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[Invited] Introduction to the SCEC Community Stress Drop Validation
Study

Baltay Annemarie®. Abercrombie Rachel®, *¥ &#3'
Annemarie Baltayz, Rachel Abercrombie®, *Taka'aki Taira'

1. Berkeley Seismological Laboratory. 2. U.S. Geological Survey. 3. Boston University
1. Berkeley Seismological Laboratory, 2. U.S. Geological Survey, 3. Boston University

We introduce a community stress drop validation study using the 2019 Ridgecrest earthquake sequence,
in which researchers are invited to use a common dataset to estimate earthquake stress drop. Earthquake
stress drop is a key parameter in many ground motion, rupture simulation, and source physics problems in
earthquake science. In theory stress drop relates the average slip on a fault to rupture area, and, in
practice, it quantifies the higher frequency ground motions of an earthquake. We seek to understand the
physical controls and methodological reasons for similarity or differences in stress drop estimates, so that
they can be used more reliably by the earthquake science community. The common dataset consists of 2
weeks of earthquakes following the 2019 Ridgecrest M6.4 earthquake, including nearly 13,000
earthquakes of M1 and greater, recorded on stations within 100 km. This dataset and related information
are available from the Southern California Earthquake Center (SCEC) Web site:
https://www.scec.org/research/stress-drop-validation. We are soliciting stress drop estimates from
community participants on any subset of these events, using a variety of methods. We are correlating and
comparing these resulting stress drops as they are made available in a meta-analysis, to understand why
similarities or differences arise. We will examine which earthquakes or methods generate grossly similar or
different results in the first round of analyses. We will then share the findings and encourage individuals
and groups to revisit their analyses and investigate the principal sources of discrepancies and
uncertainties. We will present an overview of the study, and preliminary results. As a community study, all
are invited to join!

© BxEZS -S21-01 -
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ZEANRY MVERICK Z/NMEEOERBREOEMEDESLL

Quantification of the Complexities in Rupture Processes of Small
Earthquakes by Multiple Spectral Ratio Analyses

W =
*Takahiko UCHIDE'

1. B RRREEN EERMHBAMAM MERERE Y5 —
1. Geological Survey of Japan, AIST

ERBEREIE. BEEICRREHZEDD, MIBIRY A UN\=UaV@EizeN\yoTOd o 3 VEire
Wo e ERMAR T —IBITICE 2T, ZOREIBELMIINTETWVWS, EI—HABEICKRENEET 515
BtHniE, FHABORBRLBECEEMEIIGELH D, BEIBE>THDE, " ENFZEZOFER
HoT, BE—DHIBEREZFOEVIEDEDLNIE, BROBAERAIKETZ2EVWIHEEHD, TDLD
REFEEZETCRRE LT, BIESNZHBICHODDIGHPERIFERENZZSNDD, TNOEEEMD
ZERFBHTIEHAVL, WIRBRROEMMEIL. TOLO BRMBOMEBENREZMNZ2FENMN ERYIZEDEE
Abna,

ZHOMEDHIREREDFHAEELLT 2HEE L THERARY MUETIH B, BRARFEORRS MLd
SIGREFMLY A NEMEERBREL T, AAXAH2RETILAEDARY MLETILICAEDE S Z & T, ERBER
DEBEMEE—X Y MO —F—RARBEVWSLNRSA—FICEELAT, ARISYI7ETIL (eg,
Brune, 1970) #{RET S & T, WMEET— XV N OA—F—FARHBERNIBETEICETERT 5,

CEFEEY A MEMERET 2 HEE LT, BIARHROBMEDIRI MLE, ZOHEBETRELELZLIY /NS
WHBEED R R ML (1RBRIYSY) —EEK (EGF) ) & DEERZ ARY MLIEDNH B, BITHRIE &
EGFItE & DEEBREBENMUBE> TVWEZLA2FHALALZEDTH SN, GEREEOOLINDEVHIREDERE
BRoTLED, I T, EGFEE L TBRZENTEDIMENZRELET 525G, TNOOHERERETH
X, EGFHbEDRBIRICHEIBREZAEBI TR ENTEBEEZ 5N S, Uchide and Imanishi (2016)H'1RZE
LEZEARY MVIERIZZFDE S REZA A CHRESINLBITETH D, REGFHIEICDWT, RN RIE
EDBDARY ML EF A H2RETILTEDLELBOKREE KD D, TOHREARY MNLEHRRIER
Iy FxUTTBTET, EGFORBIRICIKSLBWHEERARY MLHIELNE, TOHREIARY NUIZETT R
EOERARI MUVICERT2EEZ D, ZTDEH, BREARI ML EFAH2EETIVICEREDELED
DEMRRMEDERANRI MLTHBZ EEZ D,

ZEANRY MULHEEBARZMOAED20 kmEUX TRELZHMBICERT %, BREANRY MULANZIFETR
T. TAA2EETIUDNELSCRYIDBAEDHNIE, BREIARY MLABRICEATVWT, BIRARY MULAH
AH2EETIIDNLRELANT, A—FT—FRBEN’2OHZELDICRZADEILHBEEH D, AFOMERIZ
2019FKEAH) 74N =FMN) v IO LA MNBEORETERONS, ZD& D QEMEOHISMELS. D
REEMB=ODFHN) D—DICKRDEEZOND,

The earthquake source processes have been characterized by seismological data analysis such as
finite-fault slip inversion analyses and back-projection analyses, although the resolution is limited. Some
earthquakes are unilateral, while some others are bilateral. Some have single rupture patches, while some
others multiple ones. Such diversity may be due to the stress and frictional properties of the fault being

© BxEZS -S21-02 -
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ruptured, but it is not easy to measure them directly. Nevertheless, the complexity of the rupture process
may provide a clue to the physical properties of such faults.

Seismic spectral analyses quantify characteristics of the rupture process of many earthquakes. By
removing propagation and site effects from the observed spectra and fitting them to a spectral model
(e.g., the omega-square model), the characteristics of the earthquake source process are reduced to
parameters such as seismic moment and corner frequency, which can be converted into stress drops by
assuming a circular crack model (e.g., Brune, 1970).

The spectral ratio method removes propagation and site effects by taking the ratio of the spectrum of the
target event to that of a nearby smaller earthquake (empirical Green's function (EGF)). This method takes
advantage of the fact that the propagation paths of the target event and the EGF event are similar.
However, slight differences in the propagation paths produce errors. The errors cause by the selection of
EGF event will be reduced by integrating such errors in analyses using different EGF events. The multiple
spectral ratio method proposed by Uchide and Imanishi (2016) was developed based on this idea. We fit
the EGF and target events' spectral ratios by the omega-square model and then obtain the residuals. By
median-stacking the residual spectra, we can obtain the residual spectra independent of the choice of
EGF. We consider that this residual spectrum is due to the source spectrum of the target event. Therefore,
the residual spectrum superimposed on the omega-square model is considered the source spectrum of
the earthquake to be analyzed.

We applied the multiple spectral ratio method to inland earthquakes that occurred at depths greater than
20 km in Japan. In some cases, the residual spectra are almost flat, and the omega-square model holds
well. In contrast, in other cases, the residual spectra are undulating, and the source spectra deviate from
the omega-square model so much that they appear to have two corner frequencies. A similar trend is seen
in the aftershocks of the 2019 Ridgecrest earthquake. The regional variety will be a clue to the earthquake
source complexity.

© BxEZS -S21-02 -
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Spatial pattern in frictional properties on the subducting Philippine
Sea Plate off the east of Kyushu Island

*liH =7
*Takuji YAMADA
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1. Ibaraki University
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RICEBT % &, 1996 FEAMEMEDERE (H1.0KBA) OEEIC. ISHETENAZ WEEIRSH
%, §hbb, OB TRENEEN NS <. BREREDOEICN) 7 LTEBWZDAE Lk,
INEEDRAETEDBFTERINSHEINZEEBBMEOEBAHIL. BIMRIE I 2L —2 3 Y OBEHEE
PIHELTHERATZIEEZBLT. BEHFUAOBERLICEEHMTES2EEZIONS,

SEH -

- Baba et al. (2002), PEPI, https://doi.org/10.1016/S0031-9201(02)00044-4

- Hirose et al. (2008), JGR, https://doi.org/10.1029/2007JB005274

- Madariaga (1976), BSSA, 66 (3): 639-666

- Nakajima and Hasegawa (2007), JGR, https://doi.org/10.1029/2006JB004770
- Yagi et al. (1999), GRL, https://doi.org/10.1029/1999GL005340

- Yamada et al. (2017), PEPS, https://doi.org/10.1186/s40645-017-0152-7

- Yamada et al. (2021), EPS, https://doi.org/10.1186/s40623-020-01326-8
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Horizontal Site Amplification Factors and Horizontal-to-Vertical
Spectral Ratios of S-wave Part and Whole Duration: Needs of Different
Correction Function

IR S Pk EE g2
*Hiroshi KAWASE', Eri Ito, Kenichi Nakano?

1. REB KRB K AR, 2. Rk - /Y IR AR
1. Disaster Prevention Research Institute, 2. HAZAMA ANDO CORPORATION
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RCTHD, XFETIE. FT—MRIEZART ML - 4 2 /R—=2 3 VE(GIT, HE - 1, 2019) 2B W
T. K-NET, KiK-net, [T, # K U'CEORKADEAI T —4 AR IC. BEBEMEEBRHELOEEY (1 NOHE
T B EMEDHSAFZ RO, S SHICHSAFRE T TR, AL TEIZ#EWTHE UCEEY 1 NhEFICHE
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(EHVR) %3k, Ito et al. (2021)DAE %R 2 T, HSAFA BEHE T 5 L TERIERB(VACF) ZIREL
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L. TDBRARY ML %Ss_i, GERBEFEZPs_jET2&, BED2DIEHBLDT

sHSAF=<Fs_ij/(Ss_i*Ps_ij)> (1)

sVSAF=<Gs_ij/(Ss_i*Ps_ij)> (2)
ERTIENTESD, TIT<>EEHREFEERT, FTLIDSKEEBDKFE, ETFARY MLHSEHVRIE

sEHVR=<Fs_ij/Gs_ij> (3)
EBLNBDTHRE

sHSAF= sEHVR * sVSAF (4)
1B, ZDSVSAFOFHENHIERBSVACFTH B, T2 ETEEICIto et al. (2021)ICRENBY TH
%,

RIS, 2L ERICSHEZELEO SRR (LT ISIES] ICHIGSE T 25K &MUwaRTICH T
%) DHSAFEVSAF (WHSAFEWVSAF) %KD 2, DR, EBR I ERFERFME S CERBEEREZOXZE
SEHMODELDEBRITBIELTHD, THRHLLEAMEEIOLIKRARY ML EFw_ij (KFEEN) - Gw_ij (ETF
) £33

WHSAF=<Fw_ij/(Ss_i*Ps_ij)> (5)

WVSAF=<Gw_ij/(Ss_i*Ps_ij)> (6)
PELSN, &FEDOKE,/ " EFARY NLEEWEHVRIE

WEHVR=<Fw_ij/Gw_ij> (7)
EBELND, SIEERERRRIC

wHSAF= wEHVR * wVSAF (8)
&R BDTWVSAFDIEHEN KA DM IERBBWVACFICHY T 5, T I TSEERICR L ToB@RTAE Li-DE
ERRICEFICK L THIL L DB 2 LRV TSIHEE N S ROLEBIRARY ML EGRBRRFE% /£ EH
id, BREL T, ERABELTVWIRAMBIHETIEISKE LTEEL, 22 CRAMERKRERICTIRI N
BENDBFEASKEIY 1 MFEICEBIMINERSE LTINS M3 EEZ LA SICAR SRV, EEREREOSED
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DORARICHZDZ DD o, £2593MERDEHEERKDH D &, 0.3HzTHRAME2.5F %Y. 1HzT
2{&. 3HzT1.5ME L 03B o RERNEON, FEREIWNE F9TH2, IO &iE. WSRE R4
BRERBMEDEEESALEET M MM ZSEPPEDIBIEFEICLK > THRELCLEZEDTHDE I EEEZDE
BIREZETH D,
tERDOZ ED S, EHVROER & SIKEBDLE, T2HBWSRhvERDONILIZIFNICARZ ZENHFEIND, K
HTH%&0.3HzT1.0. THzTO0.8. 3HzTO.7&7% Y., EVWEKRKER T1.565 0.7 D&HEHEICNE o7z, T
NITBEEHVRAEZ RO BRI, HEBOMGEEICH L TCEREI>TETEHIRELTKROONTELZ E
EFET D, LHL., 2O EIZARBICK(B)THEONDZWSAFOEHEAE B WAWEIE L VLWWHSAFA S 5h
BWIEEEBKT %, ZITAMRTIIEEDKEE Y 1 MFtEE 2RO KFE LTI SEEICKD Z7=DD
#TLWVACF, 32 bbBWACFAEIRE L, Thiddabsb
WVACF=sVACF*WSRv (11)
TROHHND, BENICK(B)ICRINIWVSAFOIEHELNSKDHZ LU ER(11)DSKROIAVREELS
Motz TOZYMLAEMIIL -EF%Fig.1ICR L7,
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Fig.1 Examples of the comparison between observed wHSAF (solid)
and synthetic pseudo-wHSAF=wEHVR*sVACF*WSRv (dotted).
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Characteristics of earthquake swarm activity in central Nagano
prefecture as seen from the time variation of background seismic
activity estimated by the point process model

HEE Bt B BiE°
*Takao KUMAZAWA', Yosihiko Ogata®

1.RRKRE TR, 2. BEtBERHRAR
1. Earthquake Research Institute, The University of Tokyo, 2. The Institute of Statistical Mathematics
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FILERW, REEHASMOBMREMEETHICERAL T, ZOMEFHOEHAERAL,
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Estimation of the source of the explosive sound on April 26, 2021 in
Hokkaido, Japan

*ILH =%
*Masumi YAMADA'

1. RERRZEBA KRR
1. DPRI Kyoto University

An explosive sound was heard over a wide area of Sapporo city, Hokkaido, Japan on April 26, 2021. It was
accompanied by minor shaking and was considered likely to be a sonic boom produced by a fireball.
However, no luminous phenomenon was observed. We analyzed seismic data to identify the source of the
sonic boom, and estimated the trajectory of the object from the associated signal arrival times. The source
was located approximately 100 km off the west coast of Hokkaido, at an altitude of 50 km. The elevation
angle was higher than 66 degrees and the estimated velocity was higher than that of a fighter plane.

We compared trajectory models estimated from optical and seismic observations for past sonic boom
events, and they were found to be in good agreement. Although our trajectory model is simplified and
assumes that sound and the fireball have a constant speed, the model is highly accurate. The results show
that seismic data can be used to estimate the trajectory of objects producing sonic booms, even when
visual observations are unavailable.
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Non-recorded Strong Impulsive Vertical Seismic Waves - Part 3 -
- Powerful seismic difficult waves to record by a seismograph -

*BIE 18
*Hiroshi MAEHARA'

1. (—8) IR 27 LHREFHERR
1. Geosystem Research Institute

HMESATINEFCERICERNTE LAY, BIAEHENRBENEREN B E, BEMICETRRFEEE2EIL
22D, IARZLBEAZIMOREMREZERFIM THLMNMIARY, TZOREELZ—FEFICAZEKLY AFH
LELE". COREETIIBHOBREEFAHDIC, T00ERVENICESNIEBEDEERK <ILRILTOD
R, 1898F-10E&Rs, ~—RILJDRK,1923F-6Ekk> &, MMTEENSIEROEL "BEE THMIEIRT 2
BEDOMERIZ, BBEETHIBERXERTHD" 2K 2, MEOREZOHEDEFEELHFBLTVWEYT. Z0D
%, MEREICZOMEDRIZERINTVWARVWRMBOHNELZBIEL, ZOWERRICETZRERPLEBTE
AEESTWBEHN Y, ZORMBEORIMESTEATE TLWAVLED, ZORKFOERIERLIC WKREAH
WEYT. ZITSER, REHMEFCTHRATETVWAVDONIDEEICERE YU TSI EICLELE.
COMBORIGBEDOMERE IZRAY, 1.5AK, 2.B1ER, 3.BIRTHZIBEOUEEFOLDH, KX
DHEETTIFEBTERWVWERTY. LHL, CORDEMELEF>TVLWAVDT, IFHOMEICHAEES
BENCHIFTHERT B2 &I LELE <IAR-EA, tR-2EH, HE-KF>. AFEF IOV —ID<ZD 3>
TEIBE% “MEFTRABMUVEIE SLTWET.

BIZEDBIAERNABEEREIE S DL S AENME, FRERICIEBATETVALDE, FRERECS
BUEEEDZEY, ZORERENKRBPELIEELIDOROREABRBLEC LTVWET. AEICAYEER
BHRORANTE, TOEROESL2E, SEOMBTH$ADES6EFRA <7.13> TEICBNLEL
fo. ZTCHEEBRICDVWTHALTWEEAS, 70y /0EE 5 FRITERIIRESNATWE
DT, WRITOY VOBXICHEIBREOEANTIIYWEDHEEILEEL, ThIRIEOROFEERREE L
g, SHAREREPTHROIBEORM LA DI EEHATEZLDICARBEELONE T,

IO LAEREAERIC, ARBTIR “WEHTIRABVENR & LTUTIKIBEEDHRREBRRET

REDHE.a, 38 TELC2EENNEMERDA A=V T, ZTNHIEKRLZIZEL’E1.b,TY. $98ERA L

TWETA, BEIPRINFHELIFZET, SSHICHEIRACREBAEOZED FEINET. K235 <5t Bk
HUEBEE<RBEAIHMEST, H3ITAM<MStSHIREERDOES LA S5.8MEERKIXSINAEE<EARMEST
¥, REHESAMEOEASR T, HMEICEDAEFNZREIMTS0cmADI Y 7 — hEa<#1.5thH>D LEIC
MEHNIEEINTVEY. BHBEOMERIL StFe3tf OMEEEEICKVHSITEBAEZEGZTOT, BlA
<K 5tH-EBBISFET AL T I EDAFREINTET. Ho<ihR, BEAMES, HS<RIRRIME>H L UH
6.a,<AF - BPHAEMES IR TUDKRFIL, ZE LIFMEEHI1400galiEL LICR S &, FBERFOLAEZET
M & CHRIHERIETTRREARLHRINE I EARLEY. TRDLEEAEINRE LTSN TEEERIERI @
T, FELEPZREOMEEEL, TAZMEE<1 GHEHIE>SOREERMLTVWEEREOoNET. ZOERIIKEH
7.a,b,D U ) A N Fv—FHE<RE, 2011>DEHFKICHBEEICEONE Y. AHEEREAERETSE1.5GLUE
DLEAZMEEOBNAFOMBRMERAT 2L, BAAMNEE, EROHMERENIEANTEALRSEI L%
=KL ET.
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Expansion of Ground Motion Prediction Equation Based on Prototype
Strong-Motion Database

*HINEZ BE BT & AT, fE B
*Nobuyuki MORIKAWA', Hiroyuki Fujiwara', Asako Iwaki', Takahiro Maeda'

1. B KB E AT U
1. NIED

EARRSRICE D CHEE TR (AT, GMPE) ICDWTIk, BBIEZEROERE EHICEZ ORI, TTHhND
EICRY, IEETIEEWEBZREICEY ROTHIREETRVEEFAETIL (GMM) OEEEITHhNID
D2HD, BRICEVWTH, BARBNICKH L TENRTIhOREE (FIL—7) IC&YGMPEXGMMAIRES 1
TWaH, BEBFTRAICAVWSEEVWIEBANL, FEAENE—XV MY =ZFa—K (LUF. Mw) 5ELL
FOMENTRELR>TWS,

Held, ThETICHAZ2EEZWRE LAAENY — NFHMEICEAT2 2 &2 BME L/ZGMPEARBEL TZ
foo THIC, K-NETH & UKIK-netERIEEERICE L T, [IRT. F-netd K Y'SRCMOD (Mai and Thingbaijam,
2014) IC&BERNTA—49, BHROPSRET—49 B LUHENY—RKRAT—2 3 VI-SHISOTHEEE
TIVERMD I F - EERE T — 9 R—REAEREZBEL (K - 2, 2020 ; JpGU) . S SICBEFED
GMPE (MF13; & - 2JIl, 1999) IR T 2HREDT—IR—REEM L TE (FH - 1, 2020 ; 20204%F
EMERR) . T—IRX—RIF1005 % BA %58k CF : 3D Tk, KiK-netDithzk & i FIEEER & L
TW3) ol h, BEADE < OGMPEDEAEE & 72> TWAMw5.0LL £, BB & EEEEE200km AR DR
FOBUT/7TICTERY, LHALANS, BHETEOEN LT IPRE LR TOMESORERFLT
HEUBEL KT 2720101, REQ/NS WHECRIER AR SIRBASNS WAL S SHEET 28R
RETRIBZENEMTH S,

AR TIE, 2D HBET—41 #BEWVT. Morikawa and Fujiwara (2013) @ GMPE IZD W T/NMRIBIE F T
BRATZBHMERETY . EFEMICIIREDNSE (MW3.5LE) S L 2EER (MEREEERES00kmEL
W) ICERATEZZHEEERDD, /2. EERENZFETRE LEBEBFAICSVWTIRELINTETY
BZETEICOVWTE, KEENCHRT S ERET—49 1 ZAVTKEERIIHT 2LLOCMPEE HhHE TRAKDHE
FIEZ8HT 3, 0B, AREITIE, HROBAEIHROAZ AL, KiK-netD#AREESKIEA WL TULRL,

Mw5S.5KBDMED/NS RHEBICDOWVWTIE, MWODZRATETIMES TV R ITORICH LT, MwD—RR
DETWVICERTZEDICETIET S, 122 L. Af2HEEU LORBEKSD Tld. Mw4.0RRE & Zhk
M CREDEAIZELIRFIELSN, BUARHFKIC/ A APEEFNTVWEIREEZITTWE LD THD, B
EIGEERE200kmABIC D W TIL, FXIl - fib (2003) EABKDBWEEITI. TDEE, WESY AT (HREAM
E.BERTL-MNEHE, BEETL—-MNAME) ICLZ2EVIIFEAERSNAN -, BE. REAHEMK
DTIEADBEICET BRENNE L, EFTHCDWTIE, Morikawa and Fujiwara (2013) O@EREREICH
WCIBBOREHDHIEIREE LTRIND I EMVHRIN, —AT. SEORIIHER & 712 B IR5REE ISR
L Ti&. K¥EE (RotD100) ICXF L TKHOLNZFRBMEETDEVWHE SN,

St MRIBET— S ICB T 2RABHRS DT —9 DRWPEBER L — MNEEE FL— b (RF7) RHE

DHFEICEATEZT—IR—ADBEETIEEHIC, BRERTEDENCTITHD (1 MeEy 0E
H, 52200 HFRICOVWTOREEEDDIFETH D,
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An attenuation model of strong motions considering transmission
coefficient of S-waves in the layered structur

“thiE KA
*Tomonori IKEURA'

1. E BRI 3URT

1. Kajima Technical Research Institute

(1. 12 C®HIC) REBEDEREETIIERNOME SN ZOEE LREEL TEASICEET 2EESKED

BADASRD E R DEEEMNH S, L, EESKIE, ZRTOEMHEEDR, QEREHROMICHKERE
EROBEBEDHEICL Y EREShOMEREU LOERIE®MA THELYT E. EBIC, BEESHREDEBREK
&, BlZIEFHED EDRES DI EE#EEETILTHSBIMA2001 [ ELEFM(2002)]Tld, A=3h~4hfHET
0& B [iE(2019)]. —A, TOMEHNSEATIE, BESEUNAD, EREI LKL BFHEHATHRHINEK
5 - BT - BELZRBR TEASRICERE L ASEBEDOH THEFMMN BRI N, BESOFHE A DKM D (L FEEE
LYY TELS. I T, AMRTIREESEE ZhUAOEENALSEEOERBRSEDEVEEREL Tl
EHOHEMRARETIVEREL, OER~FhEMAICES ITZ2HEMEOHESFADBEREHH»7-.

(2. RREHEIC L ZHMEBOEEREETIV] ERERICS (T 2 FREfO M EESHIRIBAR % BEESKDIRIE
DS(f)e:Faﬁiﬁﬂ'msﬁam%ﬁmals«)omo MILFITERL, DSHEISHEEFNREFNRUTDOL S ICKT.

A(f) = {DS?()+ IS?(F)} *° -+(1)

- DS(f) = S(f)xr ™' CTR(h, A) exp[-byg(f) 1] xG(f) *++(2)

- 1S(f) = S(f) CISxr ~*° exp[—b (1] ><G(f) (3)
=72L, SHEGCHIFZFNEFNERIEFME S 4 MEME, CTR(h, A)IFIMA2001 &R E L =158 D BEESE DB B
K, CISIEBENLSHEOERME, b (NEbNFZTNZTNEESEE BENLSEEOQEMRIC & 2 IEH
BERHRHTH 5.

BH, QRATRINIBEENASKEE LTI, ERINSKEALFHATHREINMBARICNS Yy TENT
G DHAASERDDEERELZBELTWVS. ZOBE, KRBT XL F—OHEII S RITHAREERE L
WHD LA TRTHARMRIGED K O TEMBERNREr & L. £, ZOQERRDRSEESKLE IF
K3 L CHEBERRAHb NEEAT. I5I5, TIVWoLSKEOBRELRZBRFEEIASH TRV
&, BRARY MUCERLBBHE L TSEEDERIECISERIT .

UEDEFTINEEUNT - ICHTIXHDEICKE, Bc0BESH+*E <2 Dtha0ENY A1 N7 7949 —T
HYELTEONDEBIREMES [F 2L, HHQ2018)]|2HWVWB I & T, GHERMBMISBATE &N
TE3. ZOBE, BE2RMBIIZMLEDERIFUESE) & SIREEDERMMECIS, HLUVEZESK & BEMNLSHK
BOBEBRRREDb(), bNTHD. INOOHEIR, %L > TRIEALTIAXNMERATET, HRY
BEEEE RS, ZITIERMERVAVWREAEREPARTAN)( OV Y v o - 7 XHR—> (1970)| % 8EAT
5.

(3. 5F4~hEHH DEMEADBERER] AFRTIE, F~hE 7 O RREEE D E RS thEEh[tE
(2018)| VT LRDETILDEMEEARDZ I &L, RIDMEDA=10hDOME%EWFRIC_ L DIEER
HETILAYTRDE, BEREBAMEODHIRIHIDESY THB. £=, LROETIL AL TRIOLHER
ERETRICHIY, RERICLZFERELT, ALT—9Y THEBIORIMEZTV, EBRIFEOHMEIEE
EERRABASBT & L.

9, HEBEIEA S#6) 2018/06/18KRAFILEBDHEM6.1)EEHEL LAZHMEDERARS MLIL%E R

&, EREDHER (LSQ) LB L TH2ICRY. NMNIEMEDKBRBEI TP PEVWARLONZ EDDHE
FEFEFECHERIBLONTWS. £, H3TIXEMRTREN S —RICSKHEE3SkmERE L TROEQIE
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EHBELTWS. Zhickd e, EREDQE (Qy) F1.3HzTREIKTHY, RLARKTEESRD
QE (Qpy) HHEEMLTWS. LHL, ThERITE, QEORNERIE, BRERE (Qg) >MEENMRSHK
B (Q) >EESK (Qy) THD. HAUISHHEOERMECISOFERERTH Y, LERBFHTO.1E2+%
TEZ2EEDHERTHSH, BEE LT, HMEBEEOMNL—RAT7HH 3D, REBEICEREEZRZL TV
3. E5TIE, 27 —FICh> TRDLBREOHIIZERE 0ICDE, TDEXexp[o| TRIKEICKL BER
EHBELTWS., ZRFTDETIV (DSHIS) ICLBREDIES DX, KFE (LSQ) DEFREXRERWL. &
RICH6TIEIERBBIOkmMUAD T —4 CTEHAl StEOREREZ LR L. AHROETIL (DSHIS) EIE5D
ZDEIERERE (LSQ) EXERVWEDD, EHENEFEHTHRIETHY, REEICHERTRWHEE
HoTW3.

(4. &) BEESKEBEEMNASEEICOVWTELRZEHRRFEHEEZIREL, MEDOH CERAMEE Z5HAT
ZEBERRETINERELE. £, ThaaH~hEMAONEREZICERL, BREEICS T 2HMEHD
BREUEIREERERTALT 2EREEL. SHREBREMA DD, it TcoRFSE2H~2.

(BEZxE] HHEQR018)AAXRMETISZY VR Y A, HEQR019)BAAMEZAL2019FEMKEKRS, I7

Jw o - AZXR—=2(1970) 3 xBLEE (EBRLE) , LFHMH(2002)RZ0FR.
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Characteristics of sPL and PL phase: Applicability to real-time source
depth estimation

*RAE B, H &
*Keishi OSUGA1, Takashi Furumura'

1. RERKREMEHIAR
1. Earthquake Research Institute, The University of Tokyo

1EHHERFICR SN dsPL EPLIE HMRBAEAIEGERO L — MERTRET ZXREMEBICEVWT, PE
ESEOBICABPEMN ~H+H0, PPREMBHOHEORENEZICEDHONS, 1%, 2005%F11815HIC
SEFROTL— MERTRE LK, FX14km, M7.00HED, F-neti@BEAEZOZEADL I— K€
2avTHd, EIRIERI00 kmfHEICEWTPROERICEAH20MWEZEDOKIRBBOENR Sh2%kF i bH
%, 2O, EHEERHEE &BICERIMBISEEL. TRIEERC00 kmLLUETIK, LW REK (B
30~50%) DHEICBEHRDLIZHFEHN D, INS5DOMEIK. WIFNEBFVELSEMETRL. RFHHA
Prograde (REFETEIY) T2 &N, RERICHEINSGSPUREPLEEHITTE % (K2) , sPLEPL
&, ZVEBRLISKHE INASENMMRTSPERL, H2VEERISHE I NAPEIBRAE S ELA RS
LB OEET2BRETTFSICEIVERLEZEDEMRTE S, sPLEPLKIE. Leaking mode D & fEFR S
52 &MNTE (Oliverand Major, 1960) . RIEDBRETHRICEVWTHRWVWPSEREZRI§7HIC. TR
F—HT Y MliCLeakingd 3 Z & T—RICEREERZEAKREZ L, LA L. HRTIVEERER (HEE) i EE
T5&. PSEBMUENMET I 27DICEME TPENMRESI NS 2D (LeakingM A 5N 2785) . HE
kmBl EICh7z > TRELIRIBERD Z &M TZ B (Furumura & Kennett, 2018), %d. EXMEDEIC, =
#h (EJREEBE1000 ~10000 km) ICEWTLEBYY MLELARSICEVEHLZPEINEFKOXA DX LICE
UBRAEAS (100~1000%) DEEFEKT 5H. I NiEW-phase(Kanamori, 1993)& L THISNTWS, K
HRTIE, EERFICR SN ZsPLEPLEZAWVWT, BREXH=ZXA, FICEROFRIZEBHHETZZ
EHEBRE LT, sSPLEPLEDERA DW= ALERFOEREIIKEFEE, BT — 9 @BiFE ERGEY
Ial—yavitdWmEtLiz, 2 HERGREYIaL—Y 3y AhERFICEZICE Sh/zsPLEPLE®D
R ECBFUEAERT 272010, 3RTEDZE (OpenSWPC; Maeda et al,, 2017) Z AW THERTEY
Tal—vavETok, EFRER~FILAXRICHIFTTD2300 km x2300 kmD%EE (H1a) %1 kmDHEF
FfRCTHEEBUE L. JIVSM (Koketsu et al., 2012) ICEDEHERE. ik, <V ML, TL—MEEEREL
7= BIRD2005F11H15HDEHEHDIMEDEIRIZ. GCMTEITKRICEDZ/NILARBHO=ABDE
TERFREIEMICE Y RERGEM LA, H3IC. tERENS65. 758, SEMEOILFE-FERARD 2 X5t
BIEDRENIG (RHOPRE. EASKERT) 207, BRIOLBRE I NAPEI/MMBARNICE WTLEARNZ LA
NEEITL., BRANASHISINASEIRICERATAL L TRIRBOSPEREEER LZEDONINICE
BT AHRFIDON S, hRAELEHLZPRKIE, GEREEHICHRTPSERAREILTIYY MULAESTRILF—A
leakingd 27z, PROBRAKRE WV, LT, GIEIEEEA 500 kmZBA 5 &sPLOMRIBIERRICTER Y., 5k
79 BPLREICH K RVWEBZF DPLUEANCEEZ DL 2HKFHEHLMN B, PLRIISPLE U RWVWAR3Z0~50# D=
WERAEES, 1000 km L EEMFE TEIZET S, 3. sPLEPUREBEOZESKEME RERD—ETH BsPLEV
PLEEDIRIEIZ. BROREIICHRTHDEEALND, £/, HMRTSPEHRICLIVEL BsPLIE. BRRES%
KBR L 7=depth phase& L TEIRREICHICEMTH S LI NS (Chongetal., 2010; Bao et al., 2013;
Kimetal.,, 2017) , EROFEE EsPLRUPLEDIRIGE. Z L CP~SHIEHEDRFEELERZ7-HIC. JBSD
BRIERICHTIMERFOENES I 2L —YavaiTok, BRIE. SOME & BHRDASEDFREE
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DEERZEREL. BIO6km~RZ100 km ETOERRSIIH T ZEREEHA30km (F3a) £1080

km (3b) TOZEOREFEFICOWTHRKEERZAWCEEL L, EROFEIA2EHETSLI—KREY
avERDE, BIEEBICSPLOBEH ERENIRKECERL, £, FBIEEBIIP~-SEORERINE
BEIENS CEWIEP~sPLEEEIN R AR Z) 2&ENS, P~SEDEKEEE2EERW/CMTA v/IRX—=T 3V
IE. ERFESORRICEMEEHFTE D, —A. PLEIE. RER (Rayleigh ik) tRKFRICERES EEBICIR
BRSNS KR BH, ZORFEIESPLIEEBEZTIERWL, LHAL, PRERICEIZET S Z &P, REK
K UIRIBEAN NS K EAMMETHREZNSIRY TINICK WFEEFEN LT, KMEOERX DX LDRHAHEIC
EATE3EEZONS, SBE. W-phaselc & 2 KtEDCMTEM (e.g. Kanamori & Rivera,

2008) &, M6~77 Z AD:atEILERE T 2R/ EDHSNTHY (BIF) . INSOMRTIEZI I TE
WY BSPLYPPLEZ 20 /iahih BRI ZMTNRELTVWEREDEEZILNS,
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High-Resolution Immediate Fault Slip Estimation of Large Earthquakes
Using Seismic Backpropagation

el BE', BN X' #1HE HA’
*Yugo SHIBATA', Takashi Furumura', Takuto Maeda®

1. RERREZMEMFA. 2. AT KEKRZRE T EMIeR
1. Earth Research Institute, the University of Tokyo, 2. Hirosaki University

1. ELDICHEAIEINET, EBREMESNT—9 2RV XMEOERMEB T RY OB EICH T
T, WERMEERICEZERA X—Y % (Time Reversal Imaging ; TRI) FEDFIBEEHERBRRV
KiK-net&fl 7 — 4 AW THET 2D TE 2 (%H - &F - #iH. 2020 ; 2021) , TRITIHEA =M SEIRIC
M THEEES ERESES. —BE7 AR 74 IR LRI, BEEL2ME (Fink et. al.,, 2001) ‘%
U, BFICEHOT7 AR T4 2 ORMEOMBBRVAA—Y U JICEVWTHEER>TW:, £, HER
DOMHEL’EEEIRENT 272010, BRAAXA—V VY TOBREBERSZHVBETE2IEE4 A -V T ORIR
ExTF2EEN’H Tz, INOORBBEICH L. AR TIEHREROEEIRILF—EFAVEERA X -V
I L TCPRESRIRILF—DEERAWEA X—Y 24 (Artmanet. al,, 2010) 23 Z & T, BERIKRE
AEHB e ERAT, T MEBICAVWIMERFOEILAN N EREZRW, BESEEEDOR LAk
ICDOWTHIERIMERT & AW BERERICK WRET L 7=,

2. TRIOEIEEER (1) BARNERFOE HEZRICAVIIERMERKET—5%, M1aTE5XMBTAR
DETIVICEDE, IRTEDFEICLVERF L, STETIE. FEBEADKTEL60.8 x 460.8 km, B
57.6 kmDEIFEIC, HEE. M. <V ML, KEFE/ 74 VEVEBTL—NORE - BE#EES

JIVSM (Koketsu et al., 2012) ICEDEHRE L7z, XEETL— M E@EIC. 120 x 60 km OUEE % 5% E
L. 3207 AR 74 2BV, MIEEIE3 x3D/MEBICHEIL. MIEBEAROERD S2.8 km/sDIFIERE
BEECERBEPEHKIM,. BUE20m (BEEHIEIZNFNEHE0.1 m) ICHBT 2EREKREF S
oo UEDEFIERWT, SEBEHRD271 8 OKiK-net, S-netEllR TOERBMERFEERAELE (H1b) ,
(2) BRETERY 1 X —Y VU TRIGTETIE, Bff% RE5 L 72130 B O EMRIE KR % KiK-net & S-net&R Al =
NOBRICAITTHEREIE, SAEMBIRYETIOBREEM, TDEE, HERKFICIZ0.05—0.2
Hz D/ RIRZT A5 &D T, S SICERIRBEOKRENS % HEEER10 kmD A~ A2 MEH THIE L TibX
DEBFRALIOHEBIEZIET. RLA—IARWBEEBREBEER LT, BRHBEY DI XA—V T

&, 3MOEEBORBNSETBELAABMEI I —OMBME., FEBOREE QERHI S5 KRDZPESKEENIFD
IXNLF—DFE (PSTXIF—EES) OHRMOZDERVWTITWL, MEELE L, M2, TRIER, 5K
HEXEETL— N LLELEO#ET RV X —HRAOBEREL, B31E. TRIZZEEICHAYXEETL— K
FTEICEFE LI RILF—DDHETH B, BUEIRILF—EAVEAX—YVIHER (H2b) (&, RERIC
TAR)FAICPR L ERAREEZM > TS SICEIBTB7HDICA XA —IUDIENIFED, PSTRILF—F
BEAVWEAX=U VTR, BRAEILMERELZPRESEIRAET MR EBFRICDIA X =V T HT
ONZLHIOMENMEEL, 3DDT7ARY T4 DREEEEZSDHDH I ENTERL (H2a) . ZAd. DATRIC
SUBLNAEERMBHBY A X =YV /TR, hERDOIRIENEEIRSL 27z (EHMEEXIZBEET) D
EEEDIDH DD, 1AV I ORGBEETIF2RE o7, TN, MERFICHEEO ALY EH
7B EICRICEEE RS, INERRTZ7DIC. AMRTIEEILNL NER (/27203 6E%ET5 L

o) HERHICOWTEA A=YV JICAVL, UfEThdY AL LOKERD2FEEHEAR (RMS) 2#E5Z
ET. BEIRSOHEAMUBR ZENTEL, TO2DDOEEDHAEDLEICL Y SHBET—ITEA
A=V VT ER»D,
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1896 FPEPIME ICH 1T 2 ENNFRIRETICE D K DIRMEDIFIEBE A E
B LEFHENERTTIVIC K % EE) T

Evaluation of ground motion by kinematic source model considering
dynamic rupture process of branch fault for 1896 Rikuu earthquake

BB AR IR S48 A T N
*Shuji KUMAGAI'", Hiroaki MATSUKAWA?, Yuta MITSUHASHI?, Yusuke SAIJO?

1. RIEBEOHI. 2. AU BEEER R

1. Tohoku Electric Power Co.,Inc., 2. Kozo Keikaku Engineering Inc.

1896 FEPMETIE, REROEME & T NICHELFENODEEE (IIAEE) ThRIMEREHI R
Sh7c (FMA - . 1980) (1), ZDRRICHIKETBHRD SN BIHE. TWE & DIKMEN R ICEE L 2R
DOEEMIE. FICOBMBRES SHBEOMEEFH AT LTEETHD, LHrL. THBEDIK
BB A HE - HECERETIVOER. RUFHEEERET L ZAVALHEESIMIZINhETICHZT YIThN
TELHT, EFIMEICET2HEETLICEShTULARL,

DIKMBDETIAICKRERIERABI2ELXBNE LEHRAITH ZHES - 1(2020) (2) Tk, THEESH
KM % S - kB BB DIMA S HFEMN T TO—FICLVIToTWS, BEAMICIE, ENHELWRICHE
hEMBOLEALAE (MAH - fb, 1980) ZFMTE 2 LD A2RTFEMBICE WEINSEETILEHEEL, I
BLABMENSHEINE TRILF—OLECHEEDORIEGEREDEVWVEEZFTML TV,

ARRTIE. FHEEERETIOERTRETONTELMEREMRHERTICL 2. SRMBEZEEL
FHEOBREFTFHFETLYEINICEDLLFEICEWERINFEHLEERETIVIC, 8BS - 1(2020)D
AR T TO—FIC & ZMBESOFHMIER % IRk L 72882 AERET IV & ER LhEEFM % 175
ZET, DIEMIBOETILICET Z2RREB2 & 5R A7z, T, FRODER - FERICEODE#HES
ni-thEERE (EA - fh, 20710, #H - BH, 2011) (3), @) eDLEEIT> 7,

F9. TLYE] 28EI1C, IMBLOBMBANRICAT—) VY JETILDEZAICAI> T, EHBERY
DL OESEH A ERET IV (M1, B2) #ER LR, RIC. BES - f1(2020)58&(1C, 2)RT
FEMEEHER & W B O N DIREBORIEBRRRICET 2R %, EEEMALFHEEERETIIVICIELAZER
EFTIVERIRER Lz, BRETIVICNKLAZARIE. EFENICIEUTO2RTH S, ODBEEDRIRERE
BEITEMBLY HEWV QEMBOWRIEHIME LIRICELE L 2R ICH KB ORIRNFRKBT 5.

BWT, TLYE] ICEDVWTER LAREEERET IV E, 2RITFEMEITIER O R % inkk L TYERK L
ETIVERWT, HETHNT Y —VBEECEIC & 2@ AthEETMA TV, BF - 4 (2010). #HE - Bf
RONNDEESHGLVBE L-ENMERO TEMNER FOPGVAHELEK AT o2 (K3, M4) ., D
B DRMBREMNICEETZE. TLYE] ICEDVWAEEEEERETIVICK 2ESTMER (K3) 18
KM E Ao 7 A, 2RTFEMBFEROMB A MK LABRETIVICK Z2ESLMER (K4) 1E9IkEE
DWIRCBEE A E SEAEFEBICLYHEFRI N NS ARY, PGVARIGEDKERE L7, BB, £
BB ETITMEE RS IR T 2 IRMEDETSIERENTHY ., EMHMEHRFKROMEHIN BN TH > 7,

ARE TIE2RTFEMBITER D 5B SN DIREFE OBIRBRED > 5. BB GHEEE CIIERARIELICE
BLOEFHENLRDIBMBOERETIVOESRMEE LD, DEMBOETIVEICET 28BS LT, fIAIE
L VEHMABAENT TO—FEREL. TORITEREZEHFNLRERETIOESERGEETE I ENETS
h3, — A MIBET/IL2GFOHAMALICET23EE LT, EMBICERT 2HMEFHOBFRERN LEMLE
THd, TDEHIC, FIZIEEHBOT AR 71 ODEBEFDEHENLFHELEERETILOBREIETF SN
%, £, AR THWAERODEER - FEEICHEDEIHESINAMEHRE (PGQV) IFEHRE LTIEELS
&, HEFBTMERE OLBOBRICIIBENVEEEZ ONE D, MWEBTIMOZ YURIE S EDRTEE
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BTHb,

SEXE : ()RERE - |LIGEKE - PAS - SREX : 1896 FEEFIME D HEME, hEMRATER, 55,

1980., (Q)BERREA - IhA% - =HBHA - FIEBN - 1896 FEETME DL IKMTEH S 4 U 7= thEE) D ST
(AN EHEY I 2 L— 3 VICK B FHMRE) |, JoGU-AGU Joint Meeting 2020, SSS15-P20,

2020., Q)ERNHZ - SEHW=E - ZHEMEE : 1914 (KIE3) FRELLHBEORET—9 EBELH, BEH

g, 25, pp.1-27, 2010., (HHHERA - B : BEET—2ICL 21914FEHE L EDE AR E R R

i MEREOHES & V1896 EENME & DILE, HE, 524, Vol63, pp.207-221, 2011.
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1944F REBHEDRERARKICED S FHERREDOHETE

Complex Source Characterization of the 1944 Tonankai Earthquake
from Simulated Collapse Ratios of Wooden Houses

Rk R, SRS BOEF. JIEE

*Eri Ito”, Kenlchl Nakano?, Haruko Sekiguchi1, Hiroshi Kawase'

1. RBKRE BHKMRAT. 2. Rk - B AR
1. Disaster Prevention Research Institute, Kyoto University, 2. HAZAMA ANDO CORPORATION

201 TR AR EAMETIE, FNETHRICEBAINT IR > BERBEDERESE (BR
%) ICEAL. BEOREICERT 2EHH20WULORBIAMEESIERE S, BMHEICERET 2B 2T
DPPREFHMESENRIE I EADITONTWVWE EVWSIEEN LN, SESLHIEEIUERNEAIZH

L. FSREELD 2WHMELRFBT 270I1C1F. EfFERE L TCREOHMEDOHFMAERBIREBREOMEET IV
ICLZBENEETHD, LHOLANSHBNOEEEERMETH 21923 FEARME. 1944 FREEH
E. 1946 FmBhEICEAL Tk, RESEESERBICOVWTIEHZEREMPFINTWVWE—AT. PYER
Hﬂttﬁ%'iébimzﬂu:ﬁfj LTRADICHREF IR TULRY, ZITEAMRETIE. 1944 FHREBHMEA[RIC. BY

- WIBRGEREICAHEEEMGS LABRETIV(AHERRETIV) EDBFERICL 25T ) —VB#

chot ZREMERFEEMILT D, ZL T, FEICEELLIB0FLURIOBMEESET VICRESH ZA AL
TRONIEVHESH EBBRRICERIWESHELLERT 2 2 & T1944FERmEBHEDSMCGAD R %
I3, 9. REMF (2015) ICED(SMGA DEE S, THERBYE - WECEEELAEITIERET IV A
EHETILE LT, WRIERBA(3 7EE). MEFEKIH(SMCGAT~4)DAIE(4 &), SMGA DIGHETES &
MODELRDZEEI6 T —ADFHEERETIVAEBELL, TDLT, BELAEBRET I &MHE (2020) D
BEN ) —VBEHRERAVWT, BF - BEA Q015)ICEHINTULWABRERAMRD S 5. BYEERHI1 %LU
LD IMRUCEWTHEFZIEX L 2. BONTREEIORZAMERE - RARE (FMorikawa and Fujiwara
(2013)DRBN ISR —B L 7=, ZTDHE. 1930FLURIOBRMHETMET N CTHHIHAIET )L, FH - fib
(2004) DEYWBEFTAETILOKRBEERDOMALL ENAK - th(2020)DERFMEERN SBEONLLSEEER
EEEREBBMOBHRAICEDEEELL, EFRLIEEEEZ AN L THRMSRICS I 2EBELEHL GE
BliERE$2) . BN - ESQ015)DEAIEEREE B L7, OREROES & RERMR® 2#MED—HE
DI/IEE LTI2& T 5. BIERAER - 4 DOSMGADRIENFERICRLS . BRABTENKEVWT—23-2-3
B, 36T —RADFTRELHAERAHPATIERETILTHE I &N Do/, LHLADS, ¥—2R
3-2-3 TlF. BEBRRIBICAH ZEIERRIONU LD R TIFFERRENMBNIME R o7, TOTEEF
V. FRIZERAMA R & SMGA DEEEIZR L T. SMGA1 &2 DEBEIGHB TEA2ZELAAHEERETIVES
F—ZEBMLLEELE, ZOKER. SMGA2 DBNIBETEDH%60MPa ICEE L2 —23-2-5 ' #Fifiiix®
BAEREHATIETINERZIEN DD 2, TDHT —ATIIEABRIERION U EDR TO—HE I
T—2A3-2-3 KWEEBINLD, KABNEME R o7z, SEIOERNS, 40% U EOEYFEIERAEHAT S
O, FWBNBR T+ T7—RTALIT1ET 1 2BBARERBICELELDDLOARERBIE O %
EZITWRERHBZ DD o7,
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Estimate of the rupture process of the 2021 off-Fukushima earthquake
based on the finite-fault source inversion Inferred from strong motion
records

*5H EF'. #ME £—>2 ChenlJi’. Ralph Archuleta®*, £k {288’
*Shohei Yoshida', Kenichi Tsuda? Chen Ji?, Ralph Archuleta®*, Toshiaki Sato'

1. KIBEREFRA. 2. 58KER. 3. WY 7N =TFRFEH 2V H/1R—N3K. 4. RIA Ground Motion Analysis, Inc.
1. Ohsaki Research Institute, Inc., 2. Shimizu Corporation, 3. University of California, Santa Barbara, 4. RJA Ground
Motion Analysis, Inc.

A Mw 7.1 intra-slab earthquake occurred off the coast of the Fukushima prefecture, northeastern Japan,
at 23:07 on 13™ February 2021 (JST). This earthquake generated strong shaking (the seismic intensity 6+
and 6- in JMA scale) along the coast of the Fukushima and Miyagi prefecture. In this study, we have
estimated the rupture process of this event by the waveform finite-fault inversion method developed by Ji
et al. (2002).We use three-components strong-motion records at 16 K-NET and KiK-net surface stations in
the Fukushima and Miyagi prefecture. To improve the quality of the inversion results, we have introduced
an individual 1D velocity structure model for each station in calculating Green’ s functions. First, we have
constructed the 1D velocity model for each station. We interpolate the Japan Integrated Velocity
Structure Model [JIVSM] (Koketsu et al.,2012) for its subsurface, the seismic tomography model of
Matsubara et al.(2019) for crust, and the PREM (e.g., Shearer, 2018) for mantle. Then, we calibrate these
models by forward simulation for the record of a Mw 5 aftershock occurring in March 17, 2021.
Consequently, we got good agreements in both arrival time and amplitude for the frequency range
between 0.0570.5Hz. For the inversion of the mainshock, we assumed one fault plane dipping 33 degrees
to the east based on the aftershock distribution and F-net focal mechanism (Fukuyama et al., 1998). The
fault plane was divided into 2km by 2km sub-faults. We optimized five fault parameters (e.g. slip
amplitude, rupture time, rake angle, starting and ending time of an assumed analytical slip-rate functions)
for each individual sub-fault by minimizing an objective function defined in wavelet domain using
simulated annealing (SA) inversion procedure. Our inverted results shown in the figure suggest that the
fault rupture mainly propagated towards to the south-west. The area with large slip was detected on this
side. The centroid time of the rupture of this asperity was about 10 sec from rupture initiation. Also, the
area with large slip velocity is coincide with the area with large slip.
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Figure: (a) Observation points used in our analysis, epicenters of main-shock and aftershock,
and slip distribution of our inversion result. (b) Comparison of the observations (black line)
and theoretical seismograms (red line) of the aftershock. (¢) Slip distribution of Our inversion
result. The contour lines in (¢) denote the rupture time
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Strong motion simulation with the SPGA model for the Onagawa
Nuclear Power Plant
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Strong motion simulation of a hypothetical M7-class intraslab
earthquake in the Tokyo Bay region using MeSO-net observation data
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Study on correction of the rupture propagation effect of elemental
earthquakes used in the empirical Green's function method.
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