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SPACIED—f{t & CCATEDBHFEICDWNT
On the generalization of the SPAC method and the development of a CCA method

R AR
CHO, Ikud"*

!National Institute of Advanced Industrial Science and Technology

lFC&lT

BN T LA G HRMEI O 7 LA BIAITE 5N 5 L— ) — WA O T — 23D M FBEHEETE TH 5.
Whid 2 REEHRED X SIS AN TIRFEZAE T, FmEED T RSN S km £ TORFEEICES £ TTFRICHE
TE%. WA OFHTEICIZ AR LT Spatial Autocorrelation Method (SPAE) [Aki, 1957] & FK i [Capon, 19697 %
5. FKIETIHMEERIRD T LA DFIH E N5 A, SPACIEIIEHERICIE TFIEY L1 | ICfRE S5 [Okada, 2003] LA
UHIEE R BT R RET: R 2 5 8 U 7o TN i 82 Tld FK 1 K D &8N % [Okada, 2003].& 512 SPACTAICIF
AR 2157 LA ZEM TE B REMNH O [Aki, 1957], T O 104EMICZ A EIMEiE N TE 2. f#HZ1E, Chavez-Garcia
et al. [2005]*> Extrom et al. [2009}&, ERf7— X ZF|H I UL 2 5 SPACIEZ W ARE/R C L ZHIEL TWVD. TD
KO BRBRICKD, IFER SPACEDIZ S BE L fbN 321 T, WHMEOHGRMRGHO L HIEEN T SN TV 5.

SPACED—iZ{t & CCA EDRS

FHE 5 DYH, Henstridge[19791C DWW\ T Aki O SPACED PG Z —fil{k L 7z [Cho et al., 2006] 9 7% B iE B3
WFEEIC I DWT 3BT LA OfNTEZ —RICEER Uiz, T OMERE, L—V — I ONHEEDHEMAR, L—
U—il & T TP DINT —HEEZ RN T 5 72O DT P2 EA T O OHEME L R o Tz, T TIONHIEE %2
L—) — g L2 RC B U Tt 3 2 iR AR T T2 DHME L o 72, 255 SPACH: (2 55T DM 5K
T 75 BLRIRE ] 72 e PR RG T I 2 T O DHEE E Ta 5 Tz,

Centerless Cicular Array (CCA¥, T O—HEmICHED < L—Y —NHEERNTY —LV D 1D TH 5. AHANCH
i U7z 3{HOHMEF TR E NS 7 LA OB ZRAKORME T 5. £z, BREOWIEEECENS &V S Rile
H%. WHMEREK RIS 77 72—, LTD SN ELOFHIiER / A ZADMIEEERH LT3,

AFER O TIEIME 7 LA BREOBIRIC it 7z 1T, DLEORMEZIENS.

RERRE DS DWENT LA R DR

%YE, CCALERHEEEL T2 TMUNT LAMRNT ) ICDWTHET 5. MU LAfRIT &%, T</AhE 0T LA CEEE 1m
DUFR) 72 Fiv 7z 10~15 7312 OB BT CHiZ A 540 10 m, i & LT 100 mEB A 2 S ICHIGd 50807 — 2 ZHfS
T 5D ETHS. N ROMEEHO O OISR 5N, O LHIE, M LA T ORAED TSI X
OFFEICHO A, Txbb, (i) MEEEEMEW 215078 SN DS SN T HINEEZIC WG T % R EZ M T &
BT —=AND BN, —BAHHTHEROENE  EHEMEDEED LWEGEAIC E 5 i Hh T UL B2 (i) #ERGEHEE 1
—MICIE—ETH D, ZTORIGE UTHEBRIEROALE L 55, UL LAKICE TR T & TS OSSR E L s
O TR T —ZDEDEANLZ V. 34 OEREM U TRERNZRET IV EIED DRBMRYED N ZEETH D,
BERED TR Lo XUy FAEGDNS. i FREEHEE £ TERDTHEENRDOERD DT E 5 THITROD?

f/NT” LA BTG Z 85> L DD T ORED R Z MGt U IFE R, () IS0 T, MRS/ CEEE m~10 m
FEEE) D 3 AT LA Z8hind U2 g EBIIBNSEZ R FIMLTE 5 T EhVnh > TE iz, (i) ICDW T, 7
HHARIC 8 B R 2 Q72 i U C STEIE ORISR IC AT % H75hH O Simple Profiling Method (SPM) [e. g., Heukelom
and Foster, 19600 & BN G A A—I 7215, 5| ki < fEHA N — HIV REZH [Ef, 2013])3%6 & T Simplified Inversion
Method (SIM) [Pelekis and Athanasopoulos, 201 7 fRfEZ A 9 2 Z LIk D, Mz Oz LiF6ns 2 e hyn
Moz

LR ot R HEE TENUE, MEHEEORAKD A v b TWOTHEETTET—XZHSAEE I [FET
&, KETHMHTATRE] Db b, MEHFEEIHTE T8y /7 —2 ] IS TEE X311k %. BifE, 7— X RHTXR
OHEBHRNCINZ, FEEM EORMIZH 2 DV ET— 2B XU HIV EEAEO QR AEL0 7))V TV ZLOBFEDE T
Lz TATHB (B, KKRZ; fesafth, KKE). 5 UTEFSNTMUNT LA f#TC STHEE 2 Xochkim z - 5 #) T
HEE 2Ny —IVE, BB O/FTY 7 k BIDO (https://staff.aist.go.jp/ikuo-chou/bidodl.htm@)$EEERK & LTS %
TETH .

A A OMRDZ < 32 WL, ik =202 & ORI TRO NI, BHOROZ e E LB &
OB SRR B K OB DS AED S 4 L ORI TRON .
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@7 L—BIIC X % Rayleighii & Love D _
Detetctlon of Rayleigh wave and Love wave detection from microtremor array measure-
ments

KIE IR Y F 2T 2 FF22 AR B KO 163 &G 2802 10, sk 3
OHORI, Michihiro'* ; CITAK, Seckir? ; KUBO, Atsuki® : OISHI, Yusuké ; TAKAHASHI, Hirokazu® ; YAMASHINA,
Tadashi

VB HAR AN I E BRI 1 TSR, 2 e DM B - BASRIZE T 0y = 7 b, 3 @RI AR AR
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HIEE B TN A B SEHERGE DS L LT, M7 L—8IIk s > L 8 RAMNEEO—DTHS. ITIE
< OWFZEFHHI (B 2 1XTES (1985)|Ic RH N2 X H1C, SIHEMEDHETEICIX, £ < OWMFFHITIEFEIC ETEIKDH
FIHENTED, chX oI Nns Rayleighlfi O EMENHNEN TS, THICH LT, KEKZDT KD Love 7z iR
H9 2t IERIT D [ 24 (2000)] S HUCiE, MENO/K R IE Love i & RayleighiiDili iV E £ N T
BY, choZzn#id 200 L s —HEEZIENS.

WEh 7 L—BIECEROREN 2L & LT, FKiE [Capon(1969))k SPACH: [AKi(1957)] BB FHNS. WIFNOTF
%% Rayleighili ORHICHW SN E D, FKIEZERE (2007)IC X D, SPACH:ZRIA « #AE (1990)*1 L4 (2000)ic & 0,
ZTNEFNIEEE N, LoveliOMIE MTEEIC R > TV 3. TNHDOTEOMANE, 5%, 2L OBFTCHERRI N0 HE
NH5. FHEDSOMFEOWSE [KIEIZD (2013)] T, @EITHOEZERXIC I T 20104F 11 A @) 77 L —#10 72 52 i
L, FKEIC XD Rayleighl & Love IDMHICHINL TW5. T ORE, 8 5OHERZHWT, £ 50mI XU 100m
OMET L—72 AR L, FKIEICXD 1.2~3.8HzO#iH D Rayleighii & Love i Z LT\ 5.

WG I I B BN DIEIBFFE O D, KO EWERE (K 6Hz) £ TOMNM#HEEZSS DI, FELIE
20134 3 HICHE U T 4 B OMIEF T Z VT, % 50m 25m, 12.5mOfE) 7 L—#Hl7Z RSN U Tz D THE 9
%. NWAEEOHET I, FRBEIRISH LTl Capon(1969YD /5%, KRN DV TIEERE (2007)D 5%, Zh
ZNHWTWS. THIC, SPACHE: [IUA (2000))iC X 2 MifH#E ORI Z1 TV, FKIEIC K DHERE DI E1T> T 5.
7535, SPACHEXK W15 NTMBNDKERITIC T % Love D T 3 )V F—LERIE, 1.4~6HzIh I THERR 40~70%D i
PIC L THD, BHEOWZEHE] & SN AEREMES N TV .

AT H T2 0, BEEHEG 2T < TEESTAEW 2B R RA IR A T, Aot RIS R L BT %4
AW DO—ERISFIAWI I BB AL S - FUBRTZE (C) ST 5 24540464 (78RS - KEEIL), F7% U < AL (C)
AHEER S 25420479 (WF7EARERAE - /NS Y) OSdgm2 bz b Zzid LET.

F—T— F: WE 7 L—EN, FK %, SPACIE, Rayleighi, Love i
Keywords: microtremor array measurements, FK spectral method, SPAC method, Rayleigh-wave, Love-wave
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=877 LA 2 O T B ORE R DHEE 1257 LA I BT S5 R
Estimating composition of ambient noise from three-component records at Tono array

A GRS R 2 TR R T R e
TAKAGI, Ryota'* ; NAKAHARA, Hisashi? ; KONO, Toshid ; OKADA, Tomomi'

VEHAEK - B - TR, 2 HAEK - B - HhBRYEE
IRCPEV, Graduate School of Sci., Tohoku UniGeophysics, Graduate School of Sci., Tohoku Univ.

Ambient noise methods have become common tools to explore and monitor subsurface structure. However, effective uses
ambient noise should stand on the knowledge of a nature of ambient noise. In order to reveal the composition of ambient nois
guantitatively, we extend the SPAC method to body wave incidence. Applying the extended SPAC method to the observation &
Tono array, northeast Japan, we shows a good agreement between the theoretical cross spectra and the observed cross spe
By fitting the theoretical cross spectra to the observed cross spectra, we estimated the composition ratio of Rayleigh, Love, ar
P waves. The characteristics of the composition ratio show a significant change at 1 Hz. While the P wave composition in tota
power is 5-15% and the lowest one below 1 Hz, the P wave composition suddenly increases above 1 Hz and reaches 50% a
the highest one in those of the three wave modes. The change at 1 Hz is attributed to attenuation of high-frequency surfac
waves because the decay rate of the absolute value of power spectra of surface waves gets steeper around 1 Hz as compared
the constant decay of P wave. We also examine the temporal variation of the composition of ambient noise. Whereas powe
spectrum of each mode shows long-term and short-term temporal variations coincident with offshore significant wave height
the ratio between power spectra varies little with time. The constant composition ratio suggests that the mechanism and th
source-receiver distance are stable in time. Accordingly, near coastal region is a possible region of the dominant source of tk
observed ambient noise. For applications of ambient noise, we should take account of the composition of ambient noise.

F—T— R EREE), SPAC, =577 L1 Bl
Keywords: ambient noise, SPAC, three-component array observation
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Toward Earthquake Ground Motion Prediction using the Onshore-Offshore Ambient Seis-

mic Field in Subduction Zones o _ _ _
Toward Earthquake Ground Motion Prediction using the Onshore-Offshore Ambient Seis:

mic Field in Subduction Zones

VIENS, Loic'* : MIYAKE, Hiroe! ; KOKETSU, Kazuki
VIENS, Loic'* ;: MIYAKE, Hiroe! ; KOKETSU, Kazuki

LEarthquake Research Institute, University of Tokyo
IEarthquake Research Institute, University of Tokyo

Ground motion prediction is critical to evaluate the seismic hazard specially in high seismicity areas as Japan. A source 0
particular concern is the complex geological structures as sedimentary basins which can trap and amplify seismic waves. It he
been proved by Prieto and Beroza (2008) that reliable phase and amplitude of the impulse response functions can be extract
by deconvolution of the ambient seismic field recorded by two on-land stations without any pre-processing. This approach ha
the great advantage to predict accurate ground motion of moderate earthquakes at periods longer than 4 s without the need
any external information about the velocity structure. However, this method allows only to recover relative, rather than absolute
amplitudes. To retrieve the corresponding Green’s functions, impulse response amplitudes need to be calibrated using recor
of an earthquake which happened close to the "virtual” source. Moreover, as surface-to-surface Green’s functions are extracte
some mismatches are observed between Green'’s functions and the earthquake records. This feature is due to the fact that de
and focal mechanism of the event are not taken into account. Despite of these disadvantages, accuracy of the predicted grou
motion is high and such long-period ground motion investigation is critical to carried out seismic hazard assessment for high-rise
buildings, bridges, or oil tank having long-period resonance. In this study, we use this technique in subduction zones to extrac
vertical-to-vertical component of the Green'’s functions between seismic stations located on the ocean bottom and on-land Hi-ne
stations. The target region is located in the Tokai/Tonankai areas where two submarine cable-based sea-bottom seismograp
observation systems have been deployed by the Japan Meteorological Agency (JMA). We use one month of noisy data recordt
in January 2013 to compute the Green’s functions. The choice of these data is motivated by a strong signal-to-noise ratio of th
causal part of the Green’s functions during this period. We validate this approach by comparing computed Green'’s functions witt
offshore moderate earthquake (Mw ~5) records in the Nobi sedimentary basin where the Nagoya city is located. As megathrus
earthquakes are expected in this area, we extrapolate our results to predict magnitude Mw "6 or larger earthquake ground motio
using the scaling law of seismic spectrum developed by Aki (1967). These results are finally compared to long-period grounc
motion prediction equations to evaluate their validity.

F—"7— F: Ground motion Prediction, Ambient seismic field, Subduction zones, Low frequency, Deconvolution
Keywords: Ground motion Prediction, Ambient seismic field, Subduction zones, Low frequency, Deconvolution
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[LEIL ,‘\\(E'JikJ:%ﬂ'ﬁ“*% SHEEICRYd % L E 2 — & Z D

Review of study on microtremors and application for subsurface structure modeling

A I 1
SUZUKI, Haruhikd*

S ATHIEL
loyo

MEIOWIEE, SHO—HOWIZE (Kanai et al., 1958 1<z 3 U, E) GEEE) O sEHRIE AR 7 L & g
REEDOBEMEN R E NIz FD%. SBEIANT UL H PSS 2 S LAEWEREENSH 2128, AXZ FLELOF]H
MERINTZ, 2HIFEROMEID AT VLR, BHEFISHTT 5 AT MU ERSD . B & AR RE O 2%
OB AN Th NIz, MEID AT BV EHIEBEID XY FVHOR ISR EIC DN TORENMTbN TS (i
ZUE. R - EEE. 1993,

T HI, 1980FERICn B L MENDAKTFEIEK T & E B D AT RV Z2HEE L, HlgEofe M irbhs k51
7% -7z, Araiand Tokimatsu(2005). MEiZXKHKDOEAE— FIET THEIERE— FOERQEDLETHS L LT, Kifi
BDERE— Rz &R UG HIV AT RV ZR U, WRTIC K 5 STEGRERGEDHEENM TN D X 51cE -7, Th
&, MEhOREE IR OIRIEASIAE I H A2 b2 /R LT (LduEh, 199D W53 Z &, ERMH OIRIEDHIRLEAUEIC
X OAR (BEkIZ, 1983 TNB T & X0, WEIOIRBIFIE EICHIRICIFIES 5 &5 2 541, Arai and Tokimatsu(2005)
DIREZXFRFLTWD, —F. K (1988 Tid. EAMICHBEND HV AT~V SHIEOER KN X 2 HIERHEZ
RLUTWEE LTS, D 1 REAFPFEIHI T SHIEOEE NGNS X2 HIEREZ R U, 1 XEGIREED 2 5
FHEOEBEEGRFEIE. Rayleighiiiic &> TELEN/FFEE R LTS (k) 2008, K « HA (1995)ic & %, HiZimish
ENHROBES 2 2 L— 3 Tl LRER BRI, REO 05 TERAENEMT 2 & LTHBO ., MEo
HIV AT B)VIEHIEED 1 REA JEAGHL TR IURRO/KFEE & EREOZ/RL TV A[EEMEDH %, Sanchez-Sesma
etal.(2010)Cl. LA BIS; 2 IE U 7o Rk 36 X UFKR 25 5 U BiGm HIV A7 MVEEDMERE N TV 5,

WEND HV AXT Mbid, MIEKFERETEO—RE LT A RAI v IRA 70y — =V JIEHEN TV, &
A (1998) Tld, KFRTEF 205 & LTI L 7 A MEMEIIN 5. MBI HIV AT MUICED S KBCTFEF O
AAIVIRAIAY ==V T E{T>T 05, £z, Sennaetal.(2013F1&. HAMHOME) HIV AT MUz,
INREE T LA 7 — &, MBSO BTG O S 7« 7V & EREIR G D AT MV O T — R FWT, #TF
Bom H SE km £ TOERAFERHGH FHHEE T IVOMEM b, MEIFHEOET IV E LTEHIN TV

SER

Arai and Tokimatsu(2005):Bull. Seism. Soc. Am., 95, 1766-17 Kanai et al. (1954):Bull. Earthg. Res. Inst.,32,199-209.
BIBKIZ A (1983)315E 2, 36, 609-618.; Hf (2008): VIHIERA AR 3 MIHIEERG K S R DY LyRatk | WiE - (i
(1993): TERARIAIZHAAIIZE (A) WIZEECR R 15,198-200.; Senna et al.(2013):Journal Disaster Reasearch,8894691.;
i+ FHFF (1995): HABE 2GR SCE. 493, 49-55.; (LHiE/ (1991): 19914 S AR FHE 22 PRI, No.l,
107. ; &RMEA (1998): 5 10 MIHAME T2 VR Y Y Lim ., 1077-1082.

F—T— R W@, AT bV, SEHERMEE TV
Keywords: Microtremors, Spectral ratio, S-wave structural modeling
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R s oD Tl ) AARRR @ Sz tisic B 5 7 —AA X T 1 (2). _
Geological Interpretation of a Liquefied Area by 'i-Bido’: A Case Study in Urayasu City,
Japan (2)

e ] b SR 2 Rl S 3 RREH 523 IR RS 4 AR LGRS BN BB ©; JINRE fl— T R R L IE
— 2 AR RISE 9 U 3R 3 ek ER 1O IR JAT 10

SATO, Shinji* ; HIGASHI, Masash ; HIGUCHI, Shiged ; INADA, Akira3 ; ITO, Akihide* ; IWAMOTO, HiroshP ;
KAMIKASEDA, Satoshf ; KAWASAKI, Kenichi” ; KUSUNOKI, Keiko® ; SHINADA, Shoich? ; SUENAGA, Kazuyuk?
: WATANABE, Takump® ; SENNA, Shigekw : FUJIWARA, Hiroyuki10

VTG @R, 2 BB, 3 M, 4 TREILmEAR, ° BISORIREUNBTE, ONTC a >V 2 > (#K), 7 THEPE AR, 8 T4
1, O (FK) Bk A7 LREE, 10 B SR AR e T

LChishirodai high schooPJAPEX,2No affiliation, *Chiba-kita High schooF,Kanto Natural Gas Development Co., LENTC
Consaltants Co., Ltd?Chiba-nishi High schoofUrayasu high schootEarth System Science Co., Ltd’NIED

2011.3. 115 bl 5 AR EE T mRRIC 2 RO ERMEIN (O, O0) WAL, o, Y7ot An
5 (A) Mg M, (B) MBI LIC XS M (C) A &S 3HIKICHFRTRE T, Ak oHiEIN O
(A) HiX & (B) HIXDBERIC, DHiEINIE (B) HIX & (C) MRKDERICHELIZEEZENS (EARIEN, 2019 .

INHOC EREEZ, R OYEORE CNFE CORMNAIREZ ICHEES 2 C L 2HE LT, (A) (B)
(C) @ 3HKICERN N % T2 4 MK CHESMEIE 211> 72, BAAIICIE, MEERO%, §5N7z HIV A7 ML
EHRHUEL & D Lbids KON 217 5 720 HRFMEHELR] Tl SERAEAR T2 O JUS108ENG 72 Fvy, ZOFHA, fitkr
W EIZERRD T @) > A7 L (GeaiEh, 201D ZHvic.

CORER, BHEDMCE S T2DIERDOEBD THS. (1) (A) (B) C) ®TOHIX T 1HzEICY— il H5Nn5. C
NZHERE EMREEO A Y =XV Ac kB =7 LEZ 5N, s Ko @S 5. (2) (B) X GF
1 BT ) Tid, 4-5HzRRICE— 7R 5N, AR O A RS, K=YV THREORREEEEZ %
&, (B) HIXKITHEAIC 0T % (Nd il O DIBEEEHNC K 3) H IS )V Mg EfEE & D1 > E—X 2 XA
BLTWAENEETHS. (3) (A) (C) HIXTIE, 4-5HzEiBOE—7IZHRONEVA, RHBETH BEENELL,
COVY—2ZECAHEDIAY F T ARMIBEDENE. 7272 (C) T, EFELO NdEOENE O G HEE X
N%. —J., OBXUoOtENEZRmHI T, 2o/ A— MVOHEETE, 0O 4-5HzREDE— 7 R —J5 Tl
5N, A TIEFEDH SNR.

PUEMS, TiEh) X ks RE, AR (2014 12 X SN EOME R TX oy htiE i 2 < ETAR
AR TH % 5%, UPNAAENSEDF 2. 2O XS, WEMEIEINE, R—V U7 5REOHIC X b #
OYEAEE L N RIRICIERICEH TH 5. S&MI DB ~OF I a0 7o B 72 B 2 5 Z 720,

HHRE A LG (NIED BREZEE) 121, | By AT LOFHICHTz> TREBMERIC R > T2, T ITEEHHE L E
F5.

SRk

EARILE, SO, BRI, FRMSE, S, Lhinthmus, JIEE—, A 21, Rk a], ShIE—, KA, e
(2014 IR OB BT 2R ARIR © T2 tiIc B 29 — A AR T ¢ (1), HERERERZSHE 20144E K2,

S EER, R, AT, BRIRUA T (201D THENEREBINIS A7 L it SO, YA AR 1240
TRl S AR, 346-348

F—7— R IR, MU, RN, | B, T, BT HE
Keywords: liquefaction, crack, micro tremor, i-Bido, Urayasu, reclaimed land
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HEBH) E BN D HIV AT VLD EW EHERUG 315 ELD < PEERAYARIR _
H/V Spectral Ratios for Both Microtremors and Earthquake Motions and Interpretation
based the Diffuse Field Theory

JUE 8 S 5 — 1
KAWASE, Hiroshi* ; MATSUSHIMA, Shinichit

gt N DT
I'DPRI, Kyoto University

WE)T— 2D HIV AX7 MVEE (HVR) XS THZ T eh 5. ZHHETHEEZ FIHI N, %@ﬁ%ﬁ@ﬁ@ﬂ&f%
E#H7T— 2D HVR L o2 S TSN T W5, —. HERRICE VT, o < H Sl &k /5 7 Radial 57>
L?ﬁ@%Gwm#ﬂM%L%&%bfmé%@aLfﬁmém SHTIRLY—N—ffgke LT— mmmwﬂﬁL
D P-SVEGDOL AR A ERnEREC LIickD, *%L%E@Lci{ﬁﬁ&%iﬁiﬂé%tﬁﬁm%h“(b\%o L LS, Z0OKHE
BB DWW T ABRICFHME AL S EH SN TV 2 LIS WEEWIRIICH B,

WEh HVR 72 W TS 2 HEE 3 2 T TR TN E T/KPRBRGEICE T % L—) —KORic e L TIRRE N
5 ENEL . ZOMWEEMH LT ETRERS ZRWET L—MEhNT T L—1 — I ONHBEE & s Fr 5T E iz,
— JT R FEARDIZ T OHIES) HVR ICBW TIK T EREENDRID AG D P-SVIKE TETIETE BT 72M,
EREITIIME) HVR EIZIZFALIDO AR BIVIBIRE 755 T EMNE L, ZHUIRAHIAERERE O/ LRI N TE /2, %
D A > E— 2 2 ALK E VWSS, HVR O ¥ —JiREE & £ SIEEO ¥ — 7 IkREiE, BXUOERmEOE—2
IREIEDAIIET B LR EMENTED., TNE THE B L DAY MVEIRO—RINA—EH S, MEBXIU
HEE O HVR OFIHICB W TIZZ DA Z A 5 XEED LFRENTE /2,

U U, HEEGHFRICHED &, HVR I F IR 2 ) — BB O R R 3 2 KR 27 ) —  BIE D B D Hic
BB EEPASMC LIz, T O TIIMENOLEE X SIRARC, BSOS P AS O TZ NZ UK
& ERAMCISEERONUT KW,

AFTIETNE THERIL T /2HETHO SHERD I K CR—HSOMEN R UTKFEERARY ML ERSD, %
NZRRNCLLET % & L &I, LB ENEERRIC D < MR Z A U, HEEH FRHE OB FIME & bhig U 76581 72
W9 %,

WRHBWS & —RIMEIRE LTHENE —ROE—INH > TZEOHEBICALE>Tb L. Bk Ttcor—
JEREHKTII R 550, HIESIOLAICIE SREIEIIC & B R E— 7 D0DEIE U, Z AU s E RS

DBRRMLUIEDTH ST &, MEFHTREE L IENHT L MBI LT ERilER AR MUV EERTE
RS, FRA NN—=a VOEEDNRBENS Z 2SN LTV,

F—T— R @, HhES, SR ENY

Keywords: microtremors, strong motion, diffuse-field theory
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s FR IR E DK B RANRT MVHIC G X B 508 .
The Effect of the Basin Edge to the Directional Dependent Horizontal-to-Vertical Spectral
Ratios of Microtremors

MEE—1,7 ~<zry ooy 2 Ji[EtE!L meEE b F s XA—kAY TS5 A0t
MATSUSHIMA, Shinichi'* ; DE MARTIN, Floren ; KAWASE, Hiroshi' ; FUKUOKA, Yuri® ; SANCHEZ-SESMA, Francisco

VRTER AR WL, 2 7 > A E AT, ® SUBCRSA LA, ¢ R S A EN B LA ST
IDPRI, Kyoto University2Risk and Prevention Division, BRGMSchool of Engineering, Kyoto Universityinstitute of Engi-
neering, UNAM

FHHE ST HERETIRF v VS AN THEHMEIEIIZTT0, KELET (HV) AXT BVEET CEFIIC T T
B X INTKF 2 K D %E & 53 NS/UD & EW/UD EZRl LIk TzE T A, E—FiREIZ NS/UD DB KEL,
Y— 781U EW/UD D7 EW E WS ITHRIEE NS 5 T LR Uiz, iz, #MEND HIV AT BVERE, BEERIICIE
TEBGREIGIC BT H % — 2 ik N U2k & 9% E MRS % B RINED 7)) — > BIEDRERIC A S 27K 0
PRI T ZIKEISE ) — VBB OBE DO EHIETH S EAHLEMTENT VS (Sanchez-Sesma et al., 2011Z
OHERIMEID HIV AT B VISR ERGSE 2 TS 2 R EDR VDN K E SR TH 5, HHEHIE, BIIEIERD
IS, BHEIEC R SN2 SAARIFIED R OAREBIEEN HERA LT3 ERT—)5 T, BEFEIC X O H#E D HIV
AR BV ZRTRE L, BEBORERED HIV AT FIVEIC S Z 280DV TG L7z (Matsushima et al., 2014

TR TR ¥ S AEATIE, PIMSHEERES O PGSR TN TE D, RANCHEE "R b D, Z
THSPEICHD > THBMER L TEL BTV B T EMRINTVS, AT, ThSDEREZ S SICHBEOR
BN e ihEZ LT D, # 1km OO TRMEE S D 0TI 420miFEL 752 WBEETH % L INE
LTV BV,

CORTHIBRGSEE TV EHWT, ZXTARY MILZ L XY R (SEM) (De Martin, 2012 1 XD, W5sEIcE
% ERIHRICHNT % E RISED ) — VBEEORBEBIC T 2 /KRS A 3 2K EISE 7 ) — VB OOz, —
KITAEEICTERZT B 75 (EW K5 LT %57 (NSHEGD) I DWW TEEEIT->7z& 2%, NS/UDIZ EW/UD &b
E— 7 RIEAD A E <, EW/UD & NS/UD & b E—ZREIEAD @ &V D BIIEEEIC RS RS b Nz, F/z, 1E
ToRGEZ M U TKEREREZIGE LU TEE LR E RS L E—ZRIENNE L, E=ZRIEIEL, =X
TCHEE DN HIV AT FIVHIC B Z 2B RENT e o Tz, Tz, BHUEHSOIIRD HIV AXY R VI
5 Z 25780 DWW TEERTRIC TG LTz & T A, @il OIIRDEID HIV AXT MIVELIC KR E RSB 2 52 % T
EWNbhoTz, EHIC, “HUTHIEICERT BT 2 DOMKRICIR > T R OMEMEINZ USSR, HERMc TSN
S EHEEENME D Nz,

TDXIIC, “RIT s AR ORI B I R 20 T MBhBIINEE SR D HIV AT M VLED kA7 % SEMIC X
DEEFTEIC TEMEMICHIR L, REEARIBEEDSMEIO HIV AT MVHIC KRE R ER 52 5 B R, C
DT W, WEID HIV AT M)V W TR O E 2B LIt FREEOHEE 2175 T ek T & R2RT
— T, KPRERGEZIE LTIEHEEZIT O BRICERZET S22 R L T\ 5,

F—T— F: W@, HV AT FULL, JEEE SN, AT, M SRS
Keywords: Microtremor, H/V Spectral Ratio, Diffuse Field, Heterogeneity, Velocity Structure
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W) 2 O G E O s Ek (20 1) @ HElgiAE D 7))L 3 X LORFE
Sophistication of microtremor methods to survey shallow structures, Partl: Developmen
of automatic reading algorithms

R b 1 Seth R 2 5 BRBE JATT 2
CHO, Ikud* ; SENNA, Shigeki ; FUJIWARA, Hiroyuki

U RERRHIE, 2 B SERHIT
INational Institute of Advanced Industrial Science and Technoléiggtional Research Institute for Earth Science and Disaster
Prevention

AR, A EE) 2 O T RS EREE O ERE ) 2 B K IRICF 9 2 7o D OXIRINE FIaZ 5T LT & 7. Bl
DG, R—2 TIVMBEFOBFE (Jefith, 2006, 2012)hnz, CCAEZR W MUNT LA Bl & 3 SREAINT
LA OB (Efth, 2013a)c X D IZIFFIULE NI EEZ TWVD. T — X TR O/ 80T — 2 BN 2 i pE
Zefuik (1212, Heukelom and Foster, 196@) i F 9~ 1UXK 7 fiRAE 72 A S fEHIC S PHHERED A A—IUWME5 N2 D
T, BLEANHEESEEMET 27200y —)LE UTHIV AT MVOEREZSE (EAth, 2013b)2 2R L, ZNOwEk,
RN HIERE & &bY TR #EITE (Pelekis and Athanasopoulos, 2010 % C & TofiEfEx M FTE 3T &R L
1= (Jesafth, 2013, HIfth, 2013)

BRI COMEE, T — 2T OERAIOEFE 3 7D AR OFiAI D Z HIEHTEML T\ 5728, BIllofES 1t
TIHRET—=EZMESBNZ KD ICE> TEWNUDRNEL 52 L THD. FHHD FEROFEHEMR /I E ORI X %N
AT ABMEE 5%, HIV EEEBROZDD AR MILOILROFHID & BHZO CHBEOMEN D 5. 7 THAL
&, FIHEER KU HIV EEA 2 BEFZARD §27DICROK S B 7I)IVIY A Lz2E .

« DA D HEii HELD

HBYA MTBOTEROT LA, EBOMRNTEE (3755, nc-CCAYE, CCAE, SPACH) TZNZ NN D7)
BHIERDE SN TV D T 5. SOEhERICZNZ N RO ZEA S 5. (1) BB R A CF MR X (BIN)
12530, BIN & &SRB Z B9 5. (2) BIN T E DT —2D T LA BRI T 2 ENTEC LIk
& b NFHFAZ S 5 355 35 K OO E O TS RDATIR AU SGE WS ((POsSE D7 LA Z W5 T & Tl
RADEIEATRE L 75 5), ZNEDT—RIGLBEOUEEN SR %, BEE S BIN O UDE 2@ 5 EARIR E K555
&Y RDIE SN TRV EHIM L TZEORXENE T — 2 UM SERNT S, T LTEHEZW0NIIhITTiESENT:
IRTOT—2%BIN T LICHMEHEL, AEEAROMET 5. 7272 LHET— ZBIGEROERE N ZF v 7 L,
EARNEmM DR S NS, ZOXMEZRINT 5.

* HIV A7 M VoL BEEiAHLD

[Fl—Y A b THELNIZTRTD HIV ART MV B S L ISEH P U, BEBIRIED 7 1 > Rz R DRBET
VLT 5. AT MIVOREN 0 & 752 2R E D SIS —F L TILRZFAET 5. 2O, #1HTo
DOHBBICY—F ZHEL, RTILERIRTICEBLIICHEIB LTS anNA MEDEDIC, BEo&aS1LeERn
DJEPED7EDH B\ ME HIV HD LD R D &/NE WS, SEEEINC S 21L& RDOXTIFFHARIETHAEE T 5.
Fiz, HBIUEDERDILD HIV EDIE S HDNEWIGE, HBE0EHZEED ERDED HIV EDIZ S HVINEWEED,
RO ERDRT ZHAHRIET. TS5 LTHELNIZILEBROXRT T LI, IHTHIST BEE ERICHINT BIFER L
T HIV HEEBOREMET 5.

HBHMFIIR S WE T LA T =2 LRl 7 )3V XLz H LT 2 oz iz L 22, BHTHA - 78
BETNUZEEDRY, BHaBEAR S WO ERTHAMS 5 N7z (et 2014@K2)). wiAE D FEEICIZ R 7Em EOA M
NHZLDD, BE—EELE U TRREGHRTH D, AFEXRTRIEROBIHIAID & HRGIAID 5RO L] 2 &
59 5. BIZIEH LIET LA 3.5 mD 3 fiABIHVNT LAIC K% CCAED T HUER (5587) & 77 L1 1% 0.6 mDAi
/N7 LAIC &% nc-CCAl%, CCA % SPACIED /T HUIIFR (TN e, 4, i) DMES5N TV B YA bADEHBITSH
%. HEHiAHORER GaUf) &, 525258, R0 AR AN ICHRICER L, HE (XHD 12X
BifiR EAZ & A EHED TV, [FARISRE NS MIZREIEMUNT LA KB VAR DITIRA TH . T ORI,
ZNE D BN DA IR P T IR R OEEMED @0 T L 2/R et & U T HBIR AR D ISiEH &
ncns.

F—U— B 8, WERGE, R, A, A, 7 LA
Keywords: Microtremor, velocity structure, surface waves, phase velocity, expolation method, array
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W)= DRSS E O @ EL (20 2) @ AEjgiAE D 7))V 3 ALO®H
Sophistication of microtremor methods to survey shallow structures, Part2 : Application

of automatic reading algorithms

Jeth A 1 BAHCR 2 BB AT !
SENNA, Shigeki* ; CHO, Ikud® ; FUJIWARA, Hiroyuki'

b RIS AEARIESERT, 2 PSR S AN S e
INIED, 2AIST

1. ZC®IC

A, ARG ME) 2 OSSR EIC DWW T, fE CHEOSWFREZMGT L TE . BRIt MEis
A7 LORAFE (S, 2006, 2012), CCAEE WM LA Bl (B, 2013a) Tt Liz. —/5T, 7—Xf#
e, NiFL#EEZ SHOEEMEIC IERA T % T (Simple Profiling Method, SPM{| % 1X, Heukelom and Foster,1960)
MM LI LT, BEERINET 57200 HIV AT NVOGEEZH (EAth,2013b)2ER L, 5 W@ (Simplified
Inversion Method, SIM)(Pelekis and Athanasopoulos, 261 U C o fRieZm L T&E % T L 2R L T&E 7z (itfth,2013)
T HICEM (2014 AKE) IZHRBITOREE U TIHREED T — 2 \OMLE BIEZ, 78R « HIV A7 k)LD
HEhRiRELD 7))V ) A LERRE L. ARG TR EM (2014) 0 BEhFiAELD 7))V d) XA LEZFHTF—EM L, HE
I K BHiAM D FER & iR U TR Z 519 5.

2. B - A DV T
B - AT, FREOIRNTEMEL TV 5.

1) WU LA BXOAHRATT LA TOEMI
WEIOBLARERNZ, 7 LA DI (60cmiih7 LA B X, 3m~10m®D 3 SAHAT L) Ik 59 155 0H
B E LT3,

2) iR e HIV A7 RV BEhiElT « Fid* LD
WEENTY 7k BIDO ZH W T T — 2 MK xE HEER L, HE 22T L TW5. SRS XU HIV AR
7 RIVDOE—2 « HOHFED IFEM (2014)DERET7 )V TY) XL THEUHL TV 5.

3) 1 Xyt SHHEERSEDOHEE & 2 o ORESR
WE L &S Vr OBIRT/REND EERZEE D & STHEE Vs OBIRT/REND 1 Kot SEGHEREIC
193 (SPM). FOREOZHRIE Vs=Vr/0.92, D=0.375LL 3 %. D 1 Roeil s 2 22 MR U ¢ 2 Xoolmic
9 5. TO2XcHimIC, HIV FEEZBIC K A2 NEREEZERIET 5. T2 TOUMIIXNTHEUIETIrHbN
3. 2B 1 HITENTORKIC SIM ZHEiT % Lk X7zh, BURTIE a3 A MEORIET SIM O BB )L 31 XL
FFRICIZE > TRV, FOTDARIZE Tl SIM E b 7w,

3. 2 chimis R

4 DDFIE - T HEREERBE OIS QIR - B9 - M1 « &) THRONIMENT LA 7 — &I L OFIEz
U 2 XkeliiiZzfin e e T3, DRl OFHAID & HIV A7 FLDOY—7 « ROFHHILD Z#HH THEIE L 125hE
LN EEDRY, BB STEEREASE LN, &, K=V Y Z7ONMESHPEEHEWHX, Senna et
al.R013)DHIET IV L L ZFNUE EEDTWVER L RS> TWV5S.. TOXIICEM (2013)Ic X% HElEAED 7)) X
L, NiHEEFEORAR D FEEICIEEZR EORMNS 200, HRNEIFRERNMEONZEDEEZD. iz,
ARG TIE, & SICHERGSE ORIRES, BHFEOHIRT TV & DLLRZEITY, THEORBEORKIIZiT> TV 5.

<>

R ORRISOVTIE, #R/IKEEAZABIFICHENBINC OV TZRE TSR Z2 VIR We, £, ffio
FERIC DWW TR, FEERREBANMIZE I O RICZ K T ZWicliwie, TTICHEZRLE T,

T R R, SRR, K, G, 7 LA FHEEE L

Keywords: Microtremor, velocity structure, surface waves, phase velocity, array, underground structure model
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> A7 LORFEE FROER :
Future Initiatives of development of microtremor survey observation system

st R N
SENNA, Shigeki* ; FUJIWARA, Hiroyuki

! BRI AR Z
INIED

1L ICHIC

HEH TR O SO HICIE., SR ERHRE T IVOERIERERARTH BN, TDHOR—Y v 7
R GHERER AL, ERICTA NN S, —F5 T I, EENRHEEIILIA THIEERF O£ O JE AR O
BOMEREZR EHA%TEDTES %Hﬂr"ﬂ@béﬁrﬁﬂh\ﬁbh’c%’m\% %Eﬂ%‘ﬁbﬁ(ﬁﬂbi HIEE) T D 7z b Dl
WG TIVERICIEE ICE YRS TETH S, ZOBMIOTRIICED,. T 10ETERYE: - e Tl Ik
WICEZ L DOMEIEENT VS, LI LEDS, HEZDEDIZINTINT DR - %Zﬁkcl: WE- N ADUNY R ELES
LTl onNTEh, T—ROHEHICDODWTE, R=U VI TF—2D FICENDHLOIEREZ->TLE ST
%, TCT T, %%%@ WEIETOEH - T~§m~xgﬁ%/X7A BEVATLENNy r—Y L UTHE - 2t L.
bt - T—2DNE « EHREHEER 17> TO LA DHEEZIT> TV, AETIX. ThETORD AL,
IEE%H’@LTM%HX DIHAE FE LOTZREETTI .

2. TNETORFE & R

AT OWE S X7 LFFEO I 7 M, ZEN RO 5DENDRV) ICKEDT—ZZHET 5 EMNT
LB EIER T L TH D, HimE < 21T, RN Bg B BB 2 nfRE & U, HMR « Hiflig tad T
LERNTEIN « 7 — 28, « T O—ED TRRIC DWW T, NT Y F OO « TSR 22 X7 LR
B8, LLFCRET 4 D0EFI DWW THE L TE ke,

O HERHEENfRNTY 7 & [Tremor data View D/N—35 > 7w T L @) 7 L A fightY —)b [ Microtremor Array Obserbation
Tool(MAOTool)] DIERL

O AR — 74 V2R UTBT — 2 35 X OB EIEHREDO T — 2 N— ANDIRE SR (Ax— k74277
r—ay Nish) OfER W7 —2X—ZADNN—2 37 v )

0 AN — b 7 4 VEICLGEMNIC T — R HRiE T E 23052 AT L2 5 U T lhEt o 8E  (JU-3100%HF)

O BB RO ERfNTIC K 28R OME B KO, J-SHISHE L OBFEY AT L E OMEERIC K 5, Btz
JE - HERIGEIRE & DL - ftTEkRE (7 50 FASRITHERE DO REER)

B, BV AT LRGBS THRBEE L T, #HOmMAEICHHIN TS,

3. FHDERM

FHHFEOREL LT, BRI T — 22— LTOMREZ RS, MBRIOEM « 77— X XN—ABFES AT L -
BEVAT L2\ r—YE UTHE - 2t L. 8 - T— 2 O5HE - HIREMZHRE 17> T FRZ T %
e, BUE, LB A7 LR - MBS OREFICBNL 7 F v —B X UOHBE L REL T —2%
HAELTEL, REGHRZEONDDH D, AR S NAMEBIH-ARN RO €y 77 —2 ] OEMHZMHEL
27, BUEOWENS AT L2 R 2 0 EZNHTETED . SRLMAEZHIT TOTETH %,

<RE>
B SERFARANIIZE T O NEE T IK, REBKB X CHLTE GO ORHEBIRIciE. MEhs X7 LORFEDEFEIC
BT, BEATERZWEW, CICHBEZELET,

<BE k>

1) e TR, 2R, SORE S, BUEE M, ERIAIT R AT L OB, BB 115 R BIRE A S TR,
pp.120-122, 2006.

2) SR ER, KBS, BEIRA T MEHRE T — 2 OIEEH L 7 — 2 \— X A7 LOREEE, BRI 5 K2,
S150-P010, 2007.

3) SCHEM, AT MENEEEY — )V OBRFZT D 1 —HEREIRNT Y — IV —, B SRR 2 AT T 2E R oS
313%, 2008.

4)  fesaEERe, B 72, R HHE T, BEIRULT BRI S AT L T @) FOBYE, 5 124 nY R E ST
4, pp.82-84, 2011.
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7 L—72fli>TL—) —hitH#EEOHE
Estimation of phase velocity of Rayleigh wave using linear array

ZHANG XINRUI ™ ; &)1 (=1
ZHANG, Xinrui'* ; MORIKAWA, Hitoshi*

VTR
Tokyo Institute of Technology

Since the spatial autocorrelation (SPAC) method has been proposed by Aki (1957), the observation using a circular array c
evenly spaced sensors and a central sensor becomes a commonly used measurement technique in the microtremor survey me
(Okada, 2003). However, in practice, the strict arrangement of sensors required by the method is difficult to conduct becaus
of the limit of real environment. In order to slacken the requirement of the arrangement, Chavez-Garcia et al. (2005) discusse
the validity of performing the SPAC method with a linear array. However, the conclusion of this research is result-based and is
not backed by theoretical demonstration. Aki’s autocorrelation coefficient could be alternatively seen as the azimuthal averag
of CCFs (Okada, 2003; Shiraishi 2006). A CCF consists of the Bessel function and an error term which varies with the azimuth
of sources. By taking the azimuthal average, the error term vanishes and gfkertdn be obtained. The discrete formula of
the CCF offers the possibility of extending the original SPAC method. In this research, we develop the solution by controling the
error term in CCF which can obtain directly the phase velocity instead of using records of sensors in a line instead of azimuthally
arranged ones.

Under the assumption: 1) Only the fundamental mode is dominated. 2) Different sources are not correlated, the real part c
discrete formula of CCF could be expressed as (Shiraishi, 2006). If we neglect the terms of order larger than 6, we can obtain:

Req pg=d(kr)-2X(kr)> " Acosd;+23,(kr)> " \;cosd);. It can be seen that there are only three unknown variablgs krcos?),
and) \;cosd),. Itis required of at least three sensors (3 different intervals) to solve the 3 unknown variables theoretically. The
three sites need to be in a line to make the three CCFs share the same unknowns. Because of the coupling variables and r
linear functions, we use the genetic algorithm and particle filter to solve out the optimum solution.

In order to comfirm the validity of this new theory preliminarily, the simple wavefield composed of unidirectional plane wave
is used to examine the accuracy of estimating phase velocity obtained from a linear array with 3 sensors. The distances betwe
adjacent sensors (r and 0.5r, r=30m) are set to be different so that we can have totally 3 different CCFs to solve out the optimur
solution. Except for the analytical simulation, we also applied a field test to examine the availability of the new method. We have
applied field test to comfirm the availability of the method. Observation was conducted on 23 October 2013 at the parking lot
of Zoorasia Yokohama Zoological Gardens (ZRS) in Yokohama city of Japan. We deployed 7 seismometers (KVS-300, moving
speedometer) constituting two linear arrays. The two linear arrays forms an angle of 60 degree so that the SPAC method cou
be applied for confirmation.

In the analytical simulation, we confirmed the availability of the new method. The sensitivity of CCF with respect to phase
velocity depends on the direction of linear array. When the sensitivity is low, the estimation will be bad. Hence, it is better to
use at least two linear arrays forming an angle (90 degree is the best). In the field test in Yokohama, we applied both the SPA
method and the new method using 7 speedometers. Both SPAC method and the new method show good match with the theore
cal dispersion curve. The new method shows narrower effective scope and shows some unstablity in both low and high frequenc
range. Through both simulation and field test, the availability of the new method has been confirmed. This new method make
the arrangement of sensors easier which needs only two linear arrays with a non-strict angle. In the future, we will study more
about improving the inversion technique and the application of linear array.

F—7— R: SPAC method, linear array, coherence complex function, particle filter
Keywords: SPAC method, linear array, coherence complex function, particle filter
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/IR R SIS 350 B R EN BT C 5D < Mgk OHEE
Estimation of Subsurface Structure using Microtremor Observation in Ogasawara Iwo-Tc
Island

AHEE I 1 /AR REEER T S 1EAS !
MURAKOSHI Takumit* ; KOMORI Etsurd ; SHIMADA, Masakit

AR

!National Defense Academy

AT IR R SN LIV E R - I E B O TR FE TR KL CH % . EHZBICBI L TEER)IT - fth (2011, HANILZAZIT
=) “PHE/I1 -t (2006 FIHIERED, HUETRENCEE L CTIEIGA - ft (2010 HARHIERZRMEFEARZ) P/ - fth (2002
HPPMERY) R ETIRE SN TV S, HIHHEIC DWW TIE, &R - @hE (1985 Hi#HERY) DO AN THIEEFREIC K D IREHY 1
km B2 & TO 3 JERIGAIE TN TV A, HEERR-PHE SO PGS DOV TSNS E > TV, £
TAWIFE T & SHFERM X TOM MG ZHEE T 5728, /TS T 201342 10 4 18 HA 5 21 EILJJ\H“C
WM ENEIZ1r o 7o, HEMBIOE LGB, 1HEH720 1 570 EOBRZ BN 5 4 #iyg T L.
K@ D77 L1 B, 71//(#& 30m, 150m, 600nO &% 1 #isl, 77 LA 1% 30m DA DIz HD 1 i’é“ﬁ“(?e’ﬁ’“
L7z, HV ART VO ZER M ie 5% &, Wi BSOS T S 1.8, Mtiko 9 0 skilnciahy > T
PR EL A EH 35X ’CT?/zLmenﬁ’%@ﬁb\Zﬁ% Zehbholz.

AEE g E R e S R D ERR . RIS SR I BIAR AR IE DB i/ U CTHE & Uiz, sRIRHEERIAWIFEAT O
RARIBEANE, SARHERICIEHEEFTF OMM TR L TIHEE Le, iU TRGELET.

F—T— o HERFE, N S, G
Keywords: microtremor, Ogasawara lwo-To Island, subsurface structure
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SSHUR RIS 507 2 MBPR A + L O 8 iR E

Determination of Subsurface Structure of the Mt. Daisen area in Tottori Prefecture by
Microtremor and Gravity Survey

P mth o FINACE L 20K BEE L A3 5K /MR BT
NOGUCHI, Tatsuy&* ; KAGAWA, Takao' ; YASUNAGA, Harunobd ; ISHIGO, Masaharli; KOASAKA, Shuhel

L SRS
Tottori Univ

ISR ORI T, 19834 SHURHERIIEE, 20004 GHURPEARHIEE, 20024 S PUAHEESFIC KD, #HEAFE
ALTED, TOERKE U THBEEORENREEINS, o T, TOMBTHENGZILET 5 & IZHER K%
Ez23 FTEETHD, MEMEOEHRICE L TE, KilHsz oo Miiigs & EHEENE/E N TV S, AW
T, MRV E 2 HLOISHT IS R 3 B, 3R DY L BIAIC X 5 MEMRE S K CHDTEAZEME L, BT
DRI KB T — R 258 CTHEME DHEE 21T > 7o, TORER, NI BV THENIT— % & O #ilif o SRR I &
SPCHEEMEZHEET BT ENTE I, £z, FBlOE )T — 22 MATE/IHE 2135 T LM TE T,
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I 7 LA PRARCED DHEE S N5 2 i 7)) — > BIRK

Estimation of inter-station Green’s functions using microtremor array data

NS T e
HAYASHIDA, Takumi'* ; YOSHIMI, Masayuk?

VSRS R R T o 2 —, 2 REZERANRE S IS ThTE - MR 2 2 —
linternational Institute of Seismology and Earthquake Engineering, BRiplogical Survey of Japan, AIST

WA, HUEN TIE R RS T TOVOFHEY —)V & UTIE T % 72 OB EZ  OMZIC K > TED 5N
T3 [HlziX Maetal. (2008) 1L - it (2010 ; Asano et al. (2012) A - fthi (2014 ]. HUFER; F57E %2 HRMEIRC
SRS T 2 BUCIE, MBEIOIRENED 2 ML OF IS E SIS AEL, MDD 505 5 5FRL TS LWV SR
EZT2 T BN D 2D, BHEICIIIRITEOANEGE A0 (GRS, BREIZEIFICHE S EIK) M@ O [T Rk - 5Y
Tl ORYIE RS IR S KD FOrEEMAER I NS 12, HEMBEREE 7Y — VBB E LTS BICidchs
DT NICEERTZT IR ETHS.

Yoshimi et al. (2012)Cl&, HriflR o g 2t & 3 % 13HiEIC BV THE 7 L1 #& (SPACE, Vi)
EEIEL TS, TN5EOHEETIFLEL 300m 1000m 3000m UN7 LA, 7 LA, K7 LA TNFNE=AF
DEREELDDSREDZ 4ETLA) OIFEOT LAMDEREINTED, MEWRIE 1 #iidblzb 10 HY BTk A T,
3. WET L ABE TRENA DR B HEB OB ST ZE L TWA T, TNbOTF—ZIn U CHER Tk
FHEHT S T, IRIEORESE A EAHBIRIEIC & 72 5 T EBORFDATREL 5% . AL T, WEI7 LA
BEERCER O IERED 5 1R Oifiadek (35 &2 1B L L TTF—Z D)o L7y, RiEEDERE (Bensen
etal., 2007 WLEZIC 2 HigiX7” (6 FEEO B S IEEEE @ 300-5200m 1< 351) 2 MBhEC Bk H HAHRIRE R 2B H LU 7z,

B UM EAHBE B &I IE, /N LA T 0.4-1.0Hziit%, H77 LA T 0.2-0.7Hzif%, K77 LA T 0.1-0.6Hzii1%
DJEPEEHIRIC B O THB RN R SNz, S OMEMBEBEEIE A X 5B EZE L TED, (il
HEIZIF LTS, INFEGEFEICE L7 LA GERED S 500-8000mD#iFH) B slerz WA RICB VT EH
MORREMESNTED, 1I0HBEMU LOBEHT—Z2ZHNW5C T, +0EEEMTLDENTZEEZENS. X
12, M LAREICK > THEE S N7z 1 20T STHERED S BER 7 ) — VBRI R L, HBEFekic k> T8
H U 7o AHEAHBE B & D Ltz 17> Tz, FHEMBIBIE E BlGR 7)) — VB e OFRIBE L TREFTH S D, & e
TR ETIVOMENEABRPIEOHEEMCRE PEL, HEEMERT2HME RENS. 5%, ME7 L1 %#EE
I KBNS KO ) — B O BERE I T O FHBEICHE LA S ETFIVOZ YA RS L, HEETETILO
mEtERSTETHS.

HEE D A THW T — 21, HATBOENR T2 2R RREMTIE [Pk 22 MR R Eh BN Y b
JEA D MG — ) - B RHEEENERN N O GPSBUI DT E—) DO—BRE UTHRM S NIeWE) 7 L1 fReadik
THRFENLDTY.

F—T— o HRE), MR TRk, 7Y — VB BEEE, SPACTE
Keywords: microtremor, seismic interferometry, Green'’s function, group velocity, SPAC method
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HEE I T N OTHEN AT I X 2 REEF - B L PE BB D FI RS IS D HE

Seismic basement structure estimated from seismic mterferometry and microtremor ana
ysis

AN FE L R B L PR Big U 20074EREE IS HNE SRISRERT SV — T2
KOIZUMI, Ryo' ; SAWADA, Akihiro! ; HIRAMATSU, Yoshihiro'* ; THE GROUP, Aftershock observatidn

L EIRK, 22007 FEREXF-F B HIEE A R BBl 7 )V — 7
IKanazawa Uiversity’the group for the joint aftershock observations

1. iIL®BIC
AR, HU S RSE R O CHEE B R ER D B CAHBEENT (B 2 W IS EAHBEMEAT) > 5 H FAEIE D L AR > R 72 3
T AHHERTEMEH I N TS, KZE TR, REEEEILIERZ XI5, HIEE N TE K O Eh AT 2 i C L
FHEOHEE 2 7o T2 o, TOHIBIC IS 5 ) B M0 R GHEHEEERE (o - th,2007)DFER & Lk Z2175 2 &
T, B TEER CHENEN OB OV THET L. BEREE OIS DWW THERTT %,

2. T— RO Tk

(1) HhE (&JF/%E

20074EREER Y BB S RIAREBIN 7 )V — 7 GEH: - fth, 2007 I K2 ERIAON, 44 His TEIINE N7z 20074EREE
.%ﬂﬁ)a@?ﬁiﬁf*—5’73‘6@%?5”'50;3(]‘?%]\%%73‘ [ELIANTH O, SEOKHIDEEINTVEEDEFIF Lz, 20k
JED SHEKITIC 2 HZDINAISAT ¢ )V 2 —Z25iH U, SIRELZERD S 10 Bz it X & LT H AR (ACP) Z
FE LUz, SEISICBENTESNTZ ACFZEHAUM L, ZOBEIHIAICHIT S ACF & LTz,

(2) Tt

HUEI T DN 217 5 T2 44 OIS ORBEHISIC IBWOTHEE 2170, B NEMET—X2 D HIV A7 ML
sk iz, ZEMEZRIGE L. HIV AT MLV EFEG HIV AT MVELO E— T D —ET 5 K 5. AifEdEsx
HEE LUz,

3. MR -FED

MU THREIC X B EEHEEICHE W T, ACFDOEL 72 ¥ — 7 DR E N A ENISIZZ DO ¥ — Z I X © AR
RS, HE U7z ©— 7 BMEEIFE S 2 B E D BE AR X 01§ DN ERBRGE 2 551 U UMBIRE 2 R Tz, 7%
B, HUERHEE IR - i (2007)D PIRGHEE 3.2km/sZz i U, HEFAEMITHEEARTS 2012085 % 2 — R RS
BEETIVED PHOERE 3.2km/sSIC ST BEE LT SHEERE 1.7km/sE i LTz,

SAHEHEELRE (i, 2007)1C & % FARIREE DY 100 m L T OV TR, SAHEHERRAIC X 2558 & B+
WAL K BHERIE—E U b o7, 7z ACF DH TIHREZHEE T X 7B 44 b 105 TH > Tz —75. HH)
fRHT Tl 44 HhSirh 35 M CIREHEE WS ATRE T H > Teo LTeHS > Ty MBI THREIZBEE 1 B PRI 38\ C AR
OHEEZTT S ETIIEMINEFETE RN EEZDBNS,

RISHEE D HECH » B Tld, BTk, MEfehr, SIS EMN K 01§ o N/ R —E L TH
D, FFEHBLIIE LB X O L EBFEEINRO T EARE NIz, 20074EREE L B HIE TR FEIFHBLTORENEI X N
THED., 2007455 EHIEEDOEIWE D X S i OTERIE OTEENIC K > TRSHBEARKGEAC Bk U TRARRIE D
Bl ok WnWS# 2 (Hiramatsu et al., 2008 & AfZeAE RIS TH B,

AEEAIIZE Tld 2007 e BHIEE A R AERIN 7V — 7 K S B ROl 2 U X Ui, R em@hfigtrcian;

SRR D S EETZ 85 U, B SRR 7 O fe 4 AR LI IIEN AT IC OV T THRE W& X L
7zo REU TN ZLET,

F—U— R: ACHIBIREE, HIV A7 )b, B, RIS, GEel e
Keywords: auto correlation function, H/V spectrum, gravity anomaly, geological block structure, the Noto Peninsula
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BATTATEIAIC B % IEF RIS X B IEI OB A X 2 7)) —
> PEE G RIC B 9 B B

Retrieval of Green’s function in a 3D inhomogeneous medium with nonisotropic source
distribution using interferometry

Hhoe 22 b L yEEe
CHIMOTO, Kosuké* YAMANAKA, Hiroaki !

VT RHARE T
1 Tokyo Tech.

SRS B 2 H T EIEOMA T, HIER TFHEC K> TV —VBBEERTE5 L EZBN512D (eg.,
Wapenaar and Fokkema, 2006%%@11"&@3.:8%%%)3%‘tﬂiﬁ;a{}i$7’?{£kckO“CJEV*%J_OD?EEW??’IOTLTL\% (e.g., Shapiro
and Campillo, 2004) LA U, BIFEOMENG IS EREHGEIC BT 2 IFF AR MM EEZ 5N, MEmiNxEH
HICDOWVTERA TN TV K S I, BEOMERFEIEICK S 7)) — VBBGRICBO TE TIc 2 S0 BE T h
BINUXE 530,

AT T, BIHCEE 255 & LT, 3R NIERGEIC BT 2 IS T BIROMEN THIE O P DV THUESE
BRC K OMGEIES %0 HUEH THEOBUATER S 3XTAMEIC K > TITWD. Vv h—Y 2 —7 Ly MIOEEHIZRENIC
iﬁ“% 2 MOHIRINEOM EAEZEIE T 5, 3 e AIEMEE L - 1L (2006)IC X 2 HEREET V2V, %

L IEEAERE., EHICOBRERZEL 2L Uiz, TNHIKKDHRIZ. T ZNHEBEB X USHERICKS
fﬁ%&ttfj% (- &T%h%h@aﬁg%;ﬂl\fuo

9. WHEBRICBT 2FHEROS A, MAAEMBEESRIIEE R I NS ) — VB 2 —H L0 E D
D, RPN X S BREN, REPEEEERZITIEREE —KT 5. HTOA—BE, HEE TEIERICBNTT Y —
VEBE ST BEOMILUCHK T EEDEEZ 5N (e.g., Kimman and Trampert, 2010 7z, FHE ARSI IE &
HOBENRRICBE LTSI E T T, DEIW, WHEHEMAICH 2 IFFAEROS A, HHEAH BB B 1 I
Freiz o, E@Eﬂ%?ﬁ@*ﬁﬁ*ﬁﬁﬁﬁ%ﬁ(kLﬂﬁ%t@%ﬁf(ﬁ‘i}ﬂi MR TEZ o700, EOENKFM O AR

BUIHTRBIROS G L IZIE— I‘SZL/ TAUC & B RIERAFEEICE U CE MEmf LRI TH o7z, TNH5DT LR, T
nx T@i@a{&??‘?&@ﬁ oA T — VBABE DS IS S 2 T E MRS N TV EBDTH S (e.0,
Tsai, 2010)

BISCT B OHERTE £ 7 )L 2 FiV e 3 T MMIEBIAIC B TIE, FERO% G T O A MBI B IERFR & 75 -
oo T7D5, 3TUTMNIEBKICE O TRESERIMTH > TH, BlED 5 OEEMAENEMICZ D . AT OER
DAMIEE ISR oTleb e EZ BND, Frc, ADENRHOMEMHBEBEBNEOZNLD ERELA>TWVBE T E
5, HUOEFENHNT EREL B 57D EEZ S A%, BEMIBOET VG, FEINICBISRLHIAMZE L, B
KPEE RO HEREMWNELS B T L 2B/ 5 & JRWHEREIC & > THRIUOEJRIC X 2 RMFEDOMIENKE Ko7
M. AT OERNMZIFERC LI TH B EEZIBNS, TOIFFRDIZD, HEMHBEBEEIZ 7 — %
EHTHBLIZ, RIPERHERZICOWTE, HAMHEBEKOIEADENEHICKZEDTHTREZEDD, TN
TN — VBIBIC K BRI PREEE & R E S BREBRLAWVREREZ > Te, RiRIC, 3TUTMIEBAKIC BV IS E
RE LTGROV TS, [ARRICHEMBBEEIXIEEIENRE LD, 7V =V O—Hb <&V, UL, Xm
REEEICBI L T BB TR—R LT,

CNEDORRICK D, HEEFRTHEICK 2 7 — VBOEHICBEL TR, BIROEFETMNREEET L LN
bbb, Fle, MIEMERIEROANIOEHICHFLS T ED, 7 —VEBERICB L TZNERERORE L 7%
%o IADBHEFEMEICBOTIEROEF I (MNIEMEICKZTELZO ) NENI SV ENTVEhEEL
BB, TNZMB T LIIESTIREL, SHBLBEOEH RGN LM 28 ENH S5 VA S, TelE L, MERT
Wik D% < O HHITIEREFRLEED S HEREE T IVOHEZIT> TWAH K I IT. RWUFFEICENT & K iHE
FICBL TRV —VBBDZNEBBEXZRO—BZHAELD T, BEOEHREHICENTEZYTH S AREMENK
TNEEALBND,

F—U— B MR TYRE, 7V — VB, AEERG, 5REE, 3 Xtk

Keywords: Seismic interferometry, Green'’s function, inhomogeneous, isotropic source, 3D FDM
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o 2 IR A BRI > D AEE & N2 e M1 B OO 2% g iR A I o _
Estimation of subsurface structure by high density microtremor observations in Kochi
Plain

KA AT Y AL L2 EikE 2280 3 1 Ldh [ 2
OISHI, Yusuké* ; KUBO, Atsuki? ;: TAKAHASHI, Hirokazu® ; YAMASHINA, Tadash?

DRI R EBE & N B AR AWTZERE, 2 @ RIS B ASR ag ve RT =R AT, ® AP
IStudies in Science, Graduate School of Integrated Arts and Sciences, Kochi Univisity; Earthquake Observatory, Faculty
of Science, Kochi University Faculty of Science, Kochi University

PR S r R OREIRIEOL P B U, rafEt R RIS IR B O I K 5 EE R FEDMEHINTED, ik
IR 7REH P27 5 C L RBEETH 5. @B FHORICIE, TEERE), MoRERERETE), [0 SRR
D 3 DORMZFHEI S 2 0 ENH D, TNHED S BY A MERKHEOIERAEERAIITTDN TS, Y MR
DRI B E TV, A=V > J 75 EOWHFHERIC & > THED SN TV B D, AT, TAMOES
PHETEOMEE OB S, HERHME) (LR, @) thROM/ N fENOFEFR ORIz, B5N2K e b
THEIOAXRY FIVEE (HV AX7 RVHD) ZRWICESHEEOY A SRR OFHi-> i€ 7V OER 2175 T L2 H
MEd%.

AWFFE T EDOEHITE | LT % TRE TR [k « shARMKH I3V T 127258 O B @iz 1w, 2D 5
B 1254508 % HIV AXT BV 2 RD Tz, FREFEOEHIFEF TIEH 200miElE T, HFEFE & & - sAR{EH T 500
~1000miEkE T 1 5240 119905 15778 EOME) 3 Bl Z1T1 o7z, HIV A7 b)UVEEDf#HTICIE, TremorDataView
[/c% - BB (2008)] 2L L, AXZ MILHOE =28 E—7 DY - RIEEFHAI > 12, HIV AT F)VED
ELBEIIE R AR DR L 72, K T-RIG ISR EIER 2 KM U7 R TH S T EA/REIN TV S B2 XA (2008)]

FRPFERIC I % HIV AT M)V s BE T (KSR &, lABItEEL cEL Z2Emhd 0, RAT 1.6/
THs. ZTOMOHIKTIX 0.1~0.8WETHS. AT MVELORAMEICIFHIRA AREIE AR SNT, BFTNCIRIE
MIEFIC R E DRI D FFEET 5. HEEHE AT MVIEDORKMEO DX, BEOmRHEHE O [457]
(2012); 4% (2011); = - 3187 (2012); 1L 5 (2013)] & K< XIS L TED, #HEDKE D o 7o SIS ME) D =LBE 1
EL{HBEEORWEEZ SN, AT MIVEEDRKEOREZ, b BHBHERNRE N EEZ NS
e X HELTWS. Hk (2008)DHEME T 2 HIARIC KT 2 N 0d X DI Kg 1l (=ERAME 2/ AR ED D54z
RB2 &, @EOWHFENMELHLTVEDT, EHITHFICHET S Kg HO@E OISR ZEOWFERENa L LB JF
WEOERERWEZZFEETENS. £, HFBELLTIE HV AT MLHIC 2 DDE—IhENS L5 %
D 5. PEROBHIFHEEH E FETHE TR, 2 D00E—7 2R BllRE a0

BoNTz HIV AT MVELO A KU 2 ©— 7 FER & A (2013) 0T 7 )L & Z kGt LIz & T 3,
BRI EERE &, 5 2 E— 7 B IREE R RS & —ROBIERGRN D 2 2 otz RTzFERA KD
HEE U7 BRI 1S, BERQEERE 80 mE TR EW—8UE/RY. 72721, O TIIZENHKTH D, HE 80mLIED
HORBETIE—HOEEHEY. T, KiE (2013)DHIRE T IVERICHEH SN TV ER—V Y TBBAR T TH S
MWHEEZLNS. Fiz, 470 1 EER] (8E=RX Ve/d) ZRHWTH 2 ¥— 7 EH &L i€ 7 )L OMiEE KR
FED SPRE O STARTEHIE Vs 23R % &, A B ELL 2 ZT RO S APFE R Tl 158mIstEfE L 75D, Th
WEED (Vs=200m/stEfE) KO E/NSWHERTH O, WHERE & tREE (Vs=300m/stefE) Oa> F I A MHRENT L
NI %, HNV AT RVEEDH 2 €— 7 28§ Bl VD IO E O S APEE 0 A/ B Tk, i & dthd)E
DVg AV FFTAMNRKELBEVEDEHETES.

AWFFETI, SHPTFEIC BT 2B PRNC R E & 7x 2 MR Re e & thiigid 2, HAMBBiic X o#ETER. X
DIERSBED Vs RDBITIE, EIELE Vs ONAZFEIRFCHIRTE 27 LA BTG EMNRDENS. £, PEDE
KPR TR T RRIEBIRMMU D UK THRIF T & 2DV T, HHGE N 1275 % & Z ORISR A DR 72 75 BIRDMFEE
T RHHREMEND D, BRGNS R @RS T R M@ 2170, T OBRZIET 20805 5.

F—T— R: HERME), HIV A7 bULL, KERE, S eEEs
Keywords: microtremor, H/V spectral ratio, subsurface structure, Kochi Plain
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R U OB BT 2R RN« Il 2 IC 51 5 7 — A A 2T 4 (1) _
Recent Geological Interpretation of A Liquefied Area: A Case Study in Urayasu City,
Japan (1)

EAJEGE T BN 2 R AR S MR S Otk 2S5 4 RNt BA S JI @ — O ;A R T Ak AT S S I
— 25 AROK MR 0 A th3e P

IWAMOTO, Hiroshi'* ; HIGASHI, Masashi ; HIGUCHI, Shiged ; INADA, Akira® ; ITO, Akihide* ; KAMIKASEDA,
Satosht ; KAWASAKI, Kenichi® ; KUSUNOKI, Keiko” ; SATO, Shinjf ; SHINADA, Shoich? ; SUENAGA, Kazuyuki ;
WATANABE, Takump

LB R IR ELITEEFE, 2 A& IRGASE, 3 M, 4 FREILER, SNTC a2 d)b x>y (KR |, 6 TIEmER, T L@, & TE
e, 0 (BR) Bk A7 LRl

!Kanto Natural Gas Development Co., LEIAPEX, >No affiliation, *Chiba-kita High School?NTC Consaltants Co., Ltd.,
6Chiba-nishi High Schoof,Urayasu High Schoof Chishirodai High Schoof Earth System Science Co., Ltd.

2011.3. 1 LT AR TEE OO & D DK 2 @RI BN T, KEDOWERD, BkE & &k 5 EAHE|
NHIFAEL Eh, 201D, AIFEOHMNZ, TOERAWZALBXOFEREHICHS. i FHEFRAEICE N R
F—H—B XU a—EAGEZ YV, N EOEREZHS MM Ui, G aEfizilikolz. TOE, X
DT EMNASMITIES Tz,

AR HIE I S REBU N T, IHERARD S8 100miEZ D IChE T 2V I TH 5. MEETET X TOWE 1E 3-4m
THs. KIEEICIE 2 RKOHEIND, OMiElN - Jbdbl-mRgit A m, BXT, DHEIN  wlbiE- s S mIc 7 hms 5. H
HNOE Ficl, HEZOWETHETHNFOLDLASNZHHDROMN> TS, TOFFNIEADR, )L kT
BICAMINTNT, BN 228 EOBE WD) SHIEETICHW BN 2L Uizt LEZ 6NS. —J7, i
BN A TN E DS OB NI BEE T, DHEINICIEAS 2 W - MPREETEE ) 5 2 O B 2m i £ O#ENT & O JEiH
S, PEIITCIERYE T NdE S FHiRE ol U, ATV M T NdfEld 01y, OB ERE S 2 Wi« b
B GEEINED TRIEFIS NdEDARKZ VOISR L, BRI RN S, &I R R sz R~ 9.

KIC, ZEREEREFTOME, DEnBs X oOEN e §ICHENGERICE) 2 THE (T, TX) OREGOGATIC S 72
BT EMHIAL . BN, 00 2 ROMEINERATRO 3HKICK TN, (A) HIX : dgmm R GlZeh s <
AEES, 1985, (B) HiX : BRI INC X 28 (C) HiX : FEREUHE TH S, ks, (A) 7@ iEm N
ICH O IS THIFTEEMEE LIz X, £z (B) &3 TRSE T EHN EOMKE Bix-> Tz, (B) 1o
REHH O BN, O FEFIN 25857 7 b, HEERIE IS X BN 247 - I iR R N T H 5. (C) BRI TIC X 51
VETOTEDLT, (B) IGBENTERNEMMEZ S - ZEREREN T & UTER SNz, Biadklc, OHENE (A)
& (B) oI, OHiEINE (B) & (C) DIEFUCiE L, MWl (HigRROERD Z25H 2 L Ay iFbons.

Plkozehs, 7T av Z0RED, HIBINOFERERKICEZ> TV EEZ5NS. HIREHOREMRIC H
oo T, MEERE B X UHENE O, N, T ARSI KRYITH D, ThDK LEETH S Lamflizuw.

SRk

o BT, BN, BECSZE, R SR, O SS, EANAGE, AN EER, IR —, KRA1sE (201D 20114E b5 K
FEMHIEEIC K 2 N THUR O ZSR-1970E 114 O TR Ze i N T I 350 2 WK L BISR-. 2RI SE 25 AR 2.

W RS ARES (1985 s, %, 64-66

F—T— R IR1E, HrEln, By a— > B3 AGER, filize, ST
Keywords: liquefaction, crack, dynamic cone penetration test, Urayasu, reclaimed land
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