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Waveform inversion converged towards the grand minimum: A Wiener-filter approach

3 1
YOMOGIDA, Kiyoshi'*

VABEE R E R AR B AR
LGraduate School of Science, Hokkaido University

WA 23— 3 VIZBUETIRHIERAIC RS ', HIBREERPEZDIHIRNW D TISH, & 53V —F YN KEH B0
FHBUHEDMTON TV, T TR, KT OBIHIIY & GIP DA %2 N “FEMICFHE L, £7 LV Z2EIEL
T, LAL, BB 28 EE—DoI N5 LR/ %E’J&ﬁ%@}—lﬁ;ﬁﬁﬁk%ﬁﬁbﬁﬁ ThxbbE, WDLDu—7
IWVISRUINMEIE L, A 2N—=2 9 VOB TAY DM NTHEVETIVANIEELTLE S T ENBU0, BEAITIEAIHED 2

n OEEMIC K D, T ORESZIPET 2 EFEX phase unwrapping FHEE., #5 BIFEICIS U T, BN Ta—F
LA TNETHSEN TR,

AW Tl T DR Z AT 272010, ZBBENS G HLWA N—T 3 ViEZREET 5, £9. BHEIE(t)
EERIEIE p(t) (BERIDRERINE T ) EDEWE, T —F—T )V Z—w(t) ICK>TET, p(t)w(t)- d(t) D
FHIDERINCIR 2 X2 ICw(t) DIFREZERDZH (EEFHIAR), TNIHRNREN SRR K kD E5NS (Levinson,
1949, 7 IVAHRGEK B IXBNIEIE & AREED—HT 5D T (p(t)=d(t). w(t) dt=0h"1 THUZ0DI=v b7 ¢
WR—,ix% GEGATIETIVABEBICHIN) . &> T, KT FOELZMT Tzt » w(t) D _Fefz iM% HiE
T EFNWVZEETHER (720, w(t) ORSHEICKTTET 2D T, Bk b L7z mzHN2),

T OFEMETIZ=0h 5 DI ZETZ I DR LET IVADFIHEEL U THW SN DT, HEROTETONMAHDEEMZ
BIRMNE <. HOMUIMA (FBaEETIV) NRKETHNIIRT 5 B EETH 5,

WA > N—2 3 Y CRIBREOE 2 &b A LA (BB RE SIENTTY)D 2175 OB REFHED 2
ExD T, BEfEIT4 (adjoint operator %T—ﬁﬁiﬁd(t) pOICHNT T2 & D ETIVIELEEE UL TRD B, T DRfifE 751
WEHRAEL T2 5t » w(t) D FMZERRIEEp(t) TR L TELNS, 35 L. BEIHTHIE- 2w(t)?sp(t)~! &5 %, D
F O, tew(t) D IFHNEP(L) TERAMAHDWENE (deconvolution Z 3 UE K <. MOBIERIRERDIEIERN— 3 ~
ERLCTH S,

T OFEz gL A 52 12T T )V CBIEFER U2, oIc 8B - BRXT7 R &b, kOB
JEAIN=2 9 VTERDIEERE O ETOTETIVEHER Uz, THENHOTEESEIC X a—h)VaB/hNe kT vy 7&
N9, BOWNTOFEZS AL—RIWURT 2 2 L x2RT, RS, #IHETIVIREE T IV SR 0§ N6
DT ARTE, TTOETIMCIEDMERERD, EABETHMNTH S Z EHRI NIz,

F—U— R Wi, WERIE, 7« —F—7 1)V Z—, O, AiAHOT =M
Keywords: inverse problem, seismic waveform, Wiener filter, grand minimum, phase unwrapping
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Seismic wave propagation in the heterogeneous structure associated with the subductil
Philippine Sea Plate

R B 1+
TAKEMURA, Shunsuké*

LRRRIIRE
“Yokohama City University

& Lol

T4 VE VT L— FDEBHRALTER HARTHAET 5 X5 7T NHIEEOBIEE 23RS &, HEEPB XU S
SR EBEDEIIIE N5 (e.g., Ohkura, 2000:4%F - fif&. 2007; Hayashida et al., 2010 [E3Ei & HA&HiE I K
OILHIPZ 5T 270, T4V VT L— b EZ DO NGERMEDE 2B ZITITVWEHEEABNDS, £C
T. INSOEBHHOREEHIEH) S I 2 L— 3 YVORRZHANT, BEMHOKKL X CEHRFEE 7V ey
L— b DILFARIC K > THIE L A EREOBBREIHS M T 5,

AT T AEDER KR D

20044F 9 A 21 HICLBRFEEAHES 50 km THAE LI AT THHIE (Mw 4.2) OFEZRTHL (UE - fZREE) &
AN (FREH) 1200 T Hi-net# EE D 5 3 DR—A 7w TRIER LTz, il CldiAga &l o h g,
T4 VT L— FAEROWUEIC B THIFEE O SIEMBIIE Nz, T IUTREBEEMEGS O NS EME D822
FTWVW2EDEEZEND, —77. EMITIEBAENIZE TR E N2 X 5 SN2 B E Nz, EREERE 150 km
LU ET pPmR sPmMPX® sSmS/& £ D Moho [fii TO K EAABIC R 54, R sSmSFER ST K D LIRIENAKE &)
RIS E TEEL TV 5,

3RTEMNEICLBMET T2 L -3V

JIVSM (Koketsu et al., 20081C X 2 J@HHEET IV ZIRE L, 3XUTAMEIC K AMEF T I 2 L— 3 V& 1o 7z, &t
BRI P E - pUERS % & T 512 km X 320 km X 80 km OfEI T, dx =dy = 0.25 km dz = 0.2 kmTHEE(L L. 1.5
Hz £ COHIESZETHE Lz,

FHERERICBO T O HABREEHNHETE, JIVSMIZEL S Moho B LK U7 L— b FHEIRIZMRZ L THE LWV A
%o UL, sSMmSDIRIFAER S L AR, aiilflo SR ThunWa &, BB Rz eI I EHETR T
11\73\(1\0

RFHALS T 4 DV E T L— D EDORIKICK D, HEE 30-50 kmD< > bIVNIEHEE RS (LVA) DERESNTWL
LT EMERMENTVS (e.g., Hirose etal.,, 2008 ZZ T, sFEET/VIC LVA ZEUD AN, HEEY I 21— 3 %
o7, LVA ZEUD ANTZC ETEEFEBRES Y MVDA V=X VATV b T ARWNELRD, SEDHIRI L ERE
FIANERE L. BHE & B AR KRGO sSmSZ FHd % C LTI LTz,

FHETE ERITA T, W2 EET 2 M5y TIHOEBRFHICOVWTEHFH L. AT T AHIEIC X 2 HIER
GBI 70V EET L— FELORNGEREIC DOV THRT %,

B SRR AR A ZE T O Hi-net O3S ELEk 5 K O F-net® CMT B fH IS TCWEEE Lic, B I 2L —
Vg NFRERFAHEN R HE N ERY > 2 — O E S 27 LR LU E Lz,

F—T— N HEWARRE, A5 T WHE, 7« U E T L— b, Hirdid, HEET A
Keywords: Seismic wave propagation, intraslab earthquake, Philippine Sea Plate, crustal structure, numerical simulation
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Temporal velocity changes after the 2014 northern Nagano earthquake, central Japan

B R R AR AR v R B IR B
UENO, Tomotaké* ; SAWAZAKI, Kaoru! ; SAITO, Tatsuhiké ; SHIOMI, Katsuhikd ; ASANO, Youicht'

MR
INIED

A, SR Hi-net 2 4R & 9 2 8 1 D ks B 7 MBI 18 S N8l 7 — 2 2t guc, M@ o B a Akl
RE B F O T B I T BT DS NSRS N TV D, TNE TOMER THEMTIc X D, KR ED R
e N LYES) & BE Y 2 IR AR R HETEBI OBRIC, ARIREUE D OB RGH RSG5 2 &MV X
NTWV3, LHL, TOXSEHEEEFHIEERETZ0h, HEE ARG HIEOREICH U TN R Rk
ONESINIRE, KRG ENZ WV, AWZETIE, 20144 11 H 22 HICHAE LI EFRILHOMZE (Mj6.7) 1DV,
RO Hi-net BHASICHEMEh 72 D Tz B T2 8 U7k R 25975,

fRRTICIE, 20144 ERIRILMORE DR K UZDFIICNIET % Hi-net 12807 —2 2 L, HiE
TR 21T o720 5 B 6 Bl KA - ERRIRSERREAOHETEB OFMZ R 57201, SGRREED TR
FaJll - ERRRESIE IR IC 38U 2 EAPEHAIIZE ) I K DB S N 5RO Hi-netESTH O, HEEH 50 mOBEH
HofURICHEB I 1 #0 3 B @K E ERMERDRE SN TV 5, TEHEfT cHVW % B SHBEIREE. (ACF) @
FEICIE 1R OBEHRIEZECERIC 123HZD /N RISA T 4 )V Z—72MT =06, RIEER 1Yy MCER(ELUIZEES
Wz, 7z, ACF DT JIHH TOZ b2 MEMEDEIC KD EDEIREL, A Ly F 7RV CHERE
DEAbZHEE Uz,

BTGB S % N.HBAH, N.HKKH (f57%), N.OTNH (fiZ %) o 3EHIA T, HERIC 1 %L oA
RS AR SN, AT, EFENS 15kmiE EILMICH 2 NIGWH, BRTILHMNICH 5 N.MKGH TE& 1
ZFN05%BIU LEBREEDHEEX FAR SN, —7, BIFEEK D 15kmiE Erlld 2 W idrgE I 2 B Tl
BHS R R IR S N o Tz, HEREBROMEEK FOERKZHRRS 128, SEHNTO PGA PGV, R7K—)L
B OY A MEERE, ERECER K CE SN TV S ERWEN SHEE TE 52U EE b DL ZE T 20, W
KR e OEPRBEEMIEI RS Nah o7z, Fiz, MEREZICEAL T, NOTNHZERRL 48NS TIE 2 7 AR T 50 %f:
JEEX THEMFARIE L TW2D, NNOTNHBHISTIHIZEALEREL TWiEWNT L0 o T,

F—T— F: 20144 REFRILEROMEE, MEZn Tk, B CHHBIRIEL, @K R, Hi-net
Keywords: a large earthquake, seismic interferometry, auto correlation functions, velocity reductions, Hi-net
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ARENECER 2 FH O 72 75 155 1L O 2R TR S A HE 1 DRl _ _ o
Subsurface velocity structure beneath Kirishima volcanoes inferred from ambient seismit
noise tomography

i 8 P 282 SR 2, R K2, K s, S E 3
NAGAOKA, Yutaka'* ; NISHIDA, Kiwamu? ; AOKI, Yosuke? ; TAKEO, Minoru? ; OHKURA, Takahird ;
YOSHIKAWA, Shin3

PSRBT GWIZEAT, 2 EUCAHIERRTFERT, 3 st A kalize & > 2 —
'MRI, JMA, 2ERI, Univ. Tokyo,AVL, Kyoto Univ.

20114 1 AN U T B EILBTAEIC DUV TIE, HIGEZEB) O IR HTAE OILPE 5 km, TREHI 8 km DI E
N, BWNCEHDEIIREEFDTHLEEZLSNTVS (Nakaoetal, 2018 LA L, TOXTIEE D EHIEANTE
WKEOTARA=I VT USRI E R R0, EROTEICI O IEE D OMNBEEHE TENE. TOEEDN K DI
o UL E5, Fi-. SlaHENHEMER RDZ T LIk, BELIOS IV ISAREMRIET 2 2 LGNS,

AWFE TR, M TFHIEIC K O ZBELEAOBI S Z o 2 ZmE 2t U, R iHEE N 757 0 —
IZ& > T HEHTR DN MEERSGE ZHEET AT LT RUREFODA A=V Rk 5, HENTHEIRE R E
DT Z LI S BIHSEOMER AR 2T 2 L TH O . RFMEEOHEEISE L T\ 5,

FEWFELO 38EIHIA GRAHEN, 5K ALifzet > 22—, BRI, <&)T) O I8y TiditE 7z 2011
4 H~20134F 12 A DOrEhacikz vz, 9 IREECEROMA AR ZHE TS Lic kb, BRERHZERET 5
Rayleighl ZHiliHi L7z, RiC. SPACIEIC K D 0@z fIliE L., TR IR O FEIIREEIC RIS T 2 0 BUllifR & Uz BR&
FJEPEANC BT, ISR T EICEIRGEIC S 2 B R ZHIE Uz,

FZEFAOBIM A Z {58 % Rayleighi%ld. 0.1 Hz THAHEER 2.7 km/s 0.8 HZ T 1.7 km/s& W\ 5 7 7z 7
Uize TOVEREEICH U T NADERREZIEST 2 & FABFEEEIC X 59, ZELOILANIZFEBIC bR TTH
BV KRENEENDD S, e, ITREEORHZ LEZSNTVSMHEEOEE (£ S8 km FEE) (&L
EHE L IR TW5, 5%, B/ SADEREREZHWT, REFENMHEE NS 57 0 —Ic XD HEREZHET %,

7 — K B, RIS, B

Keywords: Kirishima volcanoes, subsurface velocity structure, ambient seismic noise tomography
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& LD EARENREOFHE & K ILE= 2 Y > T AOJSHARETEIC BT 5 5t _
Study on vibrational characteristics of Mt.Fuji for applicability of monitoring volcanic
activity

NI T s v dERA L o 2R R B L iz 2
KOJIMA, Kaoru'* ; YAMANAKA, Hiroaki ! ; CHIMOTO, Kosuke ; SAGUCHI, Koichird' ; YAMADA, Nobuyuki?

VTSR R AR B B LA SR, 2 R EE K7
Hnterdisciplinary Graduate School of Science and Engineering, Tokyo Institute of Technitfogyioka University of Educa-
tion

B, 1707FEOFKENALEE, #3004 P2 RS> TWnb, LH L, ZOVEEARNE 120 TH 5 28,
ERTFRHOBEDN SO DEALTEEM UL EVEHNGEL TWS, BA LSS, ZOREN - 2885
Mg, EAETHT S MU ZMRETT S ETAEERREIC RS> TL %,

Az cld, ELILOEEIOE= 2 V7D E1EE LT, @k & OIREFHEFHMHICHW SN TV, HREEIIE
WCHDL FE2MNSEA T % C il iz, £9. & LN B THMBEIZ I Uz, Bl 2012458 A 6 A 5
9HIICHML., & LILDEMHEICHENT, 28HKU 57105 HDG 7 s CHRHEN Z1T 5 720 BRNCIX. 3 g
fteTF—2uali—EHviz, B5NTBIEED 5 AT MVIENT 1T 5 72858, NS 9 Cld 0.21Hz EW KT
13 0.20HZz CHBIREIEDMER T E 12, The. EEURIIEIC B 2IREIE— RIE0 sUBEREIEHT O JE R EIC 38 B HH
HAFEEBIE D Bk, 6 B HZBEICIRIIDZIL L TWVWAB T EREE Nz, Thid, 6 FHUTTREXE—RFXDEERX
E—ROFEPRELZS>TVWBTENERL TS EEZBNS,

[E A EfRENT Cld, BlEELEET VT — 2 2 W TE T IV EIER U T 21T o 720 T DOFER. 1L REHIREIEUE 0.22Hz
R0, BRI CHARMEE N, 2O e SETILO 1 XEAREEIL 0.2070.22HZTH % L #EE TE
Tzo Flo. XTRZEB LT TIVCEHEMWHBN Z1To T2 ZORER., IREIT— FEOZLEZIEERE— RDOFER
DN BRI OEAEBRMTEZAEEMIRENTZ, L L. ZOTDIZEIITE L L BHERZRETE %
ZEDMRENRDEND, Tz, KUEZ XY VT ANEFHENICFMT 2 72DIciE, IT7DOMEPKEE, YISE
TR BHEDRETH S,

AWFCBINZT S 1eb7e D BB L COIEVTSICB T RS T 12 e e E LTe, Fe, IVNED
FiRICE KRBT D F Ulz, RS L FIFET,

F—T— oLl IREVREE, Aol SEnEan
Keywords: Mt.Fuji, vibrational characteristics, volcano, microtremor observation
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WEEI DO P SR EL G MEIC SfIE I 508 _
Effect of seismic attenuation on S-wave polarization anisotropy

JNFH A 1
ODA, Hitoshi**

LRALRS: BRAAER
LOkayama University

1. IC®HIC
BT AEED B ST D radial (R)K57 & transverse (TR ORNCIINIAHD TN C %, [FRRIC, FEFEPEEE
Zlab 5 SO R, TRAOMNAICTNNEL 2745, FEME - BAMEEZ {60 5 SO T, HEDOIEH
PEHIRIC K > THEEZ I B EENND 5, T T T, Thzlhdslzodic, JEME « B MKERERIEIC i P
WIS LIz DL —NEBEEEL, FNICHNS PsZHE ORI MHICTHED MIF THEIC DOV THNT,

2. FEGHME « BT R A

PEIERRGHMEAR D I DD IEHPEEAVK IS E R 2 ZERSEZIRE Ulze —DDOREE, /KFEm IS /ST Frfil 7z +5
B, WFMlEHEN S 1 FEHOE TS 354, 2B/BHDETE5EDFAZMNTVWEEDE Lz, £z, 3HFHDE
TH 2RI, 5o A TR ARmNEDE Uiz, 18, B2EOEEIE3B/kmeE L, &ED P, SO
BAMOKREZZIKEZENTN2%, 5%& LTz, £z, P, SHOWEICH T 2HAtE Qp, QsidH 18T 50, 25,5
28T 100,50k L7z, BEOEHESME P, SHOEE N CEEICHE « B~ > MVORENZMEZ 5 X Tz,

3. PIEL—NBEEOFE

FESRE e DGR 2 /KT B R DBRIERIC Qp, Qs ZAHAAATEERGMERTE L, i P ASHA 10 & TR S
FEgE « BT HKOEERREIC AS Uiz & 2 OINEREE, AGHEDMEET 2 A2 2t SRR Lz, IWEBEO
RIRUC I JETTHiE (Crampin, 1970 iz, CORRERIEZEST, PIRL Y — N \BBUZRIR Uiz, Ly —SBRDGT
"ICiZ, water levek? (Langston,1979 &\ /z,

4. FER

JERICIRENE 255 L BOGEO L > — BB Z g Uiz, migo L — BB, EEsim et Lz Ps
TR RN Tz, WEDNE Z5EH 0 PSR OB, ZTNMMEVEEOIIE X D & ERIDEO RN T, HIE
MESMIC STz £, IEHMEIC KB IEFIOREDTZDIC, PSZEHOIREN/NE 53 L &R Lz, BERM
THAE LTz PSEHORICHIEH D ikt (Oda, 2011 #2175 T, ~DDEITHEED ST WFMlDf) E 28T DR E 7 H
o7z, BHNIAHRBOME I, MENELHUICHND ST, HEETIVICE Z Efrliom & & ia— L
Teo Elz, K OEONERTHEORE S, WEBETT VML THIENZME L KE—F Lz, coCbid, HhE
B OWEDHIE F ORI KE B MFE RN L RZEKT S,

F—T— R MR OWEE, SIIRIE T

Keywords: seismic attenuation, S-wave polarization anisotropy
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I A > Z2—7 XA U RV VSPHEECEZ L & st
P estimation by transforming VSP measurement configuration with seismic interferome-
ry

NSRE
MATSUSHIMA, Junt*

VROUR AR AR LR e Rt
LGraduate School of Engineering, The University of Tokyo

Although seismic attenuation measurements have great potential to enhance our knowledge of physical conditions and roc
properties, their application is limited because robust methods for obtaining reliable attenuation estimates have not yet bee
established. The combined use of velocity and attenuation data reduces the uncertainty in characterizing such conditions al
properties. Although Vertical seismic profile (VSP) measurement is considered to be best suited for attenuation studies an
the spectral ratio method is a popular means of measuring seismic attenuation, this method is not stable because it is strong
subject to the variation of the S/N in the spectra. In the present paper, we propose attenuation estimation methods for VSP da
by combining seismic interferometry and a robust attenuation estimation method developed for sonic waveform data. Seismi
interferometry allows VSP data to be converted from the VSP configuration to the sonic logging measurement configuration
Then, we can apply the robust attenuation estimation method developed for sonic waveform data to the converted VSP dat
We adopt two different types of seismic interferometry, one based on deconvolution interferometry and one based on cross
correlation interferometry. By applying the proposed methods to synthetic and field VSP data, we demonstrate the advantage
of the proposed methods over the conventional spectral ratio method. For the case without noise, we demonstrate the applicak
ity of deconvolution interferometry and the incompleteness of cross-correlation interferometry for attenuation estimation. The
application of cross-correlation interferometry cannot provide absolute attenuation but can provide relative attenuation from the
slope information of the attenuation results curve. The bias of cross-correlation interferometry is due to the incorrectness o
the amplitude information, that is, the phase information estimated from cross-correlation interferometry is correct, whereas the
amplitude information is not adequate for attenuation estimation. In the case of the application of cross-correlation interferom-
etry, we have also pointed out the relationship between the magnitude of attenuation and the biased attenuation results. For t
case with random noise, deconvolution interferometry does not have an advantage over the conventional spectral ratio, where
cross-correlation interferometry is less sensitive to random noise than the application of deconvolution interferometry and the
conventional spectral ratio method. This is because a cross-correlation operation improves the S/N ratio, i.e., not only the cros
correlation between random noises but also the cross-correlation between signal events and random noise is ideally zero, where
the cross-correlation between signal events is enhanced. Sensitivity tests on borehole irregularities, such as unnecessary resic
events after wavefield separation, also reveal the advantage of the proposed methods using deconvolution interferometry over t
conventional spectral ratio method. The inverted attenuation results from field data obtained by deconvolution interferometry dc
not completely correlate with those obtained by the spectral ratio method, except for the high-attenuation zone. The differenc
between these inverted attenuation results might be the difference in sensitivity to borehole irregularities, such as unnecessa
residual events after wavefield separation. Furthermore, the difference in quality and resolution among the inverted attenuatic
results obtained by cross-correlation interferometry is relatively small compared to the two other cases. This might be due to th
lower sensitivity of cross-correlation interferometry to noise.

F—U— R BN A 2 —T 2 u A MY, MBS, VSPT — X
Keywords: seismic interferometory, seismic attenuation estimation, VSP data
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YLK RIS 381 B BGHLTEE & AR D HEE

Separation of scattering loss and intrinsic absorption under Tateyama volcano

EH SEE T I A A2
IWATA, Koji L, : KAWAKATA, Hironori ! ; DOI, Isse?

LATARRROR, 2 5UKRP ST
IRitsumeikan Univ.2DPRI, Kyoto Univ.

IEC&Ic
4MAMGWUH?MM@ FREBH LA 1 LEEng (5 LR e BRER) ICAFAE T 2TEKILTH % BIED T OALDOTEB)IIK
IR ZAOWEH R EIZFRD 5N DB E DD TH 5, o, KBTICE B &, TOXINTHBOTIAEDE
&%ﬁot%kﬁ@@ﬁﬁuﬁﬁaéhfw&w VIR ® B WWIEIREH I LR Z 5 & U TiTh N ez Zicn <
DOhdH b, D 1DTH5 Katsumata et al. (1995F (X EiF D BRI A 2 TREH LR DILEBIC MR, P D I — X EB57 7z fif
9% & TREFEKOHEZAA TS, TOWZEORER, I KILGEREOR 7 . Flin, FeEOHT 5 km™15 km
IR E T OIFAEA R SN, R FRRHREE R, ([CREEBOTFEEREIN TV, HHIED (2014)1,
THARY MVHLDOIIRD e B S OHEE 21T, LKL DR B B W R IC AT R W IR O gk = iE
BAAET T L. ZDOQMHDIRE E BB X Z 50200/ 4 TH 2 L xRz,

MBI OIE ., BELIRE & NERED 2 DICKNT 5 T ENTES, BELREIZHERNERO ARG M I X > THE
BT 28R TH S, —FH. WEBEIE, HEFREO T 3V F—DERE CIc k> TEE LTAT VT —ICizEb
THHRTH S, AL TEEA KL D & B HEENESRNIHATHE YT E D OFER LI K OEERE. N
HIRENE BICHRL BE T LN TV S, AWZE TR LELZ RS L U T Ebriiaie A Lt o R i
HsIC B B BGELIE., PERE OHEE 2179 6

FE-T7Z

AL & NERCE D HIEEIIEIC 5 2 B AN 7AF G IR RGE & & I T %, BELIRE DL G, IDHE O
BEEUAIC K > THELES N B T DICEER D ENS & & BICHEFNgE< R D, a—REMERES NS, %@tb SR S
HI7E IEE W D T 3OV F—D—EN I — X P B E N, R OIRIEIZIRE T 500, IO T 3)VF— D AW IRERIFIFHIC
AT B2 T BRI RIE OGEICE, SRR 72 G L ICHIEERRE O T3 )V F—Vkb N5 C L3Ry, —77,
WER S, BB O T3V F—DALI)VF =7 It TN 2 DT, BRSO T 3L F—I SRR 2R L
Tehbhns,

AL ST X 2 E NI ST X Z DRIFHEE X, DO ZA LY« V R DTV F—HEDOR ) =23t 7 I %
MLTW(Multiple Lapse Time Window)#: %z FH\W\TiTHb N T % (e.g. Fehler et al., 1992; Hoshiba, 1993; Carcole and Sato,
zmmL$H%T@wav%%§%w\ﬁ%ﬁﬁ@liw¥—%ﬁ®@%ﬁﬁﬁéﬁﬁ@ﬁﬁﬁﬁ%GMmmmm&1%U
DEDO LU, BllEZE > & & K <FHHT 2EELIRE. NEREZRD S,

fEpratg & UTcBid, 201248 1 A5 20134 12 A DRI FEA: Uz, Srilikilin & OEIEEEEDY 70 km™140 km M
2500 F, EBREE 30 kmLURDEDTH 2, T2, MBI T P, SIEOFEEITD SIN LA+ KEWHIEED
BRI RITICAER Ulzo BRI TN FICAIE T B 5 D0 Hi-net Bl Tic kS Nz & D2 Uiz, KFICiE 1-2,
2-4,4-8,8-16 HZD/NY RIRAT 4 )V R ZMTF oD BIT, =0 520 . SIERERDN SEBD 2 A LT 1
R T RIVF—FOZITO, BkE L7z, Hoshiba (1993)® Carcole and Sato (2009f & % A L7 « >~ Rl S e
K5 15X YJD TIDWMENTWVD, AR TIRIREZER L TEALY Y YD FZEA, STEEERFOA
ADEICE U TEER TR L, BELIRE & NI EZH#EET %,

B

AL TIRBIERAEAHZEHT O Hi-net @& EEHIEEBIIM OWLIE 7 — 2 B K CRRTO—tLBR T — 2 2 L&
Ulco CTICRLUTEHHL LTI,

F—— R Ll BELIREE, NIRRT, < LT 2 A L7 ¢ > Rk
Keywords: Tateyama volcano, Scattering loss, Intrinsic absorption, MLTWA

1/1



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

SSS26-P09 S ay Ry gV R—)b FFR9:5 H 26 H 18:15-19:30

Hi-net 7 — & %2 HIW 72 JIREN R AR K o0 D i

Body wave microseisms from a distant storm revealed by Hi-net data

[LEE
NISHIDA, Kiwamu'*

LHORHE
LERI, Univ. of Tokyo

B DARENDAAE FRIZIE 1940FERDENSHIS N TV [e.g. Gutenbery, 1947]Z DifEZOREIX 5 < TH LW
METH 5, FHEFREMEHERIRTH S CERICHI INTED, ZORREOFEN S REL 2DICHEHINTVS, 1
DHIZ. primary microseismsi{i% PM) & LN 54 0.07 Hz DRI BB 2 F DIRBI CH %, T DJEIREBDN I
IRORHAR S JEPEL E XS L T2 H E Love DIRIEDN EBL TV A HEMN S, FEHHEORICHT b2 5 EFRIE
DNERE &5 2 5T\ % [Darbyshire and Okeke, 196912 D H & secondary microseim$A#% SM) & MEX, HETER;
HOBL & 5 E5OHABEM (0.15 Hz)Z & D, IR OIFMENRDRIEEICHF G LT3 EHE X2 5N TW5 [Longuet-
Higgens, 195Q]

AREN DRI RN 2D, REFENEEL TWE T BRI BN TS, U LI, @Eiho mh ik U 7z ikE)
DR R DS & NTEH Sk T S [e.g. Gerstoft et al. 2006, Landes et al. 2010FE17HFZ% Tl3 % 1000kmLL |
BEN TR DN U7z PIEDMBIAINTREZR 2 L AVRENTE D . back-projection£ic & O IR ZE M i HWHEE & Nikam
INTWVB, TNEDOWFETIE ENEIR OfFTIC EIRDEN NS T EMZ 0D, AKEETEERICE L TZ < DE#RZ
FoTWa eEALNDTO, KVEIZEZHT L—ftiZtroTzs AN & LUTHIC 2014/12/9 KPETEICHRE LY
weather bomb %A TZ,

FRFTICIE. RSED 1 oAV E O R E T OB (Hi-netd B F 3 i) 202 55) ICTEH Uz, BRI 3 R fE K
THIE L [Maeda et al. 2011] UERBEZREIHO O —L > Mx / 4 ZE T LGz [Takagi et al. 2015] 2Th5” i
WL UTdRERt 2 V. 2 DO (0.07, 0.15 Hz, JCIRAR « AT bVEEHRE Lz,

0.15 Hz (SMD#1K) Tl ER#) - radial ik7 & &1 slowness 0.05 [s/KmEEED PIEANIED SEKR L TV B EETHY
o XD ERTHNS, £z, transversel 7y CTIEIFUAIFICHIS T 2IIEHEFRTE T, Tt S iz L Bbn s Em
BeMEB L Tz, —J7 0.07 HZ Tl O I 2 B IFAPIE R THRN AV, L TEE radial 5571 1& weather bomEd]ii &
BbNns, Rayleighfi el L CTH O, W@EDOWIZE L FAMNTH % [Matsuzawa et al., 2011]—/5. wether bombEZiF D
Love JHIMH TE M o7z, THUE Love D FHEELD RV T & WFEANE LN7EW, PM AT PIEAEIIIE uxn
VD BIIESIE, PM DJTIENEICHE O shear tractionCilt T & % &5 B39 (Nishida et al. 2008 FFIN TdH
%o TNDOMNHRIIEIZEENZREDTH S0, SEMNMZED XD ERNICGERL TV TETH 5,
Keywords: ambient noise, microseisms
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IRIRUR Ny O i S5 UL D BRI T8 A U e R N IR IC K 2 TR TR R 350
% R HIETNCRES 2 51l - 7oA

Evaluation of long-period ground motion generated from intraplate earthquakes aroun
Ibaraki and Fukushima prefectures

RIS 7 MR SEAR 2 mES EE L Ll B 2 VAR S 2 R B2
FUJIHARA, Satord* ; KIRITA, Fumlo2 KAWAJI, Kaoru! ; YAMGAZAKI Toshihiko? ; URIYU, Mitsuru? ;
YASUDA, Masahird

VIR T 7 V) a—va v X ) - Y7V VU, 2 AR IR R
LCTC Itochu Techno-Solutions, Nuclear & Engineering Departniai@pan Atomic Energy Agency, Construction Department

SERK 23 4F (201 14F) BEHIT AR HIEE (MwO.0 1 DU, T3.11HIER | &5, ) OFEAELIE. [HAF 4 A 11 HICHAE
LR ERIGE D OiEE (Mj7.0 0 DUR, T411HE | &) Ottt TR CHEEROIREEHL THAE U Tz AkER
WNHIEIC X - T, KB FEIR OO OMEFRSICB W T EREAN D 72689 2 ES DS Nz, 3. 11HZE L,
TR DWW TR HAL > T NBEHIFR N HEED R E L CE 59, b OHEIC X 2 EFHES OFEERR, Z
OHBEFFFEIC OV TIEARAOEEAZ VY, Uiehi> T, Th b NREHFRNREIC X - TEIE 7= B BLHIE s 2
W EREIAMED) O FE A B > 2 OHUETIRHE 2 IR 5 C Lid, TWIRIR RIS 1) 2 BTz @ gk &
BB ENTE, TOMICHET 5 ERNCHBEO SN EMEZENTHICEN 2 EDTH %,

AT BT, EREBAMESOFAEER & U TR FEROREBEIEICEH Ui, 9. MEBHHEMHEEAR
HBIC & 2 H G E TSI A & UTe IR R 381 % =0 cHiRGE T 7 V2 MERL U, IR K O 8 B IR D IR A+
TR UTe IO NREHIFE N HIERIC DWW T, ARREEZREZ O TCIENERE Y S 2 L — 3 V25 U7, iz
WEIEE T IV ORGHEILIC BTz - Tld. KRR O MBI (B SERA AR ZE T O F g R E BT KiK-net Bl
&GEﬁE?ﬁH%%%%%GIFFE?ﬁ%ﬁj&mo)@mﬁﬁ[ﬁﬁ%bﬁwﬁ)k%ﬁ%ﬁﬁ%ﬁwﬁo;h
5 OHERRAICOWT., FATREZIE Ll —20tHilgiEE €7V & fER L T =Rocigds £ 7 )L & 2 Lk -
Brd 2 Llic k> T KWRIBREEICE T % EABHEB O4 HERIC DWW THET LTz, METORR, W%ﬁﬁﬂ%&
I KB ERPMEICOVT, —JotHifEEE 7))V TIRERH TE A - EEED, =JUcHiibs T 7 V2 v
CETHIARERBITE % C L 2R TE. KiK-net BIlI RO E AR X A BN & . P /IREOMERIN R & 2t
1 NS % T Ik > T EEMHHESOFEE R AR TE L ORMEMEIC KT 5 C L 2R L,

E 5, REbE N =0 CHIBREE T V2 VT, BIROKRERIMETH % 4. 11HBOBIEWEE T IV 2R
E U RN OB IS B 2 BT 2175 T & T =0t iE € 7 Uic K 2 s ﬁﬁﬁ®géﬁ%%
BUTz, FERE LT, KRR O BB AIC B 2 BB SR 2 MBI T 2 C L 2 T 5 T LN TE,
JoTHRGE T TV TGS % 2 &Y, T OHgic 51 % HiE §MK%WTﬁ%T%%LK%EﬁLKOHL®$O
I, ARRICBWTIE, RIE N CEEROEETE THA U e NREGER N HIEEIC X 2 RIMRIR R 351 2 E &
EENCRIL T, 7 - AT L7 SR 2 S T B,

F—U— R ZS0cHiiGE, BV RS, SR © L, ke, FEM BB aHE
Keywords: 3D structure, Seismic wave propagation, Hamadorl FEM simulation
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P HARTS KO - = 7 JEA D SRS RS _
S-wave attenuation structure in southwestern Japan and Nankai trough

G BRI AR AR T M e e B VR FH L e E T 2
TAKAHASHI, Tsutomut* ; OBANA, Koichiro! ; YAMAMOTO, Yojiro L+ KAIHO, Yuka! ; NAKANISHI, Ayak01 ;
KODAIRA, Shuichi' ; KANEDA, Yoshiyuki?

LRI SRR RS, 2 i E R
1JAMSTEC,2Nagoya University

HiFgP i EES~ > BV RIS 28 Hz LA L OMIEE R S EREEEREO K & & & ICIIE DI NEMEIR R 2 Rd. D
X5 I RFORZ B 5121, HTRDT > 2 LEHERTE RN ERG 25 AT 2 C A EETH S, KA
BINFET, EZESKOWEL RO —TICEH LIEMIRICK D TV R LEEAEE & SIRED =J0tkiEz kb %
FiE2 5 U T &7z (Takahashi et al. 2009; Takahashi 2012kH%% Tld Takahashi (2012 F{%7% Ftirg HAE L ORE ]
AlRB X CEEES TR N7 —ZIGHEA L, FrMBARLEEE N 7EAICB T 3 EMEZHEE Uiz, fnicid,
O B SRRSO Hi-net 35 X U F-netD iR, ) MEFERTZEBAFERAE DS B SAHE BT ISR IE LTz
IR Ol 2 Ve, IBEHEEBIN O —IE, SGIRIEE OZEEWsE TR - SREEE - e ifg RS o S M1 O
=D OFRERM - 178 O—ERE LTHMEEINZEDTHS. BONIEEELEROKTE) 2 K7h 5 4-8Hz, 8-16Hz
16-32HzD RMS T\ — T Z AL, EiE SIEORKAIREZ #iTIc vz, RAOEBRE O EiTEELIC K > TE
U5 R0 OIREREX, COMBICET 5T X LEEASEME (Takahashi et al. 2014, AGU Fall meeting)H T
MG L 7z,

AT ORGR, LHALT 4+ V¥Vl L— b Bl E PN NS R EO DA D L, HE 20km LK Tl
M S Him# o b T 7 2 TEEEEN R SNz, T L— b EEfBED UQIXFEE DAL L EI/hE kD,
RS A0Kkm (S TUEPYE L TO R B E 2R Uiz, P6rE H AR C 128 PR A LR S0 K T35 8 20 JE B e
NEREHO DN 2 Enh o7z, KIRCEEFELRL O @i s s I @l STk AL 7 VT L— b
O _LHBEE TIEN S, TOHIK T, JEXUNRERKO D 5 AT TERIEOHREDFAENRE SN TED (Kusuda
etal. 2014) TNSDOFAKLBEH LG TH 2 REENEZ N5,

F—U— R EilE N7, WEME, T X LR
Keywords: Nankai trough, attenuation structure, random media
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W ECHEE ST B0 8% 2 F ) 72 Po-to-S&2 Hail O filiHY
Extraction of Po-to-s converted waves from OBS records

FURRI 55 T R 28 2 i R 2 2R e b O Rl b TR B 3 IS 45 2 R A ] 2
TONEGAWA, Takashi* ;: SHIOBARA, Hajimé : ISSE, TakeHi ; SUGIOKA, Hiroko! ; ITO, Aki® ;
TAKEO, Akiko?® ; KAWAKATSU, Hitoshi? ; UTADA, Hisash?

L YERF ST B RRAE, 2 OO IR ST, 3 dbiEE R
1Japan Agency for Marine-Earth Science and TechnoRggrthquake Research Institute, Unversity of Tokitéokkaido Uni-
versity

Po/So wave has been frequently observed by ocean bottom seismometers (OBSs) at frequencies higher than 2 Hz with ol
wave duration, e.g., a few hundred seconds. These waves are primarily generated by earthquakes within subducting slabs, &
propagate along the mantle in the oceanic plate for long distances due to scattering effects. With propagating within the mantle
a part of Po and So wave energies goes upward through the oceanic crust and sediment from the mantle, and are observec
the seafloor. This implies that P-to-s and S-to-p converted waves should be generated at the Moho and basement below t
observation sites in the case that the impedance contrast at the boundaries is large. Here, in order to extract such P-to-s (P
converted phases from Po coda waves, we deconvolved records in the vertical component from ones in the radial component f
Po coda portion, i.e., receiver function (RF). If such converted waves are extracted, it would greatly contribute to understand ir
details seismic structure for oceanic crust and sediments.

We used records of earthquakes during 2010-2014 with magnitudes greater than 5.5 and epicentral distances l&ss than 3
which were observed at 18 broadband OBSs deployed by NOMan project. We selected Po records with good S/N, and han
picked their arrival times. For deconvolution, the time window was set to be 25 s from the arrival time of Po wave. The
used frequency was 2-5 Hz. As a result, we totally collected 1063 traces from 233 events.

RF traces showed clear Ps converted phases from the basement and Moho. In addition, they showed PwPs from the basem
and Moho. Here, PwP is the first water reverberation, and PwPs is P-to-s reflected wave from interfaces below the seafloor. A
the seafloor, upgoing P wave incidence mainly generates upgoing transmitted P wave and less downgoing reflected P wave. A:
result, P-to-s converted waves associated with PwP are often emerged in the RF traces in the seafloor observation.

Since the location of OBSs deployed by NOMan project is good for collecting earthquakes from the Aleutian, Kuril, Japan,
Izu-Ogasawara, and Mariana trenches, the back azimuth coverage of Po wave is excellent. Also, since higher frequency comp
nents are enough in Po coda waves, RF traces showed clear converted phases, which enable us to investigate seismic structur
oceanic crust and sediment in details.
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HRE G T 3% )L — D22 B O BELIRE E NSRS OHEE (3) o
On estimation of scattering coefficient and intrinsic absorption from spatial distribution
of seismic energy (3)

e R AR LN 1 L L 2 RS 2 TR BORRR 3
SASAKI, Yuto'* ;: KAWAHARA, Jun! ; SAITO, Tatsuhikd ; EMOTO, Kentard

U IRIORE, 2 i SRR, 3 SR

lbaraki University,2National Research Institute for Earth Science and Disaster Prevetifmmku University

BUE Nz @ AR T 3 )V F—HE O 2EM iz, ESHRZEMEROMR L T 5 2 Lic kb, H T OBELRE
ENEREZ L THEE ST 5 Z EMARETH B, TD K S 72771ED—DTdH % Multiple lapse-time window?; (Fehler et
al., 1992; Hoshiba, 1993F (&, i CHINIE N7z ER © 3 )V F—FE 2 EHORMER TR L, ZOZMZE{tziE
SHMEIEPIRR TR T %, A F TS LT, BRI TOMEN T 3V F—REDZEM 7z [Z2EMR] T LR
(TRMIFDITX)VF—]) Z:RD, ZOWRFMZ\LZ R mZMR TR T 5 2 I kD, BELREE NEb=EZ#HEE T 5
FEZRE U GERkED, 2013 HAMEAAMERE) . #ill GEkED, 2014 HAMEZAAMFRE), TOFiE
% Hi-net T1§ b N7z rh EIHL T OB OBIAGEIERCEA L, T HARDEERL ST (1- 2 H2) ORGELFRE L L TH 0.002
km~t, RO Q- fi& LTHI 0.0075& W 5 5 E1S Tz, LA L, BTNz B 0T 3 ) F— I3 E MR A
R L, ZOFMIESEEIR T HoIcHEETE R o .

BALFTORNEEGH, HERAEOFIEICHWS L0t SIGEEREE T IVOAEYIXIC Kb & E X, Z T T, Matsubara
and Obara (2011 & % 3 JorHE S ERE © T VD E, dE - PUEHDT O PN 1 0T SRR E # R,
INEMERROGIREICH Wz, Tz, TNE THEOILRICEHI U TIEKR T 2 ZEHEZHWTW D, ThZz[EEiEo
ZEMARICEE Uz, ZO/R, AN OZXI)VF—OBIIENOMGRMEOE SN KE L BEI N, 5%, KEIN
T FREICHEDET— 2N EHZHEP LTV FETH S,

e L BRI AEARZET O Hi-net DHIEERLEE, 5 K TRIFTAAE L TV % Matsubara and Obara (2011, Earth Planets
Space, 63, 663-667p 3 XCHIFERHEREET N DOT— X ZHH L L,

F—T— R HER T 3OV F—, BEL, NERRE
Keywords: seismic wave energy, scattering, intrinsic absorption
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Slmulatlon of three-dimensional vibrational characteristics of mountains

GO Vs Lrp ISR R R NG B
SHIMIZU, Shogd* ; YAMANAKA, Hiroaki ! ; SAGUCHI, Koichird' ; KOJIMA, Kaorut

U LRRE ARG G B LA R

linterdisciplinary Graduate School of Science and Engineering, Tokyo institute of Technology

Natural frequencies of soil and buildings are controlled by their physical property and regarded as one of fundamental char
acteristics in their vibration. We usually can identify a natural frequency from a largest peak of spectrum of vibration data.
However, identification of a natural period is sometimes difficult for a building with a three-dimensionally complex shape. Ko-
jima (2013) focused on the natural frequency of Mt. Fuji, from an analysis based on microtremor observation data and interprete
the vibration characteristics from finite element analysis[1]. However, many mountains existing in Japan have mountain-range
shape such as Tateyama Mountain range and Yatsugatake Mountain. It is considered that their natural frequencies are mc
complex than a mountain with single-peaked shape such as Mt.Fuiji.

In this research, | simulated vibration of various mountains with different shapes using finite element method (FEM). | firstly
conducted FEM analysis using an elastic mountain models with simple three-dimensional shapes considering mountain rang
Natural frequency for the mountain range model differs from single peak mountain model indicating large effects of three-
dimensional shapes. | next conducted FEM analysis for vibration characteristics of mountain model with real shapes of Mt.
Yatsugatake based on the digital elevation data. The results show that natural frequencies in long-side and short-side directio
are different from each other. And vibration modes are also different between in higher and lower locations. This clearly indi-
cated that sensor direction and installation site must be carefully oriented in a field observation of vibration in Mt. Yatsugatake.

Reference
[1]Kojima K (2013), Study on natural frequency of Mt.Fuji, Graduation thesis, Tokyo Institute of Technology

F—T— R, IRBIRHE, A IREIEL, IRBE— R, AIRESRE, I\ i

Keywords: mountains, vibration characteristics, natural frequency, vibration mode, finite element method, Mt.Yatsugatake
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8 EILOWERE O D7z DWW E L2 W T BN FPREDIGH _
Application of deconvolution interferometry to extract quality factor of high-rise build-
ings

W I IR RIBH 2 A8 2R !
WU, Had™* ; MASAKI, Kazuaki® ; IRIKURA, Kojiro !

VRN T EA I S 751 > 2 —, 2 BN LA T ER A
!Disaster Prevention Research Center, Aichi Institute of Technokiggpartment of Urban Environment, Aichi Institute of
Technology

Deconvolution interferometry has been proved an effective method over cross correlation interferometry and coherence intel
ferometry to monitor the health of buildings, extracting the shear velocity and quality factor from earthquake ground motion data
or microtremor data (Snieder and Safak, BSSA, Vol. 96 (2), 2006; Nakata et al., BSSA, Vol.103 (3), 2013); Nakata and Snieder
BSSA, Vol. 104(1), 2014). Wang et al. (JAEE, Vol. 13(2), 2013) extended this method to monitor a multi-story damaged building
in stricken city with microtremor by extracting the story-by-story shear velocity propagated inside the building during the 2011
Tohoku earthquake. However, the application of this method to estimating the quality factor of the buildings has not been fully
investigated.

In this study, we focus on extracting the quality factor of shear waves from deconvolved waves with reference record on the
ground floor. We conducted the microtremor measurement simultaneously in five floors for an hour by employing five sets of
velocity seismometers with an 800 Hz record logger in several high-rise buildings being over 20 stories. The measurement i
accomplished by moving four sets of equipment sequentially with one set fixed at the reference floor. The extracted quality
factors of the buildings are expected to provide a reference for damping factor in the analysis of structural response.

F—U— R WEER, QH, WIRFMED, &E L
Keywords: Deconvolution interferometry, quality factor, microtremor, high-rise buildings
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