEE BCEFEET NV 25 TH O B0/ 2 FiEEEOWE ST

WV E L [tng—Mino)+1 to+ M (no)) PEEEMRDEEN (X1 pi(noyajsd = 1,..., 2M (ng)} D> 7
VBB LDET D, COEBPEREHEOOLER, ERLZECHFET IV
— 1 Xp1 =+ — ppXnp = ke™, ™ ~ 1ID(0,1)
e HTHOLBIIRD2FHEEDOS OWEMEEZRARLZ LICT 5, KIFTIE, —kDHCHE
BEFMIDOWT, LROUTES Z2RT, (1) DB ng B Bl o, R HETIHEEER
%o LEROBRIEICSH: B 2M (ng) AT % 2N (ng)At i 5 HIL . N(ng) — oo (5 id At — 0)
EfD  FEIL I A DBRAAIZOVT, KE (A1)~(A5) DT TUT ORI ESND,

,/2“‘“"N(nn)(ga P LMM) By (O o0, Any (A), Any () + 23072 (=1, Any (A), Auy (A)))

£(M(no)) (0, Any(N), AL, (N))
INATAETH A C—e(—lﬁ?—(’g‘—))’—’ DEF. FBEFA5—BRALY ZAZThUTOMKTENTES,

o 1no)) = BT (45502) — g, 50(0) M2 (o) ~ (ATYS3(1)M (o) — L83 (1)04 7 )
(AT, Si() o) + (1 = g7=)50(1)

(AT) (AT)

st = S50 m0) + S50+ BR800+ 5:00) + (1~ %0
K(AT,5:(), pno) (AZ) sa(1>+(AT)sz(1)—(A§ ony3(0) = L1122 (5, (0) + 52(0)

So(k—1) = / D A, (NN, Si(k 1) = / eTNETD AL ()AL, ()dA,
So(k —1) = / e2MED AL (N g (N, Sa(k—1) = / e DAL (A)[2dA

7. o1, Ang(N), Ang(V)) 1

[ tmipars { [ A Ao+ Ang W, <A))dA}M<no)

+§ ( / e AL, (/\)lzd/\> M?(no)
Eleho TTTy Ay, (N) i R 0, DEALDRY = F (g, 60) KIETAHETHY, /547
AERPBRSFATZNLIZHL TEREDOBTELL Tn L T edtbh b,
4 BEEMCOEE LA MVOREELEE OBE

2T, {X } DEEHE ng ICBITAIEEFEANRY MVEFEME FOuno) 2 TEEBVTHET S .
R.'Z
1 — 2pcos 2w + ¢2
ZDEE, HERED2REROHTEMNTE 3,

2
ZN(nu) Z-’f_!:’l(ﬂo) 1{ i+l (‘Pﬂu + %%%) Xi}

(A (ng)) Cng (M (ny))
1- 2(4,:,.(, + gg,‘,(n";’) )cos 2\ + (tpm, + ey )

fL(Mng, M (no)) =

2
Sz(A[no,AI(no)) ~ [ 7 — fx(X, no)]

SE I
Priestley, M.B., Spectral Analysis and Time Series, Vol.2. Academic Press (1981).

—126—



ZEERRINCBEITHHEEEEDREIZOINT

R B REXE
RRARE BE R XE

1 [EL®HIC
SRBERRRIN{Z, = (Zy, ..., Zn),t =0,%1,...} EOWT 2546, TOHEREE
Cov(Zys, Zpt) = ouopp(a, bt —s), a,b=1,...,7

FRIELRTNERLRN, ZIZTa2 & o ZTNTNZy & Zy DHEWTHD, ZEE
BEEURET A BHEEEDET M IC Kb d M, RITr BREVFEITII AT
A EBREBICHEZ T LEWHESREEIZRD LWVIRKADRH D,

WITr D@7 —F It LT 714 4HE (separable correlation)

Cov(Zys, Znt) = oq0pp1(a, b)pa(t — ), (1)

FRET HHEN S S (H1 21X Haslett and Raftery (1989), Martin(1990), Katanoda, Mat-
suda and Sugishita (2002) %), separable correlation % Fi VAU, KEfEIJT M OAHBEMHEE &
ZERAFMOMBEEL 2 ICRELRDL 2O, EFICENRLTI RS, LIAREDOR
. ZOFEIHEEEEICRVEIREMA S0, BRECHEETDIiTt0zyts
I BT OLERD D,

FIT, RBETIIELEERSRIIOHEBEREE% separable correlation THRET 5 Z
ERTEDINENERET DMEELRET D,

2 REME

{75 (1) 2 RERB & T B separability DR ERFHEERET 5, Z,,...,Z, 2BBAIL
LT, Z, DERT— U TRRE W) = A= T, Zoexp(—ish) & LT, A IZBT D
EUF R T 2% Iz, = WOOWA) EEBL TR, fr, REVA RS T AT, &2
L=P T LTRONDBEDOHERTED (ab) RS DE fu, 1.

( m/2
;,’,/—}235 Z 17 ab s+ 0<t<m/2,
j=—t+1
m/2
; ;,,ﬁ Z Iz.abt+j, m/2 <t < [n/2] —m/2,
fU,ab,t = 3 j=—-m/2
[n/2)—t
AT 2 lzabsr [0/2]-mf2 <t <[n/2],
j=—-m/2
fab,—ty i< O

TEx BB, A
ST, REER (1) OF CENRHEE fr, KT 5. REERROTTIE, ()
12, g(\) % pa(R) = [ exp(ibA)g(\)dA 2T HDE LT,

fas(A) = gaovp1(a, b)g(A) (2)
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ERBIEEFALTROL S CESRT B,

fR,t = ng
2L,
ab = ’“ZZa.thty

t=1

gt — ZfUaat
= Etr fU,tE_ 3
r
Y = diag(Vis,- .., Vi)
THD,
Iz: & fry BRERRO T CHZOZT IV L BB/ TE D, MEDNDERS

) n/2) ) |
Collznfe) = ~ 3 te(Izefal) -7 (3)

n t=—{n/2],t70

CEVBEBEELEbOERECRAT S, UTORED S & TCo(ly, fr) PRERHOT
“C@Z%&z& PR E B,

(Al) Z, 3H U A@ET [logdetf(A)dA > —co.

(A2) fN) A€ [—ma] IZBWT, 2 BEEFIMY FIEE.
(A3) fau(A) >0, a=1,...,r, —m <A< T

(Ad) m=0(nf), 1/2 < B < 3/4.

Theorem 1. {FE (A1)-(A4). JRERRL (1) Db & T, n2C,(Ig, fr) 1XEH 0, &
# Sy = 47 [ trfao(N) F(N)ae(\) FOV]dN DWRE EfME &85, = = C.

ao = {5-— 9} 70 - Be00)).

b/ CIMOREZRANWSZLICXY, BIORERFEEZHBR TED, 22T
L/("F@% Jr%%:i%xé
o [n/2] L
Cx(fv,fr)= 2.  K(fu«fzs) — K(,), (4)
=—[n/2],t#0
IITK() . C” EOFRIEHTH 3B, .
Theorem 2. {RFE (A1)-(A4). BERF (1) Db & T, n2Ck(fy, fr) IZFEH 0.
DSk = 4r [trlax(A) F(Nax(N) F(N)]dN OEREERMEE >, Z 2T,

2
- OK(M)
K oM

ox) = {5 =} 00k - T g,

M=I.
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structural equation) DHEEFE L L TRIBRAEE (maximum empirical likelihood
method . B& LT MEL #) OEEEZRE LT, RERALEEIX Owen (1990) 12XV E
RENT= ) RZAMN) vy (- BINFARNI ) EAMEEL L GEFERZER
VCTWBHEEETHHH. Owen (2001) 23FELSHBAL TV B,
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MMEL) T MEL#EE LV b, BEAA T RXL O /n) OA—F — BnLFH FEE
120(1/n?) OA—F—TRBCHEL TWDZ L3 Do, (22 TnldERHE2EL
TW3,) abiz, #EFEBRE (EMM) ICL2HEE (HAWITFERFFETII—#K
F— AL ME(GMM) EFHENTWAHEER) LT 5 &, FICHIKEEOER S
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FACKE: - 18 B - M=
1. FF
JEEF 72 VAR T /BT B HEED#Eaa1T Johansen(1995) 21k Ui, dEx RFESMERE SN
TWB0, FEE# 72 VARMA £7 /1 Cid Yap and Reinsel(1995)%° Lutkepohl and Claessen(1997)
BEBHE D EL 1T, WE & GICHEER CHEE 2 1T-> T\ 5, Hannan and Mcdougall(1988)
TIL RIS RFRIPRIR Ol T2 LT & A PRV IR UEHEMThILARN T A 8ESh TV
%, Takimoto(2001) CHEERSEL B b4 FefRifEk & BIFEMEON ST TIT ., BTy
Jalb—la EAVWTHER LI E Z A, JEIREERE G v R LA E ORBMRRIER L 0 £
Wz, KO BERERHEEEAE DAL T EMBN T Ldvbhofs, £ HEREHEEORS
AN Tl Hannan and Rissanen(1982) D EEAEL . 7 ¢ v MAABEERGHICE-5<
FFEF 2 ARMA T VORE, #E, MEZ—HOToE A TITH 7= RAEBEL, EIT
TREDDOT T 7T AERFRE L, AR TIIARMA ©F LA L QW AT DEET £ v
FMVEEL 2 BOTSREZIRE L TS, ZHHOERER2MEEEE L TiZ Hosoya (20021330
TER SN QW5 AIFZE Tl Hosoya(198IZH S5 T4y T o 7 ORIBHEE HIRE L TV 5,
& 512 Hosoya and Taniguchi(1982) DA E- S\ TRy Sk i3 7L = Y a4 Ba%E
L. ZOFERAFIZERLTOD, BEBICAFETIERE L TV EHEZROTOEIFICOWT bk
ER N
2. B BEEHEOT LY X
Hosoya and Taniguchi (1982) (D/AFUZEE S TR AT 2 7 2 U XA 2% LT,
LIF D ARMA 5 /VOMRIEBEBEOMERE Y &7 ¢ v MAHEERE b T LS5 & 3E
F CETHEL—E LT3,

X, o] _[07 o xa¢-n]_[z0] [05 06]z,¢-D
X, (1) 0 06| X,0-D] |Z,()] [-07 08||z,-D]

Z(t)~iid.N ,
0110.71 2

t D —ODFEM L L THEERESHFOBE SR LiF s, BRITEREY . T /VOEED
ESBATINIRNZ L A BB R ERGHDEE LI1Z LA LRI UEIZR->TN5, BTs#Eo
FHRAR TEA LR D L, REMMTADIEOEAT N TY XLIKEERTH D,

3. FIEEERRT

HERERERFIOHEE LREDT VA Y X LERET D, FIBMTY ¢ v MVEEER A AV

TUB A TRIGEIC 2L R T B, p IRET B A {Z, (DI TO L 5 ITARSH TN D &
RES 5. :
ALYZ, ()=TZ, -1+ Zl T(KA(LYZ, (t— k) +Tg(t)+ Zb ehet-1)

k=1

1=0

772 Ue(n)}2iid {0, Q) TQ REMERE T Elle, (0 |< 0 235, det{i @(l)zl} —o®
I=0

e det{A(z) 1z - § T A } S ODRITENEN L LD kE < HEBLRN LT 5, IBE
k=1
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B 3BME: v ¢y ML R = o P UEEAVTERKREL, U o y MAEEREZRD
AR TIL 2 BED Y « v MUVEEBSEREL T\ 5,

94y MVREWRE : 74 v MR L =TI0() - O(/)] ZEHEFE L, Reinsel and
Ahn(1992) TEHE SN TV B ERE AV TRET 5.
RS 5 o OFBFRE « REERR rank((]) = r . S rank(l]) = 7 +1,---, p ORIFHREL

EXD, FTVAy MULEKL OpfEZp, ELTp' = min p, ZRDD, KIZIOREIC

r+isjsp
W5 pfx Plp')=Pr{p’ < p' | H,} £ LTCEYFAABY L 2 L—a L CHHET B, 12

7ZLP" = min B, P, & Hosoya and Takimoto(2000)07 V=) XAZ W THE S D,
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DENSBROALEERE
sk 8 WS B=

o

IFEH BRRBERRSIT — 2 DN T . METHHERNC BH 2t BOWHEIMEZIE LIEL
ST o0 e B, d=(d1), - ,d(p) ZOEIEH d(a),1/2 < d(a) < 3/2 15
BEREND pRXT VLT B, W(r s, d) i 3FD o HAHEE

Waal(r,s,d) = (r — 5)1@!
THALBNDHMEITHE T B, Fz {B(uw),u > 0} ZHHE BO) = 0. o ETTY
E{B(1)B(1)'} = Q.
Dp Ko7 Z0VEBET B, TOLEXAT DETITUVER) Z(u),u > 01 AR

Z(u) = [y W(u,s,d)dB(s) if u>0

LEBEND, VE pANTMVBRE {X(1),t € 20} BUHHE X(0) =0 THO t > 11D
WTIlE
-1
X(t) =) @)e(t - 1),
=0

LLTEABNTVALT B, TTT O(l) IFZFD o MEAESEN D(1+d(a)/{T(d@)D(+1)}
THB pxp MATHIETD, £z {e(t),t € Z} (&Y 0, HOEITH Q O 2 XEH BB L
T3,

ARG {e(t)} DERIANC DI —T 1 7=V EDNE L SHIESEN SR HET R L &,
X(@),t=1,--, T OE(LL 72 FNC DO THOMERREFEN BRIZL « S FHERRIC DV T AL
HRENRIIT BT & %ERT, TN Hosoya and Taniguchi (1982, 93) XU Findley and
Wei (1992) D7 7T 0—FZHIRLFZEDTH B, THhDB {e,(0)} ICXDREREL,

(1) (EEE v HEEL T,
Var{E(ea(t +)|F)} = 0(1™*™™), a=1,---,p.
(i) v2 > 0 ASFEL T ¢ ICBIL T—HRIC
E|E{ea()ep(m)|Fe} — E{eall)eg(m)}| = O[{(I - t)(m — )}~ (/3#12)]

CCTIl,m>t.
(iii) s7.0(a) = Zle ajea(j) EELEE e> 0MNBAONTE EER ¢, v DEFEL T, @
& TICBL T—H

Elst.a(a)*1{|s7.0(a)] > £}] < cc{Var(st,a(a) }} 7.
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(iv)e >0 EZbN/zL &, [ER de,ya DFELT
Pr{|sro(a)] > e} < dE[Var(sTﬂ(a))]"s(a)

T T y5(a) = (1+s) max (15‘%1)71—)

Dr %0 o NABES [l TH-12 Ll 5 HATIIE T 5,
TEA. RE @), (), (i) BRITBE X, DI YT X (1) EHRERIC T 0, HoyEm

1
/W(l,u,d)QVV(l,u,d)du.
0

O)IE%E \jﬁ‘hﬁéjc
EFEB. RE (1), (i), (i), (iv) DFT. BE {XT( ),0Su < 1} ¥ {Z(u),0<us 1}
275 D0, 1 L; BOTHENHRT B, 2T Xp(u) = Dt
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Asymptotic expansion in Ornstein-Uhlenbeck-based
stochastic volatility models

RE R RFRSEB 2N AT TEE MmO

& RMENEL, FREHEOEHPEK L DERRATH S (BHAELER ).

¥r#E, Barndorff-Nielsen and Shephard[1] IZEBWTLLT® 220 1 kot SDE O CER SIS
WRERT 7 14 )7 4E7 /N (BN-S SVM) MHER Sy Bix R EREDHT A 2 &l

dXt = —‘/\Xtdt + dZ,z\h
dY't = (/.L + ﬁXﬁ)dt + vV Xtd’wt + de/\t-

X BERshan, bF—2 L LTHBATAZEOTERVEERT T 4 V7 1187, ¥V 28
B IC B S A RPECE EMARBR A R T, 2T Z i subordinator (BEFMEM Lévy @FE), w
1% Z EMSLZERE Wiener BRETHY, o p,Be R, p<ORBA> 0 IFEHTHD. 5]k
W, ZOEFFIMIESWEZ3—n 7 VABA T Y g VORI OB ER SN TVD. 22
TIRARTT 4 V7 8 X »

t
X, = e MXy+ / M=) gz,
0

TH Z 515 Ornstein-Uhlenbeck BiE (OUP) (I L » TRBEIL TV 5, ZOHREERDE
BHOMWEI LY, BN-S SVM 34« REATAFI A2 B 2 & BM bR TVD (cf (1], [2]). BT
XHHCELT, 20 SDERFORESBRBICAESN TV AR LEDLL T, Z 2H~ KD
L E o THEBIBOWEREEOT TR, 282 LI REEDCBCAB RS2 LT DR
ERE (UTFTIhZF EE) LLTHLEIZLAMOA TS, £/ FOmicElbL ¥, 1
WFEDHAITIE X OHEABEEEE r(t) = exp(—At) THEZ LMD (SRILOHAT FITKET
%). OUP OERMLFEMI-SOVTIR [T ZBRENZ. FRRICEVTE—ELTX THEE
THHETE. ZTRIREER[ THLRENTVWRRETHY, F ORMEF L L TIEHIA I tempered
stable 377 (WA 7 A5 Hix &) NETOND. B, Y O SDEICEERNDE pdZy, i, VDY
% leverage-effect (volatility ® EFIZfE> TEEMENR TETIHRER) 2RATILHOLO
ThHD.

p=0&F25. T>0IZ8 L, B0, T] IS A XEEENE Yr — Yo KOV TUTOERER
HMHNTWS (eg. [1], [2]):

(A) T HFEFIT/IEVE ALY DEBERT — 7 &L T BT, L(T‘I/Q(YT —Yy)) iaEf
B9l F i £ A ERRETSRSICHES (1, [2] P, %< ORTICBVTEOEIENS 2 Sh
TV 3).

(ii) T 2SFEFITK & OB, martingale CLT DEAIL>TT 200 DH ET

T
T-1/? (YT -Y —Tu—ﬂ/ Xsds) £ N(0,mF)
0
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BEY D (ZZTmyp == [zF(dz) DEEREET ). Thid Aggregational Gaus-
sianity & LI TV 3.

LED 2o DEERHE 2, KBERTIL[8] (£F1X (3], [6]) THALNTLI—RAEFEMAL,
HAHEREHEDE & TBN-S SVM 281728/ [0, 7) ISh iz 2 MEENED I H DB ROIHE
R (XK Edgeworth BH) OAXEHNT 5. FYRRKRMIZIL, Hy :=Yr-Yo - E[Yr Y]
(CRHLTTVRHr T — o0 HDHEFEDELETOERMERD. ZORMDHITIE OUP X
O mixing EARERICER SN DA, KT [4] 1256V T mixing rate biAH TEDHD 455
7)3‘571 BREDTIZ TIXENZESEAND.

ITEHYEEREIIF OE— A2 FREOT TREIEERETRIESND SR, HHWDH T I
#LT;«JJ%’E%‘%O&:F&%D%’L%. ¥|Z, BN-S SVM @ SDE ORI L 9, T DA OHEITMEID
RFEZRBZEERA TR, BIZp=0DHH TR, RQICBWTHELIERSN TV D
integrated volatility X; := [; X,ds D#3l7% PR 15 S, KBS BT O REDE
FEICRE T V2Hr O K (r 2 2) F 25TV b x7-(u) ZRHETDZLICRHOTHDLY, Th
12 BN-S SVM Ofi&En b, r > 2 10 5% 2 45 & NS '

2.0
xr,r(u) = (8c)g log E [eXp {z <%‘_f% i UQ; )XT}]

THEILNBED, X; DENICRESEDR LN TES. BX X3 & FOERF2LT Vb
(%fmx*, k) LEL) OMICIZE LG, n‘“ = je L () BRI, T 2T L(t) X
Li(t) = /\‘kt AR T 11— e MY k> 1, o Ih(t) =t CIERKEZEENIEHTHD.
IDXICEBRICIZIF OF 255 FOFEICRESELZ LB TE, FOE—A Y MEHED
HETREOBUIEE CRERBAFREL 2 5.

RREAIBELRERREREETTD.

ZE Sk

[1] Barndorfl-Nielsen, O.E. and Shephard, N. (2001): Journal of the Royal Statistical Society,
Series B. 63, 167-241.

[2] Barndorff-Nielsen, O.E. and Shephard, N. (2002): Scand. J. of Statist., To appear.
[3] Kusuoka, S. and Yoshida, N. (2000): Probab. Theory Related Fields, 116, 457-484.

[4] Masuda, H. (2002) On the multidimensional Ornstein-Uhlenbeck process driven by a Lévy

process. Preprint.

[6] Nicolato, E. and Venardos, E. (2002): Option pricing in stochastic volatility models of the
Ornstein-Uhlenbeck type. To appear in Mathematical Finance.

[6] Sakamoto, Y. and Yoshida, N. (2002): Higher order asymptotic expansion for a functional
of a mixing process with applications to diffusion processes. Preprint.

[7] Sato, K. and Yamazato, M. (1983): Lect. Notes Math., 1021, 541-551, Springer.
(8] Yoshida, N. (2002): Partial mixing and Edgeworth expansion. Preprint.

etc.

—136—



RERCBLRNC KD/ S RBoB R DT A — 2 #EE

WH fEZ U RERFB R 0 %br

1 &

BERRBLIIC RS RBOBRR O/ AT A — ST, I EEETH Y, TEE IS
NTNEZEHETHD, LrLARRL, BEREEIE SV /N E 2% o IRB0BR O 15
A= ZHEEIZDWVTDORZEILH E Y £ < 720 . Genon-Catalot [2] & Laredo [4] iZ4L iR %L
BEER &V D IREDO T T, BT ERES LAY O KU 7 kT 2A—4 0
HEERIZOWTHER LT, Sgrensen 5] 137 — 4 n #BELETF O AF A —LHEER
BEEHL, FU 7 ART A= LIBREST A —5ICB1T 2H#EBEO—Hbks L OWHE
ERMEZR LU, LD 3 DDWMX (2, 4, 5] #BE LT, KR TII/h S ibi s & ik
BRRO/NT A= HEECERER > T, — Bk, #L ERMER OEGEA 42 b S ERIC
DNTEETD.

2 EPMIVIFSRMEER
ZOEITE, ROBEBSHFRRICL - TESBENS dRITTEBERE 2 5.
dX; = b( Xy, a)dt + eo(Xy, B)dwy, Xo=1z0, te€[0,1], e€(0,1], (1)

ZIT(a,f) €EOuxBp THY, 04 & OplXZTNTh, R? L RIDHRTIHRBEMNES L
T5. EbIT, zp & e (FBHMDER, biZ R x O, ETEHEINT REERIE, 0 1Z R x O
FTEHESNZ RYQ R7-EEE, wid r-IRTOERE Wiener BB THS. FUT kb LHE
B o 13T A—F a & BLUSNIBERMTHD L2, WS F—ZIZKM [0,1] LT%
MRRICBI S NIZBE T — 7 &35, 2E D, (X, )o<k<n, tr = k/n THD. BRIZDNT
BT 320 E, e = 0232 n = 00 DFTEZRD. ap, Bo, b = (g, F) FENFR,
a, B,0=(c,8) PEELTSH. X) FHFEX (D IZBNTe = 0 IXHIETBUTOEMS
FREOBET 2 dXP = b(X?,a0)dt, X) = a0, CP(RE x O;R™) &LUFD 2 S0%&(H
EWMI-TREE S DERMET S (i) flz,0) X REx © ETEZRSNZ R™EEKT, (z,6)
ZOWTIEDA (1) T)TOH |n| > 0,{v] > 0,  \2H LT supgep [6V07f] < C(1 + [2|)€
ERDC>0MRFETS. Z2C, n=(n, ,ng) &v= (v, -, i% multi-index T
HY,1l=dim(®), [n| =ny + - +ng, Y| =1+ + v, O =8 --- 8¢, §, = 8/07,
P=1,d, 6" =80 G, 6= 8069 j =1, 1 LT B
ETA(D)IZONT, RORE=HL.

(A1) [0,1] ETHES (1) D#L ES— BT 5.
[A2] T_RTDm > 0tzxt L T, sup, B[| X¢|™] < co.

[A3] b(z, ) € C’?O(Rd x O4;RY), o(z,8) € C’?"(Rd x Og;RY®@ RT).
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[Ad] inf, s det[oo*](@, 6) > 0, [o0°] (2, 6) € O (R x S RI @ RY).
[A5] a # ap = b(X), @) # b(X], x0), B # Bo = 0™ (X7, B) # 00 (X7, Bo).
EbI, e L n L TUTOREEZBL.
[B2] lim,0n00(ev/n) ! < 00
oy b5 A MESAEBRT DI, Kessler [3] & RIERICHEB MR EERBOESEL %
% % 5. Florens-Zmirou [1] ® Lemma 1 25 Z Lic k> T, L Fo= > FF7 2 %
/5. Uple, B) = 17 {log det Zp—1(B) + e 2n P} (a)Ep—1(8) 1 Pu(e)}, T 2T Prfa) =
1 - " .
th - th—l - Hb(-th_ua% :'k(lg) = [UU ](thﬂ ,8). if“’
160) = (I;’J(BO))lgi,jgp - 0 ) |
: 0 (137 (00)) 1<i j<q
ZZT

L0, w0 )
Ib’J(GO) - /C; <£b(Xsaa0)) [ ] (XsnBO) (—-—_b(X57aO)) dS,
1360 =} [ (qgptoe) oo™ (o))l 050,
e = (Gem,Ben) %:L;LTT“E%S:%%:%/J\::/ PSR NEEREETD: Uinlbe,) =
infoeg Uen(). Py 2 HRR (1) OMOERIE U, B 1 3RERINE %, S 130 IUEE £,
Theorem 1 [A1]-[A5], [B2] Z{RET 5. ZDW, Py OFT, 6. B 6. 512, H L

8o € © T I(8p) BERIARLIE, Py, DTFT, (E;;E;?:’::E;’) 9 N (0,1(60)7Y).
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Incorporation of memory into the Black-Scholes—Merton
theory and estimation of volatility
(with V. V. Anh and C. Pesee)
LEERSE - B HLEEE

A well-known drawback of the Black-Scholes model is that it does not explain the
difference between historical volatility HV and implied volatility IV. In Anh and Inoue
[AI], a dynamic model of complete financial markets was introduced, in which the prices
of European calls and puts are given by the Black—Scholes formula but HV and IV may
be different. The price process (S(¢) : t € R) of this model is defined via an AR (co)-type
equation for the log-price process Z(t) := log S(¢). In the simplest case, this equation
takes the form

dZ t dz dWw
20—y = — —a(t=s) ) 22 (o) . b
g (t)—m [ pe { 7 (s) m} ds +o p” (t), (1)

where m € R, 0, € (0,0), p € (—q,00) and (W(t) : ¢ € R) is a one-dimensional
standard Brownian motion on a probability space (Q, F, P). We can solve (1) explicitly
to obtain, for t € R,

S(t) = S(0) exp {mt -0 /0 t ( / s pe-@*’q)“*de(u)) ds + aW(t)} )

Compared with the Black-Scholes model, the model defined by (1) has two additional
parameters p and g which describe the memory of the market. When p = 0, Eq. (2)
produces the Black-Scholes price process given by

S(t) = S(0) exp (mt + oW (£)). (3)

The log-price process (Z(t) : t € R) of (1) is a Gaussian process with stationary
increments which has memory. In view of some recent studies, it is unlikely that observed
stock prices and stock indices are log-normal. However, we neglected in [Al] such a
consideration, recalling the fact that, after all, the Black-Scholes model, which is log-
normal, is still dominant among a large number of market models used by practitioners.
QOur intention was to incorporate a crucial aspect, namely, memory, into the Black-
Scholes model, without losing its usefulness and simplicity, particularly, the Black-
Scholes formula. We show evidence indicating that markets have memory and that the
model defined by (1) can capture some movement of stock indices reasonably well.

By [AI], the constant o of (1) is equal to the implied volatility of the model, defined
via the Black-Scholes formula. Notice that, in the model defined by (1), the prices of
European calls and puts are given by the Black-Scholes formula as in the Black-Scholes
model. We now define

HV(t - s) = \/V”{log(tbj_(ts)/s(s))} (t>s>0). (4)

-139—



If (S(¢)) is Black—Scholes, then we have HV(¢) = o for every ¢ > 0. However, in the
present model, we have HV(¢) = f(¢), where the function f(t) is given by

f@ng g +M%+m.ﬂ-f“”W (t > 0) (5)

Vi+a? (@+9)? t

(see [AI]). We see that if p > 0, then f(¢) is decreasing, while if p < 0, then f(¢) is
increasing. We estimated HV(¢) (¢t = 1,2,3,...) from real market data such as closing
values of S&P 500 index. Our finding is that HV () is not constant, and very often
reveals features in agreement with those described above. We fitted the function f(¢)
by using nonlinear least squares, and found that f(¢) approximates HV(t) rather well
when the market is stable.

This model suggests a new method for historical estimation of implied volatility. In
fact, in the traditional method, it is HV(1) that is regarded as the historical estimate of
volatility. The choice of time lag 1 (day) has been adopted because it can be conveniently
computed from closing data; after all, in the Black-Scholes model, HV(¢) is constant,
whence the choice of ¢ is not so relevant. Thus, in this traditional method, only one
value of HV(?) is used to estimate volatility. However, as stated above, since observed
market data show that HV(¢) is not constant, such a method would give only a partial
description of the market. We propose a new method for the estimation of implied
volatility based on the model defined by (1), in which we use several values of HV (¢).
As stated above, we can fit f(t) to HV(t) rather well by using nonlinear least squares,
and in so doing we obtain estimated values of o, p and ¢. Since ¢ is equal to the
implied volatility in the model defined by (1), this estimated value of o is our historically
estimated value of implied volatility.

We found that our estimated value of o for real data such as S&P 500 index is almost
always larger than the traditional value of HV, that is, HV(1). Since we have IV> HV (1)
much more often than IV< HV(1) in real markets, this has the effect of narrowing the
gap between HV and IV, and making the Black-Scholes—Merton theory more consistent,

with empirical data.

ZE XA
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Stock Return Volatility and Trading
Volume: A Bayesian Impulse
Response Analysis

RAENIRT B % - EiTEH

1 FZC&HIZ

%< DEMBRFEEEN, RENEELEG | EOBGBRESTT L Tz, K
WO BT, A UV A REBEE A E > T, BMEIEEy ORTT o
VT4 bEBI B OOWEITY ZEdh b, HEIDE. BEANRTT 4
T A EBETNDOSF TLLLFELNA~A T MCMC &5,

2 ETIL

2.1 RSTF 4T« EWEIEND VARIZLDHEIL

Gallant, Rossi, and Tauchen (1992) 72 & OSE{THIRA B E 20U, R
ZT7TA4VT 4, TREBFOREDCELBEORGIEOEELLTET
METDHZENTED, ZOBETIE, Bk, 77407 1 &
BEIEOEEENLEEE CERBRIZE) LHORETLVEEZLD,

7‘t281texp(&1t/2), t:]., ,T, (l)
U = Qg + Oy, £ = (€1, €26) ~ N(0, I), (2)
O :[,L+A1Q’t*1 ‘I‘"'+Ap0lt_p + Uy, U NN(O,E), (3)

L & e M THAEEET D, ZI1 Ty & o EITHERTE
AEHTHAZ LIZEESRTZV, VARDBEFE THONIE, 1 7L AIR
A RDB LN TE D, AT MCMC Tid, ZDOA 7L A
INEBHEOBRBESSTEY, BEERDAZENTEEDOT, D95 /31—
Ty FREOEELRS TH D,

22 BAShLIEHNZEED LSO MMS

Shephard and Pitt (1997) i, Vb2 [=iF - h—T - 75—
(MMS) | LRI D Fik, TR0 - FEEOREEMET VOE
TEEENY bLvE, R A2 5F5E L TEOEEREERED O ERT
AFERRELF, ZOFEL, FEICHEATHY . MCMCILED A
P FLZELLCELARAFETHIN, 70 v OFEIEEESCT LH#HE
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PNAT ASEZANMEEEM L TLE H, Watanabe and Omori (2001) 1.,
CORBEEEELEMMS ZEZL TS, BaEZ2N/5, L&D MMS
EELZMMS bEHI SN AEENELEOHZEEEL THRESINL T
Bz, KFELDET MTIIEL 2V, TOFR T, MMS 288 S
BEMMELEDL T HELS L5 IR LR,
3 HEAE

TITEH, AT MCMC #BVWT, NI XA—FDEHSTAHETE
Th, NTA—FOFRHHELT, EH-T sy v— MIOSTHER
B35, 2L, EFHOERGEZRIZTL O/ NT A —F 22/ 11001 &
NTNd, ZOLE, FRTRA—F— LEELEIIOWT, &t
EEHEZzAVWTENLDEAREZARL, v /a7 EHPEETSL, L
2 ZESREEREIC AN, T OBAE, BRI D AR LIER
LBBTIERTEE D, /8T A— 5 OBARERT BB M-H £ /-
FA-R/MHT/ATY X 2EE {on L, DERITITIEIE MMS 2485,
4 EFESHT

T—&%, BEFGEFBGIFT CRE| & T35 TOPIX (R FHIkk(GHE
#) OBRRBEREBEIBEOT—Z2ANW5, SIRIZ1974E1H4 B2 5
190F2H2THETTHD, ZOMETIE, T—FE225% Lz, 47
Db, (Datal) 197451 B4 B0 1984412 A 28 B T (T = 3428) &,
(Data2) 1985461 B 4 B 5 19904 2 A 27T H &£ T (T = 3372) TH 5,
Py AV F—21R (BRADRELR L) 2BRET 572012, Gallant,
Rossi, and Tauchen (1992) @ 2 BxPERAR L& L1z,

ZE Xk
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GARCHF 72 a A& T EFT IV O ESH
REHIIAY - £E AP

1 [FC®IC

F 73 a3 Ak DB I 5415 Black/Scholes (1973) EFILTIE, RTF 4 UF 1 &IE
ENDEEEMBELED 2 ROE— AL MIBRET—ETHHERET D, EIAW, i
ERTTF 4T REXEROICEET 5LV EANERITRSTETED, TS5 LERT
T4 T4 OEGHEFARNICERT IR I T+ UT A EHETIIVICEENEE> TS, R
574 U5 4 EHEFILORENZ S DIZ, Bollerslev (1986) 12 &> TIREX 1/~ GARCH £
FNMHD. TOETIWVIEELECI > THEICHEE TES &M S, EEMBIZETEZLO
FHDTTBRASNTER, AWML, T LEETINEES ZEICKD, HEOL T 3
BOEWELD S EIBAB I ENTEBLIAZNEINERE 254 7Y 3 UikT—
7 ERNTEEMLIZbDOTHS.

2 KRSIT4UT4EBOENL

MATE TN LR 2B L0 b TS RBOBHOANR T T4 U T4 MED EHT
LEANH D ENHENTWS. GARCH EFINEZ D LERT T4 U T 1 BEOIEFRE
ERASNIENDT, TOH, TOLZHEREZERICANZETNVANS OMRESNTNS,
Z 5 LEETIINORENRZ® DI, Glosten/Jagannathan/Runkle (1993) IZ&k > TIREEN
7z GJIR 7 )V & Nelson (1991) 12 &> THREIN/Z EGARCH (exponential GARCH) 7))
MDD, XWX T, ZOLERTT 1+ UT 4 BHOEMHHEERICANZETINEES
EREDVREDCH T a UMEREED D E<EASNBEITRENES NI ZET>TNS.

3 HiFRNEEOEIL

FT L a EBEERTARICE, NI T4 U T4 T TRS, BIFNEEOERLDEEIC
2%, BERVDEBEFIINTH D251, HIHNRREIREEEOIGERICELLLS. BRF
M TEWEEIC, HIENRR O EELITRET 5. TOHEICT, GRPILERHEZE
BHL, WmHlICBIT 54 7Y a R OHFBEIRZ OEBRPIERREDOT TRORITHIER
57211, Duan (1995) [ ZEFEBRFILEENWIREEZEBEL &Ik D, BED GARCH €TV
RPN ERAEO T TOETIICERT A HEEZREL TWD, KHXIE, T L8R
N &2 BE OISR & HVTRBES S ATREE, B10, HIFFNRERNBEDOIIRESLRT T4 U
FAVARET DA ZZERICANZBITo T3,
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4 BREHBEOSH

BEENRROSIERIFLD BENEN ENHESMSHASNTWS. GARCH 5L
DOBRERILEFE ERDIFICNED ERESNDD, TOLEREDT TS, RIT 1 UT40H%
LENTH25, WRBOESESFIIENEL S, LML, THIX GARCH EF)LDEEIH
DOMMRERDIATINZ EEZERL TNEDITTIA AL, £, BoEOWFET, WRRD
D|DBEERART T4 V54 DL CTRERICHATE ZLIFTET, BEHOSMAICH
AFa2a—T 2 DtHGHDEIBBDOENDHEYUTROLEFNT 4y BRENT LA S M
K-> TETWD, T T, BEENt HMICRD ETNEE S = diTo T 5.

5 HHEm
AL THRENZERFERIIUT OB THS.

L BAFSTIEBO TR ZADBHEIRR ST T4 VT4 B ERETH2EMNH DT E0NH S
NTNBEN, HRE 225 BLRODIRT T4 U T4 OEHITHE D LEIEMHENEETZ0
T, IEMFEEEZ 5T CGARCH EFNVE DR TT 4 U T 4 BEIOIENTHE 2 E &
L7z GJR, EGARCH EF )N oW, XDBEEQOEHESIGEWA T2 a Vg sEN
TEB5,

2. H#% 225 BEBROFNBER L EENERE L THWEZ 1AY=L —reD
ZITHETNICE B TIEARW2D, N5V TREET 2788 £F BIC AN, Duan (1995) @
FEIZ LT T a Vg E RO THHEDA T a MEBOHZE2 S E<RAISNS
Bo R Nl = VAN YA AN

3. B 225 Z{LETH GARCH ET IV OREEDA A% t A LIZANT 4y FIRELIR
D8, BEEOAMEtAMIILEETINEF O THHREOA T a AMEROHZE D E
SEZLENB LD TR S RN,

ZE 3R
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