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Seismic waves radiated from nonlinear vibration source and prevision of earthquakes

it 452
KIKUCHI, Toshiaki'*

T

!National defense academy

el BIFIRENZ 2 A LD IN—H ) UICEE D W Iz - Tt Ulze Z OF5ED B EIFIRBI O E 7L 2§28
Lize ZLTEDETIVOEME R R Lz, SRIEZDET IVE W TEFROIEIHEOE N ZRA S,

GEDIC, BINETIVOREZIBRS, 20094F 8 AICHEIMIE O THRAE LIRS U T, B T2E LIz PG
B A LV N=)VABERE L, BIROMBEICIER I NS OVA, BB, ZA LVIN=Y )LV R %KDz, TDTRP
B EEAE S B 2N 7R SIS T 5, R BNz TRPICIEIRES A HRAFEPMELE LTce T OB NHRAFEDRLA
BRRIHT B 7281, HHICHT B TRPOERBMARY FIVERSD Tz, JEFEARY FVIEAMMIC k> TRELERL
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JBENRELS LR LUT, ZLTTIRLE, TOEEDOREBE A EED RN s TBE L) THhs L EZ S
Nz, BTG, A CHRF T AN LU,

INSOBPNTRZIE L PHEZHNS LMD 2N EN T, FHETHOZEROFHEEMERL Tz, L
L. PRSIV HE 2 TOZER ITEH OWEE TH > Tz T ORRICHEIRNRKE 755 C LIdTEREh ToOBRH
DHEITHE DM IE L o T2 A E T %, B K > TRELEENDEETRENT 5 C LI Xk b BREMIC
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Tsunami observation inside the source region: a simulation and a theory
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B HARTEM CIAE D D B AR BN R P TH 5. IR 5 BEN 72350 T T 5 1R OE I & 4
0, i UOBLKE TR BRI ERE X NIRRT 2RI T 2 2 & T, KRS 2 A1 % 2 LGS
NCs. LM LAENS, B TlE, RN - b8 E D RIRHCHEN S 72, BN O/KER 2 -
THUHEZ (EMEICHEE 3 2 721X, WBIRASAL, MR, Wi a8, WIKO/KEICE 2 % 8 7% IEMICRHITT 2 C
EWEE LR, AWIZETIE, HEENTEEENC K 2 RN - SRz - drh s - B ORIz, RO HE])
B« TR D < BUEY 2 2 L—3 3 ¥ (e.g. Maeda and Furumura 2013 PAGEORHY b FHI L, Hilis4e
BHC B BRIKE ) ORFZEMZ L DRz fiE Uiz, ThE TOWE T, WELHONEE alc k> T, WEICE, p
=rho haDJEND b % L TN Tz (e.g. Filloux 1982 GRL) AWfZD Y T 2 L— 3 VK-> T, BEEHOZEM
AT —=IVDEWGES, DD, WEAMNDZMICZLT 2EFTTIE, p=rhohaDBfRIEKD 7775 < %5 L 2R L
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The crust and mantle heterogeneities beneath Japanese Islands investigated by the Hi-
and wave propagation simulation
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1. EL&IC

HASI IR & N7z Hi-net L HIERBIIM OMEIIE 7 — 2 &, @nffie N €75 7 « Fh DHEE & N7 IR
W - PEET IV HOTHERIRES I 2 L—>2 9 5, HAROUT R E) S O Misi i & A E Ak TG & o
TSzt U < 7l L 7z,

I ER A X, ARREREERICI © 7ok - < 2 MIVORNGERIGEOE 250 < 2 50, TTH, JEffi (Pn& Sn

D) EHbER < > BOVERSE (BRI EFEOBREMEICBIETH 5, Ko, HRTERmE (R 3HIZRAHTOEHE
DB 2T, MOTEEHEZEC T, T LT, MRNZILARN L TEbs Lg id, #thk - ERmmEK, i~
XY MVOEEIY T AL, HGRNOANIERMIE « EMEs L, MRekORE 220 %, [cifRE O 7% 2 s
B2fENTT BT LIk D, Wik - <2 MIVONGEEZ RGN DR HEEN IR TE %,

2. T—432 - BRFE

HARITHRAE L, MASFEEDORY (H<40km) HIEIC T % Hi-net BT — X & W, SHiOHE R AZRER:
PEZREM L, RRHCHE - < 2 RMVEEENRE < B % L AR E NS R H A & AL HADHEER IR E O N ZFAX
Teo RS, BOREEHEEHE NES 57 0 (21, Matsubara et al., 2008 EME N EF 5 7 « (4R, 2001;H
K, 2008 DOFEREZNT, @A <6 Ho) MERERED 200 « 3XocENEY I al—yarzitlkolz, 1-2
Hz 72/ 2 % @A A EeE, i - ~ > MVOERE (<Ekm) RNIEMGEIC X D mWEELziE c U CRIEOMT
RWEELT, T T, BEDOWIZ (Furumura and Kennett, 2005; Furumura et al., 2804 #5#C UC, tHBIEEEE
Ax,y/Az = 10km/0.5km #FHE(F: e=2%D vonKarmani D ) Bz Fi DR RERER L T2 N T I 7 4 7 VIS
miiz INA TV w REIRYEEET )V 2 AW CIENERE R 21T 72,

3. #
Hi-net HIFEBII 7 — 2 iR & HUEUEIEHR S X 2 L— > 3 SIS, MM R OBl L Z OB LT, Bl
FORRE

(1) PR HATIE SnOIRIENKE VY GRIEAARICHEXRT) . 20K, 1) FHrHAOTKREE FOR EH~ >
MV (B TER) ICHEEARDND D, R EHSY MVZERET % SIEDHERNICR D KE& SnZzlfs2 L, 2) ¥V b
WD QsHAKEL (>800 SnDFHEHREMNNE W EWFEKEEZ SN S,

(2) HILHAT Lg BOHEREA K EWV (T HARICEENT), ZOEMRE, 1) ddetyy R kb)) off
R DX JFHARIC B TR Lg?PIR AN E LT SIHT X I)VEF =g 52 &, 2) sty o (HAHmHED
TIIHIFRAN D QsfEAVNE < Lg DEEtENAET VT &, 3) HIMHA TIRERHOME I T A RAVNE W (Vs
3.5/6.0km/$ <, X FMILAD STETRIVF—OERSEERT WV ENEZENS,

(3) HILHART Pl DIRIENKE WV, ZOKIE, IS OMGEEDORBOFEICEK D, MK TOD P->SEHN
fE N, PPEHER (LEHE) NZ LA LENE Pl LTI 570 EA N5,

(4) HALEARCHEEIALRmE (RgIK) DWENKEV. ZORAE, 1) HALHT OGHE DR TR MmPB AR
TEERC L, WHOMU L EEBITRIEMN NSRS T E, 2) K QsDHlR (R 1T & 2 & Ak E=E) o RS
BENRKEVWT ENEZENS,
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Three dimensional seismic wave-speed structure beneath the Kanto Plaln based on adjo

tomography

SHF S T KRR BT U R WL el R L B ) !
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1JAMSTEC

FISEEF O 5 7 & 0 ERARMOMEBIHITEOHBZHNE LT, AT MVEZRIC X 2HEmEEEIEE 7 V3
AV MECX B =3 IVEtEEHBEDR TV aA Y N VBT T T ¢ — k2O CRRCEE R O = RyeHiE i d A
EEHE L. A=V a A LT —21%, B & FOEATHRE LU MAS DL EOMETEHAIE NZ)A
WEHENIE TH S, MBIGHEREOVIHE T VIEER €SS T 0 —E TV (Matsubara and Obara 200D =T
Mg L U, PlGEmiIEZ 500km X 450km X 120kmDFEHE TR Lz, HEmEIE ORI 40T, Y al—ravid
BEARIERD A, JHER L Tirolz. BRI & 8O 2 200 5-20 ORI CLiR L7z & T 5, P IR 1EBIH]
BIE & D—BUR KV, S(ﬁLXM@(&LiEE@U(&ﬁ/}:OD B E L BN b ot BIHKIE & BRGSO SRR
T DWVT, FHBIREAD 0.750L E &% 3 K% window & LTHIHL, 7Y a4 > MlEZFE LT (Liu and Tromp
2000, ETIVAT A= Vp BXU Vs DAETH S ANV M=)V %Gz, T+ T—ReltEET7 Va4 > MEIEI
SPECFEM3DCartesiand— R (il 21X Peteretal. 2001l ZlWTCHOY Ea— 2 THM Lz, AV Ea—RICE T3
FV I F)Va— ROE— T HRELIEH 5% TH - 7D, Fodlbzitid s & THREIFH 25m B L7z, 1IBICIFH 1077
CPUZEET 5. IRTDARY M=)V B LEDYE misfit H—3I)VEFHEL, TFIVWTA—Z 2R Nk
L: KXo THEH L. LEOKBICKZEHET IV, STEHENDVEL S KD IEESN, EHETINHEDINTH
mIEZRRTR Uiz & TABIHEO— s B I Nk,

AWZEiE, HPCIEEES 1175 L (3% 3) T155E « Wk ICE T 2 HERZF Pl ) o—#& L TirbNnE L. Daniel
Peterfi LICIXEEZ I A Y MW EE Uz, HIEBHIE 7 — 2B SR AR 2 A i E B F-net g
W EERLE L. LU TE#E#WZLET.

F—U— R BIHCPE, B EME, 7 a A Y N N ET ST 14—
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S wave attenuation and high-frequency seismic wavefield at Taal volcano, Philippines
inferred from waveform simulations
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T4V EYDOZ—)LKNFHRTREERZNLIOVEDTH D, BHIEX A0HET AN > TELT, VO
LTEBM L EWIRAEICH . Kumagai et al [GRL, 2014)l%, & JEIRHIEIIRIEZ W= Tk (ASLEE) IXk > THl
AN RO RERME (Q B NbsC a2t Lz, 51T, ZTOMBICIETI<NH D, FEkZ DL 5
KT BAREMEAVRB E N TV 5. ASLiEE, HIER D EELOSFIC K - T SIEA ML, RIEDEEHEOAIKTET HE )
TR D T D WS B EICHE DI LD TH S, TOXK S HRE CTHEE SNz Q B fEKDZ Y1 & m i
WEIG ORI Z RS 2012, AR T, WEY I 2 L— 3 YOI ZFE L, RWERECH CIlE 2T Uiz,

W 2 a2 L— 3 VicldMaeda et al [BSSA, 2013l K > THIF SNz SEISME/MH L7z, Oy S LIdES
FERXOREREZ 22 METHROCIREIEZEE L TH D, REREREE 2 0, 2503 4 TREETAEMET 5. K
FPEARETIVICK D 3UTO QEZERTE, EREL 3XUtH FTEE ERTZ 5.

VI al—ya YOREHEIZZ—)VAIEET 13X 17 X 10 kmT, ZER1Z7 D v RY 4 X% 15 m, B4 A iR
0.0010M & L7z, Pt - SHHEELHEII—EL LT, (D QES0 T—EDHA, (2) ASLIETHEEI N QE 100D
FHEEZ ZOHE, ) QB EMEZILK UGS, (4 QB EHEZM/NLIZGED 4 DICDWTEHHE LK. Bl
NIl & AN ALIE, #IEER EYEIOM LG [E T 5Nz, Z—ILKILITRZ 572 2004 XV b ChLEDREHE
HEALEER) D& D& V.

BRI & A 2 Lhig U CERNCEHET % 7291, SBIICBWT 4 DO EA (1-6, 3-8, 5-10, 7-12 H2)
T 10D FERIEZ & 0 2R T, LD A R R TlE, Q BHMEAZIA LA DIREENKEL KD,
D 3 DODLFHRKZIEFR Utz & > TWie, —HTHEEHOA Y N TIE, SB35 LIz > TERAEISEDD
BN, mE/NELE-7DIE ASLIETHEE I Nz Q BEFHEOS A TH - 1z

AFEOWIE Y 2 2 L— 3 VT, ASLIETHEE SNz Q Bl & B AN REEME S NIz, ASL IEIZEGELOR)
RIC K o T SHEDOHEFES & W B ENK D VLD & T S MERGRINT 7O0—F ThHEDITH L, RFEOWIEY I 2
L—a VRRERNT Ta—FTh5H, QBEMEICHTIHRIIFL Ao/, THIC, AHZALIKIIERD
BN D > Tefe®d, TNEFNDAHZZXLICDWTHKIEEZEE L, BNGE L ORAEZRDIZL T A, A=A L
KXo THEICENDADNT. &L, BHIEE CESREFORENLDVI>TVE LT R E, EOXIBRANZAL
THBIREEIE L TBRERIRKES B LAEVEEZONS. 2007 Ta—FIc X% Q AH KO IED—F & X
HNZALIC K BFEEDEND S, BUNE S E R TR 2 — 2 DFNEH DA = X LOREE H 52
TWA5DTEEVheEZIENS.

F—T—F:QfH, ¥ J~, ASL %, 2Nk, M S 2 — >
Keywords: Q factor, Magma, Amplitude source location method, Finite-difference method, Radiation pattern
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EXREHHENRIEES 2 2 L — 3 Y ORDOMEROIEZEE UG EAF—
N
Scheme for computing seismic wave propagation in a 3D round sub-global earth model

Prep e b B JEAD 2 Ak sk 3 R IR L BT RER 4
TAKENAKA, Hiroshi'* ;: TOYOKUNI, Gent? ; NAKAMURA, Takesh? ;: KOMATSU, Masanaé ; OKAMOTO, Tarc

VRS EARE B AR AR, 2 SRR AR ARG R ARFSE AL, 3 I A TBOE NIBERIE R FERNE, 4 B TR AR
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IGraduate School of Natural Science and Technology, Okayama Univé@iigguate School of Science, Tohoku University,
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B Z X HAS BRI BRI Ay R 2 L—a Y DR—= Y NI 5856, KFHEEETH 3 TFa X— kL, %
SHMCEEEF T A — MVOKIRBEIS Z % 5 BN H 5. DX D IR THEROVEE (T Tl TBIAEA T —) ]
EMER) ZETIVILT B5E, O—VAEOMEH S I 2 L —2 3 Y TEHEINTWS DEEWHIER] 7V Cldk
<, HERDEIRZER U AR OEFIVERATZ2ONERTHS. 7272, TORKEOMHEEX, £ERTIEEL,
BRFR DT R, ERIIERR D TH > TEEREIER (r, 0, ¢) ZHWTRMINZ Z EMFZEAET, TV
MEEERMEDN S0 — A1)V EZ0OHIER ) ETIVORIREEDRICKZ AT v v IhH -7z, TNE TIEEHEEEN
DOMEE H>T THOHER] EFIVOMBIRHIC I 2 L —Y g & DEZWHIER) 700y I ol —ya v TldE%:
BEEE 2=y MITHNLIA TN TE /28, ZOF vy TRIFEAEREICE ST o7z, LML, Dl
WiH AT NREENZN—ROHERBOBIET, WETIVEGICHE UK 22—y Mc Ly Ial—v a3y
M BEREENINCIIRTREIC R D DDH B, 1272, BHIFE T, EROF vy v ik > T TALW#ER] 570 (IAEA
r—)V])) OFEERFNE DEZORER] £V (@—7)Vig A7 —)IVOETIV) OtHE L OMEEIIAS Tldkw. [
JEEE A —)V ) OFBEICHT BEREREROF L, /NAT— VO SEE TIV & DR~ ILF A — VEHEIC
L TV e ThD. ZT T, SHFAE, BREEERO A AR E O —7)VREET /1)L b FEEER (X, Y, 2) T
HUT, TNEENETH AT —LEHIZICHEFE L. TILOHER] 7 VO T /1)L b EEEZR O R, TER
NS T 7V S EEREZR D [Tz 0HIER | BT VO SRRICEOAAXSITE D, PEZWHER] EFIVHOEI—FR
D—EEEHEWZ - MINT B TREMNGETHS. FLld, BEQ—HIVAr—)VOERY I a1 — 3 VETE
HENTWB TV SEEERD 3 RTCA R H— R 20ED a— R e —EZMMZ 5720 T, [H0HiEk) E7)VHD
ST IV SRR AT — L FEE LTz, AF—LBEB ORI, FHEROHIBRK D & HEROENKZ LV, HIERK D
PREONE RSB HIERH > I 2 L— 3 YEFELTVS.

F—T— NS, I aL—v g v, BN
Keywords: seismic wave, simulation, finite-difference method
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20114 M9 HUILHITE DIFFIC ARV B RO/ LT/ A 78— L F Y %
Hyper resonance in the southern part of the Boso Peninsula for a period of 15st0 20 s

JUlG — 8 15 puA st 2 o R O RRIA
KAWASAKI, Ichiro ' ; NISHIMURA, Takuy& ; ISHII, Hiroshi' ; ASAI, Yasuhird

VRSN HIEE RIS S W I 2 ACRHEERIZANTIET, 2 SUES R SR ST
1Tono Research Institute of Earthquake ScieABesaster Prevention Research Institute, Kyoto University

1. ICBIC

JUIGE - fl (2014) &, EXMTEERRIC K o C, 20114 HALHIEDRED GEONETD GPS 1 #04 > 7°Y » J 2Nl 8 DHE
BbLEZITV, ROFGHZER .

FUEk EORE ElINE T oA R, BT O U r RO EEMCEEEICEN S, RIZIE 10080, RIEZmD, Mw9 DE—
AV RLA REBHZDEFLD>TL 2 X9 5T/UVAT, IBRTHRERD 513X 35 FMRICHIHAEED A & % Biflix
ENEOBAWKERKE T T IV TRAEHHTE S,

2 HFENCEHBM RO, U ¢ lRoicsicEE %, RIEIE 307, IRIERA 70cm®D, FRNOFE VA (SHIK) T, FF
IR CHAT D, Fig.11d, mEBAEO 5RO I— Kb 7> 3 2T, FOBER 65%) & 95 O MEBIRRORIA E] S
WA TH%, BI7IVADKEL, FHIENSIFIE 30M%, THEOMEREENETHIC, Bl (E142.5,N38.5 H S
WA GG, Mw8.4ICITfiT % T — XV Mt Uiz, EM N140E (ZIFEEWEEOLMT NKEROY T A XY M
Ko THHATES, KHE DY T AR NEBZA—INYT ARV EMATZ, 2720, TEHHEOTZS, HFEO—3T
FERTIEEL, NIRA—Z—BDORL—FATEHD, /8T A—ZDOBEKRIITKEZL,

2. JAM 15 R~20DNA 78— LV F U R

Fig.1 D /511l N14OW-N145W0D =350 /5 il N145W-N150WD EHa 1 SR GEIEREE 420~460km) 123UV THIZS
JVRISHENTHE R OD, A 15805 208, peak-to-peakZiED 1miLW Y1 7LD LYF > X (HR-D Th,
COEKELIFT Y RIENAIS=LYIF U RAERER, NAIS—=L YV F 2 ZRAEE, BEREEHEHRO D N ikt
fiE (il 2013 TR d 2 Ko IcBbns,

9 30 D RRITIIRIR S0km B /57T MJ7.6 (G-CMT & Mw7.9) DIRARENE Uz, THUCK D U ¢ iR FHEhE,
RIS LIS DU TIEAED S HIEFRRD RN DV A (IE~258) TH2H, EitE EREEE 150km~200km) T
1% peak-to-pealikiifih® 20cm~30cmZz A 580 IV ADETE (A 158 ~208) L&D, ZhEHEGNNAI/S—LYVF ¥
ADMHE (%) ZHL TS,

3. Fig10M~15MD LYV F VA

REWCHHZE I ON, TEEILBORFEE TRONS, F 10M~15%, #KiE 10cm~20cm T 1 5305 2 7 FEE
Wid 2LV F R (R THB, o HFHERE DRI E WIS IS LT W5, D LY T2 AW, Hik Ty
BETEER, f& E)IROSOBEHE E TEH 5N 5,

4. FAe~7RHOLYF A
3HEHICEEEZON, WEBILEH SHINELICIAL ReN5, FiH6~8WTHHIMEiTSLYF A (R3) T
H5,

5. &8

AR B & ZEEICBWT, B 15~ 20 OEKIENAIR—L V' F VR EB#HT B BN TE 2, TNl
Ict, EH10M~158), A 6 ~8RDL YV F U ANEL, FHUIMLHIMAMERES, B=IHEREEICHIG L TV,
I ORARE (MI7.0) OEFICFEREO LY F VY ANER L2, Mw9 OHIEIC XS LY F VAKX D —ED /NI,

S HEEDZEMIIEE, FEREEOHGREN S B AFEI NS X 51, FEhO/ VALK S, B, SR SNz
KW RO, LY F U ABDOHDMAINCAES TEMTES, ZTDD, ilhk HRE R RIC R RS 5 T NEE
THY, GPS1 WENIEIAETHEM TR E S Z %,

BEHR

JUIG—BA « AFHHE - L - PakT s, 2014 20114F MwO.1 BdbHBIC > 72 Mw8.4 A— /83— T A Rk, Hit
=2, 87-98

kg, 2013 HIEERIC X % RS OMRMEE, K2R IIIE R RS R R 2 & 1 5R
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KO 20111FEHIED & 2 OMBERICHET 5 GPS 1 Y 7Y V7 308k0, J70i N135WH S N155W £ TD
S5EMBOLI—RY Ty a s, Mllid, KGTRERDDORGEKRRT, Mw8.4DA—)S—Y 74X hDER (E142.5,
N38.5 (Kawasakietal., 204 Z{KEL, 3.9km/sTL T a2 —RA UTz, fitlihg, AU ERiEEE, LOHRIE, HR-1H3
JAH 1570 5 20 DNA =LYV F VA, R-2 & R-31F, A 10H5 158, 5Hh5 10MOLYF VA,

F—T—=F:NANR—=LVF VX, GPS1 YT »J5LER, 201 VFBALHIEE, Fie-b S, 55 =i HERTE
Keywords: hyper resonance, GPS high sampling record, 2011 Tohoku earthquake, Boso Peninsula, Tertiary sedimentary layer
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Stochastic excitation of seismic waves by an intense Hurricane: Seismic excitation pro
portional to the cube of pressure
Stochastic excitation of seismic waves by an intense Hurricane: Seismic excitation pro
portional to the cube of pressure

TANIMOTO, Toshiro"*
TANIMOTO, Toshiro"

!Dept. of Earth Science, UCSB, CA93106, USA
! Dept. of Earth Science, UCSB, CA93106, USA

Earthscope Transportable Array (TA) has recorded a few hurricanes that propagated through the network. We report our ana
ysis of Hurricane Isaac in 2012 that provided an opportunity to monitor the interactions between the atmosphere and the soli
earth in detail as this hurricane passed through the network; this was possible because TA has both seismometers and barome
and allowed us to examine how seismic ground motions were excited with changing surface pressures. We analyzed data in a Ic
frequency band 0.01-0.02 Hz because we had evidence that the signals are generated by processes near the center of a hurric

Surface pressure is the excitation source of seismic signals; it has short correlation length ("1 km or less) whereas excite
surface waves (0.01-0.02 Hz) have horizontal wavelengths of 100-300km. The source is also spread over some areas. Unc
such conditions, we must model the source by a stochastic pressure source that is spread over the surface of the Earth. In term:
parameters, this source is then characterized by two parameters, the pressure power spectra} aedsity @rrelation length
L but both parameters can vary in space. We derived a relation between the observed power spectral density (PSD) of seisnr
velocity S, and the PSD of surface pressure Sp by the normal mode theory.

For a low frequency range 0.01-0.02 Hz, seismic and pressure amplitudes show, at least to first order, axisymmetric variatior
and also decreasing trends with distance from the center of a hurricane. Taking the center of a hurricane at the origin and assul
ing axisymmetry, we can write down an integral relation between Sv and Sp as

S, (X) = [ K(x, y) L? Sy(y) dy

where x and y are distances from the center of a hurricane. K(x,y) is the excitation kernel for a source at y and a seismic
observation at x and was computed for an Earth model PREM.

From data, we have Sv and Sp in the integrand. We first noted that a constant L cannot make the two observed quantitie
compatible. Therefore, we introduced the y dependencé intere the correlation length varied with distance and solved for it
. With such spatially varying L(y), the two data can be made compatible. The important point is that we also found a correlation
between this L (solution) and surface pressure Sp. In fact there is a good linear relationship that can be expressed as L=c !
where c is a constant. This is equivalent to saying tRa§in the integrand istS,* .

This relation implies that the excitation of seismic ground motion becomes proportional to the cube of pressure. Near the

center of a hurricane, pressure variations generally increase, but seismic-excitation becomes even more efficient near the cen
because of this nonlinear relation.

F—"— K Stochastic excitation, Hurricane, Atmosphere-Solid Earth interaction
Keywords: Stochastic excitation, Hurricane, Atmosphere-Solid Earth interaction
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Receiver function analysis of airgun-OBS survey data for imaging PS converted wave

Ff R s Bl o N R T W2 (A A 2 2
SHIRAISHI, Kazuyd* ; ABE, Susumti ; ASAKAWA, Eiichi! ; FUJIE, God ; SATO, TakesH ;
KODAIRA, Shuich?

' (BR) HUERRIZAR S RETET, * HECERT B F RS
1JGI, Inc.,2JAMSTEC

Z 5 OMFIEHIEST (LUK OBS) ZHWeT7 A -OBSEHEE Tl O EZIRSGCEZmtd % & T, A
M7Z&EMN S D PSEHOFEN UIE UIFBINIE N5, BUINIEELEN S P L SO ERIRIEOHEHRNE 5 .
HEREIE N STRITHIROBS NI TE %, Ly — B8NS, & U THAERNGE SIS L THE-R TN, flziE
KR ZNER T TT AV AR 2a—2 3 952 & TPSEHEZ M L, PIh D SIHRADZEH 49 % HiEE R O
Whg7Ze A A=YV 7T 2DICFIHAEINT VS, AWFFETIX. TOL > — BRI T2 T 7 /7 -0BSHE T — X LT
WHT 2 Ilck b, PSR 2 USSR sl R i 2 DM O GG HE S 2583 5 .

LT OBS THE I N7 H YU REGHD S B, =ODMEEROERIHICHNS, 3. IKE ROV TH
B EZIREZERTHES AR (570 7))V LERG (hD 2 Z8—=Z/51) IKEfEZiT9, Ric, ZiRSmEIC
FTARTOFHELFKICDWVT, ZDDRDZEHWCT AR a— 3 VEREHTC & T, 25T 3x3=9/@H DT I
RYa—var b L—A%18%, ELABIZETIE. O BIMERD (2) & FT « 7IVARRD (R)hS5E6NS D
DL =N (RIZ & ZIR) ZfRFT RS 3%, 471 MHEED FEE R & WHEENIC DWW T, &l P & 25 STEA
OBSAAGT 2 5 HMNFITENE L/ 5551213, M) SZIEEFE TOMEERAENMNIIIHEELRSZDT, ThbE
ELEDES T LT PSEHEDOHZMHTE 5, EHIC, HKMZIEL T RIZEKDY & ZIR 5 DR EE LTz & O
ZRELADE S, R OIGEEmZR L, REENIZHD S O P & & SO FiEEROAEZ KT, OBS
EHOWZREDLGS ., —RINTZRSEEIFEDA < o K AN EGT R Z i K 2 Wik 2R 2008 L, Z0
12% OBSERENMBEICIREINA L > — N \BE Ty 3252 8T, ZIRSH0O PSEHEIOA XA—Y U THR LT 5,

AWZE TR, AR TFPE TR S NIz 7/ -OBSHE T —4% (JAMSTEO (77 4 U HEKRER 237km. OBS
kR 6km) N U7 clk, B PSZRIZ M2 C MW TE S, ZRAMEEHI K E VB DD, HEED LY
B G TR E /NS Wz, FIU T 2 — XOEHEE 2 /KT AIGBHTE, TOEBEmEIVFF v > %
JVRSHEDWIL & OXEIC X O MK FOHEREE Riih b ORGEEE>E D EXsDr6N5, TOREIZ. =74
V-OBSHAET— RN LT Ly —/ BN 283 % T & T OBSIEHEDHEREDIEIRZ A A=YV 7T B D%
WM RLTW5, Ly— BRI 51535 N2 BRI E BIc, STRICBIET ZIEMOAEE. LD DALY
I K2 BT R £ HEREIE N O FERT 2 VLI iR 72 615 C Z B TREME 2 RE D,

F—U— R LI— %, 7 77 -OBS R, PSZSH#AE
Keywords: receiver function, airgun-OBS survey, PS converted wave
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FK-filtering vs. Predictive Deconvolution in the Multiple Reflection Removal Approach
FK-filtering vs. Predictive Deconvolution in the Multiple Reflection Removal Approach

ISCAN, Yeliz** : LORETO, M.filomena ; ZGUR, Fabrizid ; OCAKOGLU, Neslihaf
ISCAN, Yeliz'* : LORETO, M.filomena ; ZGUR, Fabrizid ; OCAKOGLU, Neslihar

istanbul University Engineering Faculty Department of Geophysical Engineering 34320 Avcilar/Istdstiuto di Scienze
Marine Consiglio Nazionale delle Ricerche 40129 Bologna/ItHistituto Nazionale di Oceanografia e di Geofisica Sperimen-
tale 34010 Sgonico, Trieste, Itallistanbul Technical University Department of Geophysical Engineering Maslak 34469 Istan-
bul/Turkey

Hstanbul University Engineering Faculty Department of Geophysical Engineering 34320 Avcilar/Istdatiul{o di Scienze
Marine Consiglio Nazionale delle Ricerche 40129 Bologna/Itdistituto Nazionale di Oceanografia e di Geofisica Sperimen-
tale 34010 Sgonico, Trieste, Ital{istanbul Technical University Department of Geophysical Engineering Maslak 34469 Istan-
bul/Turkey

Multiple reflection removal is one of the most important topic in seismic reflection processing, especially in the marine seismic
data, where seabed multiple reflections can often severely mask the primary events. It is thus necessary to remove or to attenu.
them prior to stack the data. In shallow water, the most common type of multiples is water reverberation.

In this study two different pre-stack attenuation techniques have been tested and compared by using the Focus PARADIGN
software package: namely, the FK-filtering and the Predictive deconvolution. We performed this comparison on a multichanne
seismic profile acquired offshore W-Calabria (SE Tyrrhenian Sea; Loreto et al., 2012), and characterized by the presence ¢
remarkable multiple reflections.

Coherent linear events within the t-x domain can be separated as dip events within the F-K domain. This allows to remove
some undesired energy (such as multiples) from the data. F-K filtering works based on the following strategy. NMO (Normal
Move Out) correction is first applied to the Common Mid Point sorted data by using velocity lower than water velocity up to the
first seabed multiple occurrence; a velocity close to sea water velocity (or slightly higher) will instead be applied from the first
multiple up to the end of the record.

This will result in an overcorrection of the primary events in the t-x domain that consequently will fall within the positive
sector of the F-K spectrum. The multiple reflections, conversely, will be either flattened or slightly under corrected, and thus will
be positioned in the proximity of the F-K spectrum vertical axes or in its negative sector.

By applying the F-K filter on either the corrected (vertical axis) or undercorrected (negative sector) events, the multiples will
be removed leaving untouched the primary events.

Deconvolution is a process whose purpose is to improve the temporal resolution by compressing signals to very short duratio
wavelets (spiking deconvolution) or to remove, if present, periodic events present in the data (peg lag multiples, bubble effec
etc.). In the latter case, we refer to predictive deconvolution that can also be used to suppress seafloor multiple reflection. T
perform predictive deconvolution, first the seafloor reflector has been picked on the brute stacked section, and the correspondil
time stored within the water depth data header. Later, a dedicated velocity analysis was performed in order to flatten both th
seafloor and the related multiple reflections of the first and secondary order. Finally, the deconvolution was applied with by
adopting a gap parameter retrieved by the picked water depth, representing in this specific case the predictable occurrence of t
first multiple. Compared to the conventional predictive deconvolution, where the gap parameter is kept constant, in the applie
deconvolution the water depth changes continuously because it refers to the seafloor depths. Operator length is chosen so a¢
carefully remove only the multiple reflections and possibly leave untouched the primaries.

The results of F-K filtering and Predictive deconvolution indicate that the predictive deconvolution is more successful both to
remove the multiples and to increase the resolution in the shallow part of the section.

References

Loreto, M. F., et al., 2012. In search of new imaging for historical earthquakes: a new geophysical survey offshore westerr
Calabria (southern Tyrrhenian Sea, Italy). Bollettino di Geofisica Teorica ed Applicata, 53(4), 385-401.

F—"7— F: FK Filtering, Predictive Deconvolution, Multiple Reflection
Keywords: FK Filtering, Predictive Deconvolution, Multiple Reflection
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Phase of Severe Earthquake of Seismic Wave
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Scattering and intrinsic attenuation in Kyushu
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nstitute for Geothermal Sciences, Kyoto Universttystitute of Seismology and Volcanology, Kyushu University

Attenuation of seismic wave energy is caused by two factors: scattering and intrinsic absorption. The former is the scattering o
seismic wave energy due to random heterogeneities in seismic wave velocity and the density of the medium, while the latter is th
conversion from seismic wave energy to heat energy by internal friction due to anelasticity of the medium. Quantifying scattering
and intrinsic attenuation is important to understanding the structure of the lithosphere in terms of seismotectonic features.

We separately estimate scattering and intrinsic attenuation by applying the multiple lapse time window analysis (MLTWA)
technique [Hoshiba et al., 1991]. This technique is based on a comparison between observed and calculated seismic wave ene
density obtained using radiative transfer theory in several successive lapse time windows. In the present study, we measure t
integrated seismic wave energy as a function of distance and frequency for three consecutive time windows with a length of 15
following the S-wave onset. The window length is chosen in such a way that the first window contains a significant contribution
of the direct S-wave energy and the last two windows mainly contain the contribution of the scattered energy. The observe
energy is calculated in three steps. First, we filter the waveforms using a third-order Butterworth band-pass filter at the following
frequency bands: 1-2, 2-4, 4-8, 8-16, and 16-32 Hz. Second, we obtain the envelopes by taking the sum of squares sum of tl
three-component amplitudes of filtered waveforms. Third, we integrate the root mean square amplitude of the envelopes in th
three time windows. By comparing the observed and calculated energy distributions in terms of the misfit function, we obtain
the best pair of scattering and intrinsic attenuation. We use the Lavenberg?Marquard algorithm, a non-linear least squares fittir
procedure, to find the minimum of the misfit function.

We estimate the scattering and intrinsic attenuation in Kyushu, which is the site of active volcanoes and seismic activity within
the Beppu-Shimabara rift valley and elsewhere. We collect waveform data from the Hi-net network operated by NIED. During
the period from 2004 to 2014, we choose 180 earthquakes with magnitudes (Mjma) of 0.5-3.5 and with de@th&mi We
select event station pairs with epicentral distances 30 km recorded at 78 Hi-net stations.

In all the studied area, intrinsic absorption dominates over scattering loss at low frequencies (1-2 Hz), whereas scattering los
predominates at high frequencies (16-32 Hz). The results show strong spatial variations in scattering and intrinsic attenuatio
that depend mainly on the tectonic setting. For frequencies of 1-2 Hz, areas with strong scattering loss correspond mainly to th
locations of the volcanoes, while areas with strong intrinsic absorption correspond to the locations of volcanoes and active fault:
which are marked by low-velocity anomalies.

Keywords: crust, scattering attenuation, intrinsic attenuation
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Sma I-scale veIOC|ty heterogeneity of subductlng oceanic crust inferred from high-frequer
trapped P and S waves
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1 JE IR BB AN\ DB ELO R 2 L D AT T2 6, BN ESENIEMEZEA Ulz, Hig, <~ MLB XU
PR > B UIZ DWW T Takemura and Yoshimotd2014) DO 412 Xk %835 A—Z M Uiz, PN o Bk E
AYIEREE R O IR 5. fHEEEEEE a=3 km D5 X DHE e = 0.07DOFEEEIHEHR . a=1km, e =0.0DH
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Frequency and distance changes in the apparent P-wave and S-wave radiation pattern
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#t 0-150 km D 755 DEFF I & Tz, /b < fth (2014 1< X 2 FiE# MV, Codalfifg{ti: (e.g., Yoshimoto et al.,
1993 TR 7z PN T SO RIHEHRED kLY RHSDIRIEDIE 5D ED I NAKFEEOREEIIC X > TRENY
RS Z 3 L7z, 27V TIVEBRE 7)Uh 6 Tl E N 2 SRR O R 2 B RGPl e U, T OB
T & BIHHRNE D 5 (il 7 & OB RE U & &I RENTTRSHRIE O N 2 @ BRI TI Tz, T B 8 0.5-1 Hz
1-2H, 2-4Hz 4-8Hz 8-16 Hz& L7z.

RENTERGTIFIEDERER - BEEL

P, SikE & RENTHESHRHEE 0.5-1 HZLUF OARJEREIC BN T 4 RIBMZLREE L T0 2D, FFEE ORI RN ]
AIC AR SHND T ENAS M ST, 4-8 HZLUT O TIE,  RENT EESHRFE ISR IR A O HE ORI R B
ICHAN D C e 5, (IR N ORI RN EMEIC X 5 R EGELOR BN R E Nz, —/5C, 8-16 HZ T3 RN
TR ETRIERE 40 kmICBW T TICRZLHN TV S, O e S EFFEBICHBW T, BIFRER ORI ERE
TERREIUEME O MM S D RENT TSRO NICE 5 LT3 T EAVRKRE Nz,

FBNTEESRAED 4 R S O, ERIEREE - RIS K 59, WIS SIHDIES D PRK O REN 7.
A, 4-8 HZIZ 350 2 PR T-H & OMHBIREUE Pl L SIRTENZEN0.37L 0.23TH o7z, /e, EBHFEHITHLT
HEE U7z C OAIBIRRENZ, P CIREMBEICH W T 1 FEDOMEZ 2-4 HZ X THREFS DI LT, ST PHED
LHERIT/NESVEDRE S (BIAIL 2-4 HZTOHILTZNZN 0.75L 0.55. LLEDKIRIZ, HEFRA ORI MR
WA DM E DB Pt & S TRA S AREMEZRL TS,

HEXTE, RETEESRTEOREREL - SR EOREIC DV T I DREL AT L, PilkL SEDIRRBRFIEDHE S s
NORNTEMIC DOV TCikamd 5.

5 SRR AT 22 T 0D i S s M ZE BT Hi-net 35 K U AR IEHIERINIE F-netO il 2 S8 T izlzE E L
Tz. 7z, F-netd CMT fig & 5 ST DYIEREBEMAZHH IS TV EE L.

F—T— R SRGIREE, SLADE, IR (AR, HERHGL

Keywords: Radiation pattern, Body wave, Wave propagation, Wave scattering and diffraction
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Comparison between ray theory and synthetic seismograms for transversely isotropic me
dia
Comparison between ray theory and synthetic seismograms for transversely isotropic me
dia

BORGEAUD, Anselmé* ; KONISHI, Kensuké ; GELLER, Robert J.; KAWAI, Kenji 2
BORGEAUD, Anselmé* ; KONISHI, Kensuké ; GELLER, Robert J.; KAWAI, Kenji 2

!Department of Earth and Planetary Science, Graduate School of Science, University of“Iadgartment of Earth Science
and Astronomy, Graduate School of Arts and Sciences, University of Tokyo
!Department of Earth and Planetary Science, Graduate School of Science, University of “Ipdgartment of Earth Science
and Astronomy, Graduate School of Arts and Sciences, University of Tokyo

Imaging seismic anisotropy is essential for a better understanding of geodynamics, since it provides information on deforma
tion and flow in the crust and mantle. S-wave splitting has been widely used to infer the presence and extent of anisotropy. Th
inference of anisotropy from S wave splitting relies, however, on ray theory, which is strictly valid only for infinitely high fre-
guencies, and thus may not accurately reflect real finite-frequency seismic data. For example, a recent study by Komatitsch et
(2010) showed that splitting of diffracted S waves in the D” region, just above the CMB, is present in synthetics computed for an
isotropic velocity model. In this study we compute travel times for a transversely isotropic (Tl) medium using a newly developed
software package (Konishi et al., JpGU, 2015). We then compute full-wave synthetics using the Direct Solution Method (DSM;
Kawai et al., 2006). We focus on two regions of the mantle: D” and the upper mantle. We confirm apparent S-wave splitting in
synthetics computed for the isotropic IASP91 velocity model for epicentral distances over 100 degrees, in agreement with the
results of Komatitsch et al. (2010). We also compare the predictions of geometrical optics to synthetics for TI models for phase:
which sample the upper mantle and the D” region.

F—7— F: DSM, Travel time, D double prime, Upper mantle, Anisotropy, S-wave splitting
Keywords: DSM, Travel time, D double prime, Upper mantle, Anisotropy, S-wave splitting
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ST A CHAE U 7e HE D 5 D3l sPYE DR 7711

Amplitudes of sP depth phase observed at small epicentral distances from offshore even
in the northeastern Japan

AN = R 13
KOSUGA, Masahlré* : KATO, So!

L ENRTAR 2 T 2209 R
LGrad. Sch. Sci. & Tech., Hirosaki Univ.

SPZEHAE DFEREDS, ITHIC BV T EEBIRIES OREHEON LA THZ T LR ELASNTN S, sPIOIRIE
WK A58 H X D iTbN TV, ZF T TARMIETIE, HEEIORZFIH L T sPilkZzZxi#E X < iHd % FEDOBF
EITV, TNEHALHG ACE N TR U7 IEBISE A U T sPI OIRIE D AE DR 8R U, IRIED IS 2T % EIK
ORI ETT> T2, D72 DN TIX, polarizationff#iic & - TR IIREIDO EdlyT07 - R - EEED PRI E L
TOZM7Z W1z TR Y ¢ > RICBNT, TN —TRIEOR KA sPHRIEE UTHA - /2. sPI D sLBE
B 1-2HzTH B DT, ENTIEHLOEIEE 1 Hz DR T « )V 2 =B L 202 W TiTo 2. COHFECENE, B
HTRNHERLEEEEDT, MO THELL sSPIZRHTES. sPIFOIRIEIX RN HAMEH TREL, HhiklF
ﬁ%r%?%;a&‘ﬁ%r? RIS 2 HENE UT, B, B S ORSRE, I TORKRE

TR %2 Z Z TR Uz, BEEEREIC OV T PIREIZIEFRIKETH S T b > DT, BYHEEHCN LT
ﬁ%ﬁ@%ﬁ%:&m;ofﬁmt IR 5 ORGSR, BB M EROIRIEZ ZJRER Fic 71y b UT F-netd
CMT fi# & Lbiligd % Z & TRt LTz, ZOREHE, IRIEDMHOBEREZ KL TWa K5 &hlE H o 7ohy, EIFER LT
¥ 2BIHIRICBOTRIENARE S B2 58, BEHRHETIEEIHT 22 DN TE RV, ZT2 T, RIEZKHMAIE
W7y k UTTHBEHITE & RS2, B SIE A SNah oz, U EoT &5, sPIRIEIX RS & &
DS OMSFEZ KL T3 EEZBENEH, KEHTHT 2 -0t MRS O i N EE DL T 5 A]
BEME BETERY. ZhH, sPIEDEIIE NABRSEOEEHERMEICL > TRELEEZFERE RS> TVEDH
& LNz,

F—T— R sPIE, K, iRk, BRI A 7 = X L
Keywords: sP wave, reflection, amplitude, focal mechanisms
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“AnisoTime’ Tl A FERFTREY 7 b7
"AnisoTime” Travel time computation software for transversely isotropic media.

NG @AY I R 9 — 7 RIVA 2 S — aN— | 2 a ihE 3
KONISHI, Kensuké* : BORGEAUD Anselmé GELLER Robert : KAWAI, Kenji3

P EEHREIZERL, * REURERAGEHARITIN, * RGOSR ERRR & U LR

LAcademia Sinica?Graduate School of Science, University of Toky&Graduate School of Arts and Sciences University of
Tokyo

% { OHIFEARZHIC B TIREOERGIRY 7 b Y 7 I3 BRI R TH %, KT AEEREHADY S, TauP
toolkit (Crotwell et al., 1999)5"

%< ODET%%ZET%BE’G@’IDM’CV%O —77. Transversely isotropic (TKD¥ /7P EIC 1) 2 B R 251 5 Filim (Vlaar,
1968, 1969; Woodhouse, 19889 TICERIL TN TWB D, ERGFIEY 7 b U7 iE, F1D 5 2RO NEE A THIR,
Z T T, R BIKE AE TR B 2EREEY 7 727 (AnisoTime ZHFE L. ZD T X MROLFHZ
1oz, (http://www-solid.eps.s.u-tokyo.ac.jp/ dsths X7 > 1— RA],) KFEXRTIEZDV T M7 27 OBNZEITI .

F—T— R ERE, B
Keywords: Travel time, anisotropy
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27 Ly MR CORMBERIAE I 2 L — g ~
Simulation of the seismic wave propagation on the tablet computer

YA BORHR 1
EMOTO, Kentard*

VBRI R ARG AR

LGraduate School of Science, Tohoku Univ.

EAE, AR— T4 RZ2 T Ly FMABNEL MU TERE. FNOOMATHHENTWVS CPUMRER X EY BRE
LEMEREE LT, BIERO PCICILET 2 HREZFDE DL H 5. DF D, fHAEEE THNEENA VKT
E1T5 T ENARETH B. T, K[BHCHEE B THEEMICEET S L WIS HICBWTIE, 27 Ly MEROSFHAPC K
DEHEENTNS. RIFZETIX, X7 L Mgk ETORERT RO e 285 & L i, FRICHEBERIEREEZY I 2
L—3v332EDTELZT7 ) r—ya BT 5 e 2HNET S, EHETHMMOBWEIGIEIX PC TS
RETHY, TTTRERT LY M KOMETH S TR ZEBRT B, KBTI, iPad Airz2—7 v k& U THIFE
179.

B AES S 2 L—a VI 2 0T TITS . W AOEE SR E A X v H— RF U v RTEMET 2. EtER
fHICT B 728, KEREEIZZeR - B E &l 2 ke T 5. T T T, MEDOEBE LTKoEE# %, il 3@k s
T 5. ZERAIAEET - KFE BT 200mE L, 7w REUIKE AT 5124, #WE Am 384HE Liz. DEHYIa
L—3 g VREIZKTE /710 102km EE 1 77TkmTH 5. FRZIAIE 10mse Uiz, 2—T ORI #3728,
FHER T RRICEIE A ERR U CINENERR D X 5 32K RT 2D T3 AL, ZoetBE L RRHCIEEGO AT v T2 ay M eh
HEd 5. TTTWE, 20R7 v 7T (029 CTLICIHEGZIET 5. WEIGIIAR L FHEZFIE LT, PIE STHEDIR
B2 L CEREES. TOR;, E7) T eI fliZzdaE U THmd % LUANRICE DRV, HEIGOm Gz
ER L TENEZREE S, a5 eI, [EEOBHN TOWRELRREEHT S, EENEEIEO—DE LT, EE
FOEEAME, BDSINEAZE THHICEE TES X919 5. BERIZ 10O Z#HNT T LIcK>THES . £
NZFNORBOMEEIEE D, ERE2AMICENTC LIk, TEIFRRIUCBT ZHERIEE I 21— 3
VIO T ENREETH B, Tz, L0EHERII AL —arve LT, FNTNORBOMEICT VX LD LERE
ZBTENRETHS. T THHEBNTEERZEMRL, 52505 EDZEMAXRY MVOBIREFE THHRICEETE
2X9ICTBC LT, FEOYARADDLEREZ L LINARETH .

IKEA T, ENEA RO A Ak BIC 245 (HRE 46 L TE ATV ARICHE IRV, LHL, 10 OHER
EHEYIaL— 3 VORME - {2 T 2DIC, HERITH 40> TR, 25 450hh b K5 1Ick- T, 1kE
O 0.2sEH TH B8, 10MDOT I 2L —y 3 VTR S0EEHRENS. DFD, L LI-HEE T HE ORI
MIBLLEZEL T Licas. BREFIENRDENDE X T Ly M RTIHETESC Licks. & Z21F, fid% 0.1s
(10 A 7w 7)) EFNTTIUIHEB ORI < 2220, #ilid 2 8ME b 57280, BN ) ORI CHimh s
TLICHbAELRN. TOEE, WHEOERESE/NEED, BRIV I 2aLl—ra vPEATVRS K ITIEL S
Nixixs. iz, BIHGOEBGY £ XHRKELLTEMBOARMIRELZD, SENMEIEKLENS KDICES. C
DEE, HEDOMMNET XD E, BHBERIRDY A XDFZEDTTHRKEN

iPad T 2 ZUtiEB It 22 2 2 L—2 a3 V952 LId HDRRETH D, EERNTA VXS0 T ¢ TIEBENTE %S
128, HRRDSHDO NNERIRIHEE O 215X 2 DICEALTSH T LN TES.

F—T— R BNAUER, 7TV, BRI 2L —2 3 7, i0S
Keywords: mobile application, seismic wave propagation, simulation, iOS
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Hi-net 3 & U KiK-net Gis D R I T-HE T & IENa IR RIS I D < MR ROH
LDV EHEE o . .

Estimation of velocity change depth from wave-propagation simulation and interferomet-
ric analysis of Hi-net and KiK-net

BRI AP L BB R L R B L B e
SAWAZAKI, Kaoru'* ;: UENO, Tomotaké ;: SHIOMI, Katsuhikd ; SAITO, Tatsuhiké

B SR A RN ST

INational Research Institute for Earth Science and Disaster Prevention

Hi-net & KiK-net & & [FEl—DOBHIY A MHREN TS T2, W5 OB HIER T¥E 2 i L. Z Of5 R
FIEET BT Lic kb, MERHEEEZ(LORSIKEEZMRIBETE 2 LEZ 5N, TOBEZIIEDE, K TIE. e
FEBT (NMKGH/NIGH17) O Hi-neti# 5T THUS & N7z MEMEhR 8% B CAHBIRIE (ACF) &, KiK-net iERT T
G S Nz tE el koMb 7 a2 R 2 —2 g VB (DCP & 26t L. 20144 11 H 22 HICRAE LI EYY
AL OHIE (My6.3) IS HIEEHGEE 2L O S KIF 2 A Ule, BN FIEMAT OFER, AEREN S —E
RADHARIIC BV T, Hi-netZ0EkD ACF H 51 1-2%. KiK-net ZLEtD DCF M 5 1d 3-4%Dd S FREZNZF N L
T2o TR TROEWDIE, KiK-net 308£0D DCF A HZE-HIP BT (EE 0-150 M OMEZ(L OB 2T % D
I U, Hi-netit#kD ACF 13 X O IAWEIFH DO PN s g Z b 2 T 27 DICE LS e EZA B NS, R, HEE 0m
M5 150m X TOHIERGHNE 2 KiK-net THIII S NIGEEE TR EF UL 3%K FEEGHD ACF DR bz, Znik
IC X% 2 Ot ENERER RIS K DNz, ATICH WV 28 RRE I, B TS5 7 0 I X 0185 N7 & )
BEELOBEE T OMEEEEIC S V& A&JEI#H'B%%ELA’@:TVEEJZLKO NET'T T 1 DOREREN IR 2.5kmLL
BICDOWTIE., H& EEOBEEMN Vp=4.0km/siB LU Vg=2.0km/sDIFE (EFI 1) & Vp=3.0km/si LU Ve=1.0km/s
DOBE (EFIV2) ITDWT, VEFS T 4 %*%é:r’%%famotm\% KONTHEZ M U TIERR U7z BB K U R
FUTTRE 150mOfENE & U, sEZRICHE S FHRERIEOMZ L2 A b Ly F 2 FIEIC K DT, GHEOREE, FIE
WED S ENTZHEE FRIZETIV L EETIV 21DV TENTFNT 0.7%B K U 1.2%E 7o To, b m EEiHS
DOMERLEIC K D & RE OmD 5 150mE TOFEIFHIENGHZ L V p=1.8km/sB X U Vg=0.6km/sTH O, ETI)L 2T
FH U EEOMEX D BV, Lich > T, EROMERLEZ HWRRE T 1.298 EOMER IR RIAZE NS,
T OFERIE. Hi-netid#k ACF H S & NIz ER FRO2LE0 DL ED 150mLLE TOMEE NI X - CTiHHTRETH
5 C &%Tu&‘é‘%o

F—7— F: Hi-net, KiK-net, i 5k, MEZHod g2k, 7277075
Keywords: Hi-net, KiK-net, interferometry, velocity change, finite-difference simulation
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Ground Motion Prediction of Finite Rupture Subduction Earthquakes using the Ambient

Seismic Field o o _ _ _
Ground Motion Prediction of Finite Rupture Subduction Earthquakes using the Ambient

Seismic Field

VIENS, Loic'* ; KOKETSU, Kazuki : MIYAKE, Hiroe! ;: SAKAI, Shin’ichi! ; HIRATA, Naosht ;
HONDA, Ryol?
VIENS, Loic'* ; KOKETSU, Kazuki ; MIYAKE, Hiroe! ; SAKAI, Shir’ichi! ; HIRATA, Naoshti ;
HONDA, Ryol?

IEarthquake Research Institute, University of Tokdtdot Springs Research Institute of Kanagawa Prefecture
IEarthquake Research Institute, University of Tokddet Springs Research Institute of Kanagawa Prefecture

The ever-increasing construction of large-scale structures such as high-rise buildings, oil tanks, and suspension bridges requir
an accurate prediction of long-period ground motions (4-10 s) for seismic hazard assessment. The slow attenuation with distan
of the long-period ground motions combined to possible amplification in sedimentary basins can lead to large damages as tho
observed during the 1985 Michoacan earthquakg @M) where more than 1000 buildings were destroyed in the Mexico city
located at more than 300 km from the hypocenter. We focus this study on the Kanto basin where the Tokyo city is located. In the
basin and its surrounding, more than 600 stations composed of 3 component seismometers recording continuous data have b
selected. These stations are a part of different networks including the Metropolitan Seismic Observation network (MeSO-net)
Hi-net and F-net of NIED, the Japan Meteorological Agency (JMA) network, and the Hot Spring Research Institute of Kanagawa
Prefecture network. Stations located above the 1923 Kanto earthquake rupture area have been considered as virtual sources
others as receivers. Deconvolution method has been applied between every virtual source and the receivers to extract sing
force impulse response functions for each pair of stations. As only relative, rather than absolute, amplitude can be extracted wit
this technique, we calibrated the impulse response function amplitudes using records of a moderate shallow earthquake (M
~ B) that occurred close to the virtual sources. Once the amplitude scaled, we show that both impulse response functions ar
earthquake records have similar phase and amplitude in the period range of 4 to 10 s. Then, we built finite rupture models fc
M., ~ 7 subduction earthquake scenarios that we discretized in subfaults. For each station considered as a receiver, we show tl
it is possible to interpolate the calibrated impulse response functions extracted between every virtual source and the receiver
obtain one impulse response function for each subfault. We also took into account the depth and the dip angle of the fault an
the rupture propagates radially with a speed of 2 km/s. We confirm that peak ground velocities and durations of our simulatec
ground motions are strongly amplified in the Kanto basin.

F—7— R: Long-period ground motion prediction, Finite rupture subduction earthquakes, Ambient seismic field, Seismic in-
terferometry, Kanto basin

Keywords: Long-period ground motion prediction, Finite rupture subduction earthquakes, Ambient seismic field, Seismic inter-
ferometry, Kanto basin
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R 2 LR EEGHIC 35U 2 Ty IMIREN R ER AN\ D B I 47 O3t
Application of seismic interferometry to waveforms of small vibration recorded by the
existing seismometer of a dam

S TE B Y FHEE SR L
SEIICHIRO, Kuroda* ; TAGASHIRA, Hidekazd ; MASUKAWA, Susumd

VRO R LA
INARO, National Institute for Rural Engineering

KREWECTHEE D RO R LSBT —RINCHER DS N TR O KBIBIIEEOFEERHC 13 B R R HERHRE)
WL T —272idi UCE T, ZDX S X LOMEHBINEIRIE ., JHRBHEERHNC X LA ED & 5 02882 Lich 2R
THELZLDOTHY ., BEAXLICEVTERAMITIERANEZENTE . —/ T XLOMEROREH T, X LICA
559 2 MBI ORM7Z U Tld7a <. X LEMAEA ORI AT D O DK 2 IS 2, T T THEEFIMEHND
MR BARRRR 2 MR I 31 « B 21778 D Bl & U, MBI LD 2 LHEBIEI SN D@ A 21775 > T E 7,

AT, RN LSRR OBHECERD 5. ARHELANOHNAARBNIC OV TS, MR T PRI D 1
MG E Z L TE 20 E S D2l d %, TDdIic, EERORFEMZ LOBEMETHC BT, 108FHLL ol
AR BIIE ek 2 UG L. TR e LTIatfiflzR"d . ZORR, —EmEOARIMEERIC BV TR SN/
IR RIS E IRRRDKG R 2. & O NV IR ER O H R ENIC 1 S MR S L T B fREE 2 R L7c, T
DT e SRR THHEBERICIED CIREFEE, —EMEOMEZ R DOHEMS . KO HEOSWEH - Bfil217% 5
CEMTELARENEZRT

ATTEMEDO X LN LT E. FRROFERMI SN2 E S DI SEMGET 2 0E DD B, DX S GHERD
Fon/Hecid, MEFR AR ARV IS X LHERHE I AVE < BRSO 08T 1 FFCBWT, X4
DIRIFES 2R T 2 BICAMSTE S NS LD LR E NS,

F—U— B RERX L, MEEGT, RENIE, MR (R, MRk, g asEy)
Keywords: sam for irrigation, seismometer, seismic waveform, seismic wave propagation, seismic interferometry, soil structure
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SR T 7 1 A TIBGAEIC K B S O iR iOH FE 25 b

Temporal changes of seismic velocity in Tokai area revealed by the observation of the
Toki seismic ACROSS signals

BRI A 22 1 s (b BEE L L (R 2
KUNITOMO, Takahird* ; YAMAOKA, Koshun! ; WATANABE, Toshiki?

R R RARGEREEAITR, 2 B UR AR T
!Graduate School of Environmental Studies, Nagoya UtERI, Univ. of Tokyo

BT AR E (20114 3 H 11 H. M9.0) DFEICIE. Wi D Hi-net Bl T, T ERT (R
M) SO T 7 a AE5OERIC S ) A — X —DIIENE L, ZOBRBRENEZIEIMEL T B, AFEE
Ti&. Hi-net LS TUGREE D EHT & N7z 20084ELLME. 20144E % TOHK) 7 ER O T 7 7 0 ZES OTIc D &,
S D s O R RGE A LIS DWW T %,

iR, LIRGEEAT OB~ ST A9 % Hi-net Bl D 7 — 2 Z DI o 2, —#0, LB AT OB &
BENTVD, FIUCE, YU Ty ZOMENTERD., HDEW0E. SIN AW EDFRHIC X D FERAAEH
BN D > Tele®d, ZNE 2RV 1480 (LIEGEERTD S OFFEE 11705 70km) DOERFZEENC DV THG 2
fTo7z, ERZEIE. 20103 H 1 H~2011FE 2 A 28 HD 1EMAZwF T LIz F ) —VBEEEEL L, 37 H
MWL 1EMRAZyF 7% 17 AT 7 ) —VEBED 7T A AT MVOMNHEI BEE LT,

ZRDPERHCONWTERZ(LZ RO T, £, SADIZIFHS A ST (S9 BLU P (PY ICOWTikmzlT
I BLHIEEDRRICIE, MRETOBRATIVRA—4— BIZIE, LIGEE 58 57kmEfi17z N.HOUH @ SH
BT 2msHEE) OERFEIENE LTV, HICIE NSTRHO K S IIFE AL L LAWBIIS L FEET %, TIN50
ERZ I, HERAEFMIEOBMIA (OkmIIN) THOLNERD S, BEAB X OB AL O LR WA (1
~2km X D) OZ{bZKLTWE EEZ5NS (B - fth, A#HEGKS), HALHEZ, FM imsitwLZNLLT
DL — h TERDPBREMCEL R2ZZEE . FIFHEICR SN, HItHEND SERDPEL EZ2BRER(LE LTV
BIALS L EBAZAEL T3 (N.YOTH, N.KSSH, N.TYEH, N.HOUH, N.TOEBL %(Zsih 5 DR & ERZE b & ORI
LR BRI R R0V E DD, HOiADENER I L T8 82— 2R LT3, BRI,
RO RELEZRUIFIBEEDORNICE 0.01%~0.1%4r— X —TH D, 1T &AL OB THRITHMOYIY (20084F)
ERb Y (20144) OERMFF—HLTWVWB, TOXIICKRINC R0 (FEp) Hulsfo i is# g 02 (bidIEE
WNEWD, HERFDIGEN S R TR DZ(L LR L TS EIREEWNVEWEEZ SN, 5%, KT 7
s = 75 OBRZEE T % 5iEERE L TIT TETH 5,

GBHEE) B SERAHAIIZEAT O Hi-net D7 — 2 Z bR TIHEE Lz, £z, R A BERER22 Y 2 —D )54
WiE. LIS 7 7 1 2R EFOBENC R ZTHEE Uiz, S U TRSHHRLUET,

F—TU— R iR 7 0 X, B EGEE 2, ERZ1L, Hi-net
Keywords: seismic ACROSS, seismic velocity change, travel time change, Hi-net
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Eﬂﬁéﬁi&%{&?ﬂ%@%ﬁﬂ%ﬂﬁﬁ U7 HE) CMT EORE A D72 DF{ERAFE

A simple method to improve automatic CMT solutions based on a feature of long-period
seismic wavefields

W g e L L TU— R )by v 2 iy 3
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1. [FC®IC

HIFE « HERHEE OIS IZEY) s Y oA RE—X Y v 7 V)V (CMT) 7z ERERICHEE 3 2 0 EA D 5,
T4 VY « A2 R 7HBICIIHIE - HEERO 7z DI AT E BT AR S . T DIFIERLERDARHTIC Nakano
etal. (GJI, 20081 (% L7z SWIFT ZBIENT > X7 LAHWSNTE D, EEIH (50-100 sOIEIEN HIRIEA > /N\— 3
EZHWCTHBIT CMT i (HEIR) ZIREIN TV, JAEEGHCHER D 2T 5 & JBtEEOER#HD /
A ZWIE (BEPE) DWAREHICHRET ST EMNHALN TV, TOPFIBIZHIERIE & LeAM I iRIEN R E < 3
oA 2= a VI K BEIFEITNC B2 52 2, T ORIEZEYNCRED 5 WIEHHIET 5 FERHL SN THRN,
Z T, AR CIRERIAER B ORMEFIH U T, T ORERFZ G EIEE TR % FiEORREET- I,

2. F&

ERAMORERIE ORI DOV TR IR 2o U, R E TOMEE & JEiItc X 2 %2 E 58 Lz b D2 Rk
MR EFRT B, CMT ROHEE I L7z 2B DV TEFRIEZHE L., E—AY YT =ZF2—F (Mw) &t
9% T & THIEEIIE & SR IIE OIRMEDE W2 I U7 BgE OHIRREZ MR Lic, Rz, REIRIEOME & Mw DBILR
ICDWT, ZOYHENERZHND 2o, 7 ¢ ) ¥ OBIAIREE & FRICEICEW B AIE QR FIC OV TE
IR 2 O T BUER T R 21T > 72,

3. #R

T4 VYA YRR 7 HIET 2012410 KA LI -EBIC DWW T, FEICIRIEAER LAEE L7z CMT i (CFEifi) o
EFRIE L Mw Z2 g Uz, EBIRRIEIEHER OGS 2 — I X DI 5D, FEfRICHEW T, T ODIEE Mw HZ
fELTE—ETHD, ANV T EOERIREORIME (R/NVEFRIRE & SEFRIEE Ot (EBRIRIEOLL) ZH%
&L FEAEDHIEOEFIREDOLEIE 10 APICINE o7z — /5T 2013505 20144 X TIC T ¢V E VI TRAE LA
WY HEfR A HEE LTz 25 DA RNV M2 2 EBERIEIC I TFEROEZFEIRIEOMI X b KEWEERFDOIIENR 5N,
%ﬁ%@@ﬁ@*iﬁ%i%&ﬁoko?ﬁ%@%ﬁﬁ@@@&Dﬁ%v@%%ﬁﬁ%@ﬁﬁﬁ%ﬁﬁmbfﬁb\%
FIRIED X 10 ETH o7z, TOFRRI D, BIFRIRIEDLICDOWT 10HIIC L EWE (R) Z8%T. 7V ARG =
HIRIT 2 FiEeMet LIz T A, R=1189 % & TEfif & OEFROHEOENRINE R D, Mw%&U 2R A = XL
KiFaBEN RO NTz, BEFTEX D, BFRIRIEOIEIIHE OB\ 2 —REn b kdhm (/—FR) CEllsE
DOEIDOAREN/NE L I BFREMN0 . BB ENEINT 2 & BFIREOENAD B EAN RSNz, Z T, Bl
BEHS 200~300 kmFEEETH B T 4 VBV « A ¥ R 7 A= & HhX, Whﬁﬁlmkmf%%ﬁﬂﬁfﬁ
DE W HARD LR BRI F-netDETREIERIC DV T, Mw B 4~8 OHIF CEIFRIEZHEE Uiz T A, KIS
FARTA RV MICBWT, EBFIRIEE Mw IZIRER T —EDIRICEE D, 1Z L A LD OERIRIED LN 10$£F§L<-7’;C
HIERME S NI,

4. ZFR

BIEHRREICDOWT, R=11E LIt T FHERE OGVDHRE B AD , AFENEYIZEORZITS ETHNT
HBHEINRE Nz, BUEFIE TIRENAZEEDE < /55 EEBIREOENAN ZEMA R S NTH, Bl HEEO R L
BT 4V « £ YRRV TIEFEHERRNES X O F-netOBAESICB VO TERIRIEOHHIZ B 5L 10MET—E
ThHolzo TOFREFIIEIFHRIEDMENMEHN SR IATE LR WA Z R LT D, ZOfIR E U TEIROEHEME O
BRINER DA ERGEIC K O HER O /8 2 — 2 DN 2 FTRIFIRIEDO LD 10 ICZ 2 i ReENETX %, AT
Hid, ML EHESNREIC B O TE BE PO HRICEM TH S EZDBNS,

e T A () B SR AR ZET F-netdD 7 — X 2RI L7z,
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HUZE P TR 7 5 HZZ IR G RAT\ ¢ Seismic Gradiometnyg: D Lk k. Hi-netid &k

AN\ ji ] T RETE . . - .
From seismic waveforms to seismic wavefield: A feasibility study of the seismic gra-

diometry applied to the Hi-net array
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15 SR EAR 2SI Hi-net(d,  [E145 8% 1 Hz O RIIEE 72 L - 3 S B B © 5 % . Hi-net Tld 1
Hz DL O @R 72 Bz 25 e LTWaB D, IEEIRDOILZ A Iy 7Ly L Biflk SINICK D, FHIIRIE
DORZHEAHZBISH LT, BEFEREZERABET LA LU TERDICHKIEL S 5 2 ENHLMTINTE K [Maeda et al.,
2011, 2014] HEMBHLSMRE © E EL &3 EFPEICHO T, MERIZIENST LIBIERORRIE VWS Kb &,
ZOHEBL LT 2 0tOMMEEEE LTOBREL 25 LS % L E N5, HZBIC, HEHOM X Nz 22/ 0
M5, REEREICERK T 2 BELRE R L EHNRE S hTn 5.

AR, ZEINC AR IRl L THIES O M A E#HEE T 5 2 ik b, HIEFORPRF MO 5 Rk sz
EIRTRS R 2 70 X % Seismic Gradiometry LA T SGi) AMEZR E T E 7z [Langston, 2007a,b,c; Liang and Langston,
2009] AETld, SGiEZ Hi-net BRI EICED < HEREIIPICEH T 5 2 LT, A 10805 1008 DK
HIHIC BT K O ERMICHEEISG 208 U, KEaREREZ AN I 2 C L OonTRet 2 #ET Uz,

Seismic Gradiometry

SGiEE X, HERMABINAIC I 5 MBI OZE 34 B Z OZE AR 2 HEE U, Z2MAR & FIARIED S 18
BRI 2R EE2HEE T 2 —HOTETH 5. ZEMABZHEE T 5 720Ic, HMEEIEHSA 2 RoTdZE M i s
B CH 2 L DIGED NI Z N7z Taylor BB L, JERLBIH AR OFERD S WREIC K > TR R EZ R 5 F D
HINTW5. X, HENEEIZOMEICIRE LTiE, KEE & BIHTREIT2HE, TN EIEH A2 Mz
FOLDOMERENT VS, CORED FTIE, FDRIEEONAHE & BPRAFMICIA, B ORI LB N 2 —
NHES ZERAFDRRFICHEE TE 5. TN, F& UTHREZIGE U TZORHET N BB A & A 72 K
BT LAt L3 RE R TH 5.

Hi-net AR\ DE A RTEM

Hi-net DI RUALEIC E DWW T BUE SR 217 > 72, AIAHEIE 3 km/s T/RFIT NS [RLO PRI IAD % 7' ZARIBIEOY
WKt b, HORMHEE FREHEED /7RIS S 9™ 2 BATEE &Kk K5 TN PUSRBRIL O S 22— 2 72 & D PfiG
RN AR L, Hi-net B RALIEIC S 9 % i) COBRMEE IR 2 5t R L. B U 7@ 3 BRI Y 97 % K
W22 A=)V 60 kmTH D, [ 20 W OEKIH LRRETH 5. INS2ABHEERE LT, HAYIE
BROMEAD 0.1 FEHIFROEREZ ) v RICBNT, &4 50 km OB s OBIARIEZ U To i A FEEIC K - T
W & T OZE MM R HEE LTz, 8 & 2 OO IZEICERERBETH O, T ORERD % 1 DMt 15| 7%
TORAFLTHEL I ENARETHS. LI >T, I & 22 OHEE ZBIIRBRIE O EA ERE WS DD T
HRa I isE S N5, HEE S N L IHTiE & O 5, B & MO BTN T TRINRRAE 5 % & 10 %FE
JEORETHETRETH 2 T E WL MR- T, I, #EE I N2 MMy & & 20, WEREISE» S, X
O— R ANY MV K ORI & g S 2 — 2 OZEREB 2 #E Ue. A0—3% AT RUVIIED 5 Ok
K=K UTED, WS/ SZ— 2 OZE/-I R, E UTCRS S 2 — S K O IRIEAY 01275 % (1iE T T DIRIE A2
U, B S OJTAAITIANCSH PN ZAL T B DR E Nz,

AR D VA ERE D D, SGIEIXAHIEILE NI KMIEED Hi-netidikic, JEH] 20 WAL EOHIKIC BN THEr
WEMPRETH 2 T ENWLMMITTE o Te. ATHERT LA L e T L 22— HEE DA RETH B C &, Tast
INZ—2 DX S TIREEIRZMIETE 2 LR T E . SGIkE, Hi—DHIEE D HIFEBIRAT 721 TR D
ZEM A2 EEHEE 9 5 C L2 ATREIC T B b, RFRICMT 5. /o, PRI NIERIEOWRE & W S R 2R
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