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chairperson:Aitaro Kato(Earthquake Research Institute, the
University of Tokyo), Hiromichi Nagao(Earthquake Research
Institute, The University of Tokyo)

9:00 AM - 10:30 AM ROOM B (ROOM B)

[S23-01] A Bayesian multi-model inference for slip
distribution in slow slip events beneath the
Bungo Channel: the effect of prior constraints
ORyoichiro AGATA1, Ryoko Nakataz, Amato Kasahara3,
Yuji Yagi4, Yukinari Seshimos, Shoichi Yoshioka5,
Takeshi linuma' (1.Japan Agency for Marine-Earth
Science and Technology (JAMSTEC), 2.Graduate
School of Science, Tohoku University, 3.Independent
researcher, 4.Graduate School of Life and
Environmental Sciences, University of Tsukuba,
5.Graduate School of Science, Kobe University)
9:00 AM - 9:15 AM

[S23-02] Symplectic-adjoint-based exact uncertainty
quantification method and its applications to
seismology
OShin-ichi ITO'  (1.Earthquake Research Institute, The
University of Tokyo)
9:15 AM - 9:30 AM

[S23-03] Coseismic fault model estimation using the
Hamiltonian Monte Carlo method and its
comparison with the Metropolis-Hastings
method
QOTaisuke Yamada1, Yusaku Ohta1, Keitaro Ohno?

(1.Research Center for Prediction of Earthquakes and

Volcanic Eruptions, Graduate School of Science,
Tohoku University, 2.Geospatial Information Authority
of Japan)
9:30 AM - 9:45 AM

[S23-04] An earthquake tomography method for detecting
of velocity discontinuities via structured
regularization
OSumito Kurata1, Yohta Yamanaka1, Keisuke Yanoz,
Fumiyasu Komaki1, Takahiro Shiina3, Aitaro Kato'

(1.The University of Tokyo, 2.The Institute of

Statistical Mathematics, 3.National Institute of
Advanced Industrial Science and Technology)

9:45 AM - 10:00 AM
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[S23-05] Detection of deep low-frequency earthquakes by
matched filter technique using the product of
mutual information and correlation coefficient
ORyo KURIHARA1, Aitaro Kato1, Sumito Kurataz,
Hlromichi NagaoL2 (1.Earthquake Research Institute,
the University of Tokyo, 2.Graduate School of
Information Science and Technology, the University of
Tokyo)

10:00 AM - 10:15 AM

[S23-06] /, trend filtering based detection of short-term
slow slip events from a GNSS array in southwest
Japan
OKeisuke YANO1, Masayuki Kano® (1.The Institute of
Statistical Mathematics, 2.Tohoku University)

10:15 AM - 10:30 AM

Room B | Special session | S23. Deepening seismic data analysis and
modeling based on Bayesian statistics

AM-2

chairperson:Hiromichi Nagao(Earthquake Research Institute, The
University of Tokyo), Aitaro Kato(Earthquake Research Institute,
the University of Tokyo)

11:00 AM - 12:15 PM ROOM B (ROOM B)

[S23-07] [Invited] Some problems associated with
Bayesian inversion
OYukitoshi FUKAHATA' (1.RCEP, DPRI, Kyoto
University)
11:00 AM - 11:20 AM

[S23-08] [Invited] Nonlinear inversion of geodetic data
based on Bayesian statistics
OJunichi Fukuda', Kaj M. Johnson? (1.Earthquake
Research Institute, The University of Tokyo,
2.Department of Earth and Atmospheric Sciences,
Indiana University)
11:20 AM - 11:40 AM

[S23-09] [Invited] A Bayesian framework for Earthquake
Early Warning
OStephen Wu' (1.The Institute of Statistical
Mathematics)
11:40 AM - 12:00 PM

[S23-10] Relative probability of ground motion level
revealed from the extreme value statistics
applied to a continuous seismogram obtained
before and after a mainshock.
OKaoru SAWAZAKI' (1.National Research Institute
for Earth Science and Disaster Resilience)

12:00 PM - 12:15 PM



Room B | Special session | S23. Deepening seismic data analysis and
modeling based on Bayesian statistics

PM-1

chairperson:Keisuke Yano(The Institute of Statistical
Mathematics), Hisahiko Kubo(NIED)

1:30 PM - 2:00 PM ROOM B (ROOM B)

[S23-11] The research of spherical time-space ETAS
model
OZiyao Xiong1, Jiancang Zhuang1 (1.The Institute of
Statistical Mathematics)
1:30 PM - 1:45PM

[S23-12] Forecasting temporal variation of aftershocks
immediately after a main shock using Gaussian
process regression
OKosuke Morikawa1, Hiromichi Nagaoz, Shin-ichi Itoz,
Yoshikazu Terada1'3, Shin'ichi Sakaiz, Naoshi Hirata®*

(1.0saka Univ., 2.Univ. of Tokyo, 3.RIKEN, 4.NIED)

1:45PM - 2:00 PM

Room B | Special session | S22. Advances in Seismology using Al
PM-1
chairperson:Hisahiko Kubo(NIED), Keisuke Yano(The Institute of

Statistical Mathematics)
2:00 PM - 3:00 PM ROOM B (ROOM B)

[S22-01] Construction of Convolutional Neural Network to
Detect Deep Low-Frequency Tremors from
Seismic Waveform Images
ORyosuke KANEKO"2, Hiromichi NAGAO?', Shin-ichi
ITO*', Kazushige OBARA?, Hiroshi TSURUOKA?

(1.Graduate School of Information Science and

Technology, The University of Tokyo, 2.Earthquake
Research Institute, The University of Tokyo)
2:00 PM - 2:15 PM

[S22-02] Feature Extraction of Earthquake Time-Series
Data by Dynamic Mode Decomposition
ORyota Kikuchi1, Hisahiko Kubo? (1 .Kyoto University,
2.National Research Institute for Earth Science and
Disaster Resilience)
2:15PM - 2:30 PM

[S22-03] Application of Bayesian Optimization to Black-
Box Optimization Problem in Seismology: An
Example of Centroid Moment Tensor Inversion
OHisahiko KUBO1, Keisuke YOSHIDAZ, Takeshi
KIMURA' (1.National Research Institute for Earth
Science and Disaster Resilience, 2.Tohoku University)
2:30 PM - 2:45 PM

[S22-04] CMT Data Inversion Using Gaussian Processes

©Seismological Society of Japan

Seismological Society of Japan The 2021 SSJ Fall Meeting

OTomohisa OKAZAKI1, Yukitoshi FUKAHATA?
(1.RIKEN Center for Advanced Intelligence Project,
2.Kyoto Univ. Disaster Prevention Research Institute)

2:45 PM - 3:00 PM
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Earthquakes and Volcanic Eruptions, Graduate School of Science, Tohoku University,
2.Geospatial Information Authority of Japan)
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OSumito Kurata1, Yohta Yamanaka1, Keisuke Yanoz, Fumiyasu Komaki1, Takahiro Shiina3, Aitaro
Kato! (1.The University of Tokyo, 2.The Institute of Statistical Mathematics, 3.National Institute
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9:45 AM - 10:00 AM
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University of Tokyo)
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GNSS array in southwest Japan
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S23-01

A Bayesian multi-model inference for slip distribution in slow slip
events beneath the Bungo Channel: the effect of prior constraints

*Ryoichiro AGATA', Ryoko Nakata?, Amato Kasahara®, Yuji Yagi4, Yukinari Seshimo?®, Shoichi
Yoshioka®, Takeshi linuma'

1. Japan Agency for Marine-Earth Science and Technology (JAMSTEC), 2. Graduate School of Science, Tohoku
University, 3. Independent researcher, 4. Graduate School of Life and Environmental Sciences, University of Tsukuba,
5. Graduate School of Science, Kobe University

WERF - BT — 9 ZRAWEBIARYDHHEEICEWVWTIE, 1.MEEMREEEEEL Y 25 THEED
ETNE—DREL, 2. RELALMTEEETIVCEDET—IDSDTRYJHEDAS V=Y 3 v &E]T
. EVWDITODERBENSRIMEREN BN THZ, COHEIE. TRYDHHELBMAREERES
LTERMET B 5TAREET 72D, L<ALWLATWS, LML, HTEEICEL TRERRERL MR
WIRR T T, IRYDEHEDRNICHDOM TIEEETILARIRT 2ABEMEABTTLED 2 &1F. ZOTHESE
MICERT2ETIICLZFRREOREZ S A B/NTIMT 2 &ICARY, HEICSIFTEA—/1—T 1 v N%a1F
K—RERB,

AFRTIE. ETIORBERICERT 2 FARELZBEUICIYIKRD 2OI1C. BRREIMBR CRENITS
N2 TEREETIOSHOEFEZFRFLT. TRYUDHED IR, IHEEITIFEICOVTHRET S, &
DFEDEAMNDEZ FIE, Agataetal. (2021,GJ) ICL>TRENALEDTHY ., ETILFRREDHKE
HMEE A T — Y REXDBITIDOHEDIBK S IC & W R L /zYagi & Fukahata (2011, GJI)¥ Duputel et al.
(2014, GINR EICE2FEE, ETLFRHREOHVAMERELLWRICIERLAZEDERAZ I ENTE
%, ¥z, ZROETIEHERA AR EORMEADFTRABICER T2 EVWIEKRT, XM ATILFETIV
WEHZWEARA ZETIVEHE (B A ILRaftery etal, 1997) O—EEEZZZEHTEB, TDLH, &
B TIEAFE%ABMMSE (Bayesian Multi-model slip estimation : R4 XTI FETFILTRYHEE) &I

R, Agataetal. (2021, GJI) Ti&. BMMSEDEELHIERBRANDHER DA DN RSN, XFRT

I, BMMSEAZ%&/KEDH T T2010F £ 2018FEICHFKE LRI RAO—R ) v A4 RV N (L-SSE) D&
BIZERMT—4 (Seshimo & Yoshioka, 2021, JpGU) ICEAL. IRYDHEHET S, TOBE. BMMSEA.
RYKEICBAT D EICED2D0DFRUEET %, F£—IC. BUMSEZAWTETILORHEREICERT %
FHREDHRENHEEBELICERBLEIIRSA IHEETIZ&E. TRYDSHEDBLLNIARLICHT S
BMUOWERNBRASDODRVWIRYEEEZLUBRZICTEE WD A, BEIIC, L-SSED L D ICA LA TIEY IR
LRETZARYNOITRYDHEEICSVWT, HTEEELFH DT 2BHRELSAEREAARNY T EITE
REHFTDIENTES, EVWIRTH D,

BELEFEEZAVTELONARRIE., TRUATL— MEREOdipAEICHRYFVWERTHOHELTWDS
ZEETBTEZEDTHo e TRYDHDHERBRNSEHELALAARY MIETO Y —OVIIRGOZELLE
DZEE P %, L-SSEQHEAICHELE L 7zdown dipfIDFRHERRBBOS BB LIcEI B, IRYSH
DELHNSICKBDEBRMARICEDVAFBREEAR, KW ELC—HLTWE, 2DZ &IE,. L-SSEE Al
ICBWTHELTRELAZZRAO—E L DHENRERELIVBABICRLTVWS, ZOLDIC. BohETA
URREMDARY NEDBRESERT 2 LT, MENLGRIAOIZ>ETY LAVHREGEABEAETICTARY
DIHEWETDIENKYMRHTHBZENTREING, £/, 2010FEQA XY MIR T HHETEHS
N TREEERBFE O 2ENERIGENE, 2018FEDARY Na@BT5BOADE LTHEALEZES
%, 2018FEDA Ry N EMITICEM L7FE L YW HWBIC (Widely Applicable Bayesian Information
Criterion (Watanabe 2013, JMLR): E DO EDLE DELUE) KL UM< RY, LUBTIRRS XETIV
MEESNTWD I ENRESN, ZDIENS, FRIEESHERZANY NTEICEREHRTZ L

T. &WBEIRNS ZHRICL D TRYDGEHRENTA S I &N RI N,
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S23-02

Symplectic-adjoint-based exact uncertainty quantification method and
its applications to seismology

*Shin-ichi ITO'
1. Earthquake Research Institute, The University of Tokyo

MBAEHNMASHIOHAARATHRIN TV ENEROMAEHEIX. —a—FIxy hT7—7 - 4 RTE
PET—YRERE, KRELBEEMIRRZOMEEZ BT 2O ORFEEFEICEVWTREADEMTH

%, BICEFDL S L ENERD 2EHOTINTHEAY £TNIE. ZFOFETHERNHEEE D AHEEMDFTE
ICEHET2-0FETHSN, SFTEIAXARMDKREVAED, KRBERICHLTEAY T ESEN DEREIC
HETIZRMEANFERINTVWSG, TNETICHLIEZ. AvETINSLUVFOHTIEROSE - aEESE
HEME LT, 4RTEDET—YBIETHWSN S 2nd-order adjoint (SOA) SEICE DK 7T XLBH
BLVCZDSEMAREHAEL TE7/[1], SOAETHEAINS SOA ETNIE—RICEMIARIXDOER TS X
S5h. ANy ETHEFHEICIE SOA ETILOBERI N BEICAR DD, ZORERDEDEVAICE > TEBE
BMAEYMERTBEIFTTRS, AYETIOHERENZELETL., TRICEDVWTEHEINS THEENE
BREDERNMEETERVWEDICAZ AN’ H B L EDERBEINH o7z, T I TEAMETH A IZSOAEICHTE
T2V TLITav IHICERT R8T, RERXAEY ZRERICINZ., I5ICAY ZITHOHERE%
SHTEMEIREF TIIZA S EATREICT 5 SOA ETIILDRBELRBIERED EDEIREERELL[2l, TOAET
& SOAKICER T 2WMOARABICEET 2REELHBILERERET LI LBERY) EEBET I &
TRBEERANY T EAAREICLTWS, BBEAKHAEXZAVET—YRALCEELZEL TEAFEE2HR
BEL7ZE T3, AFEDORRINIBUEBBRBDZIERHEAVONTEALBERDIEICLERT, Ay ETFICE
FNIFERELZBNICHZA D I ENERTE L, BETIE. AFEOKRBREMESIaL—YavETIA
DBEA LERBIEBNT %,

[1] S. Ito, H. Nagao, A. Yamanaka, Y. Tsukada, T. Koyama, M. Kano and J. Inoue, Physical Review E 94,
043307, 2016.

[2] S. Ito, T. Matsuda, and Y. Miyatake, BIT Numerical Mathematics, 61, 503—522, 2021.

[3] S. Ito, M. Kano, and H. Nagao, in preparation.
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S23-03

Coseismic fault model estimation using the Hamiltonian Monte Carlo
method and its comparison with the Metropolis-Hastings method

*Taisuke Yamada', Yusaku Ohta', Keitaro Ohno?

1. Research Center for Prediction of Earthquakes and Volcanic Eruptions, Graduate School of Science, Tohoku
University, 2. Geospatial Information Authority of Japan

BRONEHT—IDOHESNIMBEETIIOHESRER L EEIRET D2 L1, BONLHBREMRT
Z2ETEDODDODTEETH S, Ohnoetal. (EPS, 2021)ik, ') 7ILY 14 LGNSSH SEEHMBET L&, FOH#
ERESCHICHBHETZFRATIILI7EHET YT AL AOE (MCMCE)ICEDWTEE LKL, RFETIE
MCMCEDRERMABFED—DTHZ A MARY R - AN AT 14 V7K (M-HER) #FBALTWS, LML
M-H}ETIEH20~30% DIRIREHABEE Sh, ERELTRWIIILIATEEISIVEE RS, TRDE. &R
TOBBEICDOWTHEBICRVWESRKEIVETHY ., LYUMNKRNARERFEOFTEIVDELINTWS, 2D
EORBRBEERRT 572D, KERTIE. NIIIWMZTUVEVYTALOE HMCHE) ICHEDLKBET IV
EFEERAFE L,

HMCEIEMCMCED—RETH Y, BIELRZ2BEZSHOMSY (Ai) 2F A LN LBRB AT, EFH
ICiEleapfrogikll & BB ZRAWENIN MY AZEOI I 2L —2avaEITHIIET, FMBVEVER
RBLEEGERWEAERIET D, leapfrogi & TIRINAN—NS A=Y LTRT Yy THA Xek ATy THLESE
BIICIRET Z2HELH D, TNHICDWT, LICEAL TIENo-U-Turn Sampler (NUTS) 2\ % Z & TH#E{t
ATV elCBIL TIERTHERMIC10°E RE L,

AIFETIE, Okada (1992) ICKk 2E—4EUMTBETILDMIB/RS X — 49 RN E Lz, RIS A —%
ICDWTCRTY THA XaR@ELT 5720, BEEREERSITRNTORMIIZ A—49—I(llogH L < IFlogitE
BICEPEREREERA L7, AELAEFEE2016FERAMEISEA LFER. burn-inD1000&E#E % S
20000 FHEE CINRMI R S Nz, T/, HERRIILTHREBOTEIK —H L, FEEAHFETIE
M-HEICE 2B T U B L TEREIT 22 TORER. HMCEZRBHWS Z & T, M-HZEDSRIZEED
EEHCTTORBEOEERMROAAMEARTHD I ENHELNIR >, Th&Y, EHEHBOBRHIDS
HMCEIFM-HEICH L TEAMELIH Y., FURWEEBEZNVE S T2ERTOBEPTEHEOGFE IR MK
EVBEICEWTHEORWEENAIRETH D EEZAOND,
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S23-04

An earthquake tomography method for detecting of velocity
discontinuities via structured regularization

*Sumito Kurata', Yohta Yamanaka', Keisuke Yano?, Fumiyasu Komaki', Takahiro Shiina®, Aitaro
Kato'

1. The University of Tokyo, 2. The Institute of Statistical Mathematics, 3. National Institute of Advanced Industrial
Science and Technology

WERNESS 71 1%, HREOSBWCRFI N HMEDRERE N SHERAMOME R EEESE A HET
2FETHD, REFAETRRAL—IVTITHEIAREH DD, HEREENRIRICEILT 2 FERERE
(velocity discontinuity) DEFEEERHET 2 EAREETH /-, LA >T. EFE. AV T v REICRERS
NZ2FREAERAZRDHE. BERLEOFRENERADFEICEBRIOREL SHESNHRESRICE
A, EWSTTO—FARELNTE, LALANL, ZOL D ARKEIEAI NI MBIERSINTWSZ
ENBL, FET—IRERTDRIBENZ VN, D, BENEHEOHEMLRIAES L TWS &IE
R53., TEMICEHINZBIPEPSEOHEERT —IDSZDMBYPOMERET 52 &id. HEKRE
BEZEMBT DL LELTREREEZNH D, TITAHEKRTIE, BEERULZISHAT 5 & T, Ron/ER
TIDLRMOAEFAZRE L DD, REBELHET 21 v N\—2aVEERET D,
BEBEOHEICHZ>TIE, FT7Y Yy KRS Y MEMEATICIREL., TNOELICEE/NS X —F 55
Ed 2, BRENSEBSRICEEST2ETOFARBEEZERT ZEEICIE. ThoDs )y RKRA Y NOREICK
DEOLNZEREEAAVWTREESIZTI. Z<OREETIE. ZOFHEERRE S EUNTERBE OREICE
DWC, ETVY RRA Y NOBEENRSA—YEHEL TV,

REFLEOZBELREHIZ. HEXFETHVWOLNTVWEIEREIRIC, 7Yy RRA4 Y MOZEENMBERFREERL
“EIAIEEZMA S I ETERESIND, SIABEEKEAAICETEDEEIABICRTEOLICHOMMTS

Y, KEABICIEBEES Y v ROEEZEICET B2/ ILAICEDWAESAIZEET B2 & TELONDEERE
HRET D, COFATREIGIRL—Y VY IJHE L THERNEYVZ 71 TEKAVLVLNTWSERIOKTH

%5, L TRSARICKH L TUFRNR=RIEAUEZIEA L. FIICDOWTRAEHREARICI2 /L LDITFIIC
BEOWEKDEIRIZE5Z %, ZOFIRNIERESOREECICKOENAERZS A, RIBGEREZ(CICHBT
5 TARERADRHEERNZEDTH %,

ARERTIE, BHXAREEMARFAOSREEEFEHI-net CERAIS W MEER T — 9 (SRFT—T/LLEE
B S, BEREBOMTEERELZHET IMERNES S 71 OROIEZBNT 5, ARBREZBL T, KX
ERAN—RERMEEBAVWRWGE S L, PARVT—9HTHREREZ BFNICHREEREZ EVWHIREF
FORRIERIND,
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S23-05

Detection of deep low-frequency earthquakes by matched filter
technique using the product of mutual information and correlation
coefficient

*Ryo KURIHARA', Aitaro Kato', Sumito Kurata®, Hiromichi Nagao'*?

1. Earthquake Research Institute, the University of Tokyo, 2. Graduate School of Information Science and Technology,
the University of Tokyo

Y FRT4ILY—klE, FEREREMEDL S A/MEEOKRBICECBVWONEFETH S, REDFE
TlE. 7T L — M MIEORF BT — 9 OB OHBEBREEZFTEL. TOMMEREEL LT, BEEXBAL
BEICRBERDZ, LML, REDOHETITHESR ANV RVEEICIIMEBENIKBICETTS2EVWIR
mbHote, KR TIE. TV FL—PMNEFREY—T vy MEFROELUMZBIET 27-HIC. CCIZMATHER
MEARAL, TOBEAEKELTZZEICLY, 1DOMBEASRDA CTHERERRNEEABEL < RET
2Lz, £, AL/ A4 XEFBEREMEOREENSRIZEKRT —Fzy MIH LT, HEBR
ECEBARBOBAEL. ZOBBEBEARL, ZTOKR., /A XF7—9 L CHEAHENAR/ 1 XTHD
HO TV /A4 X%=FALEGE. BENLR /A XTHIEXRR/ A XEFALABEOmADT —IZD W
T. /A XBRICIEBWVMEETRSY., MEESICHIET 2HERE—VE2RT e/ o7k, RICZDFE
FHATCROGERQANUD—DOTHIEEXNUOERNT—2YICERALEEZ S, 2010FE12BDT—49H5
354DREMERRMEA/RE I N7, FIA L8R RIEM KB 2R M ZRATHI-netON.SUKHE R R TH

%, ZOHBICIRSKTDOAY O OFERERRTEEXHDTN2D LHAKREEINTWAL, SEREEL FELR
BRERMEDOHAIOTIEZ. RO Y F RIT 1LY =% (KIEEDOEAROEEREOMERA VDA

E) TELNALTDEEAKRDOIFENEHZTRLTWS, RESNAEFEIE. EOFETEESNEZHASIOY
IEFEFNMEDNE0%ZHANT 5 &ICHII L7z, HRRKMEEEBHREOCEZHAVTRHE LABRT
&, 1S CHERHOA. HEBRENDHAEHVWTHREATASLBAICRTE—REIEWV., I
DERIE, RELEFENM DOBEHAROAEBAWT., FEHERFEEDERLRAYOTIERICKEL T
BRTERZEAETRLTEY., BULWESHIROER AT LIRS AW/ E DR PEAIEOIBE
HEANEWHE R E TORBICHIATESEEZ 5N 5,

© The Seismological Society of Japan -S523-05 -



S23-06

[, trend filtering based detection of short-term slow slip events from a
GNSS array in southwest Japan

*Keisuke YANO', Masayuki Kano?
1. The Institute of Statistical Mathematics, 2. Tohoku University

1. E

BEEORNMBENEADILTICK VL2 RLHFAABICEVWTRO—RY v ARV N (SSE) ARRSN
7=o TN HDSSEIX. /T,a%;&rﬁm'kzbb‘%»ﬁf\ﬁ@ﬁ@fﬂc‘:%F’a’:ﬂﬁ@?ét&)@i%@%b‘b\U’C%%n Lh
L. #ErsmE s e WEEASSE (S-SSE) 13, BRTEZZIFEDEMAEFEDRWT ENE L, S-SSEORESTE
ZEFIERRICIBIE S 27-0IC1E. SBEEOCBERBENIVEER DS, KR TIE, RIX—IAMED—ETHS
NMELYRZ40L% ) VT Ep-EDHE%EBWT. Global Navigation Satellite System(GNSS) 7 L 1 O
T—9DDS-SSEX BT 2FEEIRET B, REFAEIE, S-SSEORBEHEaEZRDIFZEHINMNLY
R4 ) VT %FAL, MEOEHEEEZBZ-DICpEDHKEEEFNATSE. AIT—YICEENFERRT
&, FHEBEREFREAIC)ICED BBRBEELLEEL, AFENBREEZFEALERBIITICIFEFINTOA
RYPMNEMRBTESI AR L, 610, REFEE. AmBAANEEERD39DGNSSEA RDHREAIC
WAL, REFEICLIYIRTOBRFMODS-SSEEZRET BT TR, FIEBRARVINERR L, ThHD
FRAA XY MZDOWTRERMEI & ORHEMEP N AHERITOERAZRT 5.

2. REFE

REFEIE. LY R4S Y YT - BESRASEZAVEZRE - REBROMEEZERBENICITY. KR
EFEOBERERLTWS, 3, MLV RT7 44 25 (Kim, et al., 2009)(C & ¥) £581 R 5112 X 287
AL TIIDH D, YTEDEEROHRBEREED TREEZITY. REBICEHROHINSTORMDELL S
ERTREDp-BEKETS. NMLYRT ALY Y VT BREEFEANLE EIEEN D R/—ZAHED
FETHY., SZAONTEANOHFICBOCRDZEABRZBEERKHEET SN TE S, EALOESEWE
KRINANR=1RF X =% IMallowsDCpiREAFAWVNWTT—IDORETEIENTE S, BT I2RET

&, MMLY R4S ) VI THEONERDREZFAT %, REFEOBERIIDRH, 2004F4818H
SD2FERMICHE T BHEEREIBDGCGNSST—F & ZDTF—IDSERLAEAIT—9%FIBAL. @BFICBVWTIEZ
RIEDEMT—9 5T L—ILBTL— D74 )VEVEBTL— MADE&AAAABICHE L THAL .

3. &R

ALT—49%FALEERICE>T, UTFDZ DD 272, AICOEBIEHIEREBICE>TIRY NE#EL
- A XBBRAMENEILT 2—H, REFEFBRBREZFEAERBISITINFEFIRNTOIRY MERET
XL EN RSN, BREFZEEZERT—YICHAL. 2TOBRMDS-SSEAMRHTE 2T TRLHFHZAR
MEWSDOHER L7z, Ih5DMAEICD VW TKato and Nakagawa (2020)D A4 O 47 % B W =& E RS &
OHEN (M2) BLUMCMCE B W HEBTORER(E3)ICDWVWTHRET %,
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Room B | Special session | S23. Deepening seismic data analysis and modeling based on Bayesian statistics

AM-2

chairperson:Hiromichi Nagao(Earthquake Research Institute, The University of Tokyo), Aitaro
Kato(Earthquake Research Institute, the University of Tokyo)

Thu. Oct 14, 2021 11:00 AM - 12:15 PM ROOM B (ROOM B)

[S23-07] [Invited] Some problems associated with Bayesian inversion
OYukitoshi FUKAHATA" (1.RCEP, DPRI, Kyoto University)
11:00 AM - 11:20 AM

[S23-08] [Invited] Nonlinear inversion of geodetic data based on Bayesian statistics
OlJunichi Fukuda’, Kaj M. Johnson? (1 .Earthquake Research Institute, The University of Tokyo,
2.Department of Earth and Atmospheric Sciences, Indiana University)
11:20 AM - 11:40 AM

[S23-09] [Invited] A Bayesian framework for Earthquake Early Warning
OStephen Wu' (1.The Institute of Statistical Mathematics)
11:40 AM - 12:00 PM

[S23-10] Relative probability of ground motion level revealed from the extreme
value statistics applied to a continuous seismogram obtained before and
after a mainshock.
OKaoru SAWAZAKI' (1.National Research Institute for Earth Science and Disaster Resilience)
12:00 PM - 12:15 PM
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[Invited] Some problems associated with Bayesian inversion

*Yukitoshi FUKAHATA'
1. RCEP, DPRI, Kyoto University

ABICZRWA Y NR—=a V3 LWEEDNS, BAEDBERICKR T 2BKH 5 WIEBNREB/NAZT A 5D
B, BN ENREDL, ABICR/NDFEICL>TULIFLITFZBIENTLES>RHTHB, LML, 2D LD LR
MEDERICRT 2BHIBONZERIE. FEYRETIVEICERTZ I ENEETH D, TDEHRE

I, "Bad modelling leads to a bad result. A bad result suggests bad modelling." & WS ZE%#BIF T W

%5, ZOTENRETIVEOBRBEDOWT, EFIVEREICERT 2#£98 (Yagi & Fukahata, 2008, 2011, GJI)
BREBREORYFVDEEMICOWTIIELREAINTEALELR D, 2IT. FXEETIE, ZThUADRI X
AVN=23VIZEDDZETIVEREDOREBEICDOWTEY LIF 5,

BIZIE, BREEOREE—RICHLVEETH S, H<EMo>TLED EBUIRBIERNLRCARSZ—F, BKIC
BMoTLEDIEETIOEHELISK ARYBET, INELBEWICHEEZERTIIENHLIAL->TLEI D
LTH?, LRBFBE. 7 FHEXR" LEMENZHWVWELSL, BFTENFHICEOVWTERIGEATED
BWEWDIEZNH DL DD, £ TEHAV, ERFBBCECIIVBELREDE B REDENHY., F
WUALRIBEREAVD &, BHATDOLNZREEVSLBEIEL S, EEEHCERZGEDORIREBES
N3 ENZWD, BUICHRAMET 2-OICIERBITIENTERVWERTH S, ZHIVL2ERAICDOV
T, EFRNLRBHENERRATHRAT 2,
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[Invited] Nonlinear inversion of geodetic data based on Bayesian
statistics

*Junichi Fukuda', Kaj M. Johnson®

1. Earthquake Research Institute, The University of Tokyo, 2. Department of Earth and Atmospheric Sciences, Indiana
University

GNSS¥®InSARZED AT —4 AW THEIRRICEAE L - WBR LB OLERAME T 57-DICIE. 7+T7—K
ETINDNRTA—GEWETZH (11— U3Y) BRETOVHENH D, AT —4 I 2HBFTOA
Eid. EMNEBOR/MEICEIVREDNIA—9%HET 2mBILE. XM ZRFRICEDE/NRNIXA—SDEH
BEEDTHEHRTET 2R AWEICKBTE S, N AMEOHEATIE. XM ADEEBICEDE, HRED
BTHLIERERDAEMET 2, NI AHEDHRE LT, RNIXA—YDTHEEMEL ML — R4 75 E%KHE
ENHICEDEEEBILTEDI D, FMEREZBICEDEERMEEINERDDINAIR—NRSA -9 45K
BHIRETZ R ZEDEIFONE, LML, XM IBEEFREEICERT—RICFHEIZR M BV EHR
RELTETFLNS,

BB T RYDHEHRET 24 vN=—Va Vv REDBREOURETIE, ERERLGIAV A THNIL, &
IN"FEEAVTERERDGEBITNICEZZENTE S, ZOLIRBEIIRVEVWSAERZTHEIR b
HEEWD, R XBEFEFERAINTEL, —A. FRFOHFBBICH T 21 XEETIE. BEEEXRS
BE/DHEHDICTIAZEHEEYTH/)ILO (MCMC) JEREDHEHAFENVEE RS, MCMCEILE
F, AT -9 DHEBITICE<BVWONELIICARYDDH B, TOFEIZHEDT +7— RitEE20E
ET B0, FEIRMNDEVWTI AT —RETNICERTZZEIIR#EETH B,

HEDHBEHOET Y YV ITHETIE. MBELDOISH - BEPT Y NLOMBEMIS BN S E2ER LY
BEFIIEEBATEEENIELTWVWS, TDEIRETIDNRSXA—9 BT -9 SHET ZRBITIE
BEOHERBBEERY, 74T7—RETIDFHEIZRMEVED, —BRICMCMCEIC & 21 AHEIZHRE T
Hd, TOEIRHIE LT, FEBETIIRMITARY EHEEBENAHEASDOERUEEOMEBETILO/IS
A=Y EBMT—IETERNS IHE LHESR (Fukuda and Johnson, 2021) A#Rd, 74 7—RKREFTIT
&, WEBOISHELICEYRDTARY EHEEEMARE SN, RWTARYISEEKREFEOERA, it E
FiEBurgersL A0 —ICHED EARE LTz, oo RMITARY EHBEMERMOBEEFERAZER L., HERD
TRY[H, TNICHTEEBIE/RATA—9, MIBOBEBNRSA—4, BEIVMLEIVNMLIZYID
Maxwell R U'Kelvinfitf R A& RKH/NRS X =4 & L. TNOERSA IHEL, SFEIRMDOEVETIICHL
TRAZWEETHIEHIC, (1) BED T + 77— RETEDERD SVoronoi cellx AW TGEMMN R ERERL
HHEL. (2) TN %Gibbs samplerTH > 77UV J L. B) QTEKRSI NI Y TIICH LTI+ 77— REHE
HRETDEVD TOLRERE L TCTERBRELSFOHRELZRRNICHETZ2 7)) AL EEE L, 20D
FFEAE201TFERILAHEOERF R OMER7TERORMT — Y ICER LA X —9 DR IESE
To7ze ZOHRERNS, LBEMBHMAYIEETIVICH L THMT -4 ICE DR, IWENTRETH B Z &
TEIN/z, 5%, JYBRENLBRETIVICHT IR AWEETOIZHICIE. TEZRYDAVERED

747 — REtETCERTODERREN M EHECTE2FEORRENEE LD,
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[Invited] A Bayesian framework for Earthquake Early Warning

*Stephen Wu'

1. The Institute of Statistical Mathematics

Earthquake early warning (EEW) systems are designed to rapidly analyze real-time seismic data and report
occurrence of earthquakes before strong shaking is felt at a site. EEW has been implemented in many
seismically active regions around the world, yet there are still many challenges to be solve in order to
achieve faster and more accurate strong shaking warning. Two of the key challenges of EEW include: (1)
prediction of fault rupture using only the first few seconds of seismic wave data is highly uncertain, and (2)
existing ground motion prediction equations that are computationally fast enough for EEW are highly
uncertain. A natural solution to handle these uncertainties is to apply a fully Bayesian framework to EEW,
but the typically high computational demand in Bayesian inference has been a bottleneck. In this
presentation, | will introduce multiple attempts to design efficient EEW algorithms based on a Bayesian
framework, including the seismic source inversion problem, ground motion prediction problem, and
decision-making of emergency response under different source of uncertainties.
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Relative probability of ground motion level revealed from the extreme
value statistics applied to a continuous seismogram obtained before
and after a mainshock.

*Kaoru SAWAZAK]'
1. National Research Institute for Earth Science and Disaster Resilience

AMEDOERICIIHEAIOSOREMETL, WBEHIOQSICE D HERBTUAL R 25, 207k
H, AYOTICEST, MEERHREEEBIT TS EICIVARBICLZRAIREE TR T 2FENEFRE
INTW3E, ZOFETE., ERTEESHCHOREZIARE (SFHEERI & ORKARER) MEESIHRO—RE
THDIEEEFrechetDFICLAND ZEE#FAL. BERSBRIEBVTENOBEEXRE TS S, KH
BARBIHERDELYAVDHELZIFEAESTRVED, AEREHD SHEBURTONZ M AFRA
AEEE RS, IBIC, TOFREAMERICES TEROBTECZICHERTE2EEZI 5N, HREVASR
ICBITHENPTIO EERFNISDEXR] 2FAIT 2 EHTES, TEFISOBXRIRERELIVBHAK
REJICHNMY P T WIEETHZ7-0, EBREIRETIERICEREEZIAONS, AR T, BERETHEENT
ICED K FRFEA2008F5F - SHAREME (M7.2) 2018FERRMILBOHE (M6.1) . 20215EES
BhoiE (M7.3) DORIZRICE T BHi-netDEmEEIGH (REDNIC D W TIZHRDKIK-netit ik % &
A) ICERAL. AERICERDEULOENSEC2BERATERELBELTENRS SWEMLAZNEAEL
7=o

A L 7= B E S EHRAT O F 35 13 F 12 Sawazaki (2021)ICED <, AER 1B & 102485514 £ TOHARIC
DWT., ¥EEFrechetDFa212BOXBRAIREICERAL. 952 HRET 2/ N7 A —F5A (HEDES
E. EREH. 4 MEERALEEZRM) . p MWEFTHORBBREEZ KM, KHE—FEXDpEICHE
L) . m (RAIRBEOREFNEED R ERM) 2HELL, HELANRNTIA—9ZHAWVT, AED4HEZEFTD
SARIBOBBHEASE L, CDEE, RSA—IDHREMELITTIIRL, ZOREEME FRICRME
EERAXFAEFRA L, EERICOWVWTIE, AEFIEEROERMESEHKICOVWTHEBE I EDRBERAK
IRIEAETE L. AROBTA21To7, 7720, EERFICIIHEREHEEIFEZELELLRBRVWEREL. plE%EOIC
BEE L7, 7. Sawazaki (2021) TIRIHEBEIL NIV ERRT 2/85 X —ox  HREFICHEEL TV, SH
L DEEREFOHEMEL RNIVICEDZHONLCHEE L LT EITo> .

BATORR, 3DDABRZINEFNHEEPLAHZILARAY, BRHSRITEICEREE LY 1 MEEERLR S
AEABICENMDDLT. WThOME, BASTH., AERERMEBURICONZ MFAERLE, F
& LTHE1alc, 10 °m/sLLEDRKRIRIE (BE 25, 531Y, 727 LHi-netidthhICHBEI T WS, s
RTIFINELEZENDEL D) PECIBEERDOHER A, 5F - SHAEMEDOIFBERaTTAL
ERERT, AERIIKZF—FRAUC LA WHEFTHNRET 52D CTHRBERMIRIIRB ISR HICRS
A, FNTHAEEETICI0  m/sUEDENIRZ 2HEEIE36—-91%E BV, EBICIE. NICEHE
N.KGSHERBI R TAEDARRI%IC10 °m/s EORAIRIEE SR L2, E1bld. AENRI SN >LIBA
ICDWTORBEEROHERFATH S, AERIOHBICOWTIEHEFRHOEEEZRE LD, BEER
FIFIFERHICIENT 3, 4B ETICI0  m/sU LD RKRIRIENR Z 2H-EIZVWT OB R TH0.8%KHE
THs, Mlat TbDEXEDLZR LK IclE, BBEEROFLERFICHT 2EXROFUERT, LTERFNMLD
fERIL, AHEERTHI0-220FEEVWKELHIFLTWS, EREMHYY 1 MEERACARML T, &8
BRICK > THEOELKE L,

ERDOEITIER A2 KIRFILEHOHME S EEEHDOHEICDOWTZENEFNE2, 3ICRT, KIRFILIEOMED
FREFIMOZDOOMEL Y /NI W, BBEERDEMEIXI—16%EEV (H2a) A%, EHADLER DM
EEHE0.14% KB EEV (H2b) 726, EERINSDERIF20-200F:EDICHESIN (H2c) ., &
BESHOMEIIREN A Z < BBEEDOHETEIZ20—70% & BV (F3a) A, R s DL O HEZE A
0.2—22%&EFHTH DD (K3b) . EERFICHT 2EXRIFT1I0-110F L SEOEMTBIDOATIIE S HEES
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N (B3c) . A, M2, 3ITHEALEZSEARDI B, @EEHDHEICH 1T ZN.NMEHEA LA T
lE. 10 °m/sLl LB KRIRIEIZABEETICE LD o7,
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HEITORXIRIE10Zm/ s B A DFEE, (c)RAIRIEI102m/sE B ADEEDAREAIINTHIRERD
BE, 1aDHBRZE 1bDBRTHRLTEL ., Z05B ORI ERTSHnetflB R & (RPN EERT .
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H3:EEEmDMEIZHITS. Hla~1cEREHEDH,
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Room B | Special session | S23. Deepening seismic data analysis and modeling based on Bayesian statistics

PM-1
chairperson:Keisuke Yano(The Institute of Statistical Mathematics), Hisahiko Kubo(NIED)
Thu. Oct 14, 2021 1:30 PM - 2:00 PM ROOM B (ROOM B)

[S23-11] The research of spherical time-space ETAS model
OZiyao Xiong1, Jiancang Zhuang1 (1.The Institute of Statistical Mathematics)
1:30 PM - 1:45 PM

[S23-12] Forecasting temporal variation of aftershocks immediately after a main
shock using Gaussian process regression
OKosuke Morikawa1, Hiromichi Nagaoz, Shin-ichi Itoz, Yoshikazu Terada1'3, Shin'ichi Sakaiz,
Naoshi Hirata®* (1.0saka Univ., 2.Univ. of Tokyo, 3.RIKEN, 4.NIED)
1:45 PM - 2:00 PM
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The research of spherical time-space ETAS model

*Ziyao Xiong', Jiancang Zhuang'
1. The Institute of Statistical Mathematics

The widely used space-time ETAS (epidemic-type aftershock sequence) model was developed by Ogata
(1998). This model successfully explains foreshocks and high order aftershocks in earthquake sequences
and provides a very effective tool for seismic activity analysis. However, this space-time ETAS model is
only suitable for the study within a small space range. When the space range is large, since the earth is a
sphere, the simulation results of the model will produce errors. In this study, we reformulate the model
from its planar version to a spherical version, to analyze and forecast global seismicity or seismicity in high
latitude regions. The new model is verified by applying it to the global CMT catalogue. The results show
that the new model can simulate the global seismicity variation well. It provides support for better
modeling of seismic activities and seismic interactions in global regions.
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Forecasting temporal variation of aftershocks immediately after a main
shock using Gaussian process regression

*Kosuke Morikawa', Hiromichi Nagaoz, Shin-ichi 1to?, Yoshikazu Terada'?, Shin'ichi Sakai?,
Naoshi Hirata®*

1. Osaka Univ., 2. Univ. of Tokyo, 3. RIKEN, 4. NIED

AERLEERIIEBICZDRENRLET . REOEBICETAMEAIE LT, K& - =2AVETASEST
U, REICEIT B#ETAIE LT, Gutenberg-RichterBIAM SIS N TWSE., IS DEEAIZRET 5/85
A= 5TFT—INLVWERKHMET EIET, REXRLOERM - REICEAT2BREIZEICIBIEL, SHEOMH
KAEDNT ZEDNREE RS,

LAL, AEREBERITHESDOSN (EESXNMHS) AEBLLBILTZD, TRTOREERETEI L
LV, T, RHSNAERET —YOHADORENHEHET DL, RO ICHESNIRESFICKE
BRINATIADEL 3.

ZITREREBELZETIVELEBEATZ I LT, RHESNAERET —IDNSELVWRESHOHEEITD.
CERREORE"IEBICIIEAIN AW D, REINAREICH T E2REMELH/HISLEBREERT
3. FOE, MHEEEAERT A RANBEHICK LAY RABREEROT7ZA T4 P2AL, FROHELTHY
ZBREAWVWSZET, REFELIVERRADPEVREDHED ./ VRFTARNY v IRA IWEFEERARL
oo AV ZBROERBIERBEAVIEEICEV EPHSNTEY, HEIEXGTTHEERBZE LASEDHRERE
BOZEPHLNTWS., SHICHMERITTRL, REHEIPEHBTH >I-AERBEERUT/NATA—5D
THEEMSLUVUFILOGETHETRE RS, £, T—Y9LKEEFTAG YT VT EAEDEDRZ &
T, AENE L THEMARBELEER, YTV TICEBNRIA—YDOWEFHFEWI L. 2RO
ETF—4ICnT3AFE0ERBERIILYARET 3.
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Room B | Special session | S22. Advances in Seismology using Al

PM-1
chairperson:Hisahiko Kubo(NIED), Keisuke Yano(The Institute of Statistical Mathematics)
Thu. Oct 14, 2021 2:00 PM - 3:00 PM ROOM B (ROOM B)

[S22-01] Construction of Convolutional Neural Network to Detect Deep Low-
Frequency Tremors from Seismic Waveform Images
ORyosuke KANEKO'"?, Hiromichi NAGAO?', Shin-ichi ITO?*', Kazushige OBARA?, Hiroshi
TSURUOKA? (1.Graduate School of Information Science and Technology, The University of
Tokyo, 2.Earthquake Research Institute, The University of Tokyo)
2:00 PM - 2:15 PM

[S22-02] Feature Extraction of Earthquake Time-Series Data by Dynamic Mode
Decomposition
ORyota Kikuchi', Hisahiko Kubo? (1.Kyoto University, 2.National Research Institute for Earth
Science and Disaster Resilience)
2:15PM - 2:30 PM

[S22-03] Application of Bayesian Optimization to Black-Box Optimization Problem
in Seismology: An Example of Centroid Moment Tensor Inversion
OHisahiko KUBO', Keisuke YOSHIDA?, Takeshi KIMURA' (1.National Research Institute for
Earth Science and Disaster Resilience, 2. Tohoku University)
2:30 PM - 2:45 PM

[S22-04] CMT Data Inversion Using Gaussian Processes
OTomohisa OKAZAKI', Yukitoshi FUKAHATA? (1.RIKEN Center for Advanced Intelligence
Project, 2.Kyoto Univ. Disaster Prevention Research Institute)
2:45 PM - 3:00 PM
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Construction of Convolutional Neural Network to Detect Deep
Low-Frequency Tremors from Seismic Waveform Images

*Ryosuke KANEKO'?, Hiromichi NAGAO?', Shin-ichi ITO?', Kazushige OBARA?, Hiroshi
TSURUOKA?

1. Graduate School of Information Science and Technology, The University of Tokyo, 2. Earthquake Research
Institute, The University of Tokyo

FEMEREME) LB REMEESAE (Hinet) ORBEEZ X >MFICHO TERAMICEHINARR]TH

Y, BRRLUEZ S OMRICE > TEFOME L OBEFRMENTBINTWS. —AT, BMENIETZ2T—YIEE
HDF20FED LHEEET, TORFEELVECER LB+ E~HEFERPTRETIEARMEDOF AL EA
EATRHICIE, SSHICBEEFTHE--TT—Y42RETEIEHNEETHS.

RERMEAH TR SN IR EERELAT VINT—YELTRBBEITEIVATLANAVLRTVLSY, §
SOFERNIRANICIEC TEIK RIS K > TRE A RBHRICEMMWICEZR LTV, ZDLD AHEHEE, BE
ICHRE L ERASERORMNAREMRT 2 L TCOESELABRETH Y, RERAFMEHRERAA TIEFIRLM
BICBRAINTWAEHSROEEHEEAF vV LEERT —9 & LTRETZHENTHORTWS[2]l. Hi&KE
GO SHWBRHEAEITOBE, BNEHBEERET V94 AT EIEEFEICRETH D20, REDTIYIL
FT=HICH L THVWONTWAREF A4 EREER T EIETERVY. £, ARFORIIEKRTH DT
®, FFROBRICE >TEXICKRET 52 &IFFIRENTH 2. DD, HELEKEIRD OMRNICHENIR
HAETO ERLEBEFENNVETHS.

AR TIE, EBERBHBICEHELEEBEEFED—DOTHEIBEHAHA=21—F)Ixy hT—% (CNN) %=
WFERBERICIRYED. CNNEFTIVIE, FOEBIDDI > TWEIHEIT—952FBI &L T, EF
IWARED/IRZ A —4 = HETHRELRROBRIATEEICR S, SODIFE, MEAHSYDOJ[3-5]%5 &I
Hi-netDEBEE T —9 & LTHWS I ENTESZD, ET—YICEEFNDZELD/ A ANHIFER>TE
BNLEFCETLRVWTEELHS. 22T, INEXTORRGITIE, HdtxEGERED &ICLIZEREGRE A
TITHICERLET N EZRBIE2HERREITo>TCE (BGRSR) . ZORR, FEEAETI/IITHE IR
BE X L THEIZRRTE D ENTRICA >, £, HAT—YICIIEERICBENESETNEHED
DHEERE L TEZLDICEIIDET, ETIVIEEBRRDOEDEEICHENSENINBEL<RET S
ZENTEL.

AEETIE, ZOPERRBROEREE EICHI-netDRT— Y EHAVWTETINDOREB 2T o EREBNT
3. NILEFEEGICLDEBEEATETIN A I 7AVFa—=V S ISERALETILOBEICERBAEMASZ I &
T, /MX%ZELLECET—YICHLTHEATRFEGKICH T 2EREBEAVEREERLE.
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Feature Extraction of Earthquake Time-Series Data by Dynamic Mode
Decomposition

*Ryota Kikuchi', Hisahiko Kubo?
1. Kyoto University, 2. National Research Institute for Earth Science and Disaster Resilience

FHARMORERRS LIV E1 -2 ICLZEERNIBLICEY, BBELSACEHEOYIaL—Ya Yy
T ERDIENTREIL A>Tz, BONEEZRTBRINT—FId. BREBBICERTZ2—HT. 7—9f#
W& $5RICEBRCPEKEBIEEICAZAHEEL’IHE, aBELABHPZHOO I 2L —Yavr—9%
ENT OISR, TYDBERICECY A FTIVAPHEBEEMET 27NN ALDPREE LD, BHEFR
FRMARAMTIEIZEICH2100 7 FAOMEERAREZZE - EALTSY. 205 5EEOMN17004 AAICHE W
THREEHCLZ2BAEERELTWS, INOICLZMEET—4 1, HEORRORAPERBEMIT R ESE
BWREIMISERAS N, MEIZPHENY — FFHERE 2B L TCHROEXBRRICKITONTERL, Z0DIF
BEY, BEERBARKIEDYTILIALREERREZBZ2IENTE S, BHROHAURIC K 2 ZEMNLS
BERFRINT—FICL ZFENRFEENH Y, HERKREZESEICERT 2/-DICIEEEEZBFICERY RS BE
BHz, ZRTBERIT—Y %I 2HEE LT, BIWE— K2 (Dynamic Mode Decompostion:
DMD)HD'Z(F 5N %, DMDIE, REBFTODFICEVWT, ERBL VP IaL—Ya v THELNLEERTRHR
FF—9 DHRHSEEENRAFEEEEZME T2 AHEE LTRES N, —BMICAVLLN D ERD DT
(Principal Component Analysis: PCA)E& B 2 f#(Proper Orthogonal Decomposition: POD)IE. #%#97%
BMICHT 2REHEHENRE LTS Y., BINQAFEHEBICIEES AWV, £ @& 7— ") TE#(Fast
Fourier Transform: FFT)(&, B4~ OEBAISRICE W TEHNQRFRERARYI MLERBB I ENTZ D, EELED
BRI HESAICRT 2 2 & ICIGBERATE AL, DMDIF., B#MNREEE— RETTRRKEBEEEREZER
LEEME—ROEALZMET I ENTES, HEHT—FICHVWTE, FEENLARFEEERLZEES
SUHME—REHMETZZ &E. ZRTFRIT—IDSORREBBOREICEMRTZ 2A8MELGHZ, &
MR TIE. DMDZMEEDRRIIT —FICERL, MEARY NTEDT—RARIT 1 2ERTDHI &

T. DMDOERMY %2y 2 & BN E Y 5,
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Application of Bayesian Optimization to Black-Box Optimization
Problem in Seismology: An Example of Centroid Moment Tensor
Inversion

*Hisahiko KUBQ', Keisuke YOSHIDA? Takeshi KIMURA'
1. National Research Institute for Earth Science and Disaster Resilience, 2. Tohoku University

VAT LIADAAXICKT L THAYDBONZRREEZ D (y=f(x) . ALELICL THENICHBICEEZTT
ENTERV, BEMICIK, HEIANICHTZ2HENERB/ZILIFTE D, fOLEKRICEART 21ER (FIAIE
AEERE) B2 ENTERVWRETH S, ZOHBEDIIET v IRy 7 RAEBHREFIENDE, ZDLHR
T2v Ry 0 RABEOHENERKLE (B LLIERIME) ICTBAANRSA—9x % RO 50E (F75v ¥
RNy 9 AGELERE) #E X%, BBEEOLHTICSITI2RRNR TS v IRy 7 AKELBEE LT, /N A
R=NRSA—=FDRBIEIHITOEND, NANR=NRFGA—=FET—IDEBISIIREINBWNAIS A=Y D
ZETHY., BPBREICKRETIHNEINH D, —a—F IRy hT7—I ThhIHEBOBHCPEBND=-2—0
VHL EMEEROER. RELCFEOBBELENETNICHEY., BEEETINT) ALDNRTA—I VR %E
BRARICBIZLETICIERBERNANR—NSA—YDHAEDLEEFRTIVELNGH D, —RHIC. T390
Ay 7 ARBEEBEICEL TIE. BAONBNRNIA—YEREELLADRLICARSE Yy KH—F%, /3
A=Y BEES VI LIZARTW ST LY —FREICLZBERNMTOIATEL, LHALADSL, ThdHD
FRIFEHAEAZRMEL, BICNRNSIA—YEHIREVFERICEIEEEICZEVE TRV EDDH B, T2

T, WERULBBERFZEE LT M IARBELEEBEETZ2IEMAEFES <R >TWVWS, XM XRxBbIE, ATRER
RYDRWHTERTT Sy ohy 7 AEHOUHEEEBAL, ThiaxBltd s & 2BMNE LIBREEF
ETHB, BEENICIE. (1) ZRETICRRLEANEZOERE L THEONEZEADBHRN, S, A0 B
BARSICEDWTERBMEALUT 2REBETIVAEBET S, (2) REETIVICEDCESBHERKLET HIF
FEDEHEERDSZ, (3) BREBEATORTEITV. TNRICHTIHEADEFLICES. (4) HEICES
NEBRIMOREBETIVEEHFT S, EWVWI—EDORNERYIRT,

TZv IRy ) ABRZBIEBEEAOANRA ARBELDOBEAIZ. MBEZEIBLIFICEEEFST. Z<LORES
HTHRY ANSNhDDH B (FAIX, Shields etal. 2021) ., KIFRIX, WEZOHBICHITET Iy IRy Y
ABEMZBIEEEADANS AZBILOBMANERAZEDTHY ., BEFMAEFHELTEY MO RE—X Y
RTFUYIAYNR=2 3V lBiFdEy bOA RNBEOHEMEEZRY £iF5, RERRENHRYIIDOE

E, HEOWMETHAUSINIHERFIIRERICBIIZ2E—XAV ATV YVIDHEAEDE EBEOH TRV DI
52ENTES, TDEHATROME (L bOA RIE) ABEHDOBEICIEK. E—XY MTFU VLAY
N—=U 3 VIIREREEE Y, BBICECIENTES, LHrLarsterbOoq REBSHREBICKDZ Y
FEARE—XVPMTUVYILAYNR=3VIZBEVWT, KDIZWNRTA—=% (E—XAV MFrViLEEY MO
1 RALE) &HERFOBERIIIERFEERY, CTRETOMETIEI Yy RY—FICK BT A —FFERIT
bhT&7h, ZOEBERBISERREY S BMEFORELRNMNITEINIA—Y2HETIHETH S
N BEBREOEARERKNICTZ/INTA—95RDZ TSV IRy ) ABREELLREBEART I ENTE
%, ZZTREYMNOA REBICALTKEAAS LRI ABDORRAITO LY MOSA RE—X VY ATV Y
WA VNR=UavuaEZD,

N X&BEEDY —)L & L TPreferred NetworksiC & 24 —T >V —Z2ADNA R—/R5 A —4% BEIRE(L 7

L —AL7—%0ptuna (Akiba etal. 2019) %Z=F\\/z, Optunalddefine-by-run2 4 4 JLDO1—HAPIZET 3
pythonZ4 75 THY ., EREONA AHZBIETILT) AL EZFATWVWSIEH, HeRAREPRENY ., 28
REILOHMEEEET S, N1 ARBEILD7IL T X LIZIETree-structured Parzen Estimator (Bergstra et al.
2011, 2013)&= A\ 7=,
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MR LERT R M ERTNICIToE T D, SUS LY —FICHRTRS ARBELOAD, RLHE
TREETLVEEISGEWEY FAA FUEZHET 2 I ENTED I EN’ERB SN,
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CMT Data Inversion Using Gaussian Processes

*Tomohisa OKAZAKI', Yukitoshi FUKAHATA?

1. RIKEN Center for Advanced Intelligence Project, 2. Kyoto Univ. Disaster Prevention Research Institute

HFRDISIREEWET ZAM VY NN—=V 3 VFED—DTHBCMTT—4 A >~ /N\— 3 > (Terakawa and
Matsu’ ura, 2008)id. HEICK Z2RAEBABELDGIIZICLEIT 2 & WIIREDT T, CMTEDN SIGIE
DEBNY—VHHET D, BRHXTIIEEREER (Yabuki and Matsu’ ura, 1992)IC&k 24 v/N—Y 3 v
A EA I N,

—RRICEEREBEBRATIE. ETIIL - RIAIYEIERITT —FICH LIBSIICIEAR L. STEENICREE 42
BRE CRITDOWW) AHSNMTWS, EIRBEICSEVWTIE. ETIIL - RIAIHBICENLBZWADY BEEF
EFRAWSZET, RTOBWALCETESZ I ENMSANT WS, CMTF—4 IX3RTEBRICHH T 572

. LEEBTHRETDEETIV - RT A YD EEEICIEK L (Terakawa and Matsu’ ura, 2010), BICEF
BZEEEIRY ANBEICIE. SHEENLREIFEIND, AFHETIE. AV RBRICKYCMTT—41 >
N=T 3V %EBCIET, ZOSTEENLREBOREREH M7=,

OIZEETIET—Y EHEENRA—DYIEETHEZN, CMTT—94A4 VY R—=I 3V Tlk, T—9DCMTETH
5—FH, WEBIIBNIETH DD, TOEETIIHIRABENMBERTEARY, ZITERETIE. (NSNS
DOHEDEEHHD SCMTROEIEEHEEH, 2)BNGECMTREOEBERODIBIRE L TRIR, WO HFLR
ERCLERETIIEICLY., ZOBBEERERLE,

HEBHERS LAY RBREAFILAEIOCMTF—4 ICEA L. &— 4 ORI, 201 1E3RIL i
BRI D2019ERTH D, ZORR. ()T —YDH3EETEAFEIIBRBANNLKEREE52 2

E. QT =Y DRWVEE TR, EEBRKERCIIEIEEOHEEARET 24 v BRTIIEMEER A
HBRDEHEBMNOICIRTZZEamRLE (K1) . QDFERIE, LBRERE LT, EEBHERTIIE
SMREREERET —H. AV RBRETIEIFEHODERDMERET DI LICEALTEY., AV RBRESE
HIKYIBZ T — 4 ICER - BIRT2BOEEREVZ D, SHICHERTIR. BEAL2EDOCMTT—4IC0T 54
T RABROA YN—Y 3 VEBITERERL. RABOEBMECEBET 5,

AR TIE. EEBAHERRLZBATRELMEREICEVWT., A7 BRICK 2@BITOBERRS & UFELER

EfTof, SHERORRE LTI, HORABEALVENERD, BEMEZEL4RTCMTT — S 2252
ET. WG ORREEOMHE ZH A5,
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