Program The 2023 SSJ Fall Meeting

Thu. Nov 2, 2023

[ Room B | Regular session : S19. Seismology, general contribution
9:15 AM - 9:45 AM JST | 12:15 AM - 12:45 AM UTC | Room B F201
[S19] AM-1

chairperson:Hisahiko KUBO

9:15 AM - 9:30 AM JST | 12:15AM -12:30 AM UTC
[S19-01] Attempt to understand the use of NIED MOWLAS data (2019-2022) based on data DOI citation
information

*Hisahiko KUBOL, Katsuhiko SHIOMI! (1. National Research Institute for Earth Science and Disaster Resilience)

9:30 AM - 9:45 AM JST | 12:30 AM - 12:45 AM UTC
[S19-02] Analysis of T-phases from the 2022 Tonga volcanic eruptions recorded by MERMAIDs

*SATOSHI MURAKAMIL, JUNKO YOSHIMITSUZ, Joel D SIMON3, Yong YU% (1. Department of Planetology, Graduate
School of Science, Kobe University, 2. Japan Agency for Marine-Earth Science and Technology, 3. Princeton
University, 4. Southern University of Science and Technology)

Room B | Special session : S21. Acceleration of seismological research through integration with information
science

9:45 AM - 10:30 AM JST | 12:45 AM - 1:30 AM UTC | Room B F201
[S21] AM-1

chairperson:Takeo Ishibe

9:45 AM - 10:00 AM JST | 12:45 AM - 1:00 AM UTC
[S21-01] Machine learning-based hypocenter determination using seismic intensity data

*Takeo ISHIBEl’z, Yoko Ogawa3, Hiroto Tanaka3, Ryota Kiuchi3, Tsutomu Taka hama3, Kazuo Sakamoto3, Yusuke
Saijo3, Mitsuko Furumura?, Ritsuko S. Matsu'ura?® (1. Association for the Development of Earthquake Prediction
(ADEP) , 2. The Institute of Statistical Mathematics, 3. Kozo Keikaku Engineering Inc.)

10:00 AM - 10:15 AM JST | 1:00 AM - 1:15 AM UTC
[S21-02] Deep Learning Estimating of Epicentral Distance for Earthquake Early Warning Systems

*Shunta NODA! (1. Railway Technical Research Institute)

10:15 AM - 10:30 AM JST | 1:15 AM - 1:30 AM UTC
[S21-03] Application of Convolutional Neural Networks for Seismic Velocity Model Building Using
“Realistic” Synthetic Data

*Fan Yul, Jamali Hondori Jamali Hondori%, Jin-Oh Park! (1. the University of Tokyo, 2. Geoscience Enterprise Inc.)
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Room B | Special session : S21. Acceleration of seismological research through integration with information
science

10:45 AM - 12:00 PM JST | 1:45 AM - 3:00 AM UTC | Room B F201
[S21] AM-2

chairperson:Keisuke Yano, Yusuke Tanaka(Tohoku University)

10:45 AM - 11:00 AM JST | 1:45 AM - 2:00 AM UTC
[S21-04] Application of Watanabe’s Bayesian information criterion to the GNSS-A seafloor geodetic
observation

*Shun-ichi WATANEBEl, Tadashi Ishikawal, Yuto Nakamural, Koya Nagael, Yusuke Yokota? (1. Hydrographic and
Oceanographic Department, Japan Coast Guard, 2. Institute of Industrial Science, University of Tokyo)

11:00 AM - 11:15 AM JST | 2:00 AM - 2:15 AM UTC
[S21-05] Identifying crustal brocks using objective clustering of GNSS velocities via parallel translation
and Euler vector

*Keisuke YANOL, Atsushi Takahashi2, Masayuki Ka no3 (1. The Institute of Statistical Mathematics, 2. Center for
Advance Intelligence Project, RIKEN, 3. Graduate School of Science, Tohoku University)

11:15 AM - 11:30 AM JST | 2:15 AM - 2:30 AM UTC
[S21-06] Trial application of machine-learning-based phase detection to slow slip event signal in GNSS
displacement time series

*Yusuke TANAKAL, Masayuki Kano! (1. Graduate School of Science, Tohoku University)

11:30 AM - 11:45 AM JST | 2:30 AM - 2:45 AM UTC
[S21-07] Challenges of applying deep learning to InSAR data for the purpose of detecting small
deformation around active faults and volcanoes in Japan

*Yo FUKUSHIMA! (1. International Research Institute of Disaster Science, Tohoku University)

11:45 AM - 12:00 PM JST | 2:45 AM - 3:00 AM UTC
[S21-08] Development of an Interpretable Volcanic Earthquake Classification Method Using Transformer
Encoders

*Yugo Suzukil, Ahyi Kim?, Masami Yamasaki! (1. Yokohama City University)
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Room B | Special session : S21. Acceleration of seismological research through integration with information
science

1:15 PM -2:45 PM JST | 4:15 AM - 5:45 AM UTC| Room B F201
[S21] PM-1
chairperson:Ryoichiro Agata(JAMSTEC), Shinya Katoh

1:15 PM - 1:35 PM JST | 4:15 AM - 4:35 AM UTC
[S21-09] [Invited]Theoretical challenges to understand the principles of deep learning and artificial
intelligence

*Masaaki Imaizumil® (1. Graduate School of Arts and Science, the University of Tokyo)

1:35 PM - 1:55 PM JST | 4:35 AM - 4:55 AM UTC
[S21-10] [Invited]Potential pathway to understanding earthquakes using a data-driven approach:
learning from other informatics applications

*Stephen Wul (1. The Institute of Statistical Mathematics)

1:55 PM - 2:15 PM JST | 4:55 AM - 5:15 AM UTC
[S21-11] [Invited]Deep-Learning Seismology: Current Status and Expectations for Future Developments

*Kazuro HIRAHARALZ (1. Riken Center for Advanced Intelligence Project, 2. Kagawa University)

2:15 PM - 2:30 PM JST | 5:15 AM - 5:30 AM UTC
[S21-12] Simultaneous estimation of fault geometry and slip distribution from crustal deformation data
using deep operator learning

*Tomohisa OKAZAKIY, Kazuro Hirahara®, Naonori Ueda® (1. RIKEN Center for Advanced Intelligence Project)

2:30 PM - 2:45 PM JST | 5:30 AM - 5:45 AM UTC
[S21-13] Physics-Informed Neural Networks for monitoring slow slip events in a spring-slider system

*Rikuto Fukushima®, Masayuki Kano?, Kazuro Hirahara®# (1. Faculty of Science, Kyoto University, 2. Graduate
School of Science, Tohoku University , 3. RIKEN, 4. Kagawa University)
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Room B | Special session : S21. Acceleration of seismological research through integration with information
science

3:00 PM - 4:15 PM JST | 6:00 AM - 7:15 AM UTC | Room B F201
[S21] PM-2

chairperson:Kodai Sagae, Kosuke Morikawa(Osaka University)

3:00 PM - 3:15 PM JST | 6:00 AM - 6:15 AM UTC
[S21-14] Two-stage approach for transfer learning of seismic-phase detection model to a small sample
size data via multiple clustering

*Tomoki Tokuda®, Hiromichi Nagaol’2 (1. ERI, The University of Tokyo, 2. Graduate School of Information Science
and Technology, The University of Tokyo)

3:15 PM - 3:30 PM JST | 6:15 AM - 6:30 AM UTC
[S21-15] ETN Detector by Convolution Neural Network Using All S-net Stations

*Kodai SAGAEL, Masayuki KANOZ, Takahiko UCHIDE! (1. Geological Survey of Japan, AIST, 2. Graduate School of
Science, Tohoku University)

3:30 PM - 3:45 PM JST | 6:30 AM - 6:45 AM UTC
[S21-16] Development of a method for determining the hypocenter of tectonic tremors using Score-CAM

*Amane Sugiil, Yoshihiro Hiramatsul, Takahiko Uchide?, Kazutoshi Imanishi? (1. Kanazawa University, 2. National
Institute of Advanced Industrial Science and Technology)

3:45 PM - 4:00 PM JST | 6:45 AM - 7:00 AM UTC
[S21-17] Self-Excited Detection Probability: Applications to Estimating Time-Variant b-Value Functions
Immediately After Main Shocks

*Kosuke Morikawal, Hiromichi Nagaoz, Naoshi Hirata®?2 (1. Osaka University, 2. Univ. of Tokyo, 3. National Research
Institute for Earth Science and Disaster Resilience)

4:00 PM - 4:15 PM JST | 7:00 AM - 7:15 AM UTC
[S21-18] Detection of changes in global background and clustering seismicity

*Jiancang ZHUANGL2, Ziyao Xiong? (1. The Institute of Statistical Mathematics, 2. Graduate Institute for Advanced
Studies, SOKENDAI, 3. Institute of Geology, China Earthquake Administration)
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[ Room B | Regular session : S19. Seismology, general contribution

#&Thu. Nov 2, 2023 9:15 AM - 9:45 AM JST | Thu. Nov 2, 2023 12:15 AM - 12:45 AM UTC | & Room B
F201
[S19] AM-1

chairperson:Hisahiko KUBO

9:15AM - 9:30 AM JST | 12:15AM - 12:30 AM UTC
[S19-01] Attempt to understand the use of NIED MOWLAS data (2019-2022) based on data DOI
citation information

*Hisahiko KUBOZ, Katsuhiko SHIOMI! (1. National Research Institute for Earth Science and Disaster
Resilience)

9:30 AM - 9:45 AM JST | 12:30 AM - 12:45 AM UTC
[S19-02] Analysis of T-phases from the 2022 Tonga volcanic eruptions recorded by MERMAIDs

*SATOSHI MURAKAMIL, JUNKO YOSHIMITSUZ, Joel D SIMONS3, Yong YU* (1. Department of Planetology,
Graduate School of Science, Kobe University, 2. Japan Agency for Marine-Earth Science and Technology,
3. Princeton University, 4. Southern University of Science and Technology)
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Attempt to understand the use of NIED MOWLAS data (2019-2022)
based on data DOI citation information

*Hisahiko KUBO', Katsuhiko SHIOMI'
1. National Research Institute for Earth Science and Disaster Resilience
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o AR TIX, 2019FEN52022F X TICHITZT—YDOIDB|IARREREL. ED LD ICMOWLASERE
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Analysis of T-phases from the 2022 Tonga volcanic eruptions recorded
by MERMAIDs

*SATOSHI MURAKAMI', JUNKO YOSHIMITSU?, Joel D SIMON?, Yong YU*

1. Department of Planetology, Graduate School of Science, Kobe University, 2. Japan Agency for Marine-Earth Science
and Technology, 3. Princeton University, 4. Southern University of Science and Technology

2022F1H15H04:14:45 (UTC) ICHunga Tonga-Hunga Ha' apai KU TCABELRBAAIRE L, TDR
KIEXDFEI%D04:00-04:30 (UTC) ICHEHDBEANERETCEY., THLDENICH > TRELLME
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#50 B DMERMAIDA M AFF DB 2 ZH L TWa, MERMAIDIE, tEPRKREZ®EY 7ILY 4 LICEERIC
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HEOTF—9 &I HET-ODERT—IEREFELTWVWS, KD (MEBERR2022FEHKEASL) (FHunga
TongalEMXICESRAYTAEY VTR MILYEBLON/EMERMAIDZ L1 DT —9 52BN Lk, IhH5DTF—%
No, FTHBINAEVITFTIUDPALEDTH 20 5HRT 5720, FFFELTTHERBEREREETEL

Teo RIS, TOEAXKICK ZKBFTRIE, FUICKRBINAZIMSANA RO+ V7 LA TEAIhT—4ICT7L
A BT FE. beamforming tkiEfTZEA L., Bk ABERNIREZREL., V—RAOMNEBEZHE L, &E
IC. Tarumi et al. (2023)®Dback-projection;EIC & VY, FETHASINABEAEEED T ohi-BbEDE
EPKE & MERMAID CEEEk S N7 KAER & OB DT &7V, Tarumi et al. (2023) TR SN T WA WE
KDOAREMICDWTERHRT 5,
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Room B | Special session : S21. Acceleration of seismological research through integration with
information science

& Thu. Nov 2, 2023 9:45 AM - 10:30 AM JST | Thu. Nov 2, 2023 12:45 AM - 1:30 AM UTC | @ Room B
F201
[S21] AM-1

chairperson:Takeo Ishibe

9:45 AM - 10:00 AM JST | 12:45 AM - 1:00 AM UTC
[S21-01] Machine learning-based hypocenter determination using seismic intensity data

*Takeo ISHIBEL2, Yoko Ogawa?3, Hiroto Tanaka3, Ryota Kiuchi3, Tsutomu Takahama3, Kazuo Sakamoto3,

Yusuke Saijo3, Mitsuko Furumural, Ritsuko S. Matsu'ura! (1. Association for the Development of
Earthquake Prediction (ADEP), 2. The Institute of Statistical Mathematics, 3. Kozo Keikaku Engineering
Inc.)

10:00 AM - 10:15AM JST | 1:00 AM - 1:15AM UTC

[S21-02] Deep Learning Estimating of Epicentral Distance for Earthquake Early Warning
Systems

*Shunta NODA! (1. Railway Technical Research Institute)

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

[S21-03] Application of Convolutional Neural Networks for Seismic Velocity Model Building
Using “Realistic” Synthetic Data

*Fan Yul, Jamali Hondori Jamali Hondori2, Jin-Oh Park! (1. the University of Tokyo, 2. Geoscience
Enterprise Inc.)
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Machine learning-based hypocenter determination using seismic
intensity data

*Takeo ISHIBE"?, Yoko Ogawa3, Hiroto Tanaka?®, Ryota Kiuchi®, Tsutomu Takahama®, Kazuo
Sakamoto®, Yusuke Saijo3, Mitsuko Furumura’, Ritsuko S. Matsu'ura’

1. Association for the Development of Earthquake Prediction (ADEP) , 2. The Institute of Statistical Mathematics, 3.
Kozo Keikaku Engineering Inc.
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Deep Learning Estimating of Epicentral Distance for Earthquake Early
Warning Systems

*Shunta NODA'
1. Railway Technical Research Institute

To enhance the performance of earthquake early warning (EEW) systems that aim to issue alerts as quickly
as possible, it is crucial to improve the accuracy of the epicentral distance Aestimated via the
single-station method. While the conventional method estimates Afrom the slope of the initial P-wave
envelope, this study applies deep-learning techniques that can extract a variety of information from the
waveform data. By analyzing approximately 20,000 records observed at Kyoshin Network (K-NET) stations
in Japan, the convolutional neural network (CNN) method achieved higher accuracy than the
conventional method. Increasing the data length or the number of iterations of convolution, activation
and pooling layers in the typical CNN model did not significantly improves the accuracy of Aestimation.
An automatic structure search (AutoSS) technique, in which model structure and hyperparameters are
randomly varied, was employed to identify models that yield higher accuracy. A typical CNN model was
used as the initial structure. The models obtained through this technique showed improved accuracy with
increased data length or computational cost. The models that exhibited the highest accuracy among
those generated using the AutoSS technique outperformed the typical CNN model in terms of accuracy,
although their computational costs were comparable. The AutoSS technique offers a significant advantage
in that it allows the selection of a model that matches the computational capabilities of the hardware used
for its implementation, thereby ensuring optimal computational efficiency. This demonstrates that
deep-learning technologies can be used to improve the performance of EEW systems.

© The Seismological Society of Japan -S21-02 -
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Application of Convolutional Neural Networks for Seismic Velocity
Model Building Using “Realistic” Synthetic Data

*Fan Yu', Jamali Hondori Ehsan?, Jin-Oh Park’!

1. the University of Tokyo, 2. Geoscience Enterprise Inc.

Accurate interval velocity models are required for reliable depth migration of multichannel seismic
reflection data. Current velocity model building methods, such as migration-based velocity analysis
approaches, require a considerable amount of human interactions with several rounds of picking and
model refinement which is time consuming. More advanced methods like full waveform inversion (FWI)
can achieve a reasonable subsurface model in a semi-automatic manner with less user control, but their
performance depends on several factors such as the accuracy of initial model, bandwidth of the seismic
data, etc. We propose a method that can estimate the interval velocity models faster and more accurately
by using convolutional neural networks (CNN).

The velocity model building with convolutional neural networks faces the lack of training data for various
realistic problems, and one of the solutions is to use synthetic data in CNN model training. In the recently
developed velocity model building tools, convolutional neural networks have proven to be effective for
simple geological settings. However, in the more complex geologies such as subduction systems, CNN
have a gap compared to traditional model building methods. To address this issue, we implemented a
more complex synthetic model into our CNN training. The synthetic training dataset is generated by
altering the “realistic” GO 3D OBS model (Gérszczyk, A. and Operto, S., 2021). Our CNN model uses
the residual velocity semblance panel as input data for training and the labels for each input are from the
corresponding interval velocity profile at the same location. The whole dataset is split to training,
validation, and test datasets.

In this study, we incorporate CNN into marine seismic data processing by using the residual velocity
semblance panel and the corresponding velocity profile at each location as training data to train the CNN
model. A simple pre-stack depth migration using a linear velocity helps to transform the problem to depth
domain. Also, the vertical semblance profiles have a smaller data volume compared to the original shot
gathers. Finally, the features of the data are easier to be learned by the CNN. Although the training
requires computational resources, once the network is trained it can predict a reliable velocity model
quickly.
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Session The 2023 SSJ Fall Meeting

Room B | Special session : S21. Acceleration of seismological research through integration with
information science

& Thu. Nov 2, 2023 10:45 AM - 12:00 PM JST | Thu. Nov 2, 2023 1:45 AM - 3:00 AM UTC | & Room B
F201

[S21] AM-2

chairperson:Keisuke Yano, Yusuke Tanaka(Tohoku University)

10:45 AM - 11:00 AM JST | 1:45 AM - 2:00 AM UTC

[S21-04] Application of Watanabe’s Bayesian information criterion to the GNSS-A seafloor
geodetic observation

*Shun-ichi WATANEBE?, Tadashi Ishikawa!, Yuto Nakamural, Koya Nagael, Yusuke Yokota? (1.
Hydrographic and Oceanographic Department, Japan Coast Guard, 2. Institute of Industrial Science,
University of Tokyo)

11:00 AM - 11:15AM JST | 2:00 AM - 2:15AM UTC
[S21-05] Identifying crustal brocks using objective clustering of GNSS velocities via parallel
translation and Euler vector

*Keisuke YANO1, Atsushi Takahashi?, Masayuki Kano3 (1. The Institute of Statistical Mathematics, 2.
Center for Advance Intelligence Project, RIKEN, 3. Graduate School of Science, Tohoku University)

11:15AM - 11:30 AM JST | 2:15AM - 2:30 AM UTC
[S21-06] Trial application of machine-learning-based phase detection to slow slip event signal
in GNSS displacement time series

*Yusuke TANAKAL, Masayuki Kano! (1. Graduate School of Science, Tohoku University)

11:30 AM - 11:45 AM JST | 2:30 AM - 2:45AM UTC
[S21-07] Challenges of applying deep learning to INSAR data for the purpose of detecting small
deformation around active faults and volcanoes in Japan

*Yo FUKUSHIMAL (1. International Research Institute of Disaster Science, Tohoku University)

11:45 AM - 12:00 PM JST | 2:45 AM - 3:00 AM UTC
[S21-08] Development of an Interpretable Volcanic Earthquake Classification Method Using
Transformer Encoders

*Yugo Suzukil, Ahyi Kiml, Masami Yamasakil (1. Yokohama City University)
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Application of Watanabe’ s Bayesian information criterion to the
GNSS-A seafloor geodetic observation

*Shun-ichi WATANEBE', Tadashi Ishikawa', Yuto Nakamura', Koya Nagae1, Yusuke Yokota?

1. Hydrographic and Oceanographic Department, Japan Coast Guard, 2. Institute of Industrial Science, University of
Tokyo

GNSS-AIC & 2 BEMMBREEFER L, BXREECPEBEN S 7EDLAAATTHRET ST L — NEHED Y 1
IIICK > TELBMBLEEFEE=I—F B EICEBMLTWS (HIAIE, Spiess 1998; iEi&

2022) . GNSS-AILBVWTEBREERDIRTMNELBRIRET 2KICIE, BFEILICL 2EFEERADF
EAEYICHTE - BRETIVNENHD. I T, Watanabe et al. (2020) (ZERI AR ICH W TEEEELICHE
LTHHE yEEAL, ZThEBILGETENZ A AT —SroHMEINZEDELTERELE. ZhiaRE
LY 7 Y2 T7IEGARPOSE LTABENT WS,

BEDREL, B|ELG MNE—KRICEZ ¢, BLRMAE PRVEERAME X DE#HE LTREINE., ZOER
it (GARPOSETIV) Ti&, TtPX) AASHIDEBMTNRIAYITAALTETIVNNGA—YEHET DI &
AEEE LTWS. BEEDGARPOSTIE, B E LT s PR XDO—REAKE L, ZOEFRE%HE
FEICBRTSA VEBERHETAIETNRIAYISAALTWS. ZOLT, BEARADS 7R A&MHIT S
HREGERA ZDHEFDHFE LTEALEL. MAT, SERROUTVWET—YXHEBOREBEEFOEL
SHEM S, Fukahata and Wright (2008) #'InSARD S REEMFREHH) T — 4 Icxf L TEA L& S

I, T—YDFEOHDIBIBAEZELL. EESIE, INOSDORHAETINEEBRT /5 X—4IC20WT, B
VREABRETDELIIBIRT ZRBRA X7 7O0—F (GARPOS, LUTFEERMICGARPOS-EBEE S;
Watanabe et al.,, 2020) RUETFTINRSA—F L DREEELHEEERDDZ IIRA A7 TO0—F

(GARPOS-MCMC; Watanabe et al., in press) ICED K REEFFHARE - RE L TE .

RERATHYIC AR DK £ 2 GARPOS-EBIX, FRZREFRETILH 21, QEREITHNARED DR ERAIC AL HE
ET B, ARL—VaVITAXTERTHS. ZOFEIF, ETMNRSIA—YDORLEENS T8
BTROLNBZEICE>TETS. —H, 7IRAM XDGARPOS-MCMCIE, ETEIR MBS 23
B, EFTIOEAMEDLEFEAEZRTZVREN LWL, ERHT ETILOEANICL ZFHLETILDIEBE
P, EROHOHRE, MOMEARBET IRICKEICHEHIES 5. Watanabe et al. (in press) T
I&, GARPOS-MCMCO##%EMNL, BEFHNICLVRENEBONEERGZETINE2DEALL. Ihb
DF =72 TETI T, SRERBICOVTOEBMAHOBEREZDEILZNTNEREBEEICEELEZEDE
BIRTE2 POREE XORBEBEMITTEY, ETILIOERAENNILLA>TVWS., TNS5DETFIVIC
SO TBERMEBEOENIRINCREL, BENALT S L ERINE
LOLARDS, ZREFNDCNSS-AT—9 Y MIFL, SXALEETILIOZYUMEZEEMICKRETTEIEIET
ETVAWL, RE, BNEBDLNIZETIIEVWKSTEEZIOND LD, EOETIERRTRENCOVT
DEENZ NI, BENLBRETILERIMITONATLEIRNLHS. I T, AMMETIIEERSHIERD
MOEUTERWEGEICHEBERTRAETIVEREELZEAL, ThThOT—9ty M L THEHICHE
URETIVERET 2FE4MFE L. BENICIE, BERETIVEEFNDFOBENI A5 XEHAI X
JL¥— (Good, 1965) %IBIZICT H. ZONA XEHI R F—DELUEE —BIDOMCMCH > FILFIH 5k
HBIEDNTED [ELFLDRA XBREMRAE (WBIC)] AWatanabe (2013)Ic&>THELNTH Y, 5O
I, Watanabe et al. (in press) TEA L3 DDETIICK LWBICEZKD, T—49ty NZTEIEIRTE
TIVEZFEIRLZ., ZTOHR, RILAOBEHABEESGIEEINDZLIAT—IEED, FEAEDT—¥
v M TIE, GARPOS-EBTHWARKEI ETIL LV E, BHEDEWBED2DDETILAEIENKL. Zh
I, SOABEESOEAIER TCIIEERERENMIULMRTEARVI EE, RO THEIRLEEDEDS
EA%. ZDELIIC, ETNOEYMEEEEMICTMTE S LD ICA > &IF, FHERETIORRELITT
BRYBARBOMERILLICBEWTEERTHS. £/, KT -9ty MIOVWT, BIENAEETIVE, ZOBED
HERLEETILCT— Y REEFELNBTZIET, T—YEAOEEMAHMET I E W EICEBEATE
5SS,
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Identifying crustal brocks using objective clustering of GNSS velocities
via parallel translation and Euler vector

*Keisuke YANO', Atsushi Takahashi?, Masayuki Kano®

1. The Institute of Statistical Mathematics, 2. Center for Advance Intelligence Project, RIKEN, 3. Graduate School of
Science, Tohoku University

BHLBHIC

B % E DGlobal Navigation Satellite System (GNSS)& AT —4 DILFICL Y, L — MEBDREFH & W ER
SR> TE R, HIAIE, Thatcher (2007, 2009)TlZ, GNSSEE/EUT EBEWT, ThETHLNhTWE
HEDLYURB OB TOY IV ERELL. IhSOMBRT OV IERES S &, HEHRKOFTME (HIZ
I&, Syuetal,2016) ICEAWVWLNTHYEETHS. L<HMLNTWELDIC, 7OV IHBETILOFKER
&, ROy 70RBRICGESFEINS (HIAIE, McCaffrey, 2007; Wallace et al., 2007; Floyd et al.,
2010) . &, BYIRMBZIOY I/BEERET 2-HDOEHEMNLBEERENIREINTLS. Simpson et
al. (2012), Savage and Simpson (2013a, 2013b), Takahashi et al. (2018)Tl&, GNSSEETF—4 DEER Y
NLVEBTOREBHI ZRY) VvV ZRAVWT, ThEThY Yy 735005 - EN\RBE - BEBICE T 2
J0Ov IDEEMN ThbN=. £7/=, Savage and Wells (2015), Savage (2018), Takahashi and Hashimoto
(2022)TlE, 74 Z7—RI MLERAWEERBHN I SRS ) V7 5AWT, TRENAEEFILESR - AEH
A Za—I—3VRICBIBEITOY IOREITHObNE. LHLALNS, BERI MLEBTDYIZR
GV TREBTLEFMT—RI MUK ZOEREEFEERTEY, —ATHAT—RIRMICKBITRY
DY JIIREBRICTZ2EN#L, IS5ICHTLEBAAOBEENIEZERTERL. KEETIZ, TIN50
BRERRTARL, WRBZTOY IOHFLEREEEERET .

F—=y L hH%

REFETI, 74 7— RV PMICKZOEmEFH BRI MVOESTBEEZFRTS. £9, ZHRPQD
GNSSOAIBEIZE & FHENRY MLERAWTAA T —RIMLVEHET . TOMEBOYTEEEYICL>TZ
EPQDEENRY MLOEELEAEDS. —HT, GNSSHEERY MLAKELOHEERZ ZHICHHET
DZEEMICETRARNI ML (BRI ML) ERAL, COBRI NMLEREISHEZ TETREEEAL, HIEN
ICBENZZHDEERY MLOIBELEAEDS. T T, 20O [FETHE 2BAVWTETHETIRREINE
BEENYI NVEBTDIZRY) VI %HRBATIENTEZS., ZODFELUEOMERAWEEBI SRS Y
THEIITHIZET, FIBHEOEmEHDVWITNEERE L/ZGNSSEENRY NLVDEB YV TR Y VI agE
3. RFEETIE, Altamimietal. (2012)2 £ LITRF20087 L — K EFTIE LUV RARAT—9 AW

T, BAROMBERZEEERY NLOADSLEBENICTL— NDETERAL.

HREER

REFEICLDIBBISRYINVTICE ST, BHMIOTL—MEEERY MNLEMBBEROADSETTET
WBIEWERTE. Bl L—ME, BERERNICEKTA Y AHEDA—-F2T7 - A=A NI )T IIL—TIC
ahni. T, BICBEORICW 2HrDH T TAOY Y (-5 F7 AV R -F—ANSYT) HER
S5h, 7L—MNEBOELUEZERNICKRIZETZZENTEL.
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Trial application of machine-learning-based phase detection to slow
slip event signal in GNSS displacement time series

*Yusuke TANAKA', Masayuki Kano'

1. Graduate School of Science, Tohoku University

hEZ2 S EBRAZOMBICIZEELRRO—ON, HEFHOSHEEN DHEMLINZRETH S, HHEE
EFRAWTHERE T — 9O OMEEFDS /FILEEFRHE T Z2FREIINETICEZHERIN, HAEREIL
B RIDEGT — 49 DETDE L WHEREICE#B L TW3 (e.g., Miinchmeyer et al.,, 2022). —75 TGNSSHF
RINFDRMT -9 HEFEZDEHLIBREICEMLTCEY, RO—RAY vy ARV N (SSE) FDF EEERV T T
IOBHFLEOREENERONTWS (e.g., Okada et al,, 2022). LH LA SEWMEE % EM L -@FILR
ETHY, 2L OFEFIZHONEBFIEE ATHBRNAZBELICEKEL TWERATHS. FL-EHEZDE
%M —EDHRES (e.g., Xue and Freymueller, 2023) £ & < I3 T— 7 ICIKELTEY, EF—%
ICEBEEENLAEFERRBIFIEAETDONTVWAWL, 2 LAERICEDE, AR TIIARBADEH
SSEAXRE LT, MEBHRHED—FETH BGPD (Generalized Phase Detection, Ross et al., 2018) %
GNSSEERIICISBET B2 & 52 A7-. FEmAARILOkada et al. (2022) ZEDHATHR TH £ 230038 LG HA
SSEOMREIRINTEY, HRHLEELREAYOAVDPHEILL TWBHETHS. ZZ CRMEOKREAHY O
JICEDE, BHASSED Y V' F L ECGNSSHEZRFRIIZMHE L TERT—YICL 2B T —9 %2R L
o, BRIDRETIF120T Ry ¥ THA - MO D2F v v x)b, FLEEBROPTOY I/ FILONEEE
LEEBZETRIMTLEDT—IEAEEMESE, WE000EDS TFILHY DTF—9 5HIE L. BRRICAA
v N EEERWVIGHT - BHOEZERRIEREL, /1 XDHDT—4 %#2200084EMK L1z, EHEHPL ~
LY ROBEE WS ETLIBIE—)1T0H Y, Y7 FILEHLARARED /4 XHABIELRET, BETIEHR
PR#LT—Y& L. TNODBEROEZBRIIZANE L, BRINISSEDY FFILESUHER, £T/
A XATHIBRO2UED NIV ERDE LE2BEERA7-. 2EEBFOEMREIEL, Okadaetal (2022) TI RV
NOFEEMABWI ZRTEHEINZEDICDOWVWTIIAEEZNEN1.0£0.0, AEEICEZIFR2ICD0
TI30.520.5, /4 ADT—415£0.0£1.0& L7=. TTDOGPDTIZ400T Ry I DRFERERIAEAADEL, 4B
DNEHAHEBDEEEAB CTHREBMHME EHEEZITD). CNICHLTERRARTDOAAIEI20T Ry 7 &R\
&, GPDOEEICEN L DD2BDEHIAAE2BDEFEEABICL 2 ETIIEBEERALE. LEDKRE TRERRE
ICH+IRy VRREDOZZBEHAA. BREHE L TXEIY bOE—2AV, HBELE7ILIY XALICIE
AdamZFERA L. ZORR, I HLE /A XOHUEREIFEZEAT—4 - RIEAT—9VWINTH7 8EIFE
BiIceEE o7z, FHE2ERAT—YERIEAT —YDREOLEAICESTHEREIXZIIZF—ETHDIED

D, BREROBEIIBELBTHIEONT, BEATEIADREZENMTATVWAVWEEZISNS., AFERTHR
SGNSSHERIIIEE 2B L, TAMEHDIS LN Y DL D RALIRBOZTIETIRALLBECHIRRAT Y TE
FERAQITNIERLRVWALRY, ERFEELRZEHENVCONEZIONS. RRTIET—YEDIEM
PETIEEORBELE VWSS ORZURERT A, BRIOEHEHMEDRIP Y 7 HILOHEEEDTE
BIZDWTEHMZBNT 5. D LT, GNSSEFRIINDOEBEZOHBERICHS T 2RHM & FEEZERT 5.
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Challenges of applying deep learning to InSAR data for the purpose of
detecting small deformation around active faults and volcanoes in
Japan

*Yo FUKUSHIMA'

1. International Research Institute of Disaster Science, Tohoku University

Sentinel-1# 274 & DEHEESARER T — 4% # AW - InSARE RIIBITDOBREAE =& L, HRETIE. InSARA
DRBEZOERAMEINERKICITONTWS, BEEAFE LTI KUEERE. ey - BT THR
H, BIBTARYRHE, KK/ A X\BEREDRHSZ, LH L. FEEZEOEMEIEE. T—YDEYE. &

U, RRETIERROU T FILOEMRFICKET 5, S0, EISEMBYPAXULADICE T 2BNRERERA
52 &7BEL. BRICEWTINSARBITICREBFB 2 /EH T2 2 & ORE#LFHFICDOWTEIEL X,

F9, HEDFEVWAARTIE, RESHEEEINMTONTWBCAY RPXN\Y REEDT —4 IZEHET LHME
ZABWEWDHIMDH B, TD=sH, TR, 1) SRAEENDRVALOS-2HE (LY R) OHITKFEESS
EBRRWEAENE W, 2) INY RTF—YOFAICDODWVWTIE, BEBE/ A XDPKZVEWVWITHAEEEH

%, 3) HROEILIISIEOZEHMELCEMAMTICE Y TREB /41 OBWEILHL W &HEL, &
t\4)%%mﬁ@m%éw?—&ﬁﬁi@vwv%wﬁﬂ%j ET—4 MR, 5) EUTBRIDOEE %1%
HLEDETBZBE, YT Y RLT7RAMERLTF N PHBREICHERT— mwéuﬁﬁ@mm@#ﬁL
EZBEICLARTNIEARLT, Lie, HTTERBOHE IS L TEHRE L TERIIESHBRER/NY —
NHIET DT, WRB/ 1 QBN LIC W, RFERIC, 6) TERE Qﬁﬁﬁﬁkﬁatuﬂfﬁiht
Wizl d3E CERRNES) . ZBREIEEI NS,

514, ALOS-4BE2®NISARBEDITE LIFIC& THREEEHIREREBNIND I EDPEFIN DD,
#mk%m&&iﬂww5#MTﬁﬁf%éomﬁ““h@ ﬁ%@%&kmarmymmM%%ﬁbmF@
ZHTOCLRELVEMICHETEZRT YO v ILIEH Z D, THRBRZEOLHITE, WHCEFAERETIX
LTENERRIIDNERFTT DI EHNVETH B,
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Development of an Interpretable Volcanic Earthquake Classification
Method Using Transformer Encoders

*Yugo Suzuki’, Ahyi Kim', Masami Yamasaki'

1. Yokohama City University

KILHETIEANLEENICEE L TEABRLRBERMENRET 2, /o, BAMNEL RS EZOHITIBKR

L. FCHERFMEDORKERNBMNT 2EAIICHZBHI/RESNTVD, TNODMEDY A1 THEHIEX
IBFKICE WTIFBICEETHEH, BE. oD 7O REERNICIIABOHETICER SN, BALE
MEOARMNEEL, YTILY A ATOFMRIRIIEFRATETH 2, I TAARATEIBHEZTZHAWT, L5
OTAERE)TILIALICITIODYRTLERET %, £/, OMEREZEHIERFICAWSH, &
RICIKBRENVEE RS, TITEAAETIIEMEE (Transformer) ZFHAWTHRLZBMED S 1 TR/
G—UPHHESNL. ThOEMBREDOH I THNTZ L E2BMNET S, AR THEET Z2ETIVIEE
REBUEBOETINE LTHIONEBERTO 7 —F T I/ F v 2R—R&LTWE, ABWT—9%BRH0.5T&D
BHEE L TEDIAHR. T—YEKHEICclsh—o v EREL, MBIV A—FT 4 V7 %{To7%IC3BD
TransformerLY A—4—L A ¥Y—CIVvI—FT4 V7 %75, TVA—FT 4 VI EINERIDI Sclsh—2
VEREBL, 2REEABERLERINICSNIVOERE LTHAT S, LEEOETIVERIET 5720, Kai
94 TOBREFMELNZCBAINTVWEXBEIUTRET 2HMELBITRRE L GEAL, ETILOBEICIK
RRARFMEMRAA. [IRT. BARERMATA,. ELIBERAEICK > TRE L 2HW20E ORI = TS
8 L72BERN20FERM (2000 FERFIENSIHMEET) OEAKE T —92FEHT %, EXBLOAY O Tl
EDYA T IX12@EH 2P, SEIEZDD BAR, BEOLYEABENE L., ZO2BEOMEE /1 XT7—%
AT S, T—YEIZAREHN1001E (6634KF) , BRUHIEH4204@ (31415KK) , / 14 XD
11205 ER>TWD, BT —9DF v U RIEIE3 (KE2HRAORVLETE) , >V IL—hiE
100HzTH %, 9001 KA Y hDTF—4DS55, ARIME, BRIMEIIPKRBIZERBIDS S VY LAIRATL
150"10007R1 >~ N DE%REtSRE L. Z2I2H53000K1 >~ MEYIWER> THERYT S, /1 XL
9001 RA Y M T =9 DA RV NEFUADGO00RS ~ NUMEFATZ, IhoDT—49 D80%% JliE
T—4, HYERIET—4 & L CIHREA S L 72458, ARHE, BEIME, / 1 XDPrecisionidZhh
0.77. 0.95, 0.99, RecalliZ0.84, 0.95, 0.93¢ % >7, £/, PTFr¥avDEHEAHRILTE I EICE
DABRIMEIZFICSIKIC, BRIMEEIPEN S ANy MNEFOFBICHNTI TEELTOREEZToTWE I EAD
Mot SERIEIBHAAFBOEAPCH—RIY A X, Transformer®TILFAY REPL A Vv —HALED/NA
IR=RSA=FDF1—ZV T % TVEILRZIBEEDHALARADZN AT 5, /-, BRMEOE LD
HIC, PFTYoavDEHDERLTVWIERBEICOVWTERIITEIFETH S,
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Room B | Special session : S21. Acceleration of seismological research through integration with
information science

& Thu. Nov 2, 2023 1:15 PM - 2:45 PM JST | Thu. Nov 2, 2023 4:15 AM - 5:45 AM UTC | & Room B F201
[S21] PM-1

chairperson:Ryoichiro Agata(JAMSTEC), Shinya Katoh

1:15PM - 1:35PM JST | 4:15AM - 4:35AM UTC
[S21-09] [Invited]Theoretical challenges to understand the principles of deep learning and
artificial intelligence

*Masaaki Imaizumil (1. Graduate School of Arts and Science, the University of Tokyo)

1:35PM - 1:55 PM JST | 4:35AM - 455 AM UTC
[S21-10] [Invited]Potential pathway to understanding earthquakes using a data-driven
approach: learning from other informatics applications

*Stephen Wul (1. The Institute of Statistical Mathematics)

1:55PM - 2:15PM JST | 4:55AM - 5:15AM UTC
[S21-11] [Invited]Deep-Learning Seismology: Current Status and Expectations for Future
Developments

*Kazuro HIRAHARALZ (1. Riken Center for Advanced Intelligence Project, 2. Kagawa University)

2:15PM - 2:30 PM JST | 5:15AM - 5:30 AM UTC
[S21-12] Simultaneous estimation of fault geometry and slip distribution from crustal
deformation data using deep operator learning

*Tomohisa OKAZAKIL, Kazuro Hiraharal, Naonori Ueda! (1. RIKEN Center for Advanced Intelligence
Project)

2:30 PM - 2:45 PM JST | 5:30 AM - 5:45 AM UTC
[S21-13] Physics-Informed Neural Networks for monitoring slow slip events in a spring-slider
system

*Rikuto Fukushimal, Masayuki Kano?2, Kazuro Hirahara3# (1. Faculty of Science, Kyoto University, 2.
Graduate School of Science, Tohoku University , 3. RIKEN, 4. Kagawa University)
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[Invited]Theoretical challenges to understand the principles of deep
learning and artificial intelligence

*Masaaki Imaizumi’

1. Graduate School of Arts and Science, the University of Tokyo

REBFEERWET—IBTORERICEY, ATHMERMIER LHAKICEEZSLLLTWVWS, LEL. &
NOORKMICIZIZ K DRELZINTEY ., BALTIHEIRNCEEREHIRBEICHT MRS, #HE
ICEWRBETHHTHETEIRNERESZ,

INSDREEERT ZIZOOEEDVEDE LT, REEE - AIHEOREBORERELHZ, FEEZEY
ATHBEIEHEES LWHAEEREB T 2RMAELN. IO’ BEIDL DI BRUREEREBETE 20V EREIC
WEREFRBHLEADZ WV, TNOSDOREHED, EBIRMNFETILDY) X LPHENREEFRMOMAEEZEL—
BE&>oTW3, &2T. FEBEE - ATHMELZERE LWERNICHET 27010, ThoDtEA 5B LR
R B-HODEREBIVNEEINTWNS,

AEETIH., )VREREFBEIESVWRELZRETZ 20N, (IDANIHEEZ ED L D ICHIEMICKIR - BTN
ERWA, EWSBWCEY 2EMMNABMREZRBNT %,

(NDOEBZEEBICEAT 2R TIH, HIC()EBEEEE DETILOBMES L ULt E TN ERET 2B F
E. ()VFEBETIVOFRERMEZBRMEOMREBWTCIMT 2EMH. & V(I KEHETT I OEHENA
B GRRINS X —45 DIER) ZRBEEICHRT 2HAZBNT 2. () DATHEICET SHERTIE.
ICChatGPTAREICRRSINZERETIL - KIRESZETI/IVISEE L. XIRAEZE & W ABENREE Y
L—LT— VU DREBFTZBLTCEOABEALEBRTEIIAHEMBNT %,
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[Invited]Potential pathway to understanding earthquakes using a
data-driven approach: learning from other informatics applications

*Stephen Wu'
1. The Institute of Statistical Mathematics

The quest to comprehend the complex and intricate mechanisms underlying large magnitude earthquakes
has been a central pursuit in the field of seismology. In recent years, the advent of data science, coupled
with the emergence of the fourth paradigm of science, has provided a novel avenue to revolutionize our
understanding of seismic events. This talk explores the potential of harnessing data-driven methodologies,
inspired by informatics applications from diverse scientific domains, to unravel the enigmatic nature of
earthquakes.

The fourth paradigm of science emphasizes the significance of data-intensive research in shaping the
trajectory of scientific discovery. Historically, seismology has been constrained by the limitations of
traditional observational techniques, which often fail to capture the multifaceted dynamics of earthquake
generation. However, the integration of modern data science techniques offers an unprecedented
opportunity to gather, process, and analyze vast datasets to extract meaningful insights. This paradigm
shift enables researchers to move beyond empirical observations and delve into the realm of data-driven
hypothesis generation, refining our comprehension of the underlying processes that lead to seismic
activity.

The potential of the modern data-driven approach is apparent, as the first two paragraphs of this abstract
were actually written by ChatGPT, the famous chatbot service based on a large language model trained by
deep learning technology. Recent research has demonstrated that deep learning can significantly improve
the efficiency and accuracy of processing seismic data into information useful for further analyses, or can
assist different tasks in seismic monitoring. However, cautions shall be made when using such convenient
tools as the “no free lunch theorem” holds here as well. Users are required to correctly interpret the
prediction results from a machine learning model under the well-known limitation of such data-driven
models being effective only within the domain of their training data.

The inherent complexities of earthquake systems demand careful consideration of data quality, feature
selection, and model interpretability. In this talk, | will draw inspirations from informatics applications in
other scientific disciplines, such as materials science, and discuss potential strategies that seismologists
can further capitalize on the wealth of seismic data generated from ground-based sensors, satellite
observations, and historical records. These strategies are founded on some recent understandings of the
learning mechanisms of deep learning, and the successful applications of transfer learning technologies in
various science and engineering problems with limited data.

The goal of this talk is to explore the possible roles of data science in making a bridge between theoretical
seismology and data-driven insights. As we stand on the cusp of this interdisciplinary revolution,
collaborative efforts between seismologists and data scientists are poised to reshape the landscape of
seismic research and disaster preparedness.
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[Invited]Deep-Learning Seismology: Current Status and Expectations
for Future Developments

*Kazuro HIRAHARA'?

1. Riken Center for Advanced Intelligence Project, 2. Kagawa University

Ev I T7—9DEBLERNEREZFIT TV IAIZFOERBEDFERICE Y. ChatGPTICRBIN DL DIC%
KODHTHERBRSMEAEINTWS, [ERAIZEERLAMEREMR 0 2 b (STAR-EZO
g b))l (XRA) IKESNE LS. BAOHMEBZICEWTE, BFHRAEENEAINLTVWS, XEET
&, AIEDOBEBRBZDD 5EWMEB(ML). FICEREFZFEDOLOMEZICS T2 FRICEREHT. FAOEDS
MRESHOTHRROBNESEORBAANDIFEZIRNS, BB, ¥4 hILDDeep-Learning Seismologyld
Mousavi & Beroza (2022 : MB2022 £ BE) D SEB LA-EHEDTH 5,

Bergen+(2019)(%. E{AMBRRIZICH 72T — 9 HHEMLUER%Z3E—K (BEL- E7Y VS - HR) I
NELTWD, IBREADOHRITEEICHY, MB2022TIE, T—FNEBHELE LT, HWEARY ME
H - PIRSIEARA - AIAEREEM T - BIRRTE - BHERE - RERBARAEFICEVWTECODLETILIRES
h, FLHEHFACKIMEFRRTCEREARRE LT TVWEZERELTWS, STAREFOY TV MT
£, ARBMLETILAEA SN, RELEOMHEPHEFT S S OEEKMERE (Kaneko+, 2022)

ZE BFEHIRRIETWD,

—AH., ETV VTR, HERZICHITZIE - ¥EBOEEICDLABEVWSNAHTHE Y., I EHLZEEE LT
D ENOENOY Y ¥

1) GNSST—9~DFEBZEOERICL % BHIMNSSEDTB I NV EiE#E ($)lt, 2023, JpGU) : 7
L—MERLEICKHBIARY AZMEEL, Okada(1992)IC & 2thKRLEMT—9 2 EK L (F—9L3R) . EEK
SSERTE T N DIFZEED M EHET 2REFZFE2AFE L TWSE HENDL) .

INICRL, A =-a2—Z)Ixy FT7—O(NN)TEL. REDPFARIFOYMEARIS L UMD - EREZHE%
BREABUCHEAAA, iEbIC& Y %KD ZDYIEREFEZPINNs (Physics-Informed Neural

Networks) A%, Raissi+ (2019) ICLWRIESh, ZLDFARA|TTONTWVWS, B, ChFIRREETH 2
A, HEEE LT, BT — 92 BERERICMASZEICLY, EBNAZICHEARIICEENE /NS
A—SHEICHFETEZ D2DOHPINNSOFREEZA D, CNICEEL TUTD2DODMEAITo>TWS,

2) PINNSIC& BN\R—T7OY JETIICEIFBSSETRY E=4 1)~ 45 (Fukushima+, 2023, JGREFHH
https://doi.org/10.22541 /essoar.168988460.01601423/v1) :SSETRUYDEFY > F &L T 1 BHEN
*—70OvIETIERVT, BERBKEERAICESISSETARY DY IalL—2avIZMAT, BEARS
A—FWE - TRYUFERBRFREITOPINNSETIILEEEL TV (IE - #REDL),

3) PINNsIC & 2588 EST ) 4 (Okazaki+, 2022, Nat. Commun.) : 2R TR FEMBICHE W T, FEFE
HEREREZET 2R HOEEMEERICS T HHAEARE TRV ICHT ZPINNSHBREHET Y v/ &21T>TWV
3, COMBIZAREREIFDOBEMEITRVWERITRVEETH I, Thilkbd Ay 217 ) —0FHR
EFERDEEEEAERLTWS (BRFfIREDL) .

BB, 2) TIRYUBEEEFE > TWVWBH, &Y —RMIZIZB-PINNs (Bayesian PINNs) (Yang+,2019)%Z % %
DENDHY, EREROFENEBREL>TWVWD, TNICK L. Agata+(2023)iE. EFNES Z 7 1 —RIREIC
VT, BEHEBICH T IHRFR—REDHRICE D CPINNsE AL, PREERZ AV -RE#SEE Z0D
TN SEWET Z2FEERELTVS,

(B-)PINNsDSEDERRANDEfFE LT, AIZIE FHEFGHAREEREE D TORERBERFERICHS

WERFREY A VIEHE - T-IREIETOND, BE. MEY A ILHEICETEBERE TN INEHR
HEeRWTTID, () BRRIEFERGEREACRBRTEMELEEEDOLDICRON S,
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Barbot (2020) (&, BEHEICE W IEEHMEMEER TOMEY 1 VILGTEEZTo TV A, #EEEHRITH
BICEONTWS, > TAREREZFOHEMEICES I 22840, STEEREOBETHEYIThN
TWAL, (B-) PINNsIC & 2f#%IE. REBIICIEEE (2) & (3) 2AaAbENERWEEZALONS
M. BIRTEHEABEERSFERINESHMUIBEEIHY ., SELDOHELS/BEEIND,
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Simultaneous estimation of fault geometry and slip distribution from
crustal deformation data using deep operator learning

*Tomohisa OKAZAKI', Kazuro Hirahara', Naonori Ueda'

1. RIKEN Center for Advanced Intelligence Project

ERBRDERD-HIC, MERMREHNT —IHNSMBERLOTARY DhEHET Z2HBHNERI N
%, MIEEZRET D&, TR DHEKDDBEEBE Y BITHNERAHLE 51 2 5% (Yabuki & Matsu’ ura
1992), B KA ERICHE T 2B IIRHEEL L2, BHMEARET 2L, ERNADAHERD D4
%7235 4 (Fukahata & Wright 2008) % Z. —f&HIICMCMCEHEDFEHLFH W 51 5 (Fukuda & Johnson
2010),

AR T, MREMT—IDOHMA S>LEBEZESUOMER RS, TOMBLOIRNY DM ERBICHET S
FEFBETIERS L, —HRERREBICS T2 TEEABBICEVWTH L REBRR - Y 2/mICH
THMREMAIERFT LI - TRAMNBAOT—9ty MEER L, EE. RY M ALHRT 2@EH5228T
2—BRHREEZEEERY, BHAZEHR I 2FRAREAFZE I 2 REFZEOMENTTHNTWS, ZDREKH
T# %DeepONet (Lu etal. 2021) & A L. B#ALEE=—1—F/I %Yy NT—2(FNN)& LB L 7=,

FY, BAT 9P ERTEILBONDIGETHEERREZ T/, —EDHEMNALZ L DB CHEMAZHEET
258 ERA’BO CEBETHESI N, ERAMNES L EEICELT 2 —ROMRMEAHET 515
BIXEERENKE K2, MBOKRKBMAERIIRKHEESINL, REROITRYSHIIBERCHEES
N, EBEROTANYZIFFISEBICE W TERBILI N B ERD H > 7=, DeepONet& FNNIZIFIFEAZFD
MEETH 7D BT —9 Yy hERE K EAIMBERRIIH L TIEDeepONetD AL PP EFEENH L
HEALRShi, RERTIE. BARBECERUREORE IICINT 2EKEFEEHE TERT 5.
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Physics-Informed Neural Networks for monitoring slow slip events in a
spring-slider system

*Rikuto Fukushimai, Masayuki Kanoz, Kazuro Hiraharas

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

The episodic transient fault slips called slow slip events (SSEs) have been observed in many subduction
zones. These slips often occur in regions adjacent to the seismogenic zone during the interseismic period,
making monitoring SSEs significant for understanding large earthquakes. Various fault slip behaviors,
including SSEs and earthquakes, can be explained by the spatial heterogeneity of frictional properties on
the fault. Therefore, estimating frictional properties from geodetic observations and physics-based models
is crucial for fault slip monitoring. In this study, we propose a Physics-Informed Neural Network (PINN;
Raissi et al., 2019)-based new approach to simulate fault slip evolutions, estimate frictional parameters
from observation data, and predict subsequent fault slips. PINNs, which integrate physical laws and
observation data, represent the solution of physics-based differential equations using a neural network
(NN). As a first step, we validate the effectiveness of the PINN-based approach using a
single-degree-of-freedom spring-slider system obeying a rate and state friction law (Yoshida & Kato, 2003)
to model SSEs.

In the PINN-based approach, we construct NN for solving the physics-based differential equations as a
forward problem. NN learns the behavior of the equation by defining the loss function considering the
misfit between target equations and derivatives of the network output calculated by automatic
differentiation. To calculate the temporal evolution of the slip velocity v and state variable 8in a
spring-slider model, we constructed NN using the loss function as L = Lini+ Lode where Lini and Lode
represent the residuals of the initial conditions and those of the governing equations, respectively. We
optimized NN parameters to minimize the loss function L by the L-BFGS method. The calculation result
indicates that the PINN-based method can calculate the temporal evolution of SSE similar to the ordinal
numerical integration approach.

Next, we extend a forward problem for simulating fault slips to an inverse problem for estimating unknown
frictional parameters from the observation data. We estimate three frictional parameters a, a-b, and d< by
giving the slip velocity as the observation data into the neural network. To extend to the inverse problems,
we add a misfit term related to observed data Ldata to the loss function used in the forward problem,
allowing us to simultaneously learn from the observation data and physical laws. We optimized three
frictional parameters and NN parameters to minimize the loss function, which enables us to obtain the
estimated frictional parameters and the solution of the differential equation simultaneously. We utilized
synthetic slip velocity data to verify whether we can estimate the frictional parameters using the
PINN-based approach. After the training, we successfully estimated true frictional parameters and
obtained the true solutions. This indicates that PINNs have the great potential for frictional parameter
estimation.

Furthermore, we discussed the potential of the predictability of the subsequent fault slips using limited
observation data. We consider situations where slip velocities are partially observed, meaning that SSE is
currently ongoing, and we aim to predict its future evolution. Finally, we achieved the evaluation of the
probability of future fault slip using the PINN-based approach, and the likelihood of accurate fault slip
prediction increased with longer observation periods.
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Two-stage approach for transfer learning of seismic-phase detection
model to a small sample size data via multiple clustering

*TomokiTokuda1,I-|iror’nichiNagao1’2

1. ERI, The University of Tokyo, 2. Graduate School of Information Science and Technology, The University of Tokyo

EE, HERBOEZOISEBEZETILINFELNELOICR>TEL, ZEDMERFKT—9Y2AVTERS
BETIEZBTZZEICLY., MRNICHERFOBHERZ., ChETLIYEBEICHELZRETSZ
EDFEEICR 27z, LA L. IR, HEZWVIETERLORRELDZIMBTZEDOL D BSEDMERE T —4 17
AR TH B EIER OBV, ZOMEORUKE LT, DT —4 52> TEESIELET I ARG
ICERA S 2EBRFEOREHADENTH S, GRIFBORRNLBFELELTY 77— T2 A —9#H%=D
BLLELETETIVEBREBEIZAETHD, LHL. ZOFETIHEKRE L TOROSTELDEET—%
PREERY, H+HOBEREDOEET—Y LAFIETEARWVGES, TOERIIR#THS, AFERTIEZ
DEDICHVEDT—F LIFIATRVEEDEGREZE 2 ZBET7 7O —F TMRNICE 24D FEEREY

%, F—BRETIE, thithE0T—9 2RV TEERZADOETIIL AT RMBORET —4ICERT %, 5 RE
TlE, Bl (BIZIXpR) SHESNIBFICOWT, S5AZHBISREAVTCERMY - ABEEHIES

3, COZERET77O0—FOERRIE. 2EEFEADORBEZETICTHIEELHEINZERICOWT, LED
T CEEUREAIERBREEET I AAVTHERROBBILAS RO RTHD, AAROETELRTHIE
BEZERREOHBIRICF LT, REEDEW. FILWFREEEALLIETHD, BREFEEFITILFII -7
29V TFEEERAVWTT—YRBNISEE T —YOEBEE BT EICE Y, BT —49 ORIt EHIR
L. IRMICHIBIT B EATREICKR 7z, BT —Y2AVERMITIE. BEOHEIH Y EEF RS LKL
T, BR27—9y MIHLTEYRENICHERBENATZ S Z ENRINE, FIC. MERET—4 1K
HTROLNTWVWEIFA, REFHIMBOMBTEOINAMERE T —92EWITEAL. DROICHEERE
TE3ZEDbhoT=,
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ETN Detector by Convolution Neural Network Using All S-net Stations

*Kodai SAGAE', Masayuki KANO?, Takahiko UCHIDE'
1. Geological Survey of Japan, AIST, 2. Graduate School of Science, Tohoku University

1.1 X C®HIC

20—MEO—ETHZ2MENE, HAFDT L — MNEAAAFTICH T 2ERMEREFHOFRER F 72 13%E0
ERTHERELTWS (Obara & Kato, 2016). MENE T L — MNERALOMBIRYIBRICHEVWRET 5720, ¥
AR AICIEYT 2 L IFEARMEREADOME I RVIBROE=Y ) VJICOBRNIDATEETH 5.
MEBORE - BIRREICIE, BARBOI Yy RO-TEFOEEERBICER LTy XO0—HEE (e.g.,
Obara, 2002) BE<EREINTWS. ZOFEIZ, BED L D ICPEK - SIROGANTEEBRQERKRIICH LT
LtERAEETAZD, EEMESHEMERNTEIER<RELTLED. —A, AR OV S LERAWVE
BHRAHF=Z1—F IRy NT—2 (CNN) IE, 1 RV M OMGEEBCREBER D DRE A2 2B T 520, Bt
ELHMEHEXR L THRETE 37 58% %D (e.g., Nakano et al., 2019; Nakano & Sugiyama, 2022). Takahashi
et al. (2021) Tl& S-netDBEMEA =R (N.SAN21) ZHRIC, AR7 bOT T L%EAAE LIZCNNICEDCBE
HE - WE - /4 XHBIBEER L. LHL, ERLZETIVEEEER RIER L THEHMENDOHIBIFBEHIE
W=, BRI R EF > FEIVETHD I EDEHBINTWS (Kano et al., 2021, JpGU). # c_'CZMﬁ:m
TIE, BEE R DS-net 28RS (1508RAR) #F 27 ARI NOTSLEANETBCNNEEBELET Z

T, S-net2AR THEAZNANRETIVOEREHA» 7.

2. 7—4% - Fi&k
SEPDARY NATSLEAAL, BEME - ME) - /A XQOHBERABNTZETILEERT 2. X
TIIREREDEEED A £ % #A4F L, Takahashi et al. (2021) TEHWSHNZM120 DEBR L Y HE V60 D
BR%E AW, B A Y RV TR, 2-20 Hz OREEEHERICEWT, N7 —2RJ MUVTERIELEZRR
MOV SLEIRDERIRINF—42BEME - ME - /A XZTLICEE L. BEMEIIKTORANE
T—4 % EICSKREERL A SUBBR THEZ1To . #EIENishikawa et al. (2023) OMEIAY O %%
SN, BREER 30 km IADA RY MCOWTHEIORER 2 SURBR T EL2 T o /- ERIERICK 25|
R%& 5 Z =D&, Takahashi et al. (2021) & W EREEBOEINICH S MEORBEDDETNMER I TVWS
HTHD. /A4 XERFEROTHRIEICEEMEDOKBEL WV, D 1REIFIR ICHEIN R E TULWARWSGEICET
B T—9 OVERERIE, BEME - /4 XICDWTIX2020F98 M 52021F128, MEICD W T
2016E8A N 52021FE12B TH 5.
100 LDF =9 BERTETVWABERRICOWVWT, SROERIRILT—ICE BT —9 & EIT 7. BEH
E-BEBIIIRILF—DEINNIVED, /A XRIRLF—DEIAZTEDZELEDEIRY RV, RIRIIC,
WENDY Y TIVBICED LD IREME - /4 XYY TIVEEREL, @FEHE: 24,384 (146838 5), #Eh:
24,309 (33 H), / 1 X: 24,391 (14988=) DF—5 v MEFER L 7-.
F—9ty NEEBET—4(80%) - RIET—F(10%) - TAMT—4(10%)ICDEIL TR L 7. CNNO#EKIZ,
aﬁﬁo”ﬂgt7—')/71§"&3lﬁl’ﬁ“*'dl_b JO—nNIVEHT—1) VT, softmaxBE A EHT 22 & CREH
B - /A XDYBIFEE (0-1) ZHEAL, HIBEERNOSULEDE DICHEET o 1.

3. &R - &5

PEDER, BEME - WE - /1 XICDO2VWTENEFN 97.6%, 97.0%, 98.6% DBIRKTHEITLZIENTE
. WENCOWTEAIR S OBREAHELALEZ 3, 2BICAVLZIZEIELTORARTIS% 2BATWVWS

ZEDDI o7 BIRE 95 % UTOBARIIMIAREBOIHICAEBEL TWE I ENS, ERIBREDIEMICHED
REREADETERLTWEEEZONS.

EFEEICETIIVEBER LAAER, & ABREBARTHEIZRETETWSEIFTRL, A407ICaR
VAR RVWEEE TEHEERETETCWSZ &g 7. LKL, EED L S ICERRMDICZ L WA
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RYMNEBBEBHFNLTLES> TV RGBS EMAINL. BEHIQTILH DAY MIDVWT, BBlRI &

DY BIERAEZ A& L =A% LE¥E UMAP (Uniform Manifold Approximation and Projection; Mclnnes et

al, 2018) 2R L7 & T %, KEMIZ3DD I S R4 ICoh N, TNENEEMH - ZfEH - RESTOMB %R H
L7BRARAMICHIST 2 Z & DD o 7. S, RRZICHEI ZRE L-BARSFOREEBET 2 &

THEIDRHIB ZNEMICE Y BR AiE%ERETT 5.

BIFE AR TIRESEF—TIEER, BHERFDOS-netDFEHT—9 5 FBALE L. AFRITISPSRIFE
JP21HO05205 MBI &= T -t DT . BLTCRHHL ETFET.
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Development of a method for determining the hypocenter of tectonic
tremors using Score-CAM

*Amane Sugii1, Yoshihiro Hiramatsu', Takahiko Uchide?, Kazutoshi Imanishi?

1. Kanazawa University, 2. National Institute of Advanced Industrial Science and Technology

X CoIC

BYRLREETZ2Z2O0-RY vy T4V~ (SSE) 1d. HAZMOTL — MERTEHAINTWS, #E>
TalL—YaviREDERIS, BEAMERLEFICSSEORLERBBHIELLT B &M EHIhTVS
(Matsuzawa et al., 2010) , ZD7=&, SSEQOE=4 Y YV JIFEARMED A H =X LBBBICRIELL L,

SSEET 7 b=w uE (LLF. ME) SRZEREMNICEHL TRET I IO NTWS, MENIIHESTT

BEICERTRETHY., SSEOE=4 ) U JICELTWS, LAaL., ZERSDKRFAEREA AW/ HMB0kH

FETIE. BB THRS /A XPHELBRRHE T 2H8EMELH D, S50, MENEEINERRIFETOEIR

REFELL, COBBICHTEREE LT FBEBEFED—DOTHIZEHAAFA=1—FIbxy NT—7
(CNN) B"EEEENTHY, TOEPERBEBOMATHRESNTLS (e.g. Nakano et al.,

2019) , CNNOHEAER & ANERDOREREDBIRIZEHL WA, ADEER TOEABRICES T HE2D

AL FEDNGFET 2, COFEEFATZI LT, BMBORFBMNRAEBRS ZME TSI ENATRETH S
(e.g. Rouet-Leduc et al., 2019) , AFERTIE. CNNEFAWT /14 X, ME). HEOSBETILERK

L. ETADAFHRICEET 2000 K 5@ L THEBOHMEAEA. BERAEOEER LA BIEY,

- T—=Y ERE

AT — Y I EEEF TR AEM BRI RFEEICREBELAET LM EAROINDEE R THD, 7L 1 &R
3B DE R AN ORI N, S AERARELEABEET 2HCHEICEBESNhTWS, FHLAEHRBIE
2011 E4A N S2015F12BE TTH 5. fEXLACNNEFTIVIZ, ZD3IXDEE R ORRRBRISBDARY
FOUS L (BEEE2-12Hz) Z#AHE L. /4 X, #E), HWELZERENICHENT 5, AETILOFRICES
T2 ANHEHRERD DAL ICIE, Score-CAM (Wang et al., 2019) 2B L7, 39DERADHN SHEN &
YIESNABRBEDARY NOT S LEEIZ, Score-CAMAETEL., IhEEHILRUTZEIL L TREKREK
TAIWEY—%ER LTz NSROEFRICHLTZD7 49 —%ERAL. BEB0MEEITok, TO%, HmHL
1o & 2-4Hz £ 7213 2-T0HzD /XY RIXZ T 4 L9 = EA L. BEEORBETEERIATEY 75V A%
e L 7=,

- EREER
BRCTERELEZ74100DT7T—4 (/4 X - & - thBEZ N Th24,700M8) THEZELACNNEFTILIZ. B
BED7275EDT A M T—4 (%2,425(@) I LT, BE. BEEX, BHREDLTTISWU L% ZER

L. hEOBREIEKRERD98%TH >7=, Score-CAMODINIELIZ2-10HzD/NY R/IXZA T 4 LY —%EA
L. BB HESNAEISI25EULDBEICEY TSV REEAFE L, BBNERLBEEEICS TS
182D DKFDEMTTIE, Score-CAMAEZFA LZBAIZLAWESEHEL T, EHET0.08DEY TSV R
EOEMAHRIN, FATO3TKEN 27, FRENELLEF TIE. Score-CAMD 7 1 LY —%FRT 3
ZETHRIRBELHEINHMEI N, HEIEEZONDRENBAIND Z ENERTE L, 2-4HzD/NY R/
T4 —5BRALTHBLAEEZS, BV TSV REDEIFTEHEET0.03KELL ALY, FKTOI1TKE
Mole 2-4HzD/NY RIXZ T 4 )L —%EA LB E TIE. Score-CAMD 7 1 LY KXY ENY RIRZDFE
DREWLHENNS KB EEZAOND, /o, FHEMERE L THOSAREEEIC, 190RERO
RO S03MBDT —9 &220HzICY DY )T L, /Ny R/RR2-8HzA @A L 7= (Nakamoto et al.,
2021) ., ZD%. HEHEBGREI0IULDERARDH%:BIR L CRAKOUEEEL2I5E. ROERLUD
VTS VRENAEEIREREIE LN,
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Self-Excited Detection Probability: Applications to Estimating
Time-Variant b-Value Functions Immediately After Main Shocks

*Kosuke Morikawa1, Hiromichi Nagaoz, Naoshi Hirata>?

1. Osaka University, 2. Univ. of Tokyo, 3. National Research Institute for Earth Science and Disaster Resilience

AEERIIMEFIIEFRICADZLO, EEBICEZDREIRLET S, HIC, ABEEREOLLERM~Y I =
F1—ROARERRELZCEAUSND D, BHRLEODBESRHLD “REFHOEH 2—BF—4H5H#A
ARERFELZARKT 2 I ENBBOBRBEEL>TWVWSE, INETOMEZORMA L, KRETHORHBIIRE
DREBERVEDI I ZF1—RTEBLZERBRTELZIEN DN >TVS, ZDoH, REDREHEER
VZDY I =ZFa1a—ROEXRDHET—IDNSHETNIERWL, LML, REDT—Y TREIAEERDORER
EANERBES 2D, HEFHDISELSREOEEFRTZIENTET. KREOHMMB/MMIGHASINTLE
Do FIZ, YU ZF 21— RONSIRREFERSNZERICH D, FABEERICZDLIBT—FEZHVTRE
DEERVIITZFa—RKRODHEHET DL, RYDOHZIHRHELA>TLED., TITREDRERAIRY
ZORYT=ZFa—NIKELAEREOREBEZEA LMETETNICHARAD Z & T, KREHOB/NHEIC &
INATREERBLEHIEOREBENTREE 1D, CNETICIEFIERDGHEZHICEDREZHELN LW
JVIRTA Ny VRREREBEENMERINTWS,

—h. WEZTRREDOHEELHOHEEAE L TKREK - FROZEA/MMONTWS, I OBERAIERZHAICIE
BRMIILL TV, RSARMNYYIETILTHEE-ORFMNLBHIVCERAEZRIBT ZICIEFTEETH
%, FMD7=%H. ETAS(Epidemic Type Aftershock Sequence) EFILTlE, BEDA RV MEREFABALZES
FEMEDH B ETIVERAWS I & T, HESMOBEAZBMUICETSRRETREE Lz, AARTIIRED
RHEERICH LT, ETASETILERAKRICBEDRET — 9 2FMAL-BCHEEDHZETINERAWVWEZ &
T, NSAMN) Y IETILTCETDRRBAEF OREDHRHEREZIRET 5,

THIC. REVBEBERANRSARN) Y IETILTHZ72H, AR THESN-RERHEEXREHAWEIET
AEERICB TSI IENEMOLERENATRZMELDOBN T2 ENBRICARERD, X

. AEERICBIIDZNATRAEZMELDD, blEDREELE / VIS A NI Y VICHET DI B HREE
%, HHIE. 2004FHMBRPHMEC2016FRAMEBICES VT, AERIETOENED LD ICEL LD
ZHRET B,
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Detection of changes in global background and clustering seismicity

*Jiancang ZHUANG'?, Ziyao Xiong®

1. The Institute of Statistical Mathematics, 2. Graduate Institute for Advanced Studies, SOKENDAI, 3. Institute of
Geology, China Earthquake Administration

The ETAS model is a convenient effective tool to separate background and clustering seismicity from the
catalog. While most studies on seismicity modelling focus on a local area, we have developed a spherical
version of the ETAS (SETAS, spherical ETAS) model to fit the global seismic events and to detect the global
interactive between seismic events from the perspective of the occurrence of earthquake sequences. By
fitting the SETAS (spherical ETAS) model to the global seismic events (GMT catalog Mw5.15+), we
separate the background seismicity and the earthquake clusters triggered by the major earthquakes in the
global scale. The results show that about 1/3 of the global earthquakes with magnitude 5.15 or above are
triggered and that the global background seismicity is stationary during the past twenty years. However,
locally the background seismicity is tuned by mega earthquakes.

Figure caption: Cumulative frequencies of total seismicity (black), background seismicity (blue) and
triggered seismicity (red). Dashed lines represent the occurrence times of Mw8+ earthquakes.
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