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Analysis of the vibration structure of a hypocenter using a singular
value decomposition method
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The summary of Wave Features Theory of 2011.2.NZ Earthquake
Motion.(The same as URAYASU CITY of The TOHOKU Great, The 1964
NIIGATA Earthquake.)
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| . PREFACE: had summarized wave features theory of 2011.2.NZ Earth quake Motion. In this area, many
seismoments are mstalled. As a result, 9easily summarized wave features theory. City of the 2011
TOHOKU Great Earthquake and The 1964 NIIGATA Earthquake.

II. The Wave Features Theory

(1) V(vertical)this wave features are closely related to the normal wave features. A and B wave features
appears soft ground states.

(2) The excellent period is about 0.2 sec, therefore f=1/f this fregurency is high considerably. But the
period of the A and B is 4 or 5 times.

(3) The fregurencie of V in completely different from A, B. As thus result, phase shift gres rise to amatter of
course. On the CTV building, some supernatural power seems to be at work.

In this short, the complicated oscillation and sotation (twis acr on bwldings, moreover coming ont top of
Raylaigh wave actions.

(4) The horizontal rayleigh wave features shows many reversal of phase. As a result, the building satate on
an ventical axis. This setation (twist) is very important force. Of course, CTV building. (Reference. Masaru
NISHIIZAWA : The strong spectrum of resemblance between frontier spectrum and Phase difference
spectrum of the seismic wave. (Science of form) 2016, JpGU,S-SS25-P35.

This notation force is one of the importance pf the phase spectrum.

(5) (+)Acceleration and (-)Acceleration indicates different values. Namely, A,B,U acceleration together
(+)acceleration indicates higher values than (-) one. This fact indicates the existence of the firm ground
than the appear ground. This is the difference of the reflection between firm and soft ground.

(6) | Think that the thickness of the soft ground in soft is not all by my fair judgment by observing wave
features of the soft ground.

(7) The same distance from the center from the center of the earthquake, though the time of arrival in
exists different observation point . This reason is that the spead of the wave of soft ground in slow
generally than the firm one.

Abstract:
Because of soft ground, Phase of seismic wave devided from correct behavior and generated rotation

(twist) arownd CTV Building (the buildings).

This factor of this rotation (twist) in the phase shift or reversal of phase. This is one of the importance of
the phase spectrum.
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Surface wave characteristics from ambient seismic noise in Northern
China

*Yigiong Li'
1. Institute of Geophysics, China Earthquake Administration

Studies have shown that the western Taiwan coastal plain is influenced by long-period ground motion
from the 1999 Chi-Chi, Taiwan, earthquake, and engineering structures with natural vibration long-period
are damaged by strong surface wave in the western coastal plain. The thick sediments in the western
coastal plain are the main cause of the propagation of strong long-period ground motion. The thick
sediments similar to in the western coastal plain also exist in northern China.

It is necessary to research the effects of thick sediments to long-period ground motion in northern China.
We extract surface wave from ambient seismic noise in Northern China and analyze frequency spectrum
of surface wave. Our purpose is to reveal the formation and propagation of long-period surface wave in
thick sediments and to grasp the amplification effect of long-period ground motion due to the thick
sediments.

Keywords: Surface wave, Ambient seismic noise, Thick sediments
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Relationship between P wave velocity change and pore water pressure
variation induced by the 2016 Kumamoto Earthquake
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ToTW3, FERTIE, 700mBENE8RASTH, THRRY vV FThiE, M10usDEE TOPRER
BRI TEETH B,
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FEROEIEHATGR350 (PREE353m, #25 wsIBIE) &TRIES (FEE#690mM, #M60usEIE) TEHBIENh=, Th
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BB BRLICERL, 6BHHICE—213EL (#30kPa) « ZDRIZBRLICTERLTWS, EEPROER
T, HhEYHICRBISOBELZRER4IEN, BEKEOE—7 A UCEICHOusE TEZEL, Z0%IX
BmeICEBICEAN > TWD, 10kPaDERKE LRI HI0usOEREEICHYE T 2EEZ &, mHEIIHED
BREICE > TEBZLHEREDHEET—HRLTVWS, 2O &E, TIREEESROBBRKEDZELL Y
Sy JDRBAZIY MO—ILLTEY., ZNICELCTPEEESHEILTEEAERLTVWR EEZI LN S,

F—U— K BHERR. PREEZL. BRKE. 75v 7. EEE

Keywords: giant magnetostrictive seismic source, P wave velocity change, pore water pressure, crack,
granite
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Detection of the changes in elastic wave characteristics in the model
slope before and during shallow landslides
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ICDWTEZS Y VI TEBAREENTRIN,

©2017. Japan Geoscience Union. All Right Reserved. - SSS11-PO5 -



SSS11-P0O6 JpGU-AGU Joint Meeting 2017

Application of seismic interferometry to attenuation estimation on
zero-offset vertical seismic profiling data

MEE. 7Y ENAXRL TFYS 777
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1. School of Engineering, The University of Tokyo, 2. The Petroleum Institute, Abu Dhabi

Although seismic attenuation measurements have great potential to enhance our knowledge of physical
conditions and rock properties, their application is limited because robust methods for improving both
the resolution and accuracy of attenuation estimates have not yet been established. In general, it is
difficult to improve both the resolution and accuracy of attenuation estimates because there is a
relationship of trade-off between them. Thus, the development of a robust method for improving both the
resolution and accuracy of attenuation estimates is important. A zero-offset VSP measurement is
considered to be best suited for attenuation studies as it enables sampling of the downgoing wavefield at
various known depths because the downgoing waveform in a zero-offset VSP data set provides direct
observations of the changing nature of the source wavelet as it propagates through the Earth. We propose
attenuation estimation methods for zero-offset vertical seismic profile (VSP) data by combining seismic
interferometry (SI) and the modified median frequency shift (MMFS) method developed for attenuation
estimation using sonic waveform data. One important advantage of the application of Sl to seismic
exploration is that it allows flexibility of the source and receiver configurations. For example, this means
that by applying Sl to two different seismic traces recorded at different receivers, a new seismic trace with
one receiver acting as a source (virtual source) and the other acting as a receiver can be created. The
configuration of zero-offset VSP data is redatumed to that of the sonic logging measurement by adopting
two types of SI: deconvolution interferometry (DCI) and crosscorrelation interferometry (CCl). Then, we
can apply the MMFS method to the redatumed VSP data. Although the amplitude information estimated
from CCl is biased, we propose a correction method for this bias to correctly estimate attenuation. First,
to investigate the performance both in resolution and accuracy, we apply different trace separations to
synthetic data with random noise at different signal-to-noise ratio (SNR) levels. Second, we estimate the
influence of residual reflection events after wavefield separation on attenuation estimation. The proposed
methods provide more stable attenuation estimates in comparison with the spectral ratio (SR) method
because the mean-median procedure suppresses random events and characteristic features caused by
residual reflection events in spectral domain. Our numerical experiments also demonstrate that the MMFS
methods identify impulsive attenuation values caused by transmission loss due to reflection at an
interface while such impulsive values are not observed in SR methods. This is because the SR method
derives attenuation estimates based on frequency component change between two receiver depths while
the MMFS method uses the amplitude variation, implying that the proposed methods can estimate
scattering attenuation values from amplitude information even if frequency components are not changed
between the two receiver depths. By preliminarily applying the proposed methods to field VSP data, we
find some differences in the depth resolution and stability of attenuation values between the proposed
method and the SR method, demonstrating that the proposed methods are more stable than the SR
method especially in the shortest receiver separation. The responses of attenuation results obtained by
applying different attenuation estimation methods to field data at different receiver separations correlate
with those in our numerical experiments. To further verify and extend the applicability of the proposed
method, one of future works should focus on validation of obtained attenuation results by comparing a
seismic trace or its spectrum before and after attenuation compensation by inverse Q filtering. In our case,
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a component of attenuation due to scattering effects is also included in the obtained attenuation
estimates and thus such scattering effects should be taken into account in attenuation compensation.
This attenuation compensation process might be used to estimate the scattering effects. To this end, a
study to further investigate the response of the proposed methods to seismic scattering effects which are
frequency dependent could be useful in providing new perspectives on the usage of the proposed
method.

F—7— R ERTSE WERER, £OF 7ty bVSP
Keywords: Seismic interferometry, Seismic attenuation, zero-offset VSP
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Approximate vector sensitivity kernels of coda-wave decorrelation: 2D
single scattering
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IELHIC MERTHEPI—RTHEICEDE, HhEPAMUBAAEICHEIBEDOREELIMERARDS
ICIE, BREA—XIEEBLENESZ 71— %1TH50ENHS. HERRELLIITT 20— FEROE
fEDORBREHD—RIVICDOWVWTIE, BEEMAENSERT MUEDOETY VI BE 27235 THD (FR -T
A, 2016) . —AT, HALBEDOEICHTZ2I—4FEDOTa)L—2ay (HEREE1LLEIVES
D) BEOBEREA—FIVIZDOVWTIE, FEAAT—FEDETIMEICEEE >TVWEOHNRKRTHZ (Bl
I&, Planes et al., 2014; Margerin et al.,, 2016) . I TAMETIX, FE - SIA& (2016) HEREICHT
LTI 2D EAKD2RTTUREMELET IV & RRBERNAIRES T RILF—OHRHPICEDE, Fa)L—Y3Yy
ZDEPURT MVBRE D —RIVDOEEAT>72DT, TOHF/RICODOWTHRET 5.

REA—RIDOEY FTHERETELNASARFZICOVWT, ERBERZICE ITZ2I—FROKEDT
Y L—=2arvhEHELESE, ZOELEHZGFROBELGHELRE S, BREA—RILEN L TEK
DB ENTES (&AL, Margerinetal. 2016) . BEA—XILIE, EREBEXICEETZI1—%
BDIRTOREBEDI B, MERBAE LB THE L EBEOFESDEEERT LD EEBRTE, &K
BOBEHMIIRIVF—BETRING., AR TII2RTHBEERY, TRILF—BEOHEICEANT—K
DEH 1 REELET IV (Kopnichev, 1977) ZFHWTEHET 3. L, RAT—RICHIT 2ZEHRIEILE TS
HEEREA—RILDETEILT TICMargerin et al. (2016)IC& WiThhTWa. ZHICT LT, KARTIETR
BIELICR L GEGBIC TIEH 2 DRT MVIEANDILREZTI | LW, KA ¥ ME, R MLVEDOHRI~D
PREETORICIE, TRIVF—HRFOETHAREIREARAEZER, IREIARAZKERD &SRERD ICOET S
EVWDEDTHD. ThIFHEREEZLDBEICHE - SIAX (2016) PAVDERELTHS. PEHIHSHE
DELLI—DEIFLMEABRVWE W HEIRIEHZEDD, REDRAHS—RDEF 1 REELETIVED LKL
RTBEITT, BREA—RINERD T EICHETNICEETE . ZORBR, 1REELO THELRR EDAHICRX
BaEEDZ &AM LEL. T/, KERDEMERD E TIEREN—RILORBEHIELY, HICKEHLIEOIC
RBGMMNEEL, FNODBMIEHATEICERD I ENDI 272, FLEFNICIHEL T, MEREEEMD
EEEAICHLT, I—FKED7a)—L—> a3 v ELOERBEEEKRELEE KERD E ETRITIEER
LZENDD ot INLEREDAN T —ROBMATIIRA LI 272 ET, KRAEICKEDZRT MLEA
DARICK B RERMRTH 5.

FEH

AR T, 2RTCIVREAREETIVICEDE, 73V L —Ya VvERDELRY MVBEEH—RIVEFHT
ICEH L., ZORR, AAT—RORBREN—RIVERBELDINY MURDRBE D —RIVORFFEDER S HMIC
ot SEZBH LA —RIVEBFNICRIRTEDIRIEZ—D2DA ) Y b THB. SEDERLIE—DDKD
E-—ROEBERELEBEREDTH D, WITLT, NI MUBADEYEBLIRS IRRED TV b
ENH 5.
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Keywords: Sensitivity kernel, coda waves, vector waves

©2017. Japan Geoscience Union. All Right Reserved. - SSS11-P0O7 -



SSS11-P0O8 JpGU-AGU Joint Meeting 2017

hEMSICE T BRELRE & REBRDOHE(2)
Estimation of scattering coefficient and intrinsic absorption in the
Chugoku district (2)
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RSN -ERAENERIXIIF—FEORERLF%E, BRI EEEROBELRTZIEICKY, HTD
BELRBENTREA DB L CTHET 2 ENTETH D, TD LD BRFED—DTH SMultiple
Lapse-Time Window (MLTW) % (Fehler et al., 1992; Hoshiba, 1993 ; Carcole and Sato, 2010) T
&, SR THRASNAHERIRINF—BELBBOBEARTES L, TOEEEIL 2B EEEMR TR
I35, HF, Bk - b (2013, 2014, HEZEMFKRER) &, SHXUTOMERIRILIF—FEDEHELH
EEBOEBMBTHES LELEZKRD, TORNBEELZENGERRCHERNTD I LICLY, WELREE NERR
BEWETEIFELRELL, T2, TOFEEHi-netTELONA-hEMEDZ W HEDERIEFICERL
Too HE4 K - ftt (20153, JpGUKA SR ; 2015b, HEZEMFAR) I DFEDHE & BITEHIDEMEIT
W, EMEENOFEEMARSHE (1-2 Hz) O#ELHE%0.002-0.0025 km' & #E L7, THIEMLTWRICE
DK EAMFEDOBEDHEBE RS &, ¥9RETH S,

AFRTIE, fE4A -t (2015b) OFEEBREIL, BELHEAZT LT, HOMR1T—9%E
L7z, 451, BR - U4 MIEOBEDADHICTI A—9HBILOFHREARNET ZIET, 1-2HzIm
Z, 2-4,4-8HzDFH THERERBENBREDBEEZHE LT, £, INFTEB—HKRZRE L TUWEE
FREERBRE=RICT L, HFEREBTY ML THERBE RBREIRERZETILERT Lz, RAARTH
SNZBELREIE, BEOMLTWEIC L 2BELREDEICLEANT, B L2 TORBHICEWTERIC/NTW
BErot, £, BEGRIIBELBRKKEEE TS T, RBER (Q) ARKEADMEEELRL
Too REEBYY MLOBEL - BEIFHERICIIEAEFEEEZAMN o7, TNEFR>HEIRC (RX9-13
km) , Y MLERRTIREBHPIZIEAEEDN >LLDTH D, REETY MLOBELREE AR EEHE
I57=HIC1F, LYRWEAFES RELNH S,

HIEE : PR R RAFDHi-net DB, & & OEFAAH2AHEI L T3 Matsubara and Obara (2011)
DI RTHEREEEEETINOT—YEFRHLE L,

F—U—R BRI RILF—. #EL. NIR=

Keywords: seismic wave energy, scattering, intrinsic absorption
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Temporal change of subsurface structure near Mt. Aso inferred from
seismic interferometry using V-net vertical array data

kA A EARR. EABN
*Yuta Mizutani®, Kiwamu Nishida', Yosuke Aoki'

1. RERRZMEMRM. 2. RRAZF
1. Earthquake Research Institute, University of Tokyo, 2. Univ. of Tokyo

2016 F4H OREAME, T0ADEXAY, HFE, MELIESEHNTHS. HECPKNUBAEHZERET S L
T, INSGDARY MO HWEREERBEAT =V VI TEHIEIIEERFINY &AL D. KFETIEM
Bih AT, MERTSRICLIMTEEDHEELEHE L/-OTHRET 3.

WMERFSEEAVTH TEEDRBEELAHET ZICHE-T, BHEEISANICOHBLTVWEIDOHNEE
LV, FERSFOBEEECIARN IO TEEDRKBELEF>TLEILDTHD. ZOMBELMRT
570101F, HERTFHEICE > TEHESNAHEEEBRRKOEE KRS TIER<, BELETHZI—9 %
FAWSZENBEMTHS. ThIFBELICEERY, BEREDERER>TW LD THS. MAT, EREN
BEERLWEI—FRETRELRY, DINMREEZTILEBERKMHTESZ I ENHFINS. AHET
F4FIC, EERESSE I—RBOICRNBRECOEERBENDEREDEVNHIS, BEEFELLOEES
mEEDRERNTESZMNIEELE.

BRATICIE, BEERIERAMTRRATV-net TOMERIEDDAERART, RS hicT—8 AW, BRI
2015F1H1HN 52016%F10831HTH 5. REHARIIHMROEFIHMES(3MS) & AT H—ILCERE “200

m)DREZEBRMESH(1 Hz, 3MD) TERINTWS. £, 2-8HzDNNY RN 7 14L& MM 1bitlb L7121
I2, "74 b=V %BRALAE. BLEAR, BUKSICH L CHEABERBRB(CCHAIAEICETE L. T
BEBEELLEHET Z2EBOL 77 LY RIE, 2016FE108258H1531HETHDCCFARY v V3§52 & TE
Bl RICLZ7Z7LYRADCCFEAEEDNDTIBLDCCFICT LT, £E2.56 WOBERICDWTENEFNIELE
BEEERDZ. O, BOEBIZ-SHIAS+ERETO2HT DTS L. EEEIEINEEMIC—KTH D
A5, EEBERICHT Z2EEREOTOY N2 ER I v T4 VI LEEEDRBEARESELEDONEE
ZieERL, UHEEERDOERICETE2ELETTEEZIONS. ThbhL, HESNAIEEHISIEEE(T2
kmREEE(bLE, RS2 SEDBMMNAR(T200 M)ZEERLEZHETE 3.

REAMERRT, SARAREZMRCSEARORARDICEWVWT, HEALEESNIBEURD 52 kmiZE
DEFICHB T2 EEBETIIBELZ0.2%THo7%. SREARUCEL T, REKD TIEIDOEETOERERL
MEEAEROGNAN 7D, B TIEPIEYO 2% EEORERTIAREI N ORI OHESIND A

7HR—IVERK200 mICH T HEREEICEL TIE, BKRAR, —/ EHIRORAERD, SRHIK[ROBEI
BRAMNS5-8%DEEETARE SN, KEGARTIH20%DEEBRTIH o7, IHIFKESYRMAFIETIE

WRMBABE SN BITE, BAMEICE D TRERIA—VAEESLLDHIEEEIONS.
Fr—/BHARTIE, BKETFT—YEWBTI2HBEDY 1 LR —ILOEREZ{IMREINE., ZDE

Bi%, BKEDT—IDORDEBEAMTAKEDETILE LS<H/HLTWS. ik, ZOSRSENNMUE

RAMICIIHh G B EeEZ 5N, RT7HR—IILBORMNAELE L THRESNAEEZONS.

AFRTIE, BLEAEDORTER—I - T—92BVWTRITEITWV. HEA—MLASEFOX—MNILTOD
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BEZREZRETEL. 5%, MHLEZROCE I 2HRARETRAKOEFTZITV, SUKRERRAT—ILTOK
HEEENICH D BEBEDOREZLOREZBEY.

HEE © AR TIER KRR RAAV-netd 7 — 9 ZEA L .

F—U— R #ERTHE WEREREEEDRELL
Keywords: Seismic interferometry, Temporal change of seismic velocity
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2016 REAMEIC K 2 FEEDREZEIL
Temporal change of subsurface velocity structure associated with the
2016 Kumamoto earthquakes

tHRE. BEBE. BEE . YR BE

*Tomotake Ueno', Tatsuhiko Saito’, Kaoru Sawazaki', Katsuhiko Shiomi'

1. B SR E M iT Je i

1. National Research Institute for Earth Science and Disaster Resilience

2016 F4BICHKE L/-BAMERZRICBVWTHTORERER L E EREDREAERAZRAND-DIC, MK
B & AW - ESR T 55R 24T (Shapiro and Campillo, 2004) % ful bt D Hi-net& Al TEME L 7=, Hi-nett
TEMEE CRZ I N 1 -3HzOMMBI O B CHERBEESEEEL, X bL v F > Uk (Sens-Schonfelder
and Wegler, 2006) IC & W EREEBSORBELARE L. BCHEBEBEREZTET IERICIK, HERE
DIXIF—DRERENOFEAERT 572012, IRIEEZ% 1 bitlk (Campilo and Paul, 2003) L T W
%, BCHEBEBRHBOR Ny F U 7ICIid S JEE1-58 & 4-158 & EH L 7=,

DR, SUERE1-5M TR, EREAEDNMSIH, N.KKCH, N.OGNH®D 3EAECEELR
A, N.AASVH, N.TYNH, NNNMNHOD 3ERAIRTRER TN EO N, BEETREZREL THELONELY, BE
ERIZDOVWTIE, NKKCHB & U'N.OGNHE AR DIERIEFALE T2016F9 A ICIEBEICEER LN ER LR
EFIFALICAR>TWS, NMSIHIZDWTIZEEEMARLEZLEETH D, —H, T /FEL- 15 TIE,
EBE%HD S5N.MSMH, N.TYNH, N.ASVH, N.HKSH, N.NMNH, N.KKEH, N.SNIHTO0.5% 1" > 6 %2 EE D BARE 2 5%
BERETIARONE, MBEERDENETIEHSH, NNMSIHENKKCHIZEEZ{LDO#HEN L EL
¥, N.OGNHIZHEFIROEELELHN B TH o 7.

N.MSIHERRI s 1E, MBS ICAIE L TWBDICEMAMBEEIZBICR > TWS I ENEZILONBDN, &
BLIIREMBETNICE BZKRAZMIGH SEBERONFEINZ MR THD, /2, KiK-netithd - HhRERH
DNOMEINIZKAZMDO S EEAADBUEN-8x10-4RELHEINTSEY (Fukuyama and Suzuki,

2016) , B EEDBHMNLEREAICEI > THTOMEREEN LR L EHRINS, NMSIHER =TI
S /M4 15MIERES THEERBETILOHENRETH > &5, BRIREEDEEEBESTILDHAI R

HARETH I ENEZILND, —F, NASVHREDERARL, BEIBICL2BNEADHEZZIS, XK
BEHOEEBEMETLELIEEZRTLTWSEEEZIOND, AMEREICS VAT ZHMTORERSIE, B
BiEEDIZEIIHNERLOTELRITTVWD I LHATREIND,

F—7— R : 2016FREAME, FEHBEEL
Keywords: The 2016 Kumamoto Earthquakes, Temporal velocity change
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BIRMEI 2 AWCHERTHSEICE 2201 1FICFEE LRI A XREF
S E (Mw9.0) & USlow Slip Il # 5 hE R EREZ LR H

Temporal Variation in Seismic Velocity Accompanied by 2011
Tohoku-Oki Earthquake and the Slow Slip Event, on Seismic
Interferometry of Ambient Noise

“SEA EB. FEESEL AE MRS BF =47 5E ¥yt

*Miyuu Uemura1, Yoshihiro Ito?, Kazuaki Ohta?, Ryota Hino®, Masanao Shinohara®

1. RBRERZREZHRA, 2. RBREBHKMRAM,. 3. RILKZE, 4. RERREMERFRMN
1. Kyoto University, 2. Disaster Prevention Research Institute, Kyoto University, 3. Tohoku University, 4. Tokyo
University

EXMEFIRD D WL, ERMEICETIIMERRELCLEZRETI2—DOOFEL L TENHEIZA W
MERTFHEDNBENTHS. INETICEBMDETHARICEWT, MERERZBIAIEX, Wegleretal,
2009 ; Yamada et al., 2010) R U MIERAERICHEREZFEMET T2 E WO BERIAELSNTVWSB(BIX
I&, Lockneretal, 1977 ; Yoshimitsu et al., 2009). —75, Slow SlipiIC#d hEREELELIXITEAEMS
nTuwiun,

2011E3ATTBICHRAE LRI A KT F hihEMwI.0) LR DRIFE1BRL) 53B89HDHKAHIE
(Mw7.3)F4 F TORICSlow Slipd & MERBEMEINEHF TEHB S 1/ (Ito et al., 2013; Ito et
al.,2015;Katakami et al., 2016) . AR T, BRMEIZ BV THERTHEBT 2TV, RiLAKREF
S E R USlow Sliplc S thEREELTLOMRE 2 EH &7, #ITICIE2010F1T1BWA»52011F4BA T E
TEBRREAPICKEINTWZI7A0BEZ LN BEMESH(EBEKE4.5H)DicExE AW, BT ETOq]
IBRMESDOBRBEAMNZ BABEDOBEEPRORENIMFZAVWTHELLE IS, 17TRPI3RDBRIES
ICDWTIIRB AN ERET 2 ENTEL.

RITFERIILLTOEY TH2. IELOHIC, EFEFT —9120.25~2.0HzD /Y R/ T 1 LY &S, E
DHIbItEAIEBEITS . RIC, TT 94 L-30~30/20.1W%H T, SHEBEREZBAVCHBEGHRESTEL
BECHEEEMZENRT 5. ERLAZ7THEAXIZ168E, RULHBEOBCHEERZZX4y s LT7HEES
1EFARE%, 16HMBC1ERREA%L, Reference%5tH 9 5. &% IC, 7HEE 21HERA% & Reference, 16HE
B o 18E3R8%1 & Reference DB E 8RR 1 (Correlation Coefficient, CC) =5t & ¥ 5.

RINTDFER, Slow SlipFEMEE TILCCHMET I % H'Slow SlipEH TIXCCH Slow SlipHREFIDIEE TR S
ZeEhbhor. 7z, Slow SlipRAEMED16HME & Reference DCCD1.0H 5 DA & (Absolute CC
Reduction, ACR ) & Slow SlipF 4 ERID 16 HE & Reference DCCH 5 DiFi > & (Incremental CC Reduction,
ICR)& bR % &, Slow SlipF4 BEI TIFACREICRICENFEE T T, RAMIEREMEEREL TIXACRE
ICRICENFRET B Db o7-. 16HME & ReferenceCCHDR A H D &, HIE TIESlow SlipEET 2 F
TCC=1.0%f&k> TH YSlow SliplicH# > TRHCET I 54, BETIICCHTTIALLIRAICETLTSEY
Slow SliplcfE> THLETTZEWVWIBVWARZIFONZ., ik, SlowSlipEHEDEWEZEEZISNS.

F—U— R ERTFHE EEHE

Keywords: seismic interferometry, ambient noise
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HEREE DRI ISR MO E 1357 NLICE 17 2 HmME) O FERE AR
Estimation of seismic velocity changes in response to the earth tide:
Noise correlation analysis at 13 active volcanoes in Japan

=5 B BN AE. PEIE

*Tomoya Takano', Takeshi Nishimura', Hisashi Nakahara'

1. R REESHER

1. Graduate School of Science, Tohoku University

KEBICHESHERREZLE LT, MEEICK 2HBRIBIEEL, BEORNEELHS. COD2DDREER
EAN=ZXLEBETDHICIE, TNTNERILICRZ 2B TORTIVETHS. HF, BMOIEHTH
ZHEREY S MBI Z AW ERTHSELZFIA L, RHBEICH T2 MERRETLOEIIGENHEEI
T\ 3%[Takano et al,, 2014; Hillers et al, 2015]. LHDLADNS, DL D BHFRIEELE26E DRV, F2
T, AARIE, BEADIZDFEXUICHKESNTVWAIRTO L TERAIMESHICEZS N BB ZAL
T, WEREEOMIGEFEEZHET 5.

BT AT o 75E KL, TR, MEMEE, a0k, Bk, duEERSs &, 5L, B, BEE &
EARL, ®BEL, FEXSE, =8, EWEBEETHE. Ihs5OZNLUICIE, ZRENKEER#ENKS K
mBEN 7228 ML EICHEBEAREBI N TVWS. AR TIE, 25/ (2013FEH0 52014F £ T) DEfRCHR
EFALE. SERERTICH LT, GOTIC2[Matsumoto et al., 2001 |DETEEYEH DIRIBEEFBAWT, it
BREAS DR EARE & INRHIE 02D DB IC A 1T TR 21T o 7=, TN E N ORI CHMEI DB EHEERAK
(CCR R4 v L, CCFEIDMEEICIVEIICLI2RELLAEHE LK. d, CCFICRONZETEFHD
GIBEEHLI DS, MMHICLBCCRICRKREMBAEHML TWEZEEZLND.

A EHDIMBERD EEBRD IS 2BREERCLEL KDL, HHAEADMERDICE 2EREZLEE, 28
BlER7TNEFEHE TS &, 0.5-THzT-0.02£0.02%, 1-2HzT-0.01+£0.01%, 2-4HzT-0.06£0.01% & K&
Sz, BOEEZLEINEHEBICH T 2EREBTOERERTEE LZDT, ZORKRIE, SHEABEICHE
BANBUZBRICEENDINMMBETLAEZEAETRY. —A, BAEAOEBERDICLZ2EEZLE
&, 0.5-1HzT0.03+0.02%, 1-2HzT0.02+0.01%, 2-4HzT0.06+0.01% & %), EENBEOERISEED
PPLERLE ZOLDAKERIE, CCFOO—4FEAA, REFEEZEICHETLAEZEEZ SN 2Hillers et
al. [2015]DIEREEBENTH 7. LM LANS, —7F, EEFEAEN L 7~Yamamura et al. [2003]%
Takano et al. [2014] T, FYOEBEEANEDCHBE TCOREETZBRHEBLTWS. oDl s, W
EAHDANMNCEENIZOIREIABICK > THEREEZCDOISHBRENEZRDARENTEBINDS. 5%, HH
FO3IRDEFMAL T, FHENBOFMEIITADAME DBEREICOVWTHARZFETHS.

HEE AR T, [SIRFHEET Z2ERAMETTOEGIHAEFRASIETWAEREZELAE. T ZICELT
BN LET.

F—TU— N hEREEL, MBERTHE KRS
Keywords: seismic velocity change, seismic interferometry , earth tide
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Globally optimized finite difference method to minimize the angle
dependent numerical dispersion.

*DEBAJEET BARMAN', Dr. MAHESWAR OJHA'

1. CSIR National Geophysical Research Institute Hyderabad, India

Finite difference modeling is a basic and important tool to solve a differential equation like acoustic wave
equation. This method is also used in high resolution seismic imaging. But it faces some challenges for
two dimensional wave propagation due to propagation angle dependent numerical dispersion in square
grid system. In a conventional Finite Difference Method (FDM), the coefficients are fixed for 1D and 2D
propagation. So, with increase of order of approximation the dispersion may be reduced but the non
uniformity of dispersion with varying propagation angle retains itself. For existing Pesudo Spectral Method
(PSM) using specific window parameter the FD coefficients are constant and is not properly optimized for
every angle of propagations.

Here, we propose a method to automatically optimize FD coefficients for every propagation angle. To
make the method robust, at first FD coefficients for every propagation angle is optimized by minimizing
phase velocity ratio error with reference to the analytic solution using genetic algorithm of certain initial
population. Here, the fitness function is generated by the weighted average error in phase velocity ratio
for each wave number. As we know that the error in lower wave number should be in higher priority, so we
use decay type functions like linear, exponential to calculate the weighted average error by multiplying
the function weight with the error at specific wave number. The stability criteria is considered for
choosing best of optimized FD coefficients i.e. the FD coefficients whose stability ratio is higher than
conventional is considered for the next step for the algorithm. Then final FD coefficients are generated by
optimizing from those highly optimized FD coefficients for each propagation angle by genetic algorithm.
In the second step, the same stability criteria technique is used for optimization. In second step the FD
coefficients are optimized by using fitness function where error is average for every propagation angle.
The new method is automated and it does not depend on specific window property like Pseudo Spectral
Method (PSM). For some acoustic model PSM technique does not better result for lower order
approximation and use of higher order approximation increase the complexity of the method. But in new
method there is no such limitation.

Keywords: Genetic algorithm, Phase velocity ratio, Decay function
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Waveform modeling of the seismic response of a mid-ocean ridge axial
melt sill

*Min Xu1, Wen Yan'

1. SCSIO, CAS

Seismic reflections from axial magma lens (AML) are commonly observed along many mid-ocean ridges,
and are thought to arise from the negative impedance contrast between a solid, high-speed lid and the
underlying low-speed, molten or partially molten (mush) sill. The polarity of the AML reflection (P,,, P) at
vertical incidence and the amplitude versus offset (AVO) behavior of the AML reflections (e.g., P,,, Pand S
-converted P,,, S waves) are often used as a diagnostic tool for the nature of the low-speed sill.
Time-domain finite difference calculations for two-dimensional laterally homogeneous models show some
scenarios make the interpretation of melt content from partial-offset stacks of P- and S-waves difficult.
Laterally heterogeneous model calculations indicate diffractions from the edges of the finite-width AML
reducing the amplitude of the AML reflections. Rough seafloor and/or a rough AML surface can also
greatly reduce the amplitude of peg-leg multiples because of scattering and destructive interference.
Mid-crustal seismic reflection events are observed in the three-dimensional multi-channel seismic dataset
acquired over the RIDGE-2000 Integrated Study Site at East Pacific Rise (EPR, cruise MGL0812). Modeling
indicates that the mid-crustal seismic reflection reflections are unlikely to arise from peg-leg multiples of
the AML reflections, P-to-S converted phases, or scattering due to rough topography, but could probably
arise from deeper multiple magma sills. Our results support the identification of Marjanovic et al. (2014)
that a multi-level complex of melt lenses is present beneath the axis of the EPR.

Keywords: East Pacific Rise, Axial melt lens, Waveform modeling, Mid-crustal seismic reflection event,
Multiple-sill model

— AN = A =sill
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LRt ERE 2B WBERMEO 7 a A Y NNETS T4 —
Adjoint tomography beneath the Kanto region using broadband
seismograms

=
*Takayuki Miyoshi'
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1. Earthquake Research Institute, University of Tokyo

BRI ICE VW THERFOBR,FRHNMMRIES N, AFICHIETI =725 5N EREREESE
EFIDOBEEZENE LT, =% - b (2015SS)) , =% (2016JpGU) TIE7VaA Y M vESS
T4—EAVWTERTEBEETINEHRELTE L. ABTIEIEH (2016) M oA EZEERELTELONE
BRICODVWTHRET 5.

B AEDEERTFRIIRDIATHS. () bOA REBZIDOBEREEITo>/. 41 v N\—2a VDM
ERICIE, BB RAF-netDE—X Y TV VILEBERWTA YNV RAEEZ 1-H, S8URLKT & EBim
SR & DEICHRIBHGIFRIICHE T 2 RN ABENRO SN, KRR TIK, 1 /=Y 3V THWS5-30%
DHEET, PRIMOICOVWTEHAREFE EZRTEEET N ERVWTEHE LAEREFOERB%Z XSO T, HEN
BRERDBSTIALEERELL, ZOXLASEY MOA RERIEZHE L. QEREFAEICSEVWTH
SEEEEZE L. MHRIITLWUEARTEHEELERL TELA, Olsenetal. (2003)2BE ICSKERE ICIKEL
FREEEEEBEALE. QRABRAMNSA VNN=UavEERELE. A1 2/X—23 VT
l&, 20-30%, 10-30%, 8-30%, 5-30MMDIEICEATZZ & T, MMBAILARBEAVESICLE.

1EDOREIX, BHMEFEEAE, SRT714 v MOFE, 7Va4 Y MNEERWEA—XIVETE, Hessianh—=
WEBWEETILEHNISGAY, 16RDOREICLZERAFZRETIVE L. WHIEFTILIEMatsubara and
Obara QOTNICLBERNEI 71 —ETILTHS. HEROBEIILUTOESY THS. REEMEICL>T
BUALET C BMERO—BEZAELLE S, 5-30MDOFETHHETNICLRTH20%HESN. RA
BHAFE—BENI T, BEENEVWHELY ERVMEOAN —BEEEN 2. 41 UN—=UaVTHERALA
Do MBI ODVWTHERBEFORELNAONZ. BEEBEETINICOWVWT, BEDRIFTHIE, HEFIVIE
MEETIICHARTPERE TP VEL B0 7h, KEMICIEZE LA >k, —7, FIMEhERNE%
ERR L TR LI=E T3, FEA0kmTIRT Y MUY =y SHOERESEE, MUTORKERESES R SN A
A=V vyEh, FHTETIERFEOBENESND, WHETILLY EEELEEEERLZ. -, 3
I5kmMDRA S A A TIXEARAZMICHEY T 2 EEEEEIRETE, $HK (1996) IC& 2 RAMMERESE &AM
HABEI B LN,

AHETIL, BHEBRERBHAERMFnetic&ZERAY O EMERKT—49, #—FY VY —XO—FK
SPECFEM3D_CartesianZffA L £ L7, L TRHHWEZLET. AHRIE, BEAZMRESRNEHRE
(Grant Number 16K21699)$ & U EBRIZ BRI 7R E (Grant number 15H05832) DB &= (7 TWE Y.

F—U—R  HERREEE T7YVIAVMNNET T T 14—, LEEMERY
Keywords: Seismic wave-speed model, Adjoint tomography, Broadband seismogram
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FRIMERE CHRLAZEHROR ST
Global features of slabs inferred from regional low- and high-frequency
body waves of deep earthquakes

KU R AR BT
*Yuki Ohata', Keiko Kuge'

1. RBRFRFREZMRRIMIRRER FEBORIRY B2 HE

1. Department of Geophysics, Graduate School of Science, Kyoto University

We show that high-frequency P and S phases from deep earthquakes arrive at fore-arc stations after
low-frequency phases, with increasing delay with thermal parameters in subduction zones. The
observation in Tonga may be associated with the metastable olivine wedge (MOW) as well as in northern
Japan.

By analyzing features of P and S waves radiated by deep earthquakes, we can elucidate the nature of slabs
where the seismic waves have passed. One of the features is difference in arrival time between
low-frequency (f < 0.25 Hz) and high-frequency (f > 2 Hz) signals. This can be observed clearly in the
fore-arc side of the volcanic front in northern Japan. Furumura and Kennett (2005) showed that the P and
S waves from deep earthquakes beneath the Sea of Japan have low-frequency onsets with high-frequency
long-duration signals, suggesting that they are the result of small-scale quasi-laminar heterogeneity within
the subducting Pacific slab. The late arrivals of high-frequency P and S signals can be enhanced for
earthquakes deeper than 400 km due to the low-velocity MOW in the slab (Furumura et al., 2016).

In this study, we examined seismograms worldwide for the features suggested by Furumura’ s studies. We
collected waveform data of P and S waves from IRIS and F-net broadband seismometers in fore-arc sides
of subduction zones where deep earthquakes occur. We measured separation time between low- and
high-frequency arrivals. By comparing it with several physical parameters of subduction zones, we found
that the separation time could increase with the thermal parameter. The result is consistent with Kennett
et al. (2014) who suggested that the quasi-laminar heterogeneity within the oceanic lithosphere can guide
high-frequency Po and So waves more efficiently in the older, cold areas of the Pacific. Therefore, the
observed correlation between the separation time and thermal parameter may arise from the dependence
of the quasi-laminar heterogeneity on temperature. In the areas except for Tonga and northern Japan, we
did not find observations that are likely to be evidence for MOW. Large separation time was observed in
Tonga, and it tends to be increased for earthquakes deeper than 500 km.
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The cause of Mj overestimates (Mj > Mw) for the shallow earthquakes
in western Japan

AR R AN EE

*Hiroki Kawamoto', Takashi Furumura'
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1. Earthquake Research Institute The University of Tokyo

In Japan, the Japan Meteorological Agency (JMA) magnitude (Mj) is officially used for the magnitude
estimates of the earthquakes occurring in the area around Japan. However, it is well recognized that the
estimated Mj sometimes shows large discrepancies between the moment magnitude (Mw)and momentum
magnitude(Mw). Typical examples are the Western Tottori earthquake in 2000 (Mj=7.3; Mw=6.8) and
Northern Yamaguchi earthquake in 1997 (Mj=6.6; Mw=5.9), all are strike-slip fault events occurred in the
inland of western Japan. Since the Mj of shallow (h < 60 km) earthquakes are estimated by using the
maximum amplitude of horizontal displacement motions recorded by long-period seismometers with a
natural period of T=5 s, it is expecting that the propagation and attenuation properties of the long-period
ground motions in this period range might be different in western Japan. In this study we examined the
cause of such discrepancy between Mj and Mw occurring in western Japan based on the analysis of the
K-NET and KiK-net strong ground motion data for recent shallow earthquakes.

We analyzed 47 inland earthquakes of shallow (h < 40 km) and large (Mj > 5.5) event occurred during
between Sep. 1994 to Nov. 2016 in which the K-NET and KiK-net data is available. We made a regression
analysis of relation between Mj and Mw, which are obtained from the JMA and the GCMT catalog,
respectively. The result shows that the Mj is proportional to the Mw with a bias of 0.16 (Mj=Mw+0.16).
After substituting this bias (0.16) from the Mj we selected the events having large discrepancy between Mj
and Mw. We confirmed such peculiar events are mostly located in some area such as in Chugoku-Kinki
and from South-Fukushima to South-Niigata (Fig).

To study the cause of larger Mj than Mw in western Japan we examined the strong motion record of the
K-NET and KiK-net for the 2000 Western Tottori (Mj=7.3; Mw=6.8) and the 2004 Mid Niigata (Mj=6.8;
Mw=6.8) earthquakes. The accelerograms of the K-NET and KiK-net are integral twice to obtain the
ground displacement after applying a band pass filter (f=0.20 to 40 Hz) to match to the response of the
JMA seismograph. Obtained waveform shows that the attenuation of the long-period ground displacement
motion from the Mid Niigata earthquake is very strong with propagation in northern Japan, but it is rather
weak for the Western Tottori earthquake in western Japan. It is also confirmed that the large ground
displacement of the Western Tottori earthquake has strong directional dependency with larger tangential
motion in the direction of fault strike and its perpendicular directions where the radiation of the SH wave
from the strike-slip fault source develops large Love waves. The seismogram demonstrated that the Love
wave traveling longer distances in western Japan without showing strong dispersion properties, while the
development of the surface wave from the Mid Niigata earthquake is very weak in all directions.

The results of this study demonstrated that the earthquakes of larger Mj, which occurred in western japan,
might be due to larger radiation of the Love wave from the source as well as efficient propagation of the
short-period (T=5 s) Love wave in regional distances without causing significant dispersion. Such efficient
Love wave propagation in western Japan might indicates the peculiarity of the crustal structure beneath
western Japan compared with that of northern Japan. Such propagation and dispersion properties of the
fundamental-mode, short-period (T=5 s) Love wave might occur due to the difference in the shallow

©2017. Japan Geoscience Union. All Right Reserved. -SSS11-P17 -



SSS11-P17 JpGU-AGU Joint Meeting 2017

structure such as sedimentary layers between western and northern Japan.
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Numerical simulation of long-period ground motion generated from
intraplate earthquakes around Ibaraki and Fukushima prefectures ~
Part Il
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*Fujihara Satoru1, Fumio Kirita®, Kaoru Kawaji1, Toshihiko Yamazaki?, Mitsuru Uryuz, Daisuke
Takekawa®

1.FERTY /Y )a—>yavX BRFA-IVY=7)UIH, 2. BRERFHNERARMEE 2R
1. CTC ITOCHU Techno-Solutions, Nuclear & Engineering Department, 2. Japan Atomic Energy Agency, Construction
Department

[EC&IC] 201 TE3ATTHICRE LRI AR EH#E (Mw9.0 : IR, I3 11ERIEHHE] & W
Do ) ICHEDIRILBEAKREFADISHIZOEILICERINZH T, REOHBZRNICEVWTCHE4IATTHEERR
HEBYOHE (M7.0: LT, DERAWUHE] WD, ) DPRELEEEZALONTWVWS, E@EYMEDFREL
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HERT %, @F7. RBERILIAFBICHS T 2HMEHOGBIFMAILET 201, ZRTHBBEETIL
I3 L TRIEBHAREREZREL. BAGE I aL—>a VBTEERT %,

[(X&®] ARMBTETIMMEIN 2 KREMEICK T 2 = RxihEEE 7L % AW RE T ESTM
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E@ﬂmt?éut%%ﬁbto%w FT. RBEHRTHRETZTL— MNEHMBICEVTIE, HNEEDRZRAH
ED0L > BRAPMEHOMENHEFY RSNBEW EEBIEL .

(5| ATER]

1) BRERT, RESE, HKRE LEHEZ, LER REHEER: XRBERVEBROEREMETHRE L-KkE

©2017. Japan Geoscience Union. All Right Reserved. -SSS11-P18 -



SSS11-P18 JpGU-AGU Joint Meeting 2017

WRRAMEIC L 2 RBEAREEICH T 5 REMMEEICEY S - 24, HAMKRENFZER2015FK
=, S-5S526-P10, 2015.

2) BRIRT, MMEASRE, AUIRE, WLWIHEE, N4 ZPERVBERORIEME THRE L 2RREEERANE
ICL BHRBERFHICE T2 RAMBESICET 55 - 2 (2D 2) BFRMIKBENFES2016FX
2,5-SS28-P15, 2016.

F—T7— N ERTHBEFETTIL. RABHES. EEREEYHME
Keywords: 3D structure, Seismic wave propagation, Hamadori Earthquake

©2017. Japan Geoscience Union. All Right Reserved. -SSS11-P18 -



