Program The 2022 SSJ Fall Meeting

Tue. Oct 25, 2022

[ Room B | Special session : $21. Advancing Seismology with Al ]
10:00 AM - 11:30 AM JST | 1:00 AM - 2:30 AM UTC | ROOM B 4th floor (Large Conference Room)
[S21] AM-1

chairperson:Hisahiko Kubo(NIED), Makoto Naoi(DPRI, Kyoto Univ.), Tomohisa OKAZAKI(RIKEN AIP)

10:00 AM - 10:15 AM JST | 1:00 AM - 1:15 AM UTC
[S21-01] [Invited]Detecting slow slip events and accompanying tectonic tremor in geodetic and seismic
data, using machine learning

*Bertrand ROUET-LEDUC! (1. DPRI, Kyoto University)

10:15 AM - 10:30 AM JST | 1:15 AM - 1:30 AM UTC

[S21-02] Detection of Deep Low-Frequency Tremors from Continuous Paper Records at a Station in
Southwest Japan About 50 Years Ago Based on Convolutional Neural Network for Seismogram Images
Ryosuke Kanekoz’l, *Hiromichi NAGAOl’Z, Shin-ichi Itol’z, Hiroshi Tsuruokal, Kazushige Obaral (1. Earthquake

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

10:30 AM - 10:45 AM JST | 1:30 AM - 1:45 AM UTC
[S21-03] Application of Physics-Informed Neural Networks to spring-slider model

*Rikuto Fukushima?, Masayuki Kano?, Kazuro Hirahara# (1. Kyoto University Faculty of Science, 2. Tohoku
University Faculty of Science, 3. RIKEN, 4. Kagawa University)

10:45 AM - 11:00 AM JST | 1:45 AM - 2:00 AM UTC
[S21-04] Optimal Transport Distance Measure in Geophysical Inversion

*Tomohisa OKAZAKIL, Naonori Ueda® (1. RIKEN AIP)

11:00 AM - 11:15 AM JST | 2:00 AM - 2:15 AM UTC

[S21-05] Study on prediction of pseudo velocity response spectrum by machine learning
-Part1 Response spectrum simulation for crustal earthquake in Kinki district, Japan-

*Hidenori KAWABEL, Tianzeng WEIY, Kai TERAZONO! (1. Osaka University)

11:15 AM - 11:30 AM JST | 2:15 AM - 2:30 AM UTC
[S21-06] Prediction of velocity response spectrum by using a 1-D convolutional neural network

*Daiki Tayal, Takashi Furumura?! (1. Earthquake Research Institute, University of Tokyo)

[ Room B | Special session : S23. Deepening seismic data analysis and modeling based on Bayesian statistics ]
11:45 AM - 12:15 PM JST | 2:45 AM - 3:15 AM UTC | ROOM B 4th floor (Large Conference Room)
[S23] AM-2

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

11:45 AM - 12:00 PM JST | 2:45 AM - 3:00 AM UTC
[S23-01] Detection of hidden earthquakes after the 2011 Tohoku earthquake using automatic hypocenter
determination

*Koji TAMARIBUCHIY, Shota Kudo? (1. Meteorological Research Institute, 2. Japan Meteorological Agency)
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[ Room B | Special session : S23. Deepening seismic data analysis and modeling based on Bayesian statistics ]

1:45 PM - 2:45 PM JST | 4:45 AM - 5:45 AM UTC | ROOM B 4th floor (Large Conference Room)
[S23] PM-1

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

1:45 PM - 2:05 PM JST | 4:45 AM - 5:05 AM UTC
[S23-03] [Invited]Short-term Forecast of Repeating Earthquakes Considering Spatiotemporal Aseismic
Slip Rate along Plate Boundary

*Shunichi NOMURAL, Naoki UCHIDAZ, Yosihiko OGATA3 (1. Waseda University, 2. Tohoku University, 3. The Institute of
Statistical Mathematics)

2:05 PM - 2:25 PM JST | 5:05 AM - 5:25 AM UTC
[S23-04] [Invited]Uncertainty quantification of seismic tomography based on physics-informed neural
networks and particle-based variational inference in function space

*Ryoichiro AGATA! (1. Japan Agency for Marine-Earth Science and Technology (JAMSTEC))

2:25 PM - 2:45 PM JST | 5:25 AM - 5:45 AM UTC

[S23-05] [Invited]Data-driven reduced order model and sparse sensor optimization with its application
to seismic wave field

o

*Taku Nonomura+ (1. Graduate School of Engineering, Tohoku University)

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

3:00 PM - 3:45 PM JST | 6:00 AM - 6:45 AM UTC | ROOM B 4th floor (Large Conference Room)
[S23] PM-2

chairperson:Keisuke Yano(The Institute of Statistical Mathematics)

3:00 PM - 3:15 PM JST | 6:00 AM - 6:15 AM UTC

[S23-06] Development of Observation Site Selection Method based on Sensitivity to Physical Model
Parameters toward Process-driven Seismic Wavefield Reconstruction

*Kumi Nakail’z, Takayuki Nagataz, Keigo Yamadaz, Yuji Saitoz, Taku Nonomuraz, Masayuki Kanoz, Shin-ichi Ito3,

Hiromichi Nagao3 (1. National Institute of Advanced Industrial Science and Technology, 2. Tohoku University, 3.
Earthquake Research Institute, The University of Tokyo)

3:15 PM - 3:30 PM JST | 6:15 AM - 6:30 AM UTC

[S23-07] Application of compressed sensing using data-driven reduced-order model to seismic wavefield
reconstruction

*Takayuki Nagatal, Kumi Nakai®®, Keigo Yamadal, Yuji Saitol, Taku Nonomural, Masayuki Kanol, Shin-ichi Ito3,
Hiromichi Nagao3 (1. Tohoku University, 2. National Institute of Advanced Industrial Science and Technology, 3.
Earthquake Research Institute, The University of Tokyo)

3:30 PM - 3:45 PM JST | 6:30 AM - 6:45 AM UTC
[S23-08] Bayesian merging of earthquake catalogs from multiple sources

*Jiancang ZHUANGY, Zhengya Si? (1. The Institute of Statistical Mathematics, 2. Beijing Earthquake Agency)

[ Room B | Regular session : S05. Geothermal science ]
4:15 PM - 4:30 PM JST | 7:15 AM - 7:30 AM UTC | ROOM B 4th floor (Large Conference Room)
[S05] PM-3

chairperson:Kenichi Tsuda(Institute of Technology, Shimizu corporation), Takashi Hirai(Graduate School of
Environmental Studies, Nagoya University)

4:15 PM - 4:30 PM JST | 7:15 AM - 7:30 AM UTC

[S05-01] Geophysical studies using optical fiber DTS and DAS in geothermal wells of Ohuma and
Sumikawa geothermal fields In Akita

*Jyunzo KASAHARAl’Z, Yoko Hasada?3, Hitoshi Mikada® Hiroshi Ohnuma?2, Yoshihiro Fujisez’5 (1. Center for

Integrated Research and Education of Natural Hazard, 2. ENAA, 3. Daiwa Exploration and Consulting Co. Ltd., 4.
Graduate School of Kyoto University, 5. WELMA)
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[ Room B | Regular session : S15. Strong ground motion and earthquake disaster |
4:30 PM - 5:45 PM JST | 7:30 AM - 8:45 AM UTC | ROOM B 4th floor (Large Conference Room)
[S15] PM-3

chairperson:Kenichi Tsuda(Institute of Technology, Shimizu corporation), Takashi Hirai(Graduate School of
Environmental Studies, Nagoya University)

4:30 PM - 4:45 PM JST | 7:30 AM - 7:45 AM UTC
[S15-01] Simple microtremor array survey at rock/hard-soil sites

*lkuo CHO! (1. Geological Survey of Japan, AIST)

4:45 PM - 5:00 PM JST | 7:45 AM - 8:00 AM UTC

[S15-02] Near-Field Ground Motion Simulation based on Depth-Dependent Stress Accumulation Model
I, Application to 2014 Northern-Nagano Earthquake

*Kenichi TSUDAL Hideo Aochi?3, Shohei Yoshida® (1. Institute of Technology, Shimizu corporation, 2. BRGM, 3.

Laboratoire de Geologie, Ecole Normale Superieure, CNRS UMR 8538, PSL Research University, 4. Ohsaki Research
Institute, Inc.)

5:00 PM - 5:15 PM JST | 8:00 AM - 8:15 AM UTC
[S15-03] Extreme ground motion in K-NET and KiK-net strong-motion data over a quarter of a century

*Shin AOIY, Takashi KUNUGIL, Wataru SUZUKI, Hiroyuki FUJIWARA! (1. National Research Institute for Earth Science
and Disaster Resilience)

5:15 PM -5:30 PM JST | 8:15 AM - 8:30 AM UTC
[S15-04] Non-recorded Strong Impulsive Vertical Seisnic Waves - Part 7 -
- Risky ground Movement Indications of Happning These Seisnic Waves -

*Hiroshi MAEHARA! (1. Geosystem Research Institute)

5:30 PM - 5:45 PM JST | 8:30 AM - 8:45 AM UTC
[S15-05] A Study on Earthquake Damage Prevention of Cultural Properties on Display: Vibration
Experiment of Japanese Sword

*Takashi HIRAIL, Tomoko TEZUKAZ, Miki TAKANO? (1. Nagoya University, 2. Token Corporation)
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[ Room B | Special session : S21. Advancing Seismology with Al

& Tue. Oct 25, 2022 10:00 AM - 11:30 AM JST | Tue. Oct 25, 2022 1:00 AM - 2:30 AM UTC | & ROOM B
4th floor (Large Conference Room)

[S21] AM-1
chairperson:Hisahiko Kubo(NIED), Makoto Naoi(DPRI, Kyoto Univ.), Tomohisa OKAZAKI(RIKEN AIP)

10:00 AM - 10:15AM JST | 1:00 AM - 1:15AM UTC
[S21-01] [Invited]Detecting slow slip events and accompanying tectonic tremor in geodetic and
seismic data, using machine learning

*Bertrand ROUET-LEDUC! (1. DPRI, Kyoto University)

10:15AM - 10:30 AM JST | 1:15AM - 1:30 AM UTC

[S21-02] Detection of Deep Low-Frequency Tremors from Continuous Paper Records at a
Station in Southwest Japan About 50 Years Ago Based on Convolutional Neural Network for
Seismogram Images

Ryosuke KanekoZ!, *Hiromichi NAGAOL-2, Shin-ichi Itol:2, Hiroshi Tsuruokal, Kazushige Obaral (1.

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

10:30 AM - 10:45 AM JST | 1:30 AM - 1:45AM UTC
[S21-03] Application of Physics-Informed Neural Networks to spring-slider model

*Rikuto Fukushimal, Masayuki Kano?2, Kazuro Hirahara3* (1. Kyoto University Faculty of Science, 2.
Tohoku University Faculty of Science, 3. RIKEN, 4. Kagawa University)

10:45 AM - 11:00 AM JST | 1:45 AM - 2:00 AM UTC
[S21-04] Optimal Transport Distance Measure in Geophysical Inversion
*Tomohisa OKAZAKI!, Naonori Ueda! (1. RIKEN AIP)

11:00 AM - 11:15AM JST | 2:00 AM - 2:15AM UTC
[S21-05] Study on prediction of pseudo velocity response spectrum by machine learning
-Part1 Response spectrum simulation for crustal earthquake in Kinki district, Japan-

*Hidenori KAWABE1, Tianzeng WEIL, Kai TERAZONO! (1. Osaka University)

11:15AM - 11:30 AM JST | 2:15AM - 2:30 AM UTC
[S21-06] Prediction of velocity response spectrum by using a 1-D convolutional neural network

*Daiki Taya!, Takashi Furumura! (1. Earthquake Research Institute, University of Tokyo)



S21-01 The 2022 SSJ Fall Meeting

[Invited]Detecting slow slip events and accompanying tectonic tremor
in geodetic and seismic data, using machine learning

*Bertrand ROUET-LEDUC'

1. DPRI, Kyoto University

Faults can accommodate stress in a variety of slip modes, from dynamic rupture to slow slip events and
aseismic slip. Among these slip modes, slow slip events and often-accompanying tremor remain among
the most elusive and poorly understood.

Unraveling the interactions between slip modes is at stake: while laboratory experiments point to aseismic
nucleation generally preceding dynamic rupture, observations in the field are far from systematic, and
more the exception than the rule.

However, the difficulty in detecting transient slow slip events, either seismically or geodetically, points to a
possible observational gap that may explain the rarity of slow deformation detected prior to dynamic
earthquakes.

In this presentation, the use of machine learning to improve the detection of slow slip events and

accompanying tectonic tremor will be explored, as a tool to fill this observational gap, both in seismic data
and in geodetic data.

© The Seismological Society of Japan -S21-01 -
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Detection of Deep Low-Frequency Tremors from Continuous Paper
Records at a Station in Southwest Japan About 50 Years Ago Based on
Convolutional Neural Network for Seismogram Images

Ryosuke Kaneko?', *Hiromichi NAGAQ'"?, Shin-ichi Ito'?, Hiroshi Tsuruoka’, Kazushige Obara’

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

The establishment of the High Sensitivity Seismograph Network (Hi-net) in Japan has led to the discovery
of deep low-frequency tremors. Since such tremors are considered to be related to large earthquakes
adjacent to tremors on the same subducting plate interface, it is important in seismology to investigate
tremors before establishing modern seismograph networks that record seismic data digitally. We propose
a deep learning method to detect evidence of tremors from seismogram images recorded on paper more
than 50 years ago. In our previous study, we constructed a convolutional neural network (CNN) based on
the Residual Network (ResNet) structure and verified its performance through learning with synthetic
images generated based on past seismograms. In this study, we trained the CNN with seismogram images
converted from real seismic data recorded by Hi-net. The CNN trained by fine-tuning achieved an
accuracy of 98.64% for determining whether an input image contains tremors. The Gradient-weighted
Class Activation Mapping (Grad-CAM) heatmaps to visualize model predictions indicate that the CNN
successfully detects tremors without affections of a variety of noises, such as teleseisms. The trained CNN
was applied to the past seismograms recorded at the Kumano observatory, Japan, operated by
Earthquake Research Institute, The University of Tokyo. The CNN shows the potential to detect tremors
from past seismogram images for broader applications, such as publishing a new tremor catalog.

© The Seismological Society of Japan -S21-02 -
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Application of Physics-Informed Neural Networks to spring-slider
model

*Rikuto Fukushima', Masayuki Kano? Kazuro Hirahara>*

1. Kyoto University Faculty of Science, 2. Tohoku University Faculty of Science, 3. RIKEN, 4. Kagawa University

WMoARRERL AEE LT, SEEHICPhysics-Informed Neural Networks (PINNs) 2 #2018 & t17- (Raissi et
al., 2019) ., ZHIIYIBEAICH D MO AR S HBERGPREAZGZBREHCIRVAL I EICEY, 20
MAEHLTELOR_a1—FIRxYy hT—I(NN) ZHBE L. HRETE2HRXDOBERDZFETH

%, €2 T, PINNsiIC& WELSN-RIIWIBLAAEB-TEDTHY ., MEMICERINTREE WD S TRED
NNEIFKRECER>TWS, ZDELIIC. PINNSICK 2O ARRDEEITRFEDOKREAEERECEL>TWL
2D, REICHEARTHRVEEETAREFELN TR, BRAUZSOCYENICFREBRETVICERBTEE
BRET) VY ID AR, VEBORENBZREDHRDH S, HEZOAFICEWVWTH, EEAREXEZAL
- BRI D EHE (Karimpouli et al., 2020)*dislocation® 7 )L % AL = B MIZE AL D ETE (Okazaki et al.,
2022)% ¥, PINNsZERWEHEIMTHNIRH T WS,

AR TIE, MIBT R OBZEEREBOBIESTEICPINNSZB WS Z & A &FEIC. PINNsz(Eh7Oy 7
TIVSERLRO—XR ) v F(SSE)OBIRZH A7, fHIC. BERERT v TAZDORunge-Kuttaik % WL TEH)
FREENATER & BN A A E, SSENBIRAIBERERNI A —4 R THRNICERLE. TOHER. B
KERN25FERE, RATRYBRELTL— MERED10EEE. MiGFRFEA150H2EDSSEDR Y R LHE
IRAREREBRNSA—4 %KD, LTFTITIPINNsEFHWEEETIXIDEBRBNSA—YIXEET S, £
oo BIERSNAESSED D B 1BIDSSEDHY A ZILIEB L. $RYBENR/NMIR > MR %= HHARFZI. £0
ROTANYFEEREEHEZEOHES LTEEL. TOBREESINS 1 BOSSEQREFHEE%PINNsTH
Wepe%xEMET 5,

CDEIBEREDT. BREAREZEOWNHEISOTNAERTNHEREDOZREFTHREEL, BOARAIC
OB SDTNOZFEIHREDEAMIEMTEREL., BERBEHEISRNMNIADZ LI ICNNDEE AT
Do MHFRHDORELHOARRXDBREDEAIFAITHEBRNITRE L. O, NNOAAIRH S 1 DOBF
Z2THY, BHELTEORLICHIELIZTANY RE, REZHD 2EHARI NS, PINNsTIFERISEA
EEZHOTERZ ZIRICAWTINNDOEB ZITWHSARXOBEZ KD S, ZOFEFICHVW S FMHFZ DFEIR
IIERMELH D78, 22T 1) BFIORER T Y TAZEDRunge-KuttalEIC & 25BN SR F 7%
ffE(At=10~867 hour) OFHEiRFZIE. 2) BFERERMN—E(At =50 hour) DFFEEFL. D2F7&FHE%E AW
TE2EETV., SHEERELEB LA, REEBAENNICAAT ZRITEREEToTVWS, X-AMETIEIB
DEFEANNEZFEA L, FUREHE L TtanhBE#H AR W, FBD ./ — REIZAABMN., FRBHINITART
20, HAEM2TH B,

ZDHER, E/ER - TEREROmADFEMEEZICEWT, TNFNEYREH/NTA—F FTTIIRELTE
B fThh, ERICSSEOBERRABIRTSIENTEL, £, FERBICBVTIIAVIERORE I %
At =50 hourD S5 ROICEIELSETENETNGFEZ T oD HHITRE L EFERBRO8ME(At =400
hounZFAWTHIE L WA RSO b7, INA T, FHEARZILUA DR, TRHENNDEZICHWT VRV
ZAEAACLEIBEICBWTH, ELLSSEQITARYFEEBIRT 5 & ICHKINL 7=
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Optimal Transport Distance Measure in Geophysical Inversion

*Tomohisa OKAZAKI', Naonori Ueda'
1. RIKEN AIP

HMEZOHBTICEWT, KEEOEMEEOESNMHER/RRPHEDIRICEEZETH D, EF. BELSHED
EERE T d> 5 WassersteinFERED MR DL2EEBD R &2 f#HE L D 2152 L TEFESN TW3, Sambridge 5
(2022) XD T 5 7 % 2R TR ICEL L 7<%, BEREE - IRISEICEDE L2 1R THERSHD
WassersteinfEa 2 5tH T2 2 & T, B ZBAICHEERDBICERT 2L EHICEVETEMEREZEIR LA, L
ML, EEDEZRZMERE ZHESMICEIRT 5 HEICKAZFTENH 5,

AIZ TldSambridge 5 DFETIE. TRTHEERSHEADEILIC & Y EEBHIBZICEHEREERNSEL., AR
&, WRIABDEZEOEDEHAI0E 42 & W) BELIERT 2, TOMREE LT, STEMXREHEFLDD
IEEDEREMEEFDH S8, sliced WassersteinfE##(Bonneel et al. 2015)DEA%RE T %, Sliced
WassersteinEER (3 —fORTTDEERLBICH L. HIAMICHE L TE LN D 1RTHEED D Wassersteinih
BELARICOEZ > TEATEHTZZLICLVERSIN, ERLEERBOABICHT 2FHETEMUI N

%, AR TIE, Sambridge 5 (2022)IC & 2 BFEE - fRIBHICINA, ThoE45EZRT2HMICHT L
FH4AMED1RIT WassersteinBEEE D # W5 2 & T, ERKRICK LIEEBEOEREEI M LT EZ I & 5TRT,
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Study on prediction of pseudo velocity response spectrum by machine
learning

-Part1 Response spectrum simulation for crustal earthquake in Kinki
district, Japan-

*Hidenori KAWABE', Tianzeng WEI', Kai TERAZONO'

1. Osaka University

1. X LC®HIC

1995F D REEmRIHMELE, BERAMOBFEIEA. RELRHFEOMIKIBICIEZTWS, BALBE
BB 2AVBEOEWHES TR A2TOAEKE LT, BF. BEENEFEINTWS, KEELHMEDK
ICEBEYMDOWEAERT 270101, BEVOBRXRMSICEVWTREDEWHESFAIVETHD, £
T. AT TIEMMERETZTORIC—DODIEEE L THVWSBRUEREISERARI MLEaXRRE LT, #HEE
EFRAWEFAETIOEBEEZBET. T01 () TlE, EHMAOMBRRMEICOWVWT, JFRtEOLT
DEBARENRE LTFUAETINEEREREZBRT., TO2TIE, AMbAETRE L T2016FERMED
HFERWV, BRI EDRBAFTRUETNICOVWTHET S, D3 T, RAXREZRRE LT, kAt
EDFRHETIVICDOWTHKRETT 5,

2. MR R B R UERAIREF

MRETHROMEIZ, 1997F1ANS2021F1TBA L TIEHR A THRE L /M4 LDOMBARMEE §

o ERBICIE., HR134EHN D137, JLiE33EHN 536, FEI20kmLUE TRELEARRET

%, BUAIERERIZ. BRI R OK-NETR UKIK-netDthERDEHFEA WS, BH. PROIIE LAY A
BRI NTUVARVEFRUSNEABVERIEMRA T 2, ERE LT, 98DHEICH LT, §5580E D& RIEE
RAEZEE L,
3. BT OBER U RTRR

TR DN RIFKF2KD DHFESBDIBLLEEIGEARYT MLET B, ARFTTIZ, BLUEEREARY ML
OFRAREAIF0.25M M 510 EFTE L. BHFERIEARR0.25ME T2, T2 TR, #BEZOT7/ILIY
ALDH>E, FEFHE EXGCGBoostx AVWTEHNENE T2 BHEORUREREZERANRY NLDEDHKER T
EFIDEREBET, MFE0ORPEOFTARELLLE L., BENLYBWVWEEE AW TGRSR A OBRLLE
EIRERARI MVOFRHETIVEBES S, BROMBRUITYIZFa—K, BROAHDZIXLME. BREEAD
ME. SHROMTEEREDEREEAGHLE TERDODANEHOEAEDLEARET 5, —Hl& LT, &
BB & XGBoostx AWTEHE LABAS I & R0 DBRLEEINEARY ML EBRZHEIN SETEL
FBRULEEISBEARY MLOKEBER 1 ICRT., AH. ZORDFHETIR. ANEH (BHE) 2#ERIE
B OAGA. Mj, BREZEX, AVS30, MEEBZFI L LA EDERTHB, ZOEN S, XGBoostE AL
F5A, BARZROBEBEN LW EPDA D, FRERTIEINSOBRIFEREFBERFHUETIVICOWVT
BN 5,

BEE . AR T, [T S & OB ERZRMARFADOF-netDEIRIFR. K-NETH & UKiK-netD i EED

%, BOWICISHISOM TEBEET IV AFASIETCIEEE LA, TZICRBLTRHHVWAEZLETD,
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Prediction of velocity response spectrum by using a 1-D convolutional
neural network

*Daiki Taya', Takashi Furumura'

1. Earthquake Research Institute, University of Tokyo

1. FC®IC

KENE CAEBRICRBABHMESORBEF AT I, BBELDBETIZAREHEDOHKICEWTEE
RIEEIAED, 2004EHBEAHMECEERERICSVWTRABRHEMN ORBMHMES N EH L. LD
BEBELDILR—9—4—TIHA—EBET 2R ERENE LT,

HWEE ILEGRRECBAERBLEDOAF TLLERAINTSEY., AF, EZOPBF TEHBEZEDERAN
EH WMERET—INSTITZF 21— R#E (Ristea et al,, 2021) RAEBORAINEE (PGA) OFH
(Jozinovi¢ et al., 2020 ; Kubo et al., 2020) R EADFANMED SN TWDE, KR TIEI NS DEEEFHE
EREIY, EREEETOBRESRNT—9HS5EMMOIEFOAMERDEREIGERANRY ML %E TR %8
2EEFIVERE L.

2. T—4 - F&%

AR TIE, FRERDME TRELALMEENRE LT, Hi-netSILER R (TAYH : #EESILA) TO&E
EEET—49m 5, Hi-netEMEAS (YFTH : #EHE&RK) ORERBEARY MLOFA%ETo/, 288
=EIEHI50 kmBENTH Y., REPHEN 2N T 2 REEDOEHEICIEHES WORBEENH S, R, Bl
FAEICKYUYFTHETAYHE ORI —L Yo —EW (0.9) ZE5MHEL, TAYHEFRDOA A
F—ohERE LTGRE L,

BHEF—FI1CIE, BHiR136.4E~139.1%, 1t#36.9~38.7E D&E T20044E 4 B~2007F 108 ICRE L
Mw4.5LL ED#EII@ICDOWVWT, S5AEDHI-netRERKT—4% AW, INLDOERES LK UMwHHE%EE
TICRY, RIS LT, Hi-nettEHT — 4 ICITHEEHFMRIE 7 1 LY (Maeda et al., 2011) % AN TIEHE
fEL. 0.05~2HzD/\Y RIRZAT 4 LY —%MFRIC20HZICY BV T v Lk, Fho FHIMRICE T
% EHH0.05~100 DEEDEEIGE ARV ML (REEHHS%) %KD, AR T —9 &7 & 45 HED
F—4ty NeRAELE, BB, ANRET—YIXREKRKEE (PGV) ETHEKILEIT>2%IC. log(PGV)% E
CTIRIBORNDERE —EFK L7z, /oo FEIRBARY MULELRHUEL, RIEZ1/10ICT52¢ T, F
BT —49 DENO~TOEHEICINED L DI L7

FRETFIVIZ, FITHEDIozinovié et al. (2020)IC & 2CNNETFTILD#ER &S 2E (2 L TPythonDKerasZ 1 7
SYERAVWTHER Lz, RETILTIHTRITT—YR6000KRM ~ N DHERK %2 3BEDEHAHBICAT

L. BAAAERELBILLIZOELEEABABLTT—9R200K1 Y POEEIGERARY MLEHAT
%, SEMLEEICIZReIUBER A BV, REDEEABIIFEBEDOIERD-HIC+ 1 THEITH & A BtanhBE % A
Wz, BRBHIEHNE FTRABRERARI MVOZREBRELTHET 2EDEAL. Ny FH 4 X32T70T

Ry VBDOZEETV, BERRONKREHEL, BB, JITIER1HRS (EWHRD) OFAETIE0DET
BH. ETL TR DOFRHRKRICITI ZEATE S,

3. R

HEEAETILEBWT, FIRERENT20TTELREICHKE L=MwWA S EDTTEDOHED FRIMRE AR L
Too MERERTMMIE. FEKRERARY MLOFH/ SRk % B~ 150 OsEETEE LEXRVWTIT o 7
2(a)ic. 201TE3B12BICH R/ REBETRE LARFEILSME CGREME) OFHER (F) S&8H1E
(8) #IEd 5, FHMAEDOTMEIX0.96E Y, FEEBRBARY MLORWTFRANEE IR,
2(b)ic. FRET o1 VEOEDMEETMEDSEEOES U E. FOTHERWTRY, FRHOMSAIE
0.6~1A4DHHEICA->THY., PPRIIHZDEDDERLETLALFTARBEEAFOEE X 5,

RIS, WEESAEE S HICEE T — Y 5B T e TTFAREDEL AR L=, 2004~2007FEDER A
F—IEAWLEZEFHETIVICRH LT, T5122007~2010FICHKE L24EDMEAZBE T — 4 I128BML
oo BINEBIX. EOEEFAHETIVICRL T, it P ET—9 THEEET2EGEBEBICL YT
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2)BICEBFEETNICL 2 FRMEOTMEEZTRY. KOFRUETIVICEZBEREEEL T, FRIMRED
M AEEA0.7~1.2ICRE>TH Y., HEBHEBICL 5 FRAMEOELIMRRE SN,

4, FLHESHRDORE

AFRTERLEEBEBETVICEY., BREBORURTORET —9 M oEMOFHFORBRAMEED
BREBEARYI MVOFRZITo 7=, HESRAT—5DEBICHL,. BENICERFEB LRV ELEDE L
T, FRMEORALENIBHHETEZ S, —AT. AFAETIVTIRI2019FILHERFHE (MW6.8) e, Fillk
BERTMEAMEL (0.59) r—RBHE SN, IhIZEBEER (0.55) ERECHEShARD >, Th
F. WHERMEOHMEFBMEVWC EARREEZ OGNS, GBRFEICEVWTEHEEET -2 OMwLIHEDRY
ICEBRPBRETHY, MWONSBREBT—I%2BPOLTEDEDA > TRMEDOFRMRENMET T 2T R
AN R
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Tt Tt Tttt IR - .
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107! 10° ) 10* 10 % 2004-2007 2007-2011
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2 (a) #EMS (YFTH) KB 3 REEER~2 FAoPHRRR (F) L8H (B) ok (2011
3 H 12 HRFERN RS, HHtix. 2007 £~2011 FoEBEE 7 — 2 2w TR,
(b)11 O HER DHEIEE X~ 7 b A D FHRERO S (J5 : 2004~2007 FOHEIC X 5 %F, 4 2007
~2011 SFOHEIC X 2EBEE).
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Room B | Special session : S23. Deepening seismic data analysis and modeling based on Bayesian
statistics

& Tue. Oct 25, 2022 11:45 AM - 12:15 PM JST | Tue. Oct 25, 2022 2:45 AM - 3:15 AM UTC | & ROOM B
4th floor (Large Conference Room)
[S23] AM-2

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

11:45AM - 12:00 PM JST | 2:45 AM - 3:00 AM UTC

[S23-01] Detection of hidden earthquakes after the 2011 Tohoku earthquake using automatic
hypocenter determination

*Koji TAMARIBUCHI!, Shota Kudo? (1. Meteorological Research Institute, 2. Japan Meteorological Agency)
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Detection of hidden earthquakes after the 2011 Tohoku earthquake
using automatic hypocenter determination

*Koji TAMARIBUCHI', Shota Kudo®

1. Meteorological Research Institute, 2. Japan Meteorological Agency

HMEDORERZ, BT, REL2ZTHELALBEHIOSIE, HERFRELHERKICEWVWT, BOTEEAREY S
T—89TH3. LHL, FHK23IF (20115) Rt A RFE BRI, BAGHMENFKE L TUEMTIR
(REBICEWTEEM3, EEM2) 2#5%(F7-75, ZNERBOMNBEERE+LICHYOTEIMhTULAR
W, ZOEIRBREKAYOTARY N ERBT B8, BF - &)l (2020) IZEABEZHEMEBICHIS L -BEBER
REFE (PFE) 2201 1E3ROMERFICERL, #EO—TEHS O I D2ELULICHE T 2BHER
A& OTEER L. SSHICEFBERICIEH~10%REDRBRENEEND D, EBFEBEO—ETHSHEN
HYVTUoH U TINEBE/ON-BHEROMAEIER L CTRBRHEHDOBREZRA, 96.9%DEERTHIELE
JARXEDHETELZEERLE GBY, 2021, JpGU). AHERKRTIE, LREICMAT, ZFERZZED—RTHD
Convolutional neural network (CNN) % #thERHBIDP, S, N (/4 X) ¥BNERT 52 & T, BERZEHRE
DIFNZHRDH 2 IMREEL 7D THRET 5.

F—4 2011 E3ANB2012F2A X TOIEBOMERF (FICERERERF), 1400 =% @BiTICHW
3. ZZTREIC00MMEIADINBOKRICEET S. A4d, 2011E3R1THLISEHEM, ERBOLEER
BN & W —BRICERESHAS3BTTEI7TEA 2R NAICT120 S EF TET L 7-.

Fi&k BEBERREE, (1) BHEAHEY, (2) BEAEETIER (phase association), (3) BiREtHE, 4) REEE
DEIC4AD>OTOEANISRS. (1) BFAIY IZAR-AICEDREEDAFEE A WVTHRAIL 21, RIEEZE
WA DI B R ACNNICAAL T, P/S/INERAE1ES. P/S/INBROWTNHIRBRMEULDIZE, Th
FRE2WBICHRBI SN ZNUADBEEEIRLZ. WSODMZTBELADNSERREHARIIL, BEE09&
L7z, BEMICIE, BIAIEZPHEROIUEDIZE, 2MLUARDSHEAZHIFR L. CNNIZIE - i (2020, #hEZ
)P REBLEZETILERWV:LZ. QQR)EaY Y ) v/ H#AVWTRELAEBORAGE 21E% (PFX) L, BRR
ERSEF—TEEREBLIOS/SAEZAWL. (4) REBETR, ERMIEDCSERHNE (BRA

%=, P/SHAMESE) # A& L, LightGBMICK W RESNILDEAT 7. BEHT— 4 1E8H - &)1l (2020)
TR L-B8tEHYO4 BBE1TEH~16BDH2HEA RV N BB TRFEAHEREL, 42DSRILICHEL
= (A: EREETERMRAN AL, B: BHMSAEMNT1~2D, C: BHAEMN3DLLE, D: /4 X). Tamaribuchi et
al. (2021) TIZEFIL & L CTAdaBoostE A L7z, TORIEFIEFRETI TR LAZHER, RHEEEN
B2 7LightGBMA Z Z TIEFRA L7z, MANELZ TN SIE, FNIA, B, COHBIATE FTLEDEERIL
81.9%724%, SNRIVA, DICIR> CEBRAEHT 2 E97.8%ThH > 7-.

BR:CNNT /A HFOMRERIET 576, MESHE 3A11H12-248) & THEIE (3B1H0-128) DFh
ThI2EOBEBEREZ, ERIFSHWUNDNDEREERES0 kmDEHT—TbERE LB L. TOHER,
FAHIY OMBIIHELRIFETERS EEHICHIBEBEINAZICE@AHLLT, —ThEBRE—BII2E8EE
BOBIFIFIEFEDS AN, Zhid/ 1 ORI ZBEUICBRETETCWS I EERLTWS.

2011 E3R DHEICE O NEBEERIE, 112,004ETH 7. CNNT / A HHIROERI M A L&Y 2

&, BLLEBRETRERSNAEREISIFIESNTWS., 2055, RETELEICKL Z29M8EERITA:
100,265, B: 5,882, C: 5,055, D:802T# >7=. CNNT ./ A HEARDOBEEEIR C&% - #)Il, 2020) #[H
BRICH$E L 7= & T BA: 104,253, B: 7,545, C: 6,848, D: 3,707 TH>7=DT, EARIEDEELLIZA:

-4%, B:-22%, C:-26%, D:-78% &7V, BMHNBRVWIRILAE L TNV LEEDOD, RRAEEE
INI)VB, C,DEKRELLBOLT IENTE L. BONLBEERDI BEINILA, BOEBRD>SE, —mlbER
HoasE—BLAW (ThbbhyOskiBHE) OMEIZ67,438ETH>7-. —TTILERIIAHARE T
5511218 (BER 7 S V<) 272D T, MEAY—V T ETREDEULOHERHINE SN,
BHEIER (SRNIA, B) #—mlbBRICY—Y L-A9 07 DRBREE LG A MIBEICAH S &, %< DB
TMc (completeness magnitude) 2MET L, FKERA DRI A DHETIIRAKNSEDERIE 2o 7-.
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DDETZIN L DHEBOENERREEZTI &, MEAMBE#EEERZ &N TES. 5%, SSICREIBED
MNhEASHLAIYOQTEER, BRTZIEICLY, BEXMEROMNBEZFORBERAETZFET
H>.

g

Bh SRR IRMAAZoR, K2, BREE, BLXUKRTOMERFEEZFER LT L. BFICIIREKREBERR
FrERFI A (2022-F3-12) KREMESEGET T — 9@ AT L%2FBLELE. —TEREZFEBLEL
7=.
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Room B | Special session : S23. Deepening seismic data analysis and modeling based on Bayesian
statistics

& Tue. Oct 25, 2022 1:45 PM - 2:45 PM JST | Tue. Oct 25, 2022 4:45 AM - 5:45 AM UTC | @@ ROOM B 4th
floor (Large Conference Room)
[S23] PM-1

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

1:45PM - 2:05 PM JST | 4:45 AM - 5:05AM UTC
[S23-03] [Invited]Short-term Forecast of Repeating Earthquakes Considering Spatiotemporal
Aseismic Slip Rate along Plate Boundary

*Shunichi NOMURAL, Naoki UCHIDAZ, Yosihiko OGATA3 (1. Waseda University, 2. Tohoku University, 3.
The Institute of Statistical Mathematics)

2:05PM - 2:25 PM JST | 5:05AM - 5:25 AM UTC
[S23-04] [Invited]Uncertainty quantification of seismic tomography based on physics-
informed neural networks and particle-based variational inference in function space

*Ryoichiro AGATA! (1. Japan Agency for Marine-Earth Science and Technology (JAMSTEC))

2:25PM - 2:45 PM JST | 5:25AM - 5:45 AM UTC
[S23-05] [Invited]Data-driven reduced order model and sparse sensor optimization with its
application to seismic wave field

*Taku Nonomura! (1. Graduate School of Engineering, Tohoku University)
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[Invited]Short-term Forecast of Repeating Earthquakes Considering
Spatiotemporal Aseismic Slip Rate along Plate Boundary

*Shunichi NOMURA', Naoki UCHIDA?, Yosihiko OGATA®
1. Waseda University, 2. Tohoku University, 3. The Institute of Statistical Mathematics

TLU—MNERGETRONZ/MEVIR LB KRELIRVIRLIEE ERTIFZNMIZ BRI TS

Y, BEMND, EE3NMIEBVWEABTRYRINTWS, Zhp i, MEYVRLBEIIEHROFIATEEVWRE
EENMFON, RHBATTAEERE 2R L TTFUFELRIET 2 ENTRETH S, FUFEOFWHEDL
IMEVYRULIMEBICOWTERII S NIE, AMEOFRADEREFTE S,

LAOL—AT, MRURLHMEOFAIL BAOORMEBICLIZRMINY S, 20— 1) v FEMELN S IEH
EMITARNYDMREREDHEAZZITTHREY RLAPAZET 2 VWIE#REZEATWS, —EDEYRLEAH
ERELEEERETNVICLDFAR, ZOLIWKATTRBEZICHERLTLED, TITHRARTIE, 3E
EELBEHBREET LN ERAVZ/MEYRLMEDFAFEERET 5,

REETILTIE, FL—MEFRBWICORT Z/MMEV R LUMEROFHELLI S, TOERIEICEITE T
L— NESEHEME I AN REORZEBELAHET 5, TRNYREOREEZLE TV VILER T4 VB
ICEWRRLALT, EBLSEGELEDREREICEYEEEITD., I5IC, SRIHRBUBEOITRY EED
RZERELEREEMA T I &L Y, BHINAERABICS T2 /MEYR LEORKERE LM 22 &
NTEZ, REETIAEARILBARKXEEHD/MEYVRLIEASYOZICER L, MEYRLBEDNERER
KA & A5,
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[Invited]Uncertainty quantification of seismic tomography based on
physics-informed neural networks and particle-based variational
inference in function space

*Ryoichiro AGATA'
1. Japan Agency for Marine-Earth Science and Technology (JAMSTEC)

AL - BRAOHERDOERN SHIKAMOMERRERBEEMBOOHERNES/Z 71 ICHVWTIE, EBE
BEERDOHEITLURLLS, HEBOFEASAEELTZI LD, BBROGHEMESIERTI LI LTEE
THhd, NMIAWEEMERNEI S T(ICBATRIET. EROBRAUT—9. E/T—YICEFND /A
X, WHRHIHOME R EE ICRE T A2EMAHB LS ICE DS, HELAEEBEDERERSH 5 RO
3% <779 % (Bodinetal, GJI, 20097 &) , b5, WAFRXLSWREGALEBE=2—F/ILxv b
7—% (DNN) (C& YD AHRXPHRIE% fZ < Physics-informed neural networks (PINN)(Raissi et al., JCP,
2019)AEEAEHTWS, PINNIK, ARRICEENZEHAEDNNTEEEM L, BHEIARRNEHAT L
SICDNNZBEHY 2RV THRBLE L TKRBE2TS, WERNES S 74 ICEALTHERM N ED S, IREMY
DES, Av2a17)—TH32s., HEDEICHEREEDWHETIVAKEE LRV &, BREDFED
REINTWB(Waheed et al., arXiv, 2021), T &Y, PINNICEDWAMERNES 714 &, N XHEtE
ICE DL FENIEELICHRTZ I EIETARETHDLEEZILND,

AR TIE. PINNICEDWHBRNET S 74 IRA AWELABATZ I 5H A D, Ihid. DNN%E#E
e BEHNNTA—GERA IWETEIRNA X2 —5)Lxy hT7—I7BNN)OBEBICHEES NS, [RET
ZEEIE. WMERNES T 7118 T BPINNOAR A XERILE. BEHILBNNO#E, OZDICHETE

%, BEICOWVWT, KIREBMEANDIREZRIBEA. AFRN—IXEDH#H (B X (LStein variational gradient
descent, Liu et al., NIPS, 2016)DPINNA~DE A (Sun et al., TAML, 2020)%2# % 3, $IFRN—RAZEHHHR

&, ZEONTTEUMNICKRIBLI-BESFEEDOSEERERIMEDELRTABHE, NFEERT v S
T—hLANSTRIMEL., AL AERERSFES 5. BNNICEI<KAWONEZNILNZTVYEYTAHILO
FEREDY VY TY VTFRICER, 7ITY ILOLEFIENEVSR, FLLUDRVWRF (Y TIL) HTH
KL ERERDAHAALUTE Z2AT, AREBEANDILEENASWEEZ 5N, 7272, DNNI'H HEEE
HT, EHNTA—YDOERBEEDHOLZIEENTEHL BY R TWEE., HFRN—IAEDHRICK 2BNNTIEF
OIS EBNIMELPL T ADEDWEHDH B (Wang et al,, ICLR, 201942 &), I TERIHETIE. EHDZE
BTk <. DNNTHEMUT 2HEREELREDEROEBICEVNT. XM X - HFR—IRAZENHROERLE
75, REEOBRATY FICEVWT, BEOBICH L THEINZEHELEALBMICERERT S &

T. &DNNAIF % &&E{L L TW< (Wangetal, ICLR, 2019), BAHZERICE W TIE. EERBERLBOTHRI L
WEMIZEEZOLNDIEND, HFR—RAZEDHRICLIZIEZEDGTHELNLVBRICERTE S EHEFSN
%,

BEE#HZE (Zhang et al, JGR, 2020) #Z5EIC, PREEE L 2km/sDFEIFEDFIZTkm/sD AR RERIE N —D
BFEYT2EE#ELY. BEREREZEUCRIRS - SR 2AVTHET 2BEERREHRZELL, EEBEDSE
AIMmICIE—HFOMERAWE, REFETHD. BREEICE TR TIRN—RESHRICE D CPINNEZHA
V., PREERZIZAW-RERBEE ZORENSDOHELT o7/, BEAERICOVWTIRS AHET 2 BED
FFAR—REDHERICE DI FEZ2AVTCRALCMAEZMRE, BREZEBR L, NAIKODWT, FEBSOHEE
EE L THEYREDIELON, FLEFENIHEICEWVTIL, RIBEOEDED - BSRWVWILSTENREFNRAR
BHOIHKREL - NSCHESINZ, — A, BEONFR—RAEDHBICE DI FETIE. HROES - B
BWIEADST, FEIAIPENEAINTWE I ENTRINDIEREZFL, REFEICBVWTEASINEL
A ZERICIER LA ZHED. PINNZAWLHMERNES S 71 OFENMSER2LLICHLTLYBEWTH
2ZENTHEEIND, —AH. REFETH>TH, MROBUEL I 2L —2 3 YR—ADHEEHER (Zhang et
al,, JGR, 2020) &R, 2K E L THAENSINNEIDICHESIN-Z EIIRFENTH =, IhiE, TRES
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D56, EFT—IHS5OHEATWN (DFWTFT—YDHBAESWVICHELAW) BEICDWVWT, DNNAYEL Y
DPIBRWNRSA—Y TCREBEEARRITDLIDIICEZ LAEER. THELMASIHNNSKHEINLEZEDEEZION
%, ZNIFPINNICL 2 EEBEPEROBEBDEZN TSV IRy JARNRSA—=4bEFE>TVWEB I EICE
ALTHY, MERMNES S 71 FOHEICPINNZRAWVWSBICI—MNEREITRER/REHETREBINAZE WL
Ao
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[Invited]Data-driven reduced order model and sparse sensor
optimization with its application to seismic wave field

*Taku Nonomura'

1. Graduate School of Engineering, Tohoku University

EE, RENFZLEORREAREZICN L TT — 9 RBRERTET VP AN- v RBELEM = F A
LIBITPRESINDDOH 2. BEEDI I —TTRINS ORI & hERENZEERICERT 2R %
ToTWB. AERTI, INSORMOBEEZHRALED AT, REDZICBETFZT7 TV r—vavEL0
tEREIENERAIZ R L.

AFBTIE, F—IBRBBERTET IV, R/S—R VY RELER, HEESS~OEAICEL THEHRT
3.

(F— 4 BREBEUERTET V] RAENFBPHERSHBRIHEICLZOEBHREELFHON—ATHHRDE—RT
INHARFTEDLIENHMONTWVWS., TDEH BT —IREBBOBEFTTHEONDIERE— REAWVWTEK
B VBOBEEHTRIRT DL T, BRTETIVEBRETES. IITREFEXRSR (ERDHH) %
FIALT, ZEE—RFEHEL, E— NMREEZBEERE L TERTETIVERBE S 25 E%HAT 5.

[(R/R—2t v HREEM) EROERTETITHEIAREIND ST L, EOBBMRICIEE— RMREK
(BEZH) 2RAEITNERVWI EERS. ZOE—RFEHERDZICIE, BOITRTE2HUTI2LEEAR
{, E—REHAERDDZEDICREDBWER (R/I—2K) £V EOAHDERTRL. ZORICKEDS
WEYHERERDDZON ANz HmBEbEfie a5, BEFENICIE, AERBIEE— MR CBEZH) 0
RKESERDBFHEREBEE L TERIENTE 3728, ERFTERICEDESRPFRBEICT LT, ANN—R €
VHRAERBEETEIENTES.

(HthEFENFADEA] LROFMEFIAL T, TORBERS L7 — RN B EREGZBEROMR
EToTW5., 7Ot REREEMEREIGEEK T, MWEEHS IaL—>aVOAANRIXIDEICHL
TREOEVWHRAIRZERL, RIDNIAITERLEYIAL—2aVICRLTINSORAEZFAT
BIETAANSAINLVBELCKRED L ERY. &, T—/RPUBBRIBEHEBRTIE, TR
DERICE Y DRVBAROBERI OBE L CHBERBSZBEXNTES L, SHICEVYRBEEKMTEEHA
BHhELIETRYNKRNLENZ I E2TT.
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Room B | Special session : S23. Deepening seismic data analysis and modeling based on Bayesian
statistics

& Tue. Oct 25, 2022 3:00 PM - 3:45 PM JST | Tue. Oct 25, 2022 6:00 AM - 6:45 AM UTC | @ ROOM B 4th
floor (Large Conference Room)

[S23] PM-2
chairperson:Keisuke Yano(The Institute of Statistical Mathematics)

3:00 PM - 3:15 PM JST | 6:00 AM - 6:15AM UTC

[S23-06] Development of Observation Site Selection Method based on Sensitivity to Physical
Model Parameters toward Process-driven Seismic Wavefield Reconstruction

*Kumi Nakail-2, Takayuki Nagata?, Keigo Yamada?, Yuji Saito2, Taku Nonomura?, Masayuki Kano?, Shin-

ichi Ito3, Hiromichi Nagao3 (1. National Institute of Advanced Industrial Science and Technology, 2.
Tohoku University, 3. Earthquake Research Institute, The University of Tokyo)

3:15PM - 3:30 PM JST | 6:15AM - 6:30 AM UTC

[S23-07] Application of compressed sensing using data-driven reduced-order model to seismic
wavefield reconstruction

*Takayuki Nagatal, Kumi Nakai?1, Keigo Yamadal, Yuji Saitol, Taku Nonomural, Masayuki Kano?, Shin-
ichi Ito3, Hiromichi Nagao3 (1. Tohoku University, 2. National Institute of Advanced Industrial Science and
Technology, 3. Earthquake Research Institute, The University of Tokyo)

3:30 PM - 3:45 PM JST | 6:30 AM - 6:45 AM UTC
[S23-08] Bayesian merging of earthquake catalogs from multiple sources

*Jiancang ZHUANG1, Zhengya Si2 (1. The Institute of Statistical Mathematics, 2. Beijing Earthquake
Agency)
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Development of Observation Site Selection Method based on
Sensitivity to Physical Model Parameters toward Process-driven
Seismic Wavefield Reconstruction

*Kumi Nakai'*?, Takayuki Nagata®, Keigo Yamada®, Yuji Saito®, Taku Nonomura®, Masayuki Kano®

, Shin-ichi Ito®, Hiromichi Nagao®

1. National Institute of Advanced Industrial Science and Technology, 2. Tohoku University, 3. Earthquake Research
Institute, The University of Tokyo

MWERICHITET—YERERETY VI PT—YEMbENERE K ERET 5740, BHBIRFRMOBRIIEE
BED—DOTHD. IhiF, FILICBRASAREBETI2HBEORBEMEY, AMERERFOEESRE+H1FE
ECTHETIHODICHERBASEY N2BALNCTES. FITARRTIE, FENELIBTOEERELT
ZRAN—2t VN ERBECEM A MEREZICISHET 2 28T, 7O0RABHE 7 I O—FICL28RE
R EREIGEER OO DB RBIRFEEIRET 5.

AREFEIE, MWEEBOIaAL—2aVOANTHIMEBET VAT AYOESHEERT ICHE L 72850 =% R81R
T2, BEFEMICKE, SEASEROHEERNR/NASAVICHTEIRELRTRETIEERL, RETHOEH
EXFERRETEERICH T ZDRBERBICEDZTHET 2E8MEICLY, NIAIBREOFVEASAZEIRT
3. ZFLTC, BRINLBARICEBIZREUNT —YICEDEMEETINRS AV EHE, HEELEAVHE
EBrIal—YavaEEl, hERSSEBEERT 5.

AFRTIE, WEBOBREMASFETZEIRA N IaL—YavaAY, BRFERCLIENSERS &
Vi EREISEEROBIEER%Z, RR23XADMeSO-netfiflR505 2 &8 L -8R TT 7. 1BRF
BICE > TERSNAZRARZAVZHEREZEEROBELRIIL, REFEOBMMEEARLE. 5
I2, BARBRFEOREREEZRAEL, ERKOGCREECHTEEOEBDNES, BERUBMRED/NNT A IREE
o 2MEBHNMR 157,
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Application of compressed sensing using data-driven reduced-order
model to seismic wavefield reconstruction

*Takayuki Nagata1, Kumi Nakai?®’, Keigo Yamada', Yuji Saito', Taku Nonomura', Masayuki Kano'
, Shin-ichi Ito®, Hiromichi Nagao3

1. Tohoku University, 2. National Institute of Advanced Industrial Science and Technology, 3. Earthquake Research
Institute, The University of Tokyo

HMESDHFEOHTEIZ, AMEREBOHBETHICH I Z2EERMD1IDTHS. IS, ZREMISERDKREIS
DOENEBEERIE, RAEDRLICHERREIBRBT 22208 EE L, KERFISOMHRMEICS T 2ERBRE
ICBERERY—ILERYES. 5% - SRBEOEERKICIE, BMEROMANTTRTHD. FTE, REHES
BTlE, T—YEEROERTETINAEAVTRANRN—IARE NN SDIBEOREEBER T IRMIRRLTE
. AAETIE, BEAZODBTHEIN, REL(ZLT—YBHBOERTETIVEAVEEREY >~
VO 2BEER T L —LD— 0 A MEREISOBEHRICERL, TOBERAMEBERRICE > THAEL

. WEHOTF—YIEHEIRNEMA B/, BREFEASHETI2EERIIaAL—2a vy TERLE. &
EERTIE, RRABXETS LURBERBEERE L, RR23XICKTE LIEREBERNOREIZ %
MeSO-netDELR M50 DIERAN SBEHEK L. T —9REEERTETIVIE, —EDHEEAANTT V¥ LI/
ARG IR T-ZH T —RADENEGT -9y MO OFEREDEEAFERAL TEMR L. ERMNISERQER
gk, BRASTOERAEE T —YBEHRERTETILERVWTEBEREINS. £, BEXRICERT 280
mid, BEICEDKIRHEBEDIZODO v —NEBEZRBEILFEICK > TEIRLZ. BEERRTIE, REF
FICL2EEREAV ABRORICEZ2BERELELE. /1A X0RVWEAICE D BERDIGE, REF
ETIRBERICERT2EMABIERIN, NDOSVFAICEIRSNEIEATEH, BERBEIHIOER
BMCETIBREZ TRV TS, IhiE, FRICERTZEIGOEEDRRICLIVERIROBRELIERTLER
BORNSE TRER<EERTESILA2EKRT . £z, REFETEONIBERREZIE, AU RBR
EIRICEVELNZBERRELY B/NI V. BULER/ 1 AhH 2558 T, BEBRINRENSIZER /
A ZDFEIZEYSEL, AV RBREORBEAV ZBEX CIEREZOEMEMNLIFHIZABITTERVDY, 12
RFETII—EORETEBERNTRTHS. £, 2EIRAZAVEBALYEBENRREZEEIREVED
D, BAIRBRFEEEAEDESE LT, BERBEROSLSEPHERBRDIES DX ER/NRICINZ A

5, LUDHOEBHRTHEERTESZ M aN 7.
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Bayesian merging of earthquake catalogs from multiple sources

*Jiancang ZHUANG', Zhengya Si®

1. The Institute of Statistical Mathematics, 2. Beijing Earthquake Agency

For the same earthquake, different seismic networks may give different solutions for its time, location, and
magnitude. In particular, the differences in the estimated magnitudes are large due to many factors
including correction of site responses, determination methods, and operation modes. Therefore,
earthquake catalogs that are compiled by different networks cannot be merged into one by some simple
operations. To solve this problem, we propose a Bayesian algorithm to solve this problem. By assuming
that an observed magnitude follows a Gaussian distribution, with a mean of its unknown true value and a
certain variance, both of which are dependent on the network and that the true magnitude follows a
uniform trivial prior, we derive the posterior probability density of the true magnitude, based on the
framework of Bayesian inversion. We use this method to merge the earthquake catalog recorded by a
local temporary seismic network into the standard CENC catalog and to combine several Italian catalogs.
The proposed method is fast and improves the stability and accuracy of the estimated magnitudes. The
key point of this technique is making use of the consistency in magnitudes recorded by each network.

Figure 1: Revised magnitudes for the INGV ISIDe catalog (IV) and the Regional Seismic Network of North
Western ltaly catalog (GU).
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Geophysical studies using optical fiber DTS and DAS in geothermal
wells of Ohuma and Sumikawa geothermal fields In Akita

*Jyunzo KASAHARA'?, Yoko Hasada®?, Hitoshi Mikada®, Hiroshi Ohnuma?, Yoshihiro Fujisez'5

1. Center for Integrated Research and Education of Natural Hazard, 2. ENAA, 3. Daiwa Exploration and Consulting Co.
Ltd., 4. Graduate School of Kyoto University, 5. WELMA

2018FELISE, ¥7 74 N—%&BWTHEGTH A TDDAS (Distributed Acoustic Sensor) i & 3 =R DA &
DTS (Distributed Acoustic Sensor)iC & 2REFHAIZ 1TV, SEEOHMBARELZBIE L -MREAFKEZERL T
iz, ARETIHFAEOAEZEMARKA, MARFNTEONEERERL. TORROBEICOWVWTHRR
%, 2018FEICIFFEAAMDAT 4R AHET 1 —ILRICEWVWT, HMBRFICK T 7 A N—%FRBELTHEE
PHERDOFHANTEZ2NE DI D EHEID, BMRERELHERDOEANTESZ &AM o7k, 20195FIC
BALAT4R) ROBBRFICEVWTAIERICL Z2MEREAT > AKR, MADRERI3.6 kmICHhEK%E R
Y 5MEENH B DM (Kasahara et al, 2020a) , FDFEEH K DBEEFRIREE(374°C, 22.1MPa)Ic
H B A REME N R X /- (Kasahara et al., 2020b). 2020F ICIZFKAREATH ABOMEAREFRFOMBIRH %
FIFA LDASEDTSHE AW HZRT « — )L RKOREXRREEELL. TORBR, FRI2.8-3.0 kmIZHER %58 <
REt3 BEENH B Z DD o (R, 2022a). HMERDORGHRIEDL S Z DEEIEFEESATVWS &
EZond. 2021FICIFILEERITOE) X ICH 2 ZEAFKEMOF-01 thE IR H %2 A ULDASZ L2z
BEETHER, F31,000mDETEICHEIS L CDASEEERF DOPEIEIERDODEENHY, FTDFEITOD
PR DEENRH SN i=(Kasahara et al., 2022). EE10B ICIXFKABXBHED « —IL RKOBERICAIET 25
MR T 4 =L RICBWTHEREBKAAEE21T o7, TORREMOEEY — Y EEBOETY —VICHIET 3
EX1,500-2,000 mOEEICKRE Y —Vh B SNz, 2022F58 KHBRAEE O LMBAREFED. &
8A~9AMHEEAMLTRKGAETEZEREL TW2.

5| Ak

Kasahara, J., Hasada, Y., and Kuzume, H. (2020a): Possibility of high Vp/Vs zone in the geothermal filed
suggested by the P-to-S conversion, 45th Workshop on Geothermal Reservoir Engineering, Stanford
University, Stanford, CA.

Kasahara, J., Hasada, Y., Kuzume, H., Mikada, H., and Fujise, Y. (2020b): The second seismic study at the
geothermal field in southern Kyushu, Japan using an optical fiber system and surface geophones, 45th
Workshop on Geothermal Reservoir Engineering, Stanford University, Stanford, CA.

Kasahara, J., Hasada, Y., Kuzume H., Ohnuma, H., Mikada, H., and Fujise, Y. (2022): A field experiment of
temperature-tolerant distributed acoustic sensor in deep geothermal reservoir prospecting, The Leading
Edge, 41, 306-312.

FRIE= - PEHET - AFERR - =7 HE - RS (2022a) : AR X BHARSFIHEAHF N DDAS%E A
WhZ2RE, HAMBZERES, 44, 73-84.
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BRGM, 3. Laboratoire de Geologie, Ecole Normale Superieure, CNRS UMR 8538, PSL Research University,
4. Ohsaki Research Institute, Inc.)
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Simple microtremor array survey at rock/hard-soil sites

*Ilkuo CHO'

1. Geological Survey of Japan, AIST

INEFTHET L M REIHBEOE WV AHFEER - A TIEBEMTTFRAINTETWSY, 58 - EEER
TOHEAMIZV RN, TO—HELT, BETIIHREHOEBENANS VW EHSH A MNEHADEEEHIE
Dol ENBIFLNIALELNAWL. LAL, VE<BIC TEE - FEME) E5-TH, 2TEA—DOHE
EBRSEEE (HIZIE, 3km/s) #FObiFTldRVWL, BIPEVHBBOREICLY, Y4 MRS
BMNERRDIIT THS. HICEELESYORMNTIFEFEMICTEMLAAVWEGEEH2D.

RREDWEICARZD, B - FEMBECOEAMAI D ARWRAOERIK, (S - FEHBY/S MTIEEX
EEAIFIREINAR ] FOMEIT LA IEFAEZZAOSNTELIEILHDIDTIEARWESS A, 2L T, EE
ICEBELTEIEL VDRV ENS o), BBEIMBEAEMTLE -l H2 ( EATR
Al EWORBROTHE) . i, HEMICIE, ZOI0EDNEIIC, 5% - EEMBETOMB 7L [ FEDOBEIC
BB A->TCHREEZZEL, BEOURARETE2LIBRBENRONDLDICR>TERE., ThH5DOHMR
BMET B E, 5%  FEMBRTOMEN T L (1EEIETRE] THS. LHL, SNRIMEWLD TEEAERN
WETHD. 2FVY, 8BETRERIMESINAVOTIEAL, MESNTIEWVWSED, & THENIVDOTERK
LyYITWVWEWVNDZETHS. BEDHIBIDOZ  [FLLEHKRENY BBE T L1 ZHAVWTSY, INHSNRD
BEORRDELBO>TWVWBEDEANZELDOHDL D THS.

DEDERICLY, KRR TIE, S8 - - BEBBY A MBI I2BBT7 LA FEEOERAUYERIETZEEE
IZ, ZNAFEBICHERT LA THRETHZ ZEERLEV. SNRORBEIZ, BET7L 1 OHRE (2>
H—#) TIERL, ToYREEORBRICL > TRRTZ 2. BEEMICIEK, ZEBESHEEE (SPAC) DiR4E
ETHZEO/OREEFAITNIERL. €07 0EKIEAKI (1957)IC& W ERESH, ERTHEDOLEHT
Z<CAVLNTETWERAHETHS. EBHIDLEME T L 1 FEODHF O MAITREME % HREE L 7-.

Z DHEILSPACRED AR L (LABE, BICSPACHRED) —SPACREULEET1TE0RBesselE @ TET ILIE
SNBEZDTEDANRY MUIE—RRICOBDELTIREN T 2K & 25 —HE 0 %88 2 A% BV TAHERE
E%EET 5. SPACHREUISNRAME W & IRIEAE/NTHE S LD DT, SPACREN SMEREICEIRT HEFIC
NATIANELSB. LaL, FOVO0RADREREUISNRICIEKFELAW S, €O70KGNA T RE%Z(F
R, ESNRODY A M TILIEFEICHRMNTH S.

BRRMHT LA DFERICOWTI, BER7ZLAITEICEHM (B5) 7 LA TE, S% - FEHBOME
TUAIIEEESOARARICEBRTEZNA TR (AT YT7IVY) NELCZTEELHZ. S - FEHE
E—RRICEHBLADT, FEDREBRNEH T Z2TREENSVHASTHS. Z0DIHE, KEBOEAEDREH
YR WABEMEA BTV, BEMRTIEINICKBER T LA TRALZEEZEZZ I ENTEZH, KRR
Tl&, ARIT) 7OV T DORER - ERIATMICEOWT, BMETERNLBHME T LA HBRERE
L, SPACREODOEO/OREDHNY EEWEL .

ZORRICENE, MEOEVYHILRDZ=ZAT LA TR, KIFICK > TIESPACRBOERNDR/NMEL Y
HLtEEREA (Thbsb, F1EOI/O0RRLYEPPEVEREA) TRATFIRNELCZAREELNHS.
foy, 2ODMIMRERT LA (e OBEZICERE) HNSARZLFET LA DIFE, SPACRBOZWOEO,/ O
Z2mE YT CLORBRMFEETNA 7 IADNEL B A5EMENHB. AR TIE, TOBREBEEA, NMT7RAD
AREM AR TIRE, $Aabb5E0/0AREEZDSPACREODIREICE > TE, BFEOEO/ O REHFHE
SRV EICL. T2, REMAERICKY, LFRET7LA CRENOEOV7ORARDPTERICKRDZ I LD
20 Bz, €054 v EENSTICMNEEIFICRAS) , 200ERT7 L1 DXREANEAIEDL &
BUTYTOVIDHENBILTEIENREINSZ. FZT, ZETIE, BEV VY TILTERNART LA &
LTEADLFRT LA 5RBRTZE DI, RONPEOIVORADGKAFMYER(AZTXRTEIEELE

LEEDOMR (BiR) ZE8HT—49 CHRIIT 2OICERDISHEATREINAHME T LI T—9E2HANT
MHEEREDFEMAEIT o, BERLHT —FICED GEE30ME COEHSHKZEE (Vs30) (£182m/sh S
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1433m/sTH Y, 14t ITELE - FEMEE, THREHEENESHAVWBOY A MeRoTWS. HETLA
&, RE24m D2 ODMWIIL7ZERT LA (BleDIFZICERE) THBRINS LFEET7LSTHo7. RE
M7 LML, 45HzDOY 7 # VTEDAECREE TEK L. MENIEZEN TN 20 pEEFZKI . 75
NI EE DB RRIRICE D&, ##/85 X —4Vs10, Vs20, Vs30ESHEERBEET IV AHEL 7=. #ED

TLAT—9ORENERIE, EERBICED(ELRC—HKLE.

© The Seismological Society of Japan -S15-01 -



S15-02 The 2022 SSJ Fall Meeting

Near-Field Ground Motion Simulation based on Depth-Dependent
Stress Accumulation Model I, Application to 2014 Northern-Nagano
Earthquake

*Kenichi TSUDA', Hideo Aochi®*®, Shohei Yoshida®

1. Institute of Technology, Shimizu corporation, 2. BRGM, 3. Laboratoire de Geologie, Ecole Normale Superieure,
CNRS UMR 8538, PSL Research University, 4. Ohsaki Research Institute, Inc.

The influence of the depth-dependent stress variation on the rupture behaviour is important aspect for
quantitative estimation of ground motions, although this feature has been rarely incorporated into ground
motion simulation. Previously, we proposed the assumption that the stress is loaded according to the
medium rigidity (Aochi and Tsuda, in revision, 2022). Consequently, stress is loaded only on a limited
layer if a 1D structure model is applicable. On the accompanying presentation (Aochi et al., SSJ fall
meeting, 2022), we numerically demonstrated the dynamic rupture process through 3D numerical
simulations, particularly for the moderate size event, 2019 Mw 4.9 LeTeil (France) earthquake, showing a
very shallow ruptured area with ground surface displacement. In this study, we extended this idea by
making heterogeneous distribution of model parameters and apply it to the 2014 Northern-Nagano
Earthquake (Mw 6.4). First, the depth-dependent stress distributions have been constructed based on the
known layered structures derived from adjacent stations. We then allow heterogeneous distribution of
dynamic stress level to be consistent with the simple characterised source model containing two asperity
areas (Hikima et al., SSJ meeting abstract, 2015). We used the Spectral-Element Method (e.g., Galvez et
al., GJl, 2014), reassuring the effective frequencies lower than 0.5 Hz. The resultant slip distribution is
shown in Figure 1(a). The maximum slip is 3.8m and resultant moment magnitude considering area with
over 0.Tm slip as the fault surface is 6.4. We also show slip-rate functions at two typical points on the fault
in Figure 1(b). Point 1, located around the edge of the asperity in the shallow, shows a very steep slip-rate
function with large amplitude. This steep shape is different from Point 2, which shows a typical slip time
function in the numerical simulations, namely a steep onset and the following decay). This fact might have
big influence on the mechanism to generate short-period ground motions on the site close to the fault.
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Figurel (a) Simulated slip distribution based on the characterized source model by Hikima et al.
(2015) (b) Slip-rate functions at two on-fault points whose positions are illustrated in Panel (a)
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Extreme ground motion in K-NET and KiK-net strong-motion data over
a quarter of a century

*Shin AOI", Takashi KUNUGI', Wataru SUZUKI', Hiroyuki FUJIWARA'
1. National Research Institute for Earth Science and Disaster Resilience

WEICKZNY—R - YRIFAMCE>T, HWEBHOLREZOHMEMB I EIIBOTEELRBREETH
%, R - SRBEREXEZHIC, £EEHEICH/N—TF 51,7508 ARY H 542 BEEHEK-NETR U
KiK-neti&, PO¥ttfiRY ORBICHIRES18,070. #ETHREN882,606IC KA ALMBETR A LI LEREL T
Z7- (1996/6/1~2022/6/30, LUFAK) . K-NETRUKiK-netic & 2B AER % HimICERT &
IC&Y, BEMONTWELYDNRVIRIBOKRZRMES (WhH 2B KIMES) OFEENALMIR-TE
7=

WMRICHITEINDERDRAINEE (PGA) RUKZAREE (PGV. 0.1 HzN\A /X2 7 1)Ly —#A) Ot
1100528k (LAF. Top100) D> 5. PGADIZK & &/MNME2008FEETF - SHAEMERUVEMEDRED
IWTH25IC 81+ 54,022 cm/s/s& 824 cm/s/sTH Y, PGVDEFER K & H&/ME2018FE LB ERRIRFRERHE D
HKD126IC# 173151 cm/sRU2021 ERBEEHMDHEFKSH11ICH 17353 cm/sTH B, FFEETIHED &
SRMETCKIRIBMEFNEHEINZONEHZ 725, Topl00DTF—4 %, BEEHTRET ZHME. FL—+
BRE, ZSTHBED=DICHEL. ZORHMAEERY 3,

MR CHRETIHEDS K 2 HOSMBAMEITZ WG THRET 2720, IFICKEAMEEFHIREHEINS
DIF, WBREICE LD, MBEETHBIBEENEZV, M6 EEL Y KERETRERDER ST
Top 100 DPGAXPGVA BRI ND T &8 H D, £/, EREHEESREEIDNEBICIOKMEEUTOME
FEOP /NI BMEBICEWTEH1gE A 2PCAN GRS NIZHENTHEH 5, ZD&L D BREROAEDKIR
Bt EEN DAL, MGEHICTAREREAZT) & THAKKMEZ I LICK VIO TRALONE LD IC
ROl EAD, o, BETERELERNSEVE S LT, 2018FiLBEAEIRREERME ICHS LV TPGAIXSE
B, PGVIE2EBI R TTop 100N DHEEN A B8k L T 5,

TL— MERMEE L TIE. MjO.0D201TERIbM A KA E (FEH TAH TR AhEE MRS N
THY. PGAT29: k. PGV T35 ke, —DDMEE L TIZERIMICE < DD Top100ICA > TL
%, PGVTIERABI M E X T W/ H2003F it E T11588kH Top100ICA Y. TOZDODMETENE
KEHEHTWS, L. TL—MNERMBIIRBEOREAMEELE S RET D, EEMSEVDH D WVILE
WA EEREHMARWEENZ . MEBRBOZICIEINT LHEREROMEENICILRS T, MICKZRHEE
EEOEk L - E X LB D A Ly,

A7 TRHEIZHFERAEIC SREBRIEWV D, 2003FERV201TEDEHEHRDOMETIXIZENEFN
8ELAI R TTop 100N DPCGA% BT 270 &, MEREDEICIFLLBRNAIF TRELMEFNELZ I ENDH
%, BRI’ EHT ZIERNH 5 7-DTop100DE|EIEPCGAD AN Z WHPGVA KX RE LB H
%, 2001 EEFHEL2022FHBEDOMBEUA IS THRILM A TRELMETHIALEFHNTH 5,
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Non-recorded Strong Impulsive Vertical Seisnic Waves - Part 7 -
- Risky ground Movement Indications of Happning These Seisnic
Waves -

*Hiroshi MAEHARA'

1. Geosystem Research Institute

T.E LI

EEICHEWTELY ) —XDEBEDOTFIC, BlfEEZATERRLEYT. BEOFETIK-ZD8-LT, &
BHNEMERBOFLVERE ZORERRA] 2532 &TLE. LHAL., —DRIORROFIRICFEHRE I
ADNELEDE, BEOHBEEFDIKMFRITIERAEEEZ L TVWEREETIEAVWI EIC, BABDBY S AICRYSR
HEFELE TTIC-ZFDE~T7-IFBBHET, -FOT-IFFIRBNTLAEZDT, 2EDERIEFNEFNDRE
ICEEICHN, BRAMBRESHORBOKRREZEEDEEE L THRELELEL. JITREH-ZDT7-ELT, &
EORIECRIROHREESIETHEZXT.

2EEMINEMERBOREAN=XLDETF
COMEOHERORERFANBKIIMEDHEEILTHZ I L IFPABAIETY. RERALORBZDOAN=X

LDFHTY. LHL, INITOMENSHBEBFHMECERNLERLIITERLS, BENLTOY S0
ZgBIEMDNYELL. ZELTIDORBNIETEEDOR. M. RPRCKRBRERELEL, S IIMWETE
PILAEDREABTELTHBY, TOAAZXLDEFIIROELIICEXEY ET.

-OBEOTOY JMLEET, @70y JIRERO—EICEEL VIEERFER)SREL,
CZDNEEMADERRAPHRAR LB 2MEDHEENEE, OBELICHWEEDERL,
OREMOINERELZEA 280N, BERLIYVEAMEVWLELICEE (04 -0ORE) LT,
CEHYMEN LA ORAEEICADOHNY, LA OEMKREGERTIME)E L TEHET 5.

MBI FEMNEMERISARE L H WG (BREN 3 HhBEEIDIKEF)

BREOMERE B T Oy VDERTRETZDT, MWROEESOBIHRIAEDHTZE, TOEHEM
NIREZEOFRENS, EBIHEROMBESBEREZIZLELE. Hla-clE31TREBAKXEEHHED, 7%
OHADOMBEHK T LREBORTY. ZOMEERIIRK2ICTTHMAOHNER (BAREZECRBADKE
SHWATHICRERICIEE) PHBDTTH, IBEICIEEb,c,DEY RALERHEHE-AEMHL % 8#ICRERIC
RIRICEHZLTWET. SF3A16BICESEHRHMEM7.4)NEE, H3EEDOHMKREEHT, BERD
BRI IEMAEREILLhE B E N E->TVWE Y. H4XERMBO#MHERTY. IR LSBT, BEFE2A13H
ICHBEM7.3)MEE, HEFXEHTIIFFEIA208(M6.9)E58T1H(M6.8)ICiE =, EERMEN M HEVWTWE
¥. X5, 6IXERIMADIOFRIE, SFERIHNSHMEDHBEINRA T, BER-ABMEEEHIC LZRERICK
JROZEFHOMIC, ZOEAISRBROZENHY Y. SESH22AICRAKEHIEMS.8)EE, HM7IEZFD
EEAHTY. COMEHZOER L VEEHREH S ERMETPREE O, AEISH SAFERICERNARTED
REBELH B &MY L. H7IERKeDMMBEER LA L T, AFIBOERIBALE[SRBR & RE
SIREBMR ZRALIZEDTY. MUVWKRRENIHMBES T, FOAMIEFKDOLAETY. SEME & HEEDTS
BHARD BRI, BN Oy 7 LET. HBROBES TAFRSITHBOL KIS THELFH LS
BoTWEY. HRBRDORKKRNEHOHET, ZORMITRMENEE 2L, BIULEENNEMERNN SR
THIENBESINFTT. CORBOMERIEWMEREEICITAVDT, HMBROKRXZEORRKRM, S, HIFP L)
H£EE807, RREEBEERSOEENINEMEREICNT 222 DORR ERIANZFFETT.
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A Study on Earthquake Damage Prevention of Cultural Properties on
Display: Vibration Experiment of Japanese Sword
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