oo I5Ce

Jooz2u0boggod
Juoodootd

00000000ooo (20070 80)

gooodod

[]
Jooggdod

oo00'oDooo02000000 3

!0D00000D00 00000000000 0000000000
(0 226-8502 000000000 4259-G3-7)
E-mail: morika@enveng.titech.ac.jp
000000000 0000000000
(0 226-8502 000000000 4259-G3-11)
E-mail: ohori@enveng.titech.ac.jp
00000000000 0000000000
(0 226-8502 000000000 4259-G3-11)
E-mail: iiyama.k.aa@m.titech.ac.jp

goooobooooobooooooobooboooobooooOooboobOobO-0b0obOOobObOOoDbObObOoooOOon
gobooobboooooooooobooobooooooooooobooooboooooooooooonn
gooboooooobooooooooooboooobooooooooooobOooobboooobOoobooooDo
goboooooooooooooooboooobooooooooO0oobOoOobobboOooDObOoOoboOboODo
gooboooooboooooooooooboooboooooooooobOo0oobboooobOooooOoOooDo
gobooo20000000000000000DOOC00DOOOOOOOOOOOOODOOOODOOOODOO
goboooboooobooobobooboooobooOobooooooooboooooOooooo2000000000
gooboooooboooooooooooboooobooooooooOoobOo0oobboOoobOOoobooOoOoooDn
gobooooooboooobooooooobooooooboooobooooOobOoOobOOobobObobOUoDbbOOLDOOODo
gobooooooooobooooooobooooboooobooooOoobobooobboobbOULOOODO
gobo2b000o000oooooooooobobooobooobooooobooooooobooooobooOoon

Key Words : spatial auto-correlation (SPAC) method, phase velocity, microtremors,

probability density function, observation

gbobooboo

oooobOoboooocooobobooooooaon
obooooooobooboboboooooooogn
ooopoliooo03goboooobooooooon
00oo00ooOooo (oooH/VOOO)oOOoO
gboooooobobobobooooooooan
gbooooooboobobobooooooooan
gboooooobOobobooooooooooan
00o000o0oO0oooOoooH/VOOOOOoOooo
obobooooooobobobobooooooon
ooboboooooboobooboobob1boobgoon
oboo30b0oboooboooooobobooogn
gboooooobobooobool1boboboooogn
obO1o0obo0oboooooobooboobocoobann
oboooooooobobobooooooooan
ooooooooon

oooobobooobo400000 000000

00000000D0O0-00000000 (F-KO)Y2
00000000 (SPACO)®-P000000000
00000000000000SPACOOOOOOOO0
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
00000000 100000 2000000000
000000000000000000000000
0000000000000000000000000
000000000000 000000000000
0000020000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000o0
O00000000000000000000000
ooooo

-1069-



l0o0doooooooouoooooooooDoa
0o0o0ddoooooooooDoooooooogd
0000000 00o0ooD20000000000
000000000000 oooDOooooOoooog
000000000000 DO®o0o00ooooo
goooooodooooooouoouoooboooa
gdobooodouobooooobooboood
00000 00doo0oooooooooooooog
00o00doo0o0ooooooooooooooog
000o0d0ooo000oOooDooooooOoooooog
000000Chdvez-Garclaet al.20 30000000
0000000000 0000000ooooooog
gooodoooooobbboooooooooooon
gdodooobobooooououoobobooon
000000000000000 Seismic Interferome-
try (00O00DO0)00000000Margaryan'?)
OSPACOOO0DODO0ODODOO0ODOODOOODOO
0000000000000 bDOoooOoooOon
00000D0DOoOooospPACOOOO0DOOODOOO
gdodoudoboboooooduouoboboooo
goo2000000000000000000000
0o0ooD000oooDO00ooDooooooooo20d
0ooD0o0D00oo0oooooOoooooooag
00000000 0000bO0o0oooD2000000
000000000000 DbOo0noooooooog
gdodoudoboboooououooboboooo
goboudobobooboboboboboboooa
0o00ooD00dooDodoooooooooooood
doo00doo0o0odonoooDoooooooooo
SPACOOD0O0O0DOO0ODOODOODODOOODOGg
0 0 Chévez-Garcfa et al.0 00000000000
goodouobobouoooouoouoooooood
0000000000000 RayleighOOOOOOO
gododoobdooo200oooooooooao
0o0oD0o0oo00ooooDOoonoooooooog
000o00Do0oDoo0oooooDoooooooog
0oDoDo0oDO00boo00oooooOooDooooag
20000000000000000000000A0
goodoooboooooooooooooo 200
gdodouoboboooououoboboooo
gdobooodooooooooo

(1) 0D0000O00 SPACO
SPACOO0DOD0OO0DOODDOODOOODO
)-0D000000D00000O0DOOOOOD
000000000o0oooooooon
0000-1000000000000000000
0000000 000000000 DOOOOOOO
000000O00o0o-10000000000000
000000000 RayleighD X(#1)0OODOO ¢
00000000 AO0000O0O0O0DDooooO
O0D0000000000X(¢70)dX(t,ro+7r) 0

Rayleigh wave X (t)

Observation site

g-i1000oooooooooogo

goooodbOrOO0OO0OO0O0OO0DOOCOOOOO0ODOO
rO000000000000O000O000000000
obooooo

gboooooboobobooooobobooogoo
gboooooopoooon

™

explikr cos(¢ — )]

Srntio) = [

—T

h(w, k, p)kde (1)

0000h(w,k,¢)00000000000000000
k00D0D0D000wDO00000i=+/—100000
()00000r=000000

T

S(0,,0;0) = / Wk okdp  (2)

gboooooboobooobooooooon

000 SPACO0OO0OO (H)OOOooOoooooo
000000 wOOO0OOOOooOoeo0Oon0 [—m,w 0
gbobooboog 2r00boboooboobOoooog
0000000000000 000o0O0n p(w;r)0O
gbobooooooboo

wr
plwir) = Jo (M> (3)
00D0O0Jy(-)00 1000000000000 ¢(w)

0 Rayleich0000DO0O0O0
Jgodogooooogooooooooooooood
000®0000020000000000000000
Oojdoddoooooooodooooooogd (3)
Jooodoguooooogoooogoooooogog

R[Sor (w,0)]
SQ() (w)

1 ™
plir) = 5

Spr(w, 0) @
0000D000000000Se(w)O Sp(w,6) 00
O00000o0oobo0o0oe0OoOoOoOoboOoOoOooonoa
000000000000Sy,(w,0)0000 2000
DDDDDDDDDDDDDDDDD%[-]DDDD
go0o0ooooooooooooooooooooa

-1070-



oboooooooooboboboooooooogo
gbooooooboboooooooooooboaon
00000000000 (49)oooooooooooo
obooo200000000000000000O00A0
oboooooooooboooooooooooaon
obooboooooboobobooboooooogooon
gbooooooobobobobooooooogoo
gooboooobobooboobao

(2)20000000000000000000

0(1)0000000000 (1)000000000
0000000000000 000000000
000000000000000000000000
000000000060=6,00000000000
000000000000000000000000
00 (1)00000000000000000000
0000000000000 (1)000000000
000000 0000000000 h(w,k,¢) 00
000000 (1)0000000000000000
0ooooo

0000000000006, 000000000 2
000000000000000000000000
000000000 (3)0000000000000
000200000000000000000-1000
000000000000000000000000
000000000000 ¢=0000000000
00000000 000000000 (1)0000
000000000000000000000000
000000000 (1)00

S(r,w; po) = 2k explikr cos wolh(w, k. ¢o)  (5)

coopoooooooeOOOODOOODOOOO
00000oooo0oooo (s)oooor=000
goooooo

S(0,w; wo) = 2mkh(w, k, o) (6)

DOOO000O0 (500 (60000000 20000
0000 po(w;r, o) 00

S(r,w; eo)
S(Oa wj LPO)

po(w; T, o) = explikr cos ¢p] (7)
ooooooo
O00o0o0ooooooooooooobooon
goooooooooobooooooooooooo
po OO [—W,W)DDDDDDDDDDDDDDDD
gobooboobbedobobgoobo %DDDDD
|:||:||:||:|DDpo(w;napo)DDDDDDDDD

s

1
explikr cos @] Q—dgo
T

EVMMﬁ@ﬂ:/;

= Jo(kr) (8)

00000 3)0 ®Uoooooo

Elm(winoll = olwr) = (25) (0

goooog

gboboooobobobobobooooooon
gbobooooo2b00000000b000000
gbobooooooooooobooboboooon
obobooooobooooobooooon

0 QOoOoo0ooooooooooooooooo
gboboooboooobooboboboooobooogo
gboboooooooboobobobooooogon
gbobooooooooboobobobooooon
gboboooocobooooboboboooooogn
000000000000 4)oooooooooo
gbobooooooooooobooboboooon
gboboboooooooooboobobooooo
gobobooooobooooooboboboooooo
gboboooooobooboboboooooogn
00000000000 O0oooOpy(wyr,e)00O0O
00o00000UoUoooO0O0 ®)ooooouooo
gboboooooooobooooboboooobooooobo
gbobooooooob 2000000000000
gboboooooooooobobooooogoon
goooo

(3) 0000o0OOUoOoOoUooOon

200000000C000O0O0O0OO000000
gbobooooooooooobooboboooon
gboooo0oooboobobo20000000000
gbobooooooooboobobooooobooo

000000000 Op(wsre) 00000000
0000000000000 00D ¢)oooooo
gdboboobooboobooooobooooooogn
gbobooooooooobOoboboboooogon
gbooboooboooooooooobooboboooon
goooo

O0((7)00000000 0000D00UDOOO0

px = R{explikr cos ]} (10)

0000000e000 [-7,7) 0000000000
00000000000000 (10)0000 ¢ = g(pr)
0000 pxe 000000000000 0000OeO
000000 (PDF) O fe(p) = =0px O PDF O
frp(pr) DO D OO fr,(pr) OO

Ire(pw) =4 fa(g9(pr)) - dom

0000000000000000000000000
00 (11)0004000000000 (10)0000
o=glpr) 0 ¢0000000000 [-m,7) 000
00000000000000000¢ = g(pg)0 1
00000000 [0,7/2] 000000 g(pg) 000
0000 (11)00000000000 (10000000
00000004000000
0(10)000000¢000 [0,7/2]00000

1
@ =cos ! {kr cos ! pgcg} (12)

-1071-



00o0ooooooo (11)oo

Fon(pw) = — :
P T () — (eos p)?)
(13)
Jobdodtdbpr 000000 b0o0ooooO
(cos(kr),1) 0000

(4 0000000 DOO0OOUOOO
O0000pg(w;r,)0000000000Opg(w;r, )
goooooobobbobobbbtbdddouooooo
0000000000o0o00o (13)oouooooo
gooooooobobbbbbtbddououooooo
000 (7)0oo0000o0ooUo0ooooooooon
(900000000000 0OUOOOOUOOboOoOo
obooobOobooooobooooboobooon
polw;r,p) 000000000000 OOOOOO
gooobbobooooon

s

ER{po(w;r,0)}] = / cos(kr cos w)%dgp = Jo(kr)

—T

(14)

Eﬁ%@mwﬂ=/SMmeiwm00®

O00og]-)]oo00o0o0o0ooo0ooooo
2000000000000000 9YOOOODOO
goo

polw;r,p) 0000000000000 OOOOO
obooboz200000000000000

ER(p(wir )] = [ costbreos ) -dp

/’T 1 + cos( 2/<;rcos<p) L
2m

%( + Jo(2kr)) (16)

-ﬂ%m@wmﬂ}=/
-/

sin? (kr cos p) —dgo

™ 1= cos( 2k:r oS (p)

- 2m
1
= L (k) (a7)

—dy

0000000000000 pe(w;r,e) 000000
goooooobooboo

{Jo(kr)}?
(18)

Var(R{po(wi )} = 51+ Jo(2kr) -

VarlS{po(w; r,9)}] = 5(1 — Jo(2kr) (19)
good
[II:IDDDDDDDpO(w;T,w)DDDDDDD Jo(k‘r)
] (18)DDDDDDDDDDDDDDDDDDDD
godoooooogooo (IS)DDDDDDDDDD
g0oooooogoooooooooo Jo(kr)DD[l

0000000000000J,(2kr)00000000
0000000000000000000000000
000000000000000 Jo(2kr) O {Ja(kr)}?
(n=0,1,...,00)0000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000 Jo(kr) OO
00000000000 k00000000000
Jo(2kr)000000000000000000000
ooooo

(5) 00000000000000000000

0000000000000000 2000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000 (1)0000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000

0000 ¢00000000000000000 (1)
000000000000000000000000
000000000000000000000000
0000000000000

00000000000000000000000
000000000e00000000000000
000000000000000000000000
00,0000000000000000000000
()00000000000000000000000
000000000000000000000000
000000000000000000000000
0006000000000 00000000000
00000000 (1)0000000000(9)000
000000000000000000000000
000

00000000000 100000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000 000000 (1)0000000
000000000000000000000000
0000000000000 (1)000000000
0000000000000000000

00000000000000000000000
000000000000000000000000
000000000000000000000000
ooooooo

goon

gbooooob200000000000000A0
gbobooooooooooobooboboooon
goboooooooooooooobooooobooog

-1072-



EL ﬁ\lll;ﬁ;l

No.1
(K-NETPTR)

R
3
HE
ErEe B

EE EEEE 2
| ROIEEEREE
T
EETWET
T e -
e vy et

[ I
R b T R0 R E
iggigmmﬁmm

Hi
— T
E4p=]
=3

FEEG o E
-8 >,
a,

A M= E DR
—_—— N
— 20—
—_T
S

H E=
E,

B EohEH & QI TR O HG 0 EoE S S SHEE
== St

e
s
uhE

k)

[erh——
04
=

U-2000000000

gboooooobooboboboooooooogn
gbooooooboobobobooooooooan
oboooooobooboooooooooooan
oooooooboo

(1)0ooo
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000 2000
0000-20000000000000000000
O0ONo.l10 K-NETOO (DOODO00O0D00O0O0)O
000000000000No.20 SK-net 000 (00
0000)000 No.30O000000 No1ODODODO
000000000000000

(2) 0000

00000000000000 200000000
00030020000000N0103000000
003000200000000000000000
0002000000000000000000000
00000400000000000000000

00000000000000(600)00000
000000000000000000000000
16bit 100 00000000000000000O0
00000000000000000000000 10
H000000 —12dB/oct. 000000000000
000000 25mO00000 1kHz025m 0000
000500H2000000000000 150000
000

0000000 GPSOODO0000D0000000
00000000200000000 10mmO000
000000000000000000000000
00000000000-3000000000000

0-3: 0000000 (Nee300OOOO)OODOODO
oooooooooooboil1oooo000000000000
ooo GpSOO0O0O0O0O0OOO

gbooooobooooobooobooboo
gboooboobobooooboobobooogon
gboboobooobooobboooboobooobo odg
goboooooooobooboobooooooooboooooo
gboobooobooooobooboboboooobooogn
gboooooooooboobooobooboobobonbo
gboobooboobooooobooboobobooooon
gbobooooooooooboobobobooogo
gboboobooooooobooboobooooobogn
gbobooboooboobooboobbooooboooboo
gboboooooooooboobobobooooon
gbooooog
obooooobooooboooboooo-400000
0000000000oouoooood (No.1O MO
No.20 FONo.30 A)03000000000O0OOOO
gbooooooboobgobocobobobOonOOn
gbbooobooobobDoxxDOOOOO0Oooooo0 Oxx

-1073-



E -22860 , — T - -
- ‘ Meiho primary school +
< R A T
S
z s s i i 3
-22880 [ T pror i MOB0
| ‘ | | + ‘
0 Mo ]
i MO006 + 3
i ++ : i
-22920 [ R T Y 1o - R A
i M000 | | §
I o 50 [m]
-22960 i i i i i
-33070  -33040 -33000 -32960

— East (M)
(a) No.l (K-NETOO/OO0OO0O)

E -1587 T T T T
E -15870 Fujimi  *
£ [ S S i S —
<} : :
z s s s i ‘
B5QOQ [ e 5390
1 F020 = *
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, *. Fo10 |
1 * |
] FO50
| FO90. i o o]
B ot T N R
‘ 0 50 [m]
'15980 i i i i i
-25520 -25480 25440  -25410
— East (m)
(b) No.2 (SK-net 10 0O)
E -15050 T T T T v
= b 5,,,,,,,,,,,,3,,,AOOQ,*,A@@W?,? rrrrrrrrrrr
2 A010 x
I -15080 % A020 T
""""""""""""""" v e
45120 [t R ]
0 50 [m]
i x A0S0
-15160 L—i * * * *
22050  -22020 -21980 -21940

— East (m)
(¢)No3 (OO OTODO)

U-40000000000C000D0OO0

2000
1500 M025 ————- -

1000

500

-500

Velocity [ukine]
o

-1000

-1500

-2000
100 102 104 106 108 110

Time [s]

0-5: 000000000000 (No.1O M000O M025 0
Ooooooon)

0-1No.l (K-NETODO)DOOOO
SO000 [m/s] OO0 [t/m?] OO [m]

1 130 1.30 4.0
2 180 1.50 7.0
3 355 1.70 5.0
4 835 1.72 00

020000000000000000000xx00
0000000000000 0o0O (oooon)
oboboooooobobobooboooo urMoon
ooo

(3) OO
00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000020000000000000000
000000000000000000080000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000No100000 160000
000000060000000000000000
00000000 10000000000000000
000000000000000000000000
00000000000000H/VOOOOO
000000000000 20000000000
000000000SPACOOOOOO (00000
000D00000)dRayleigh 00000000000
SPACO0O0OOOOOOOOOH/NOOO000O000O
0000000000000000000000 100
0000000000000000000000 20
000000000000000000 (400000
000000000000000000000000
0000000000000000000000000
00000000000000000000 Hanning
000005000000000000

-1074~



50 T

I NS/UD ——
Il EW/UD ————
, \ Analytical

Spectral Ratio
A
\
\
75

[
—

0.1
0.5 1 10 20

Frequency [Hz]
(a) H/V

1.2
6m

12m
1 25m

60m
Analytical

O % + X

0.8

0.6

0.4

Phase velociy [km/s]

0.2

0 2 4 6 8 10 12 14
Frequency [Hz]

(b) Rayleigh 000000

0-6: No.1 (K-NETODO)DOOOO H/VOOOOOOOD
0ooooo

O0ONo1lODUOOODOOODOODOOD

(1)H/VOOOO0O0000

No.l (K-NETOO)OOO K-NETOODODOOOO
000000000000000000000000
00000000000ONol1O00O0OOODDOOO0
00000000000000000000

0-50 No.1 0000000000000 2m0O0
0200000 M0000 M0250000000000
000000000000000000000000
000000000000000000000000
000000000000000

No.l 000 K-NETODO (00000D0O0)000
000000000000000000000000
0000000000000000000000-10
000000000000000000000000
000000 00000000-100000000
0 Rayleigh O O ellipticity 0 00000000000
0000000000000-60000
00000000000000H/NOOOO0O000
000000000000000000000000
0000 20000000000000000000
000000000000000000000000
000000ONe.l00O0DODOOOOOOOOOOOO
000000000000000000000000
000000000000000000000000

e
Y
«Q
[}

0.5

e

SPAC coefficients
o

-0.5

Frequency [Hz]

O-7: MOOOO Moo DOOOooOOoOooDOOOODOOOOO
000 l6000000000900000O0O0OODO (OO
ooooOooooo)ooooo 2004500000000
ooooUoo0ooo (Doooooooooo)o

goboooOooooobooboooooooboboooooo
gbooooobooon

(2) pr 000

200 0000000000000 ooooaad
go0ddooboooooouoooobobooooooo
go0ddooboooobobooooobooooooog
goddooboooooooooobobooooooa
godooooooooobooooboooooonod
gooooooooooobooooboooooonod
0000000o0oo0oooooo (1000 pp000O0
0000oO0o00oo0o0ooOoOoooooooo (13)o
go0ddoobooooboouoooobobooooooo
goooooooMoo0oO Moo OOOOOOOO

MooOO Moo D OUOUOOOOOOOUooooaad
gooobooooooooooobooooooood
go0oooooooooooooooooooonono
goddoooboooboboooobobooooog
godoooboooobouooooobooooooo
gooooomdooooooobooooooooa
gooOd2004000000000000O00O0003
Ogo0ooooooooooboOoOo 200000006m
gooooooooooooooooooooonod
5H20000000000020000000000
goddooobooooboboooobobooooog
go0dodooooooooooooobooooooa
gooooooooood

00000000 4)o0oo0oooooooooo
O0pp04500000000000O00DO0ODOOODOO
gooooooobooooooooooobooonon
goooooodo eobobobbbooooooa
godddoboooooooobobooooo20000d
go0ddooboooooouoooobobouoooooo
goooooooooobobooooooooooooao
gbooddoooboooooooboo-vyoooobooad
Ogoolddoooooooooooooooooa
000000000 0000O0O0000 45000 20
00000000 (DoooooooUoo)oOooO

-1075-



Histogram at 6Hz =—=
Analytical PDF ==

-1 -08 -06 -04 -02 0 02 04
SPAC Coefficients

06 08 1

(a) O 6Hz
4 T T T T
Histogram at 9Hz == |
35 Analytical PDF =
3
25
) \
g 2 P
15
1
\‘\ s
0.5 e — —
0
-1 -08 -06 -04 -02 O 02 04 06 038 1
SPAC Coefficients
(b) O 9Hz
4 T T T T
Histogram at 12Hz =7 | |
85 Analytical PDF =——
3
25
&
2 2
1.5
1
051 N
0
-1 -08 -06 -04 -02 0 02 04 06 08 1
SPAC Coefficients
(b) O 12Hz

U-8ppx000000O0COOODOOOOOOODOO

oboooooboooooooon
gboobooobooboobooboooboob
goboobooboobbooboobooboo
gboooooo-e00006emdbOoooooon
gbooobOoboooobooo-vooboOoboooon
gbooooooboobobobooooooooann
oboooooooooobooboooboboooooon
gobooaboboobbooboooboboabog
gooboobooboobboobooboobbo
goooboooboobooboooo

(3) pr 0000000
000000000000000 px0000000
00 (13000000000 (PDF)000D0000-8

Statistical
Analytical ====*

0.8
P P ey o mall
e A

\

e
kS
S~

0.4 \/

0.2 i

Standard Deviations of SPAC coefficients
o
o
-
1
\
o=

0 5 10 15 20
Frequency [Hz]

U-9px 000000 O0OODOOOOOOO

06,9,12Hz00 px 000000000000000
00 PDFOO0O0OOOO0E[ps] 00 Jo(kr)DDODO
kr0000000 k00 (13)00000000000
0(13)00000000000000000 PDFO
000000000000000

00000000 PDFOOOOOO0O0O0000O0
000000000000000000000000
00000000000000000000009, 12
H 000000000000 PDFOOOOOOOO
0000000000000000006H20000
0000 (00000055700000)000000
000000000000000000000000
ooo

00000000000000000000000
000000000000000000000000
000000000000000000000000
ooooooo

(4) pr00000

0000000000 PDFOOOOOO0000
000 (000000)00000000000000
0 (18)0000000 /Varjpr] 000000000
0000000000000000000-90000
000000000000000008014Hz2000
0000000000000000000000-80
00000000000000000px000000
0000 PDFOOOO0O0O000O000000000
00000000000-9000000000000
000000000200000000000000
000000000000000000000000
ooo

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0-90000000000000000000000
000000000000000000000000
000000000000000

0000000000 PDFOOOODOO0OO0 20

-1076-



4
=]
3
0O % + X

Analytical

0.8

0.6

0.4

Phase velociy [km/s]

0.2

0 1 2 3 4 5 6 7 8
Frequency [Hz]

(a) No.2 (SK-net 00 0)

n

A =
oo
333
0%+ X

Analytical

0.8 [~

Phase velociy [km/s]

Frequency [Hz]
(b) No.3 (DO ODODO)

g-ijo0o0ooooooocoobooooooo

gboboobogbooboobboobobooobgad
gbobobooboboboobooooobobdprd
o0 pDFOOOO0OOODOOOODOODOODOO
gbooooooboobobobooooobooobogn
gboooooobobobooooooooooann
oobooooooooobooboooooooooaon
obooooooooobooboboooooooon
obo0o20000000000000000000O
gbooobooobooboobobobooboon

00 No.2 (SK-net 00O

) O
No.3 (00D00D0)O00

good
gooog

No.lOOODODDOO 2000000000000
goboobooooooboobboooooooboo
oboooooooOoobobooooooooooan
oboooooooooooboobobooooooon
oboobooooooboobobooboooooooooon
goooooooboobobooboooooooogoo
goood

0-200000000No.2 (SK-netOD0OO)00OO
OONo3 (OOUDO)0DOODOODOOOOOUODOODO
oboooooooboobobooooooooooan
OONo.lOOODOODOOOOOODOOOODOO
oboooooboobooooobooo

goooooOoobooooboooo-1oooooon
gbooooooboobooboooooboobo-20d

0-2No.2 (SK-net 0O O) 0000000 OOOOOO

SO000 [m/s] OO0 [t/m3] OO [m]
1 130 1.30 5.0
2 170 1.50 19.0
3 330 1.70 25.0
4 835 1.72 00

0-3No3 (000D0D)000D0O0DO0ODOODOO

SO000 [m/s] OO [t/m*] OO [m]
1 70 1.25 7
2 240 1.45 30
3 450 1.70 90
4 570 1.72 320
5 1300 1.80 00

S-wave velocity [m/s]
0 200 400 600 800 1000 1200 1400

0
v Y Y
- p - |
|
100 i
E 200
=
g
a 300 Meiho primary school ——
Fujimi ==---
Arakawa ——~-
400
!
500 :
(a) 00 500m 00
S-wave velocity [m/s]
0 200 400 600 800 1000 1200 1400
0 - - -
i Meiho primary school
== Fujimi -=---
10 i | Arakawa ——"=
|
20 :
1
7 30 ;
[ 1
o t
40 H
1
1
FER N A A ——
50
60

(b)O0 60mOO0O0000

0-11 00000000000 SO00Oooo

30000000000O0ONoe3(0ODOOO)0ODOO
gbooboobooooooooboobobobooooon
gbobooooooooogoobooogon
0-1000 No.2 (SK-net 000)0D000D00OOO
goboooooooooboooooooobooooog
gbobobobobobobobobooooon
000o0ooDOoO0OO00000D0o0DO0OONo200DO
oboobO0oobo0ooboodONelOODOOODOO

-1077-



gboooooooboobobooboooooooogoo
gbooobooboooobooboooobooboooo

O0ONo3(0OOO0OO0)00U0O0OOUDOOUDOO
oboooooobOoobobooooooooooan
ooboooooooooboboOoloooobooooooon
ooonoooooboboooobooooobooon
gbooooooooobobobooooooogo
gboooooobooboboboooooooogan
gboooooobooboboooooooooboan
gbooooboobobooboobobo20000
oboooooooooboboboooooooogn
oboooooooobobobooooooooon
gbooooooooobobobooooooogo
oooooooloooooboooooboooooo
gbobobobooboobooboobooooooogon
gboboobooboooobooboooobooogn
gboboooooboobobooooooooooan
oboboobooboobooooooboooooooogon
obooooooob40000000000000O
oooooooo4000000b0000 5000000
ooooooooooooooo

No.lONo3ODOOODOOOOODOO-110000
No3DOOOO No.lOODO 200000000000
oobooobooooooobooemOOOOnOO
obooboooooooboobobooooooooan
oboobooooobooboboboooooooDogon
bobooooooooooooboboboboo
gboooooobooboo

gooobod

oob0z20000000000000000000
gboboooooobobobooooooooooboan
obooooooobooboboboooooooogn
obooooooobOoboboobooooooooan
oboooooooboobobobooooooobogon
ooooooo2000000b00oboboooogn
gbooooobooooboobooogooboao
goooboboooboobooboooooooboan
gbooooooobobobooooooooooann
obooooobooobooobooobbooboooooon
oboobooooobooboboboooooooDogon
oooooooooon
goooooboooooobooboboooooooo
gboooooobobobooooooooooan
goooboboooooooobooooooooboooo
gboboooooboobobobooooooogn
oboooooooboboboobooooooooon
oboobooooobooboboboooooogoooon
gboooooooboobobooboooooobogoooo
oboooooooooboboboobooooogo
gboooooooboobobobooooooooan
gbooooobooooooboon
obooobooobooooobobooooo2n
oboobooooobooboobobooooooooon

goobobooooobooooboobobooogo
gbobooooooobooboobobooboooooo
gboboooooooooboobobooooooon
gboboooooooooboboboooooogon
gbobooooobooooobooooooboon

gbooboooooooooooboobooooooon
ob00 K-NETOOOOOOOoOOooooooooooo
OO0OK-NETOOOOOODODOOODODOOOOoooOO
gboboooboooooooboobobooobooogo
gooboooooooooobooboobobooogo
0o0o0oo(@)oooooooooooooooo
000o0o0o0oo0oooUooooooUo(@o
0000ooo0)ooUoooooooooo

ogpooo
1) Capon, J.: High-Resolution Frequency-Wave Num-
ber Spectrum Analysis, Proceedings of IEEFE, Vol.57,
pp.1408-1419, 1969.
2) O000o0oDoO0DoO0O0OoOoUOoOOoOoOoOoOO
O 200 Vol.33, pp.425-442, 1980.
3) Aki, K.
stochastic waves,

Space and time spectra of stationary

with special reference to mi-
crotremors, Bull. Farthq. Res. Inst., University of
Tokyo, Vol. 35, pp.415-456, 1957.

4) 000000000000 (2)—0D0D0DO0OOOOO
00000000000 -—00000000 8000
O00000000Odpp.5-8, 1990.

5) Okada, H.: A new method of underground structure
estimation using microtremors, Lecture note for Bei-
jing Graduate School, China Institute of Mining and
Technology, 1992.

6) 000000000OODO0oODOoOoOoLoOooOooOoooo
0000000000000000000000Vol.49,
pp.26-41, 1996.

7) Morikawa, H.: A method to estimate phase velocities
of surface waves using array observation records of
three-component microtremors, Journal of Structural
Engineering / Earthquake Engineering, Japan Society
of Civil Engineers, Vol. 23, No. 1, pp.143s—148s, 2006.

8) Morikawa, H., Sawada, S., and Akamatsu, J.: A
Method to Estimate Phase Velocities of Rayleigh
Waves using Microseisms Simultaneously Observed at
Two Sites, Bulletin of Seismological Society of Amer-
ica, Vol.94, No. 3, pp.961-976, 2004.

9) Chéavez-Garcia, F.J., Rodrguez, M., and Stephen-
son, W.R.: Subsoil structure using SPAC measure-
ments along a line, Bulletin of Seismological Society
of America, Vol. 96, No. 2, pp.729-736, 2006.

10) Wapenaar, K. and Fokkema, J.: Green’s function rep-
resentations for seismic interferometry, Geophysics,
Vol. 71, No. 4, pp.SI33-S146, 2006.

11) 00000 Sos Margaryanll SPAC 0 O Seismic Inter-
ferometry 00000000000 OOOOOOO 2007
OO0 0000 S150-003, 2007.

(2007.06.29 0 0)

-1078-



A STUDY ON STOCHASTIC PROPERTIES OF AUTO-CORRELATION COEFFICIENTS
FOR MICROTREMOR DATA SIMULTANEOUSLY OBSERVED AT TWO SITES

Hitoshi MORIKAWA | Michihiro OHORI, and Kahori ITYAMA

We discussed the stochastic properties of the spatial auto-correlation (SPAC) coefficients for microtremor
data which are observed simultaneously at two sites. Usually, the SPAC method can provide the phase
velocities using the data observed simultaneously on circular array with four or seven sites. The method,
however, suggests analytically the possibility that we can estimate the phase velocities using only the data
observed simultaneously at two sites. To clarify the limitation of this idea, some mathematical analyses
are performed and stochastic properties of the SPAC coefficients are derived. Furthermore, the real data
of microtremors are applied to the above analytical results and the appropriateness is discussed.
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