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ROOM P

Poster session (Sept. 18th) | General session | SO8. Earthquake Source
Processes and Physics of Earthquakes

SO8P
1:00 PM - 2:30 PM ROOM P (International Conference Halls Il
and llI)

[SO8P-01] The 11 November 2018 monotonic event near
Mayotte island, east Africa observed by the
Iranian broadband seismic stations
Hossein Sadeghi1, *Sadaomi SuzukiZ (1. Department
of Geology, Faculty of Science, Ferdowsi University of
Mashhad, Iran, 2. Tono Research Institute of
Earthquake Science, Association for the Development
of Earthquake Prediction )
1:00 PM - 2:30 PM

[SO8P-02] New insight into rupture process and
generating mechanism of the 2017 M, 6.5
Jiuzhaigou earthquake
*Yaping Hu', Yuji Yagi?, Kousuke Shimizu', Ryo
Okuwaki® (1. Graduate School of Life and
Environmental Sciences, University of Tsukuba,
Tsukuba, Ibaraki, Japan., 2. Fault of Life and
Environmental Sciences, University of Tsukuba,
Tsukuba, Ibaraki, Japan.)
1:00 PM - 2:30 PM

[SO8P-03] Source parameters of the aftershocks of the
Western Nagano prefecture Earthquake in
1984

*Osamu Murakami'

(1. Tono Research Institute of
Earthquake Science)
1:00 PM - 2:30 PM

[SO8P-04] Fault geometry of the 2016 Mw7.8 Kaikoura
Earthquake, New Zealand inferred from high
precision aftershock distribution
*Yuta Kawamura1, Satoshi Matsumoto1, Tomomi
Okadaz, Miu Matsunoz, Yoshihisa Iio3, Tadashi Satoz,
Stephen Bannister4, John Ristau4, Martha SavageS,
John Twonend5, Jarg Pettinga6, Francesca Ghisetti7,
Richard H Sibson® (1. Kyushu University, Shimabara,
Japan, 2. Tohoku University, Sendai, Japan, 3. Kyoto
University, Uji, Japan, 4. GNS Science, Lower Hutt,
New Zealand, 5. Victoria University of Wellington,
Wellington, New Zealand, 6. University of Canterbury,

Christchurch, New Zealand, 7. TerraGeologica, Ruby
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Bay, New Zealand, 8. University of Otago, Dunedin,
New Zealand)
1:00 PM - 2:30 PM

[SO8P-05] The generation process of seismic clusters in
the slab
*Yusuke Usui', Junichi Nakajima' (1. Tokyo Tech)
1:00 PM - 2:30 PM

[SO8P-06] Detection of small non-double-couple
components of tectonic earthquakes:
Application to plate boundary earthquakes
*Kazutoshi Imanishi', Takahiko Uchide' (1.
Geological Survey of Japan, AIST)
1:00 PM - 2:30 PM

[SO8P-07] Reconsidered source model of short-term slow
event:
detection of non- fault slip components by
using spatial distribution of strain change
*Noa Mitsui', Yasuhiro Asai', Satoshi Itaba® (1. Tono
Research Institute of Earthquake Science, 2. National
Institute of Advanced Industrial Science and
Technology)
1:00 PM - 2:30 PM

[S08P-08] Temporal change of tidal correlation of deep
low frequency tremors in Bungo Channel:
Relation with LSSEs and deep VLFEs
*Fuyuki Hirose1, Akio Kobayashi1, Kenji Maeda® (1.
Meteorological Research Institute, 2. Japan
Meteorological Agency)
1:00 PM - 2:30 PM

[SO8P-09] Estimation of source spectra of deep low
frequency tremors from waveforms recorded by
array observation
*Yoshiki Matsuura1, Yoshihiro Hiramatsu1, Keita
Nakamoto1, Takahiko Uchidez, Kazutoshi Imanishi?

(1. Kanazawa University, 2. National Institute of

Advanced Industrial Science and Technology)
1:00 PM - 2:30 PM

[SO8P-10] Focal Mechanisms of LFEs in Parkfield by the
amplitude inversion using synthetic waveforms
*Miki Aso1'3, Naofumi Asoz, Satoshi Ide’ (1. Univ. of
Tokyo, 2. Tokyo Tech, 3. OYO RMS Corp.)
1:00 PM - 2:30 PM

[SO8P-11] A comparative study on the source process of
ambient and triggered tremor based on a slip
inversion analysis

*Kazuaki Ohta' (1. DPRI, Kyoto University)
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1:00 PM - 2:30 PM
[SO8P-12] Rupture processes of the repeating earthquake
sequences off-lwate that occurred after the
2011 Tohoku oki earthquake
*Ahyi Kim', Naoki Uchida® (1. Yokohama City
University, 2. Tohoku University)
1:00 PM - 2:30 PM
[SO8P-13] Spatiotemporal change of source parameters of
repeaters due to the
2011 Tohoku-Oki earthquake (2)
*Kazuya Tateiwa1, Tomomi Okada1, Toshio Kono1,
Naoki Uchida' (1. Tohoku university)
1:00 PM - 2:30 PM
[SO8P-14] Estimation of moment magnitude and corner
frequency of Acoustic Emission during
hydraulic fracturing experiments in the
laboratory
*Keiichi Imakita1, Makoto Naoi1, Youqing Chen',
Kazune Tanaka1, Yuya Morishige1, Naofumi
Tsutsumi1, Hironori Kawakataz, Tuyoshi Ishida1,
Hiroyuki Tanaka3, Yutaro Arima3, Shigehiro
Kitamura®, Daisuke Hyodo3 (1. Univ. of Kyoto, 2.
Univ. of Ritsumeikan, 3. JOGMEC)
1:00 PM - 2:30 PM
[SO8P-15] Investigation of fluid viscosity effects on
laboratory hydraulic fracturing based on AE
measurement and moment tensor analysis
*Rui Tanaka1, Makoto Naoi2, Youging Chen3, Kazune
Yamamoto1, Keiichi |makita1, Naofumi Tsutsumi3,
Akihiro Shimoda1, Daiki Hiramatsu3, Hironori
Kawakata4, Tsuyoshi Ishida1, Hiroyuki Tanaka5,
Yutaro Arimas, Shigehiro Kitamuras, Daisuke Hyodo5
(1. Department of Civil and Earth Resources
Engineering, Graduate School of Engineering, Kyoto
University, 2. Disaster Prevention Research Institute,
Kyoto University, 3. Department of Energy Science
and Technology, Graduate School of Energy Science,
Kyoto University, 4. College of Science aand
Engineering, Ritsumeikan University, 5. Japan Oil, Gas
and Metals National Corporation)
1:00 PM - 2:30 PM
[SO8P-16] Mineral Composition and Microstructure of
Host Rock and Fault Rock That Caused M5.5
Orkney Earthquake (ICDP DSeis Project)
*Yuki Yokoyama', Tetsuro Hirono', Hiroshi

Ogasawaraz, Yasuo Yabe® (1. Osaka University, 2.
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Ritsumeikan University, 3. Touhoku University)
1:00 PM - 2:30 PM
[SO8P-17] Cascade-up process simulated in large-scale
rock friction experiments
*Futoshi Yamashita1, Eiichi Fukuyama2‘1, Shiqging Xu'
(1. National Research Institute for Earth Science
and Disaster Resilience, 2. Dept. Civil and Earth
Resources Eng., Kyoto University)
1:00 PM - 2:30 PM
[SO8P-18] Dynamic Aspects of Rupture Propagation at a
Subsonic but Near-Rayleigh Wave Speed
*Koji Uenishi' (1. GSFS, Univ. Tokyo)
1:00 PM - 2:30 PM
[SO8P-19] Secondary Rupture at a Distance from the
Primary One without Further External Loading
*Koji Uenishi1’2, Yuki Fukudaz, Kunihiro Nagasawa2
(1. GSFS, Univ. Tokyo, 2. Sch. Eng., Univ. Tokyo)
1:00 PM - 2:30 PM
[SO8P-20] Dynamic rupture simulation on a non-planer
fault allowing fault-normal displacement
discontinuity
*Yuuki Kurihara1, Hiroyuki Noda? (1. Kyoto Univ., 2.
DPRI, KU)
1:00 PM - 2:30 PM
[SO8P-21] On stability of time-marching schemes for
simulation of dynamic rupture using a
boundary integral equation method
*Hiroyuki Noda1, Yuuki Kuriharaz, Saisuke Sato' (1.
Disaster Prevention Research Institute, Kyoto
University, 2. Graduate school of Science, Kyoto
University)
1:00 PM - 2:30 PM
[SO8P-22] A Preliminaryu Analysis of the Fault Behavior of
Shallow Part of the Fault based on the Dnamic
Model
*Kenichi Tsuda', Samaneh Arzpeima', Sachio
Ogawa1, Takahide Watanabe1, Tetsurou Sasakiz,
Satoshi Iwasez, Tomoki Mukudaiz, Jean-Paul
Amouero® (1. Ohsaki Research Institute, 2. Chubu
Electric Power Company, 3. Université Cote d'Azur
and Institut de Recherche pour le Développement)
1:00 PM - 2:30 PM
[SO8P-23] Re-examination of possible scenarios for large
earthquake in the Hyuga-nada region based on
numerical simulations

*Ryoko Nakata1, Takane Hori1, Mamoru Hyodo1 (1.
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Japan Agency for Marine-Earth Science and
Technology JAMSTEC))
1:00 PM - 2:30 PM

[SO8P-24] Relationship between size and frequency of
earthquakes by modified Olami-Feder-
Christensen model
*Yasuyuki lwase', Takao Eguchi® (1. Department of
Earth and Ocean Sciences, School of Applied
Sciences, National Defense Academy, 2. Formerly at
Department of Earth and Ocean Sciences, School of
Applied Sciences, National Defense Academy)

1:00 PM - 2:30 PM

Poster session (Sept. 18th) | General session | S10. Active Faults, Historical
Earthquakes

S10P
1:00 PM - 2:30 PM ROOM P (International Conference Halls Il
and IlI)

[STOP-01] Compiling descriptions on tsunami
accompanied with the 1914 Sakurajima
earthquake
*Reiji KOBAYASHI" (1. Graduate school of science
and engineering, Kagoshima University)

1:00 PM - 2:30 PM

[STOP-02] Construction of fault models in the Izu-Bonin
Islands area and evaluation of Tsuami
*Kimie Norimatsu1, Hisanori Matsuyama1, Tsuneo
Ohsumiz, Narumi Takahashi3, Hiroyuki Fujiwara2 (1.
OYO Corporation, 2. NIED, 3. JAMSTEC/NIED)

1:00 PM - 2:30 PM

[S10P-03] Relationship between linear surface
displacements of the 2016 Kumamoto
earthquake sequence and distribution of
aftershocks
*Satoshi Fujiwara1, Hiroshi Yarai1, Tomokazu
Kobayashi1, Yu Morishita1, Takayuki Nakano' (1.
Geospatial Information Authority of Japan)

1:00 PM - 2:30 PM

[STOP-04] The Timing and Extent of the Last Surface
Rupture Event on the Himalayan Frontal Thrust
in Central Nepal around Butwal
*Koji Okumura1, Prakash Pokhrelz, Soma Nath
Sapkotaz, Hisao Kondo3, Takuya Furuhashi* (1.
Hiroshima University, 2. Department of Mines and
Geology, 3. Geological Survey of Japan, 4. Taiheiyo
Cement Coporation)

1:00 PM - 2:30 PM
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[ST10P-05] Paleoseismic activity and fault-zone
architecture of small-scale faults developed in
the Late Cretaceous shale
Kazuo MIZOGUCHIZ, Toshinori Sasakiz, *Takahiro
Iida1, Takenobu Tanaka® (1. CERES,Inc, 2. Central
Research Institute of Electric Power Industry., 3.
Hanshin Consultants)

1:00 PM - 2:30 PM

[STOP-06] Shallow geometry of the Kamishiro fault by
high-resolution seismic reflection profiling
*Naoki IKEGUCHI', Nobuhisa MATSUTAZ?, Kyoko
KAGOHARA?, Shinsuke Okada®, Daisuke HIROUCHI®,
Shigeru TODA?®, Tatsuya ISHIYAMA', Taro KOIKE’,
Katsuya NODA’, Hiroshi SATO' (1. Earthquake
Research Institute, University of Tokyo, 2. Graduate
School of Education, Okayama University, 3. Faculty
of Education, Yamaguchi University, 4. International
Research Institute of Disaster Science, Tohoku
University, 5. Faculty of Education, Shinshu
University, 6. Faculty of Education, Aichi Education
University, 7. GEOSYS Inc.)

1:00 PM - 2:30 PM

[ST1OP-07] Fault Distribution and Structural Characteristic
in the Nankai Trough Area, Japan
*Rei Arai1, Narumi Takahashi1, Minako Katsuyama1,
Shigeyoshi Tanaka1, Hiromi Kamata1, Tomoyuki
Sato?, Takahiko Inoue?, Yoshiyuki Kaneda® (1. Japan
Agency for Marine-Earth Science and Technology, 2.
National Institute of Advanced Industrial Science and
Technology, 3. Kagawa University)

1:00 PM - 2:30 PM

[ST0P-08] Current status and issues of active fault
research as seen from digital active fault map of
Japan [Revised edition]

*Kohei Abe1, Ryo Tateishiz, Nao Shimoyama1, Atsushi
Miwa1, Tomo-o Echigo3, Shinsuke Okada4, Toshifumi
Imaizumi® (1. OYO Corporation, 2. University of
Toyama, 3. GRI Corporation, 4. Tohoku University)
1:00 PM - 2:30 PM

Poster session (Sept. 18th) | General session | S12. Rock Mechanics,
Crustal Stress

S12P
1:00 PM - 2:30 PM ROOM P (International Conference Halls Il
and Il

[S12P-01] Estimation of the spatial stress pattern of San-in

region: a preliminary analysis towards
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estimation with high spatial resolution
*Takaki Iwata1, Yoshihisa lio? (1. Prefectural
University of Hiroshima, 2. DPRI, Kyoto University)
1:00 PM - 2:30 PM

[S12P-02] Amorphization of synthetic fault gouge by
rotary-shear friction experiments
*Shunya Kaneki1, Kiyokazu Oohashi?, Tetsuro
Hirono3, Hiroyuki Noda' (1. Disaster Prevention
Research Institute, Kyoto University, 2. Graduate
School of Sciences and Technology for Innovation,
Yamaguchi University, 3. Graduate School of Science,
Osaka University)
1:00 PM - 2:30 PM

[S12P-03] Experimental reproduction of sintering process
in a fault during an earthquake
*Shion Osada’, Tetsuro Hirono' (1. Department of
Earth and Space Science, Graduate School of
Science, Osaka University)
1:00 PM - 2:30 PM

[S12P-04] Experimental investigation of chemical kinetic
effect on thermal maturation of carbonaceous
material in a fault during an earthquake
*Shuhei Yamashita1, Tetsuro Hirono' (1. Osaka
University)
1:00 PM - 2:30 PM

[S12P-05] Experimental constraints on origins of high
Vp/Vs anomalies in slow slip regions
*Shin-ichi Uehara Uehara1, Kaya Nishimura1, Kazuo
Mizoguchi2 (1. Graduate school of Science, Toho
University, 2. Central Research Institute of Electric
Power Industry)
1:00 PM - 2:30 PM

[S12P-06] Effects of ambient temperature on the frictional
strength and frictional heating of dolerite in an
argon atmosphere
Yuuki Yokoyama', *Michiyo Sawai', Kyuichi
Kanagawa' (1. Chiba University)
1:00 PM - 2:30 PM
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*Yicun Guo', Jiancang Zhuang1, Yosihiko Ogata1 (1.
Institute of Statistical Mathematics)
1:00 PM - 2:30 PM

[S14P-03] Comparison of Models of Long-term Seismic
Hazard and with An Application to North China
*Ziyao Xiong1'2, Jiancang Zhuang1, Shiyong Zhou?

(1. The Institute of Statistical Mathematics, Tokyo,

Japan, 2. School of Earth and Space Sciences, Peking
university, Beijing, China)
1:00 PM - 2:30 PM

[S14P-04] Water temperature change in the western
region of Shizuoka Prefecture
*HIRONOBU KAMIKUBO' (1. Hamamatsu Kisei
Junior high school)
1:00 PM - 2:30 PM

[S14P-05] Prediction method to develop the method of
detecting earthquake precursers
*Kozo Takahashi' (1. None)
1:00 PM - 2:30 PM

[S14P-06] We will present the theory and mechanism of
earthquake prediction with attached
electromagnetic observation data as the basis.
*Hidemitu Kunihiro' (1.JYAN Research Institute)
1:00 PM - 2:30 PM

Poster session (Sept. 18th) | Special session | S21. Long-Period Ground
Motion -Generation Mechanism and Structural & Social Response-

S21P
1:00 PM - 2:30 PM ROOM P (International Conference Halls Il
and IlI)

Poster session (Sept. 18th) | General session | S14. Earthquake Prediction
and Forecast

S14P
1:00 PM - 2:30 PM ROOM P (International Conference Halls Il
and Il1)

[S14P-01] Spatial heterogeneity of aftershock productivity
on the Kumamoto earthquake rupture modeled

by the finite source ETAS model

©Seismological Society of Japan

[S21P-01] Near-Fault Long-Period Ground Motion
*Kazuki Koketsu' (1. Earthquake Research Institute,
University of Tokyo)
1:00 PM - 2:30 PM

[S21P-02] Characteristic source model with rupture
heterogeneity for long-period ground motion
prediction of megathrust (M8-9) earthquakes
*Asako Iwaki1, Takahiro Maeda1, Nobuyuki
Morikawa', Hiroyuki Fujiwara' (1. National Research
Institute for Earth Science and Disaster Resilience)
1:00 PM - 2:30 PM

[S21P-03] Numerical Experiments toward Simplified
Prediction of Short-Distance Variation of Long-
Period Strong Ground Motion Amplitudes
*Ken Hatayama' (1. National Research Institute of
Fire and Disaster)

1:00 PM - 2:30 PM
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[S21P-04] A preliminary analysis of long-period response
spectra (1-10s) at S-net for the 2016 Mj7.4 off
Fukushima earthquake
*Yadab Prasad Dhakal1, Wataru Suzuki1, Takeshi
Kimura', Takashi Kunugi', Shin Aoi' (1. NIED)

1:00 PM - 2:30 PM

[S21P-05] Long-period strong ground motion from the
2016 Mie-ken nanto-oki earthquake observed
in the Tokyo bay area
W E=" (.B'REAF—ILT 1 VI 2%RAH)

1:00 PM - 2:30 PM

[S21P-06] Evaluation about variation of long-period
ground motion in the Kanto Plain due to source
location using the reciprocity theorem
HFB IR B MK (TR IBERITR
i, 2. BEHBERFREEEFREY 5 —)

1:00 PM - 2:30 PM

[S21P-07] ERFEHDHEEICH 1T 2 REHNS D QEHE

CEE AR EEEEZ (TR IBE R
1:00 PM - 2:30 PM

[S21P-08] 3-D Simulation Considering Shallow and Deep
Ground and Mechanism of Later Phase at the
KiK-net Konohana during 2018 Osaka
Earthquake
*Takuya Kataoka1, Masayuki Nagano1 (1. Tokyo
University of Science)

1:00 PM - 2:30 PM

[S21P-09] Long period ground motion observed at Sakai-
minato city, Tottori, prefecture
*Takao Kagawa', Shohei Yoshida?, Tatsuya Noguchi'

(1. Tottori University, Graduate School of
Engineering, 2. Ohsaki Research Institute, Inc.)
1:00 PM - 2:30 PM

[S21P-10] Elucidation of localized/enormous seismic
damage induced by the stratum irregularity”An
example of fissure zone emerged at the Aso
caldera in association with the 2016
Kumamoto earthquake™
‘R RAR. BHE A HE XES BH Eh
| EMEE (1. 2BEAE 2 NEHH. 3. BT
HREMRIRER)

1:00 PM - 2:30 PM

[S21P-11] 3D velocity model of the Bogota basin
(Colombia) based on dense microtremors
arrays measurements, gravity, and geological

data

©Seismological Society of Japan
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L1 .2 L
*Nelson Pulido’, Helber Garcia“, Andrea R|ano3,

Shigeki Senna' (1. National Research Institute for
Earth Science and Disaster Resilience, 2. Servicio
Geoldgico Colombiano, 3. Universidad de los
Andes)
1:00 PM - 2:30 PM

[S21P-12] Monitoring of large structure and observation
of long period ground motion using DAS and
existing optical fiber cables installed

" (1. Schlumberger)

*Tsunehisa Kimura
1:00 PM - 2:30 PM
[S21P-13] BFEi 9 v 7 DRAAY Y VI &L 2RELREEDE

RS ABEIMEICS T 2 REMES O

E

LAk A EB 2 (L JRAEASREY 2T LK
BIEMRRABET R F—TIR2ER, 2. FERFEY
2T LIEHRR)
1:00 PM - 2:30 PM

[S21P-14] An effort for the demonstration experiment to
provide forecast information of long period
ground motion through an application
development
*Misae Wakameda1, Masaaki Kachi1, Tsubasa
Kawano1, Yoshiaki Hisadaz, Masahiro Murakami? (1.
A2 corporation, 2. Kogakuin University)

1:00 PM - 2:30 PM

Poster session (Sept. 18th) | Special session | S22. Potentiality of Machine
Learning in Seismology

S22P

1:00 PM - 2:30 PM ROOM P (International Conference Halls Il
and Il1)

[S22P-01] Detection of seismic signals under low SNR
condition using an artificial neural network:
Toward the development of low cost seismic
network
Ahyi Kim', *Hiroki Uematsu' (1. Yokohama City
University)
1:00 PM - 2:30 PM

[S22P-02] Earthquake/Noise Discrimination with
Convolutional Neural Network
*Shota Kudo', Kengo Shimojo’, Koji Tamaribuchi?

(1. Japan Meteorological Agency, 2. Meteorological

Research Institute)
1:00 PM - 2:30 PM

[S22P-03] Development of neural network to locate

hypocenter with theoretical seismograms as



Wed. Sep 18, 2019 Poster session (Sept. 18th)

learning data Il
*Seiji Tsuboi1, Daisuke Sugiyama1 (1. Japan Agency

for Marine-Earth Science and Technology)

Seismological Society of Japan Fall Meeting

search and regression methods
*Toshitaka Baba1, Takuya Miyashitaz, Nobuhito Moriz,

Kenta Nakanishi3, Masato Okada® (1. Tokushima

1:00 PM - 2:30 PM University, 2. Kyoto University, 3. NITA Consultant, 4.

[S22P-04] Attempt to detect LFTs by clustering short- Univ. of Tokyo)
period OBS records 1:00 PM - 2:30 PM
*Hidenobu Takahashi1, Ryota Hino1, Yusaku Ohta1,
Naoki Uchida1, Syuichi Suzuki1, Masanao Shinohara®

(1. Tohoku University, 2. The University of Tokyo)

1:00 PM - 2:30 PM

[S22P-05] Insight into machine-learning model and
prediction result: Case of random forest
predictor for ground-motion intensit
*Hisahiko Kubo1, Takashi Kunugi1, Wataru Suzuki1,
Takeshi Kimura', Shin Aoi' (1. National Research
Institute for Earth Science and Disaster Resilience)
1:00 PM - 2:30 PM

[S22P-06] site2vec: A Ground-Motion Predictor Learning
Site Conditions from Data
*Tomohisa Okazaki1, Tomoharu Iwata1’2, Asako
Iwaki®, Hiroyuki Fujiwara®, Naonori Ueda' (1. RIKEN
Center for Advanced Intelligence Project, 2. NTT
Communication Science Laboratories, 3. National
Research Institute for Earth Science and Disaster
Resilience)
1:00 PM - 2:30 PM

[S22P-07] Time series analyses of amplitude of the Earth's
background free oscillations
*Ryuichi Kunugi1, Naoki Suda' (1. Department of
Earth and Planetary Systems Science, Graduate
School of Science, Hiroshima University)
1:00 PM - 2:30 PM

[S22P-08] An Attempt to Classify a Pattern of Changes in
Strain Observation Data by Machine Learning
*Takahiro Tsuyuki1 (1. Meteorological Research
Institute, Japan Meteorological Agency)
1:00 PM - 2:30 PM

[S22P-09] Machine Learning Approach for Integration of
Multiple Relative Intensity Models
*Hirotaka Hachiya1’2, Kazuro Hirahara1, Naonori
Ueda' (1. Center for Advanced Intelligence Project,
RIKEN, 2. Faculty of System Engineering, Wakayama
University)
1:00 PM - 2:30 PM

[S22P-10] Optimal distribution of offshore observation

points for tsunami prediction using scenario

©Seismological Society of Japan
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Poster session (Sept. 18th) | General session | SO8. Earthquake Source Processes and Physics of Earthquakes

SO8P

Wed. Sep 18,2019 1:00 PM - 2:30 PM ROOM P (International Conference Halls Il and IIl)

[SO8P-01] The 11 November 2018 monotonic event near Mayotte island, east Africa
observed by the Iranian broadband seismic stations
Hossein Sadeghi1, *Sadaomi Suzuki® (1. Department of Geology, Faculty of Science, Ferdowsi
University of Mashhad, Iran, 2. Tono Research Institute of Earthquake Science, Association for
the Development of Earthquake Prediction )
1:00 PM - 2:30 PM

[SO8P-02] New insight into rupture process and generating mechanism of the 2017
M, 6.5 Jiuzhaigou earthquake
*Yaping Hu', Yuji Yagiz, Kousuke Shimizu’, Ryo Okuwaki? (1. Graduate School of Life and
Environmental Sciences, University of Tsukuba, Tsukuba, Ibaraki, Japan., 2. Fault of Life and
Environmental Sciences, University of Tsukuba, Tsukuba, Ibaraki, Japan.)
1:00 PM - 2:30 PM

[SO8P-03] Source parameters of the aftershocks of the Western Nagano prefecture
Earthquake in 1984
*Osamu Murakami' (1. Tono Research Institute of Earthquake Science)
1:00 PM - 2:30 PM

[SO8P-04] Fault geometry of the 2016 Mw7.8 Kaikoura Earthquake, New Zealand
inferred from high precision aftershock distribution
*Yuta Kawamura1, Satoshi Matsumoto1, Tomomi Okadaz, Miu Matsunoz, Yoshihisa Iio3, Tadashi
Sato?, Stephen Bannister®, John Ristau®, Martha Savage5, John Twonend®, Jarg Pettinga6,
Francesca Ghisetti’, Richard H Sibson® (1. Kyushu University, Shimabara, Japan, 2. Tohoku
University, Sendai, Japan, 3. Kyoto University, Uji, Japan, 4. GNS Science, Lower Hutt, New
Zealand, 5. Victoria University of Wellington, Wellington, New Zealand, 6. University of
Canterbury, Christchurch, New Zealand, 7. TerraGeologica, Ruby Bay, New Zealand, 8.
University of Otago, Dunedin, New Zealand)
1:00 PM - 2:30 PM

[SO8P-05] The generation process of seismic clusters in the slab
*Yusuke Usui', Junichi Nakajima' (1. Tokyo Tech)
1:00 PM - 2:30 PM

[SO8P-06] Detection of small non-double-couple components of tectonic
earthquakes: Application to plate boundary earthquakes
*Kazutoshi Imanishi', Takahiko Uchide' (1. Geological Survey of Japan, AIST)
1:00 PM - 2:30 PM

[SO8P-07] Reconsidered source model of short-term slow event:
detection of non- fault slip components by using spatial distribution of
strain change
*Noa Mitsui1, Yasuhiro Asai1, Satoshi Itaba® (1. Tono Research Institute of Earthquake Science,
2. National Institute of Advanced Industrial Science and Technology)
1:00 PM - 2:30 PM

[SO8P-08] Temporal change of tidal correlation of deep low frequency tremors in
Bungo Channel: Relation with LSSEs and deep VLFEs

©Seismological Society of Japan
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*Fuyuki Hirose', Akio Kobayashi1, Kenji Maeda® (1. Meteorological Research Institute, 2. Japan
Meteorological Agency)
1:00 PM - 2:30 PM
[SO8P-09] Estimation of source spectra of deep low frequency tremors from
waveforms recorded by array observation
*Yoshiki Matsuura1, Yoshihiro Hiramatsu1, Keita Nakamoto1, Takahiko Uchidez, Kazutoshi
Imanishi® (1. Kanazawa University, 2. National Institute of Advanced Industrial Science and
Technology)
1:00 PM - 2:30 PM
[SO8P-10] Focal Mechanisms of LFEs in Parkfield by the amplitude inversion using
synthetic waveforms
*Miki Aso1'3, Naofumi Asoz, Satoshi Ide' (1. Univ. of Tokyo, 2. Tokyo Tech, 3. OYO RMS
Corp.)
1:00 PM - 2:30 PM
[SO8P-11] A comparative study on the source process of ambient and triggered
tremor based on a slip inversion analysis
*Kazuaki Ohta' (1. DPRI, Kyoto University)
1:00 PM - 2:30 PM
[SO8P-12] Rupture processes of the repeating earthquake sequences off-lwate that
occurred after the 2011 Tohoku oki earthquake
*Ahyi Kim', Naoki Uchida® (1. Yokohama City University, 2. Tohoku University)
1:00 PM - 2:30 PM
[SO8P-13] Spatiotemporal change of source parameters of repeaters due to the
2011 Tohoku-Oki earthquake (2)
*Kazuya Tateiwa1, Tomomi Okada1, Toshio Kono1, Naoki Uchida' (1. Tohoku university)
1:00 PM - 2:30 PM
[SO8P-14] Estimation of moment magnitude and corner frequency of Acoustic
Emission during hydraulic fracturing experiments in the laboratory
*Keiichi Imakita', Makoto Naoi', Youqing Chen', Kazune Tanaka', Yuya Morishige1, Naofumi
Tsutsumi', Hironori Kawakata?, Tuyoshi Ishida’, Hiroyuki Tanaka®, Yutaro Arima®, Shigehiro
Kitamura®, Daisuke Hyodo® (1. Univ. of Kyoto, 2. Univ. of Ritsumeikan, 3. JOGMEC)
1:00 PM - 2:30 PM
[SO8P-15] Investigation of fluid viscosity effects on laboratory hydraulic fracturing
based on AE measurement and moment tensor analysis
*Rui Tanaka', Makoto Naoi?, Youqing Chen?, Kazune Yamamoto', Keiichi Imakita', Naofumi
Tsutsumi®, Akihiro Shimoda1, Daiki Hiramatsu®, Hironori Kawakata4, Tsuyoshi Ishida1, Hiroyuki
Tanakas, Yutaro Arima5, Shigehiro Kitamuras, Daisuke Hyodo5 (1. Department of Civil and
Earth Resources Engineering, Graduate School of Engineering, Kyoto University, 2. Disaster
Prevention Research Institute, Kyoto University, 3. Department of Energy Science and
Technology, Graduate School of Energy Science, Kyoto University, 4. College of Science aand
Engineering, Ritsumeikan University, 5. Japan Oil, Gas and Metals National Corporation)
1:00 PM - 2:30 PM
[SO8P-16] Mineral Composition and Microstructure of Host Rock and Fault Rock
That Caused M5.5 Orkney Earthquake (ICDP DSeis Project)

*Yuki Yokoyama1, Tetsuro Hirono', Hiroshi Ogasawaraz, Yasuo Yabe® (1. Osaka University, 2.
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Ritsumeikan University, 3. Touhoku University)
1:00 PM - 2:30 PM

[SO8P-17] Cascade-up process simulated in large-scale rock friction experiments
*Futoshi Yamashita', Eiichi Fukuyama2'1, Shiqing Xu' (1. National Research Institute for Earth
Science and Disaster Resilience, 2. Dept. Civil and Earth Resources Eng., Kyoto University)
1:00 PM - 2:30 PM

[SO8P-18] Dynamic Aspects of Rupture Propagation at a Subsonic but Near-
Rayleigh Wave Speed
*Koji Uenishi' (1. GSFS, Univ. Tokyo)
1:00 PM - 2:30 PM

[SO8P-19] Secondary Rupture at a Distance from the Primary One without Further
External Loading
*Koji Uenishi'?, Yuki Fukuda? Kunihiro Nagasawa® (1. GSFS, Univ. Tokyo, 2. Sch. Eng., Univ.
Tokyo)
1:00 PM - 2:30 PM

[SO8P-20] Dynamic rupture simulation on a non-planer fault allowing fault-normal
displacement discontinuity
*Yuuki Kurihara', Hiroyuki Noda® (1. Kyoto Univ., 2. DPRI, KU)
1:00 PM - 2:30 PM

[SO8P-21] On stability of time-marching schemes for simulation of dynamic rupture
using a boundary integral equation method
*Hiroyuki Noda', Yuuki Kurihara?, Saisuke Sato' (1. Disaster Prevention Research Institute,
Kyoto University, 2. Graduate school of Science, Kyoto University)
1:00 PM - 2:30 PM

[SO8P-22] A Preliminaryu Analysis of the Fault Behavior of Shallow Part of the Fault
based on the Dnamic Model
*Kenichi Tsuda1, Samaneh Arzpeima1, Sachio Ogawa1, Takahide Watanabe', Tetsurou Sasakiz,
Satoshi Iwasez, Tomoki Mukudaiz, Jean-Paul Amouero® (1. Ohsaki Research Institute, 2.
Chubu Electric Power Company, 3. Université Coéte d'Azur and Institut de Recherche pour le Dé
veloppement)
1:00 PM - 2:30 PM

[SO8P-23] Re-examination of possible scenarios for large earthquake in the Hyuga-
nada region based on numerical simulations
*Ryoko Nakata', Takane Hori', Mamoru Hyodo1 (1. Japan Agency for Marine-Earth Science
and Technology (JAMSTEC))
1:00 PM - 2:30 PM

[SO8P-24] Relationship between size and frequency of earthquakes by modified
Olami-Feder-Christensen model
*Yasuyuki lwase', Takao Eguchi2 (1. Department of Earth and Ocean Sciences, School of
Applied Sciences, National Defense Academy, 2. Formerly at Department of Earth and Ocean
Sciences, School of Applied Sciences, National Defense Academy)
1:00 PM - 2:30 PM
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The 11 November 2018 monotonic event near Mayotte island, east
Africa observed by the Iranian broadband seismic stations

Hossein Sadeghi’, *Sadaomi Suzuki?

1. Department of Geology, Faculty of Science, Ferdowsi University of Mashhad, Iran, 2. Tono Research Institute of
Earthquake Science, Association for the Development of Earthquake Prediction

The 11 November 2018 Mayotte event was first introduced in the media by Maya Wei-Haas (2018) on
National Geographic Magazine as a strange earthquake of which seismic waves were recorded by
instruments around the world, but unusually nobody felt them. The Mayotte event in the absence of body
waves caused long-period surface waves traveling around the globe. Tono Research Institute of
Earthquake Science recorded the data with the broadband seismometer (STS-1) and gravimeter (gPhone)
installed in Mizunami (Murakami et al., 2019). The records by Iranian broadband stations clearly showed
the long period seismic signals around 10 (UTC) on November 11, 2018. We studied records by 28
stations (Figure 1) distributed throughout the country. Among them, 26 stations were operated by
National Center of Broadband Seismic Network of Iran, while two other stations were operated by the
Ferdowsi University of Mashhad. Since the frequency content of Fourier amplitude spectra appeared the
signal of the surface waves as a peak around 0.06 Hz, we applied a bandpass filter of 0.05-0.07 Hz to the
waveform data. To separate Rayleigh from love in surface waves, the filtered horizontal components were
rotated to the radial and transverse components based on an assumed epicenter location at the latitude
of 12.7S and longitude of 45.4E degrees. The stations considered as an array and the investigation was
carried out in two ways. First, the position of each station was taken as the reference point of the array
coordinate, and arrival delay times at the other stations relative to the reference were calculated. The
phase velocity and the back-azimuth of each station were estimated through the least-square regression
method. The estimated back azimuths were within 13 degrees from the back azimuths from the assumed
epicenter. The average phase velocity for Rayleigh (Figure 2a) and Love phases (Figure 2b) are calculated
as 3.31 and 2.97 km/sec, respectively. Second, we applied semblance analysis to six stations (red
triangles in Fugure 1) with the shortest spacing distances. However, the distance between the adjacent
stations relative to the signal wavelength was not enough short to prevent spatial aliasing. Nevertheless,
the interesting was that the semblance results were different for radial and transverse components.

(References)

Maya Wei-Haas (2018) Strange waves rippled around the world, and nobody knows why, National
Geographic, published November 28, 2018.

Murakami O., Tanaka T., and Asai Y. (2019) Observation of the extremely monotonic seismic waves
generated on November 11, 2018 at the Tono Research Institute of Earthquake Science, Report of the
Tono Research Institute of Earthquake Science, Seq. No.42, 17-22 (in Japanese).
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Figure 1: The broadband stations that recorded the 2018
November 11 Mayotte event are shown with triangles. The red
triangles show the stations used in the semblance analysis. The
assumed epicenter is indicated by a star, and the line shows the
great circle connecting the epicenter and the semblance array.

Figure 2a: Filtered seismograms of the radial component
recorded at the stations used in the semblance analysis with the
start time at 09:50:0 (UTC).

" Figure 2b: Filtered seismograms of the transverse component
recorded at the stations used in the semblance analysis with the
start time at 09:50:0 (UTC).
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New insight into rupture process and generating mechanism of the
2017 M, 6.5 Jiuzhaigou earthquake

*Yaping Hu', Yuji Yagi®, Kousuke Shimizu', Ryo Okuwaki?

1. Graduate School of Life and Environmental Sciences, University of Tsukuba, Tsukuba, Ibaraki, Japan., 2. Fault of
Life and Environmental Sciences, University of Tsukuba, Tsukuba, Ibaraki, Japan.

On August 8" 2017, a large earthquake occurred on a blind fault in the Jiuzhaigou Village, Sichuan
Province, China, whose epicenter is just 170km away from the epicenter of the biggest earthquake in
Sichuan Province, the 2008 Wenchuan earthquake. The focal mechanism showed a strike-slip fault event.
According to the field investigation, there was no significant surface rupture around the epicenter, making
it hard to identify the seismogenic fault and speculate the rupture zone of this event. A new inversion
method was developed to extract information on fault geometry along with the slip-rate function from
observed teleseismic waveforms (Shimizu et al. under review). In the method, they developed the
potency-density tensor from two basis components to five basis components, resulting in estimating
arbitrary fault slip that occurred underground. In this study, we applied this developed inversion method
to the Jiuzhaigou earthquake and obtained reasonable results, because both the modelling errors of
uncertainty of Green's function and uncertainty of fault geometry have been taken into account. Our
results indicated that the estimated total seismic moment of this strike-slip event is ~7.36X10'8 Nm,
associated with a 46 km long and 26 km wide fault plane. For the hypocenter depth of this event, previous
studies showed great differences, ranging from 5.0 km to 22 km. In our study, the best waveform match
was obtained at the hypocenter depth of 13 km. The source duration is 10s and there are three-stage
rupture processes (Fig. 1). During the first 2s, the rupture is mainly concentrated in the region blow the
hypocenter. Then, the rupture propagated up-dip along the fault near the hypocenter form 3s to 6s after
the initial break. Since 5s, the rupture propagated to the northwest direction and the slip became smaller
than before. Subsequently, the rupture propagated to northwest and southeast directions from 6s to 10s
and such rupture feature lasted until the rupture stopped. In addition, we also obtained the velocity
structure near the hypocenter by tomography method (Zhao et al., 1992). The tomography results showed
that Jiuzhaigou earthquake started in the high velocity area, while large mounts of low velocity areas are
observed in the western and lower regions of the hypocenter, which was realted to crustal flow.
Keywords:Jiuzhaigou earthquake, Waveform inversion, Rupture process, Crustal flow, Generating
mechanism

References

[1] K. Shimizu, Y. Yagi, R. Okuwaki, Y. Fukahata, Development of an inversion method to extract
information on fault geometry from teleseismic data, Geophys. J. Int., under review.

[2] D. P. Zhao, A. Hasegawa, S.Horiuchi, Deep structure of Japan subduction zone as derived from local,
regional and teleseismic events, J. Geophys. Res., 1992, 97, 19909-19928.
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Source parameters of the aftershocks of the Western Nagano
prefecture Earthquake in 1984

*Osamu Murakami'

1. Tono Research Institute of Earthquake Science

1984FERFEMEME (M6.8) X, 1984F9H14H08:48 (JST)ICHBFMILOBMERTHREL, MBYALICE
DEEELS L. AEMEIZDWTIE, Yoshida and Koketsu (1990)Ic & W, HRILKR-FEREAEARDERE
ThEBEMBIRINTUVLED, FEDH2IEEBICKELZRARKRE (M6.2) X, RNEMB & IFHEALLHE
ThTBDMEEEZ 5N TWS (e.g, Ooidaetal, 1989) .

ZOMEOERB TIEIHMEZTIERLLD, AEREZROBRFHESR (e.g, 1986 FERFEARESRME
ERIE, 1989) DA BT, 1995F UM, SEEARMEEAI,/THNTWS (lioetal, 1999) . ZOEEE
WEHANT—Y5EFRALT, COEBTRELEZMEOERNASXA—YDHEEZ L THNTWS (Imanishi
et al.,, 2004; Venkataraman et al., 200672 &) . LA LAD S, 1984FEDAEREERDREDEIR/NS

A — DEHEGTDRN. I T, AAERTE, 1984FEDAEBRDREDER/INTXA—IDHE%

To7=.

AT TIL, Albuquerque Seismological Laboratory (ASL)/USGS (1976)IC & %, Modified High Gain Long
Period Observatory (ASRO)DEAIE TR I N TWAEBIRMAIODSHZER D DREFT—9 2 FR L. =72
L, 1983F383HICHEESTOREREDEENTHNTHY, 1988F8H23HICHESTOEENMThhTW
5. CDEIBEREEFELAFTLVWET—SEFARRETHZD, BEDLDH, KHRTIEMERT Y7 DORER
EN—END, 1984FERFEAHMEDAELZ K DRELASCHETH %, 1983F3HA3HNH1988%F8A
22BOMSERDOT—Y AW, [SKRFAYO7TIE, ZOHBICI984ERFEFBHEOERETREL
EM3SLLEDARY MNIBIEH . s, ERLEEMT—9DHY YT L—NI20HzTH Y, #BD
ARY MVHEDOBERICHTZY, BAEO I —F—RRBOSBHISIR#ELRZ N BEI NS D, FHTS

ARV NEMISLLEICRRE L 7-.

AR TIE, EAXMICBaltay etal. (2011)DRARY MLEEICHEW, BRARASX—95HELR. L, &
DARY NVILEZBERT 2720I1C1%, BITHRETHMEERBRNS Y — VB (EGF) & LTERT 51
EOERMBNIEWVIOEL, ESHICEFNODXAAZILEBIELUL TWEIRELNHD. [IKFTHYOTICEE
SNTWVWBRERMEIZ, BISEIHAOHERHINR AWV, FHEAMAIOFE TOERERIZ100kmIZEH 57
o, 2DODHMEDE DIEHMNSkMUHTHNIEL, ART MUEEDOBERICH 7= > TORIRREDIELUATRET
HBERELE. Tz, AAZXLBICDOVWTH, BICEGFE L TERTAHMEICOVWTIREESI A TLAW
BENZVODOT, BHAEFOEBDOEVWAIRY hOAEFERA L. K1IC, 1984F9A16HICHKE L M4.6D
HWEIZDWT, 1985F5828HICHAE LAM3ODMEAEGFE LTHERLAlZRL. T ZTIE, PEAH
EED2.0MFINS7.0MRETOPEBIAZFEALEAlERY (SEERZXPEMERZEDHI2MER) . 20D
Q.OMBDY A L4V RIIZDOWVWT, MIHI0%DAY A V7 —/"—%@ALLRICFFTZTW, 7RS4~V M
BEHICEY AR MLEFRBIELZ. ZLT, 22DARY NOERAARY MLDLICDWT, A AHZE
EFTNESTY Yy R —F Tfittingg 2 2 & T, 2ODMEDERANRY ML O—F+—FEREK (fc) ##EL
. E1OFITIE, MA6DA R kDfcld1.26Hz, M3.9DEGF®Dfcld2. 5THzEHE S 1.

RRTIE, TORDAARY MIOWTORMERETL, LhOSBEMBRFUTEONIERELERY

3. Tz, AMRTRE—FAROT—Y LMERATZ RV, BFNY—VEDORMEICDVWTERET
3.
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Fault geometry of the 2016 Mw7.8 Kaikoura Earthquake, New Zealand
inferred from high precision aftershock distribution

*Yuta Kawamura', Satoshi Matsumoto', Tomomi Okada?, Miu Matsuno?, Yoshihisa lio®, Tadashi
Sato?, Stephen Bannister?, John Ristau®, Martha Savages, John Twonend?, Jarg Pettingae,
Francesca Ghisetti’, Richard H Sibson®

1. Kyushu University, Shimabara, Japan, 2. Tohoku University, Sendai, Japan, 3. Kyoto University, Uji, Japan, 4. GNS
Science, Lower Hutt, New Zealand, 5. Victoria University of Wellington, Wellington, New Zealand, 6. University of
Canterbury, Christchurch, New Zealand, 7. TerraGeologica, Ruby Bay, New Zealand, 8. University of Otago, Dunedin,
New Zealand

2016F11A14H, —Za2a—Y—5 Y REBILLEREICEWTMW.7.8DHENRE L1z, COHMEDEFEIZ.
DOEENES L - B BRIROBRICL >TELAMETH D EWVWD ZETHD, INETICE K DETH
RHABRINTWEH, TOFRTEClarketal, 2017 TlE, HEE. BITNEBEORKEMNERICEE TS

Y, SEEEHT20Ul LOMmBRIENAE L eI TWS, £/, Cescaetal, 201725V TIE. REFE
EDODHEH SILER. PRE, EEHOMBEICHIT T, 3SDORKRNAMBEAZIREL TEMRIRYAEERLT
W3, LML, ISR TIHERSRBERIS0kmZEDEAROT —9 #HVWT WS 78, FHlLlER
REZBRIDIEHPRBETHEZEEZIOND, AR TIX. FLDRMICEETHIL S BRI L TV SIS
BT —49%MA5ZET. BREAEOBER LEEM >/, &5, hypoDD(Waldhauser and Ellsworth,
2000)IC3E#8R% (Poupinet et al., 1984) 2 A L. ERREDREEASZO T,

ZOfER, BEAHBDIESDENHD L. BRIEEBLNRIGkmELRICER T 20mENELONE, 25243
&, FICER—BEEAOREAMED?H Y. 13L10kmBED/NMIER I 525 —HIHIRICELR>TWD, REE
FINSRONZMEEIFTONLULEICES Z EMNBALMNCR ST, Foo REDEIIERERBLEESNTHS
BRMEONT,
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The generation process of seismic clusters in the slab

*Yusuke Usui', Junichi Nakajima'
1. Tokyo Tech

1. X LC®HIC

RIELAXRIMSGEARADKIEFER T TRTIE, FEE607180 kmICB W T ZERERMEMHAIERINTWVWS. 2D
EZRFMEMOISNBIE, LEHNERES CTENMERS THS. —EFRMET LEEICMEBE T 2EHARALRT T
HFRN T, KL DOEERFRE CEWMEIGE X80 km~130 km) : jadeite lawsonite blueschist—lawsonite
amphibole eclogite, SEWMAIGE X 1107150 km): lawsonite amphibole eclogite—eclogite) Z & W {&FEH DA
H LB eI NG. COFRBERMICKY, ZERFMEMEMICS VWTERBAMNICEERBATERING Z
ENRB I N T LW B[lgarashi et al. (2001); Kita et al. (2006)]. Nakajima et al. (2013) TI&E X150 kmTE&E
LTRETDMEISRY—EMEITL, BHEHEDHN kmAXI CEMBIMENRET D205, FWADIE
BB TELCZ2RERDICL Z2HBRZBOMUENCOMEI SR —DREICARLTVWIEVWD ETIVERREL
To. KR T, ZFWEAIOEGERIEFR(ETRET 2HME ISR —DEREERRES LKUXA WX LBOH
EICELY, FaRERNEICEAT2MRZB5 I 2BHNET 5.

2. BWTFE

2004 FE M H201 7FICHRILEBARMTOZERRMEM LA THREL/ZMT1.0LLLDMEICT L T
Double-Difference hypocenter location method [Waldhauser and Ellsworth (2000)] (LA FDDi% & 3RE8) %
FAWERBREZTVWEELAERERMEZ KD, TOERITOBEEZEGTETHIETHEI S RI—DK
HETR>7. ZORR, FEX"110kmE 150 kmD 7L — MERFEFRIA > THE ISR —DPREL TV
52D o HmWT R TELZMEI SRS —ICDODVWTHEREOIORZARY MUERZRWT,
HERT7 OIEEGENEREZ KD, COBTEREZRWDDEICLWERZEGBETRELKL. 51T,
PRAEMGRME ZFTAIY, MBI TR —DA N XLBERET D& & 610, MERMICH L CHEGKREE A
WBZET, TI—EVTaiTRo 1.

HILAARMOEZT10 kmB &K P150kmHED R T THIRAARDHE 7 5 24 — T, HiER OMHEREDRERIC
ERERDOMERMNIEEIGEZEL TCI00 MFEETEZIEMNELMNIR 7. ZDOLIRT00 MRT—ILTD
BEBRABOZLIETL—bDOT7 IRV T4 VJICEBET 2 LEBOEBGAIEIT TIEERBETE RV, BT
HRISHELEE LI EZRNDERIHZEEZIOND. TO—DODEIRE L T, Nakajima et al. (2013) TRIE
SINEHEGERICLZ2EBERIDIZETFONS. DF W, E Y T X9 —DORICHEERFE Dreaction fronthIE L, %
WAITIIETERDICE WERISH, BWMATIR T RV T 1 Y JIC & BRENR NG (ERES) CHE A REL TV
BZEEZDEBASINIEANZALBOBHEAERIATES. LHL, COERDATHENIFRET 2D THNIL,
TL—MERERBRITA > THRRICEE L THENRETZETARDT, VS RY—DERICIE, HOBERESH
BELTW3EEZONS. AREKRTIE, FX150kmTIE, Nakajima et al. (2013) TREITE iz H DICMB5EIE DR
WiERZMA, B 110km T, AARDOEHD I 7 X5 —DEFHEREHMEL T, TOREZERICOVWTHE
WY 5.

HEE  BAICBRIKT—TIEORAMVEZERAL L L BRICAWRFO—ERE, RILAME - BT
MARBAE s —TRFEINALEOEEALE LA BLTEHWALLET.
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Detection of small non-double-couple components of tectonic
earthquakes: Application to plate boundary earthquakes

*Kazutoshi Imanishi', Takahiko Uchide’
1. Geological Survey of Japan, AIST

TORNZYVICRESTDIMEIZY TIVAY TIVTHREATE 2 2 EAERNVICRD SN TH L FEMEIEE

oo TDE, BT —9ODHHIOE ZDERBITI/FIN, §TIWAY TILERHRICKRZ REBERIED SN T
e, LHOLADLNS, BATFT—9HRELTCELBRICBVWT, [FIRNZyv IE=4TILAY TIL] W
OEBEBELCHDIEELNDH D,

BRIZINET, BNREITTLAY TIRDTHOTETRRBETHET 225285, BFFEDAH
HICIRYBATE, TV AY TIVEDEHRET 2 LTC—BOESICA>TELDIX. ) —VBEHROT
BEIICERT2RENTIDIET TILAY TILVESDEETH S, Dahm (1996) 1FEET 2HERT7DORE—E
BEICB T 2RELET—9 &322 T. BT IEEREOMEREF vy EILL. 7 —VEHEHEE
FTICE—AVMNTFVYNMEERETZ2FE BBEE—A Y MTUVILE) #RELZ, TOFERIEBICED
THDH, HESNDIDEITRAYI—MEDOE—AV NTFTUYVIBRICH T 2HEMMETH DD, TRAY—HED
E—AVIMNTVVIBOBEN D TRVWEEBLBRIBONBVEVWDIBREANLGRREEIATW

Teo BRIBZDBEREBAT B0, ULTOFIRICEZ2ZFRERE—AY M TV Y ILEERRELE
(Imanishi and Uchide, in preparation; 57 - A, BAEZESMEKRS, 2018) .

(1) H2BEEHRTETCWVWRANXLME (MR 2FONEOEEMEAMHT 5,

(2) HENRETHME (§—4v MMEE) 2—DFU. ZhUANOHEA RS —HE (N-1@E) &
L. BRE—XY M TUYILEEERT S, 9—7 v NEAZZ AN SEAKOHEEZITVL. 2TOHED
E—AVNTUVIBRERET B,

(3) WHESNLBEFIERE—XAVINTVYILE (BER) &L, BY (2) 2175,

(4) HEDHBIMICEEARSNALCARZET (2) . (3) ##YRT,

BERRAVKME. (2) ODRFTy 7T, MEDY—4 v MIEICH L TEROITRY—hEEZND I &IC&
Y, HEREN TS TRV RAY—hEDHELAERIEIMREIHEZRTHD, /o BRBICHELTW
CZETERDE—AV N TVYIBOMEREZ LIF20EEARICHEBOBAGEEEREIE TV HR
Bz, TOFEDNDELHET B 1. BERRTHIEFATH S,

ARRTIET I M=y IHEORRKRAE LT, RBEEAFD 74+ VEVEBTL— NERTRET HMEV S
2 —ICEALE, TDITRAY—IEBE10kmIFEDIRRDH%E L TH Y., BRI THEIFICZWBTE
LTHSNTWS, FRILERE LT, 2010F10AA52018F5RICHE LM 33U LEDT61 RV b %
BRNRE Lt ADT—9ELTERMARY NILDERKL RILHSHEE L PR ESHEDIRIBE % 5

Z. PREICDOVWTIIHBEDS LD 2 E DI E DIRIBEE L7z, FREOERICKILSE, §7)VAy TV %
RELIEANZZALBWEZITo/ETD, WINET 4 ) EVETL — MDILAHAH RN KR FTB
BO@ENME LN, PREOIGEIEBRFETETVLWSD, RIBEEETHETEAVWMEL,HZ Z DD

Dofee RIS, ZDITIVAY FIVEEGNHEMRE L. BREEZBERALE, I TREEDLD. BRETIVE
L Tshear-tensileETILEREL=e TDETILTI, tensilely (7 2v 7OBEOA a) NESTILHY T
IVERDICHEE T 2, 7— MR NSy TERICKZRETMICL Y. alIHELUROREE CHETRETHZ Z LN
bhol, HESNLalZIFEAENL2ZELURTHY., INSIEHMBRAES TILAY TILOMEERAEES, —
. MEREZZBLTCHARICEKROHZEDa (V5v 7K EVR) 2B O>MELEREET S L
Nhhorz, aDEFEDHAEHFDE, EQas2FOMBIIMEISRYI—DIHTREE TLWAIERANERTE
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7= 72y 70ROIIHADESHAREBING, 7 TR —0DimIEFRAEIHEIKEINIZ L, RIFEEIEL
BoTWBDAhE LNV, SBISAY—HNDEZL OMEICERAL., a DEBEELIHAOEHERETWCZ &
T. 7= MBERICB I D2HRAEBLUCREEDORENPES MR DERELELDH S,

BIEE : BRITICIERRT —TTEERAD S CICPH KRR AR Hi-net DR T —9 2 FRAIETWAELEEEL
7=
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Reconsidered source model of short-term slow event:
detection of non- fault slip components by using spatial distribution of
strain change

*Noa Mitsui', Yasuhiro Asai', Satoshi ltaba®

1. Tono Research Institute of Earthquake Science, 2. National Institute of Advanced Industrial Science and
Technology

MAAHFTHRESINZZEBRAO—MERK., WIht, BEOHME LRAKRICHBPOMEESHE L TETILE
INTW3, LML, oD RO—DDOFEERRRELIMENA D =X LIIFBETH %,
CORBBICDOWTHI - FE (2019) 13, REAMZO—RY vy 4RV~ (LSSE) ICBEBL. HERTEL
BEBICOVWTRDEDICEE L, LISSEZSRHMAO—MEREEIZ. IEOHIEREOCHNRENS. BRE
—ENFUEOFEIKREFICHEOIBE—EEBBRETRET 2 ETRBINTWVWS, ZORMRIEN SELRE (T
MERE) ~DOBRICHEW, TL—MERBICSITZ2BHEEROEMATEIN. ZOERE—NEFERTEL
SMBIARY EERY, AENLBEFRE—RELTELES. ZOKBENLERI BT RY EERZERE
LTHEEICENSI5E. ZORHERDIIHMBIRVEICH L TCEREABRORDICRZ EFERINE, COFE
ICEDE, GNSST—4 %AW T2001 FEFRBSSEOEBRETIVAMELZE 3. MBI ARYICIMA TEEA
BADHENEET 2ERES. £/, MBEICK L THBIARNYDOAR GREBSSEDIGEITEEAM) I
BT ZERARTILERARNDHEOERICLZEMODERIR SN AL >/2—A, ¥AE GLEAR) O
BIRTIEETHRYEEE LTHEERENADONT,

H L. LB ETTRBIN/IEBIANY KONEHMAO—ERERICHBAT I2EEKRDE LTEET IR
S5, BHMRO—2Yy AR~ (S-SSE) RERICBWTHELEL D %, S-SSEDMFHIR X BE 5 —
BERERRETH D78 (Obara &Kato, 2016) . EXFARK. EFPEMNETOT—FICLZRIENEL LW,
FUBHIIC B 1T 2 FES-SSE I NETICEZHIREINTWD (Bl X (EEMRH - BHXERIEF, 2018) , ThoD
ERETIHEICERAINAZSARIE. WIFhiiBmICH L TaEll (MBI RYDAME) ICMET S, L
A>T, LELSSEERBRIC., S-SSERAERICH T DIEMBTANY KRS DB % T ICIE, BEmEmICR LTH
FERIOSRARZHAT 2HENH D, REMERZMRAAAME OMFREEHS S EA R IES-SSER A TR D PIRER]
(REBRET - TIk) ICAIE L. S-SSEREICHEDI FOEEIHAINTWS, TDH., InbDEE
T—Y%HBALTS-SSEOEBRETINEHMHET DI E T, FMBITRYBRDDERAZRTZ S,
BRAT—92RAVEERETIIVHEETOAOFHIESL LT, BEDS-SSETHEINIBEE T IVISER
FRDEMAEMASBEICEENRTELZKEEDEILEZEEL. MBI ARNYKDDOAHDIFEDFERBRE
L8 L7, BlE LT2017E11826-27BICHE L7S-SSEICDWT, BRETFTIVOZEMES BT RY K
D ERAEADMIKR) £1.0:0.0 (EHRHF - BFKRAF, 2018) ,0.9:0.1,0.8:0.20 3 &Y 5 A 7=, Z£DiE
R, MEmICH L THRERICME T 2 REMERNZMRAATE QA RIE. FRARNDMHEXRDHIEMT S
ICONTEEDOAEMNEEY ICEET 2F0OBEEMEVWVIRE SN, —A, MBEICH L TCAFRRICMET
ZEAATCEEEDOAAICEZELREZEIROSNAN >HEDD, EOELEICENRZIONAE, INSDFHE
EEAIAS, REAOBAT—952HBALEZERETIHEEITD) T & T, S-SSEREROEHEEN & V&Y
ICEBEINDAREENTB I NS,

(8% k]

JH - FEE (2019) HAMKRERNZEE2019F KTk, SSS16-P18.
Obara & Kato (2016) Science, 353 (6296), 253-257.

EEXARR - BRI (2018) HEFAERRSE. £100%. 165-182.
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Temporal change of tidal correlation of deep low frequency tremors in
Bungo Channel: Relation with LSSEs and deep VLFEs

*Fuyuki Hirose', Akio Kobayashi', Kenji Maeda®

1. Meteorological Research Institute, 2. Japan Meteorological Agency

BRKETIK, REMNAO—RY Yy ARV N (LSSE) A#ERRTEYRL [(HZIL, Kobayashi, 2017,
EPS; Takagi et al., 2019, JGR] , ZHNICHEH L TEREMBIEFEEWE (LFT) - FZEMERZME (LFE) »7ERL
L TWw3 [Obara, 2010, JGR; Hirose et al., 2010, Science]l . 8A%E - fth [2019, JpGU]IX, [RFFLFEDER%
HEEDLSSERNICKEL BB ER%ZTRL, TOELIELSSEIC L BIGNBELOFEN NS K DD EBEIRL
f=. =120, —\,%F_O)E*EL_J:%)LFEO)*ﬁ%DFijl@E%FFﬁE’J EMR Ty ANO—THEEIETRE S NALFTICHEAR
% &A1&\ [Obara, 2010] 728, AAMAFENSEINTWEAELELH 5.

ZFITERMMETIE, ToRO—THEETHRE S N/=F5 KR

LFT [https://hinetwww11.bosai.go.jp/auth/tremor/auto_hypo_catalog] DF9HEDREEZEICDOWVWTEH
FE LA, AWALFTIE, 2001FE181H~2017F4830RICE%KEET (LSSEICHET 581

Ba [Obara, 2010(C#HL] ) TRELLIS07ETH . BHEVISEEZSTET IHICIE, LE - BER

A - WEBDOBBRIVEL LS. LFTOMEICDWTIE, BRITHYVOTEREZOETEAHAWVED, FX

&, LFTIZE 7L — MERTERELTWE EEZ 7L — MR [Hirose et al,, 2008, JGR] #EE L TR

fo. BEBZICOWTIE, 907 EE2ZFOFFAVED, 2REF1ERTHS. EEBaN TRRKRICHKE
L= ENELFTIZ3OR T H o7z, WIB/SS A —FICDWTIE, LFTIZ L — MNERICE 1T B IHABPERKRD
—DEWHIBREFIHRE L, FL—MBKRETL— MRERAR [DeMets et al.,, 2010, GJI] #EE L CLFTE

oS

\_DX/E. lJT\_.

LFTOERICH (7 2 EBMEIIGE I, BEEHBRES SEERIMENROMAEERL, FYEES L TEE
EAV, RELEMBELOEAMBOA T, ERISHA o, RCACFF (RENT DERFZEEIZ0.1, 0.4,

0.7) DERDEBFTHRE Lz, REERWERISHICOVWTILER - GREZE, NG - Ez8s LA €
AT AR ACFFICDWTIIMIB I AN Z@ET 2 AE%IE, HElT2AAZz8E L., BMERIE, &
BRI DWTA Ry MNTR VOB DOB/IMEDAIFE%E-180° K V180°, #B/IMERIDIBAKIEDARBAEO EL, FD
BIEEDEILAMBEER L. BYMHEAICEDE, LFTEEY & DEBEE % plE [Schuster, 18971 T
L7, plElE/hESWArEWEYEREERT.

R ORER, LFTIZA t DEIMEADND (TRYE(EHE) THRIEZICRELPTWVWIEIELHE
Rot-. AHROBERIE, [SKRFLFETEHEAONTUW -, ZOERIZEENTOBEBREABOH TIHE L, BEK
EAXBHTEWVWIEERELTHY, EREEBEEN SHEAZINDFRAEDEFEE [Hirose et al,, 2008] &%
BLT 5.

fRATHAR P ICLSSEIXEREFEE L TWB [l A 1E, Kobayashi, 2017, EPS; Takagi et al., 2019, JGR] . pf&
IEZNSLSSERFICIBH T/NE < (Y EDEENEL) o7, AKOERIZ, [IRFLFETEA#51TW
. LHL, LFTTCIZpEDLSSERTIC/NE K RZBIERIFERD SNAah 7. [RRFLFEZBRICL2®ATHS
e, AIRVINDRZEE LOFEEMIEH D, 72720, LFEKLFTOR TEMFHEEBAEICE C MMM Ry K
THdeH, ZOHMEDEWD, LFTELFEDPEOBREELICS T2 EVOERTH D ARMEIEEETER
W, i< B2 &, LSSEEIEARTHEpEAKRE W GEYHEREMNMEV) BEIrRON, Z0814 IV I T, 3
EBEREEE (dVLFE) AR4EL TW3S. dVLFEH 28I TIELFT& W IZEWRA S HE5HEE AR D

A, LEEHIEOESMEREIED, - L.
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Estimation of source spectra of deep low frequency tremors from
waveforms recorded by array observation

*Yoshiki Matsuura', Yoshihiro Hiramatsu', Keita Nakamoto', Takahiko Uchide?, Kazutoshi

Imanishi?

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

1.ELCHIC

2000FEN S HARZ DL AAATICE WT, REMERRMEN(EN > 20— Y v T4 XY MNSSE) & MK
N3, BEOHMECHERTEBRRDOIREICY - U & LEMBESE L\ > I8 Y IRR A HEZR - H b
FREAICK > TRREIN T WS (e.g. Obara, 2002; Rogers and Dragert, 2003), 2N 52DDBERIT TS
L—MNERAESLVOZOELTOEHAMBY THZEEZLNTWVED, ZOREANZILIZDWVWTIERE
ICARBAR =D H B,

MHADRKEAN=_IXLEMRPT 272D, TOERFEEZRIERARY MLO#HEIEALONLTVWS, LA
L., ZOARY MLOFBIKIE., SRR TRREO-1FICLLE L TREI 2 60(de et al.,, 2007) & BKE
D-2FICHBI L THEZET B4(Fletcher et al., 2011; Zhang et al., 201 1)D2EEARE SN TH Y., WEDOE
BARYI MUABEEBRTEDL D RBRATRTDONE WIERIEKREITREIETDOVTULARL,

ARRTRT LA EBTRONEERT -9 EAVSZEICL Y, BEDRKET —9 DS/N% LIF, BIRAAX
I RMIVOREZBELMITEHI L ZBRNET S,

2.7—% F&

RMTICIE, EERMHREHEMICL > T=EEMBRHHREOMEICKESI N, SEEMEF 7L 1 THAS
NEEERET—9%28AT 2, MEIF2ANZNTNIEIRAAAEELABICERT 2L IR TELT
BY, LA EERT ZHEFHIMEAWVCTFRREASZ K D50~100 mERTEIMERZREI Nz, ZHE
oYY Vv ORREIZ200 HzTH B, RITHERIIZ2011F028B18H~2016F11B09HEZ T TH B, 1N
YV MIRFEETRELAELZEDERDIC, N TV y RERICLZEREMEHASYOSICISEAULEDIRY M &
EULOILHMESE) E. SOICKKRT—REHYOTICEETNZEEFMESE). BEOHE(7E)D3ELE
% fRAT U 7=,

WENE2~8 HZzT/NY RIXR T4 VI NI T-RERET—9 522 T3V AT L. SINEEZHB=HITE
FOEERARICEDWTRY Y V%175, TDR. MBORARELZST L O RRFERTIOMWEORE AV H
L. 77ty b, ML Y RLE, BEBOEHSKICOAY A vF—/N—% L. BFEEES L TELMEFICT

%, EAOEMIE 7 —) TE# L TEMIRIBARY MLEBD, ARV MNEFE /A XBED, ZRRBIARY ML
ICHB T BIRIBALE L. 1RV MNOIRIBNSEHT 21~10 HzOBERBHE TR EER L7z, FEBERROBIE
I% Yabe and Ide (2014) #5Z(Z L T, QE%A300& LTTo7,

3R
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MENDEMIRIER XY MUIEERE S 57 T-2& W E-1TEWMEZ 21D, CNIIHMEDOERARY MLEE
FREB TIEERBO-TRICHHIL TRRT DI EE2TRT, £, BERMEICSEVWTERBRARY MUY EK
HOIFICHH L TRERIT 2 ARSI,

—H. BEOHMETIZ, BERKICEVWTEMRERANRY MLOEE 218K, w2ETIL(AKI, 1967)IC%¢
IERE T,

U EDHERD S, BEIDRRANRY MUEGBEOHEDERARY MLEIERLARFEEZR/F DI EAHL
Mo Te, THIBEIDREEX AL’ BEOMEBEELIIRRDZ I EETRL TV,

—FH. HAT—FT 4 7 OWEN AR > 7=FFFR(Zhang et al., 2011)ICE W TIE3~8 Hz & W £ B BR A TR
IBRRY MULDERED-2FICLHHIL TRET 2 EMREINTWS, 5%, KFELEERDTRET ME
ICEWTEHESLWEWERBOSEETEMRIBRARY MLEBRET 22 2#BMIC. SRABREFEICEVWT /A X
LRIVEHZDHREED TV FETH 5,

4 55

KRR AEEDDICH=Y, [SEFO—TAEEAY OV AFBIETWEREELE, £ N TYy RE
L& B2ERT— 9 AR ERMFRAAOMNES LB LT L VBB L TWELEEZE LA, BLTEHHVWELE
ER
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Focal Mechanisms of LFEs in Parkfield by the amplitude inversion
using synthetic waveforms

*Miki Aso'*, Naofumi Aso?, Satoshi Ide’
1. Univ. of Tokyo, 2. Tokyo Tech, 3. OYO RMS Corp.

BT RLT7RBHRREICAB ST 2/8—7 71—V RTIE. BEOHEDITH., FHTIHERRME - &
FiRECRAO—R Yy TARY MW ZHORAO-MEEHREL TWS, $FIC. Nadeau and Dlenc
(2005)IC & /=20 7 1 =)L RTOERFBHBEDFE R DR, Shelly et al. (2009)IZ & WERKMEI R
h, ACERTRYRLAEET Z28BDEEARMET 7 I ) —& LTEMICAXONTWS, &EAT

(&, Thomasetal. (2012)ICL > THEARHICL ZREMDEVRE, 77 I —BOZHKEISREINLTL
%, ¥, BEOHMEOEBRAN=-XL4LE, YV TV RLT7RMIBET T L — MEBICESHWRAETNE
%Rd—7AT. CoalingaltiE*San Simeonth B &, H 27V FL 7 ABFED 5 +kmBEN 7= 3577 TIL MR
BREOERANZALTERELTHY., —REMZIICRAZRALLETIBEICEZHRELNDH S,

IDESRBRERND, MEREDZONEEZRSL O, BARBEOERRAN=ILDHENIHAALNTEL
. EARBEAFMOMIE TRET ZEERBEL Y ERENNS K, BRANZILOHEIE#ETH > .

% Z TAsoetal. (2019, JpGU)Tld, RIA18EMB TR S NEREHEICDOWT, X—2 714 =)L REZD
5ODMEEFRY NTV—VEAVT, RI VIR OEBRA NI LEHRET Z2FEEER L, BAFMNIC
& A9 v VEFOSHERKIREN S, BEERE - AERE - Y1 NS L UKRFE NS — v 251fd 2 Fi%
EREL. BREANZXLBOBREEITo T,

L LAaDS, BEERELAZEERBL TV /D, AARTIHEBBESEZ2AWERER2FRATZ &
T, REEPEFBEOHELEE LT T, LYEECTZ2ERAN-IXLDHELRAAT, BREFDOHE
ICI&. Zhu and Rivera (2002)IC & 2 EFETE 7O S L% FERA L. hiEEEE LT, Eberhard-Phillips
(2016)ICk WHESIN/NN—0 7 4 — )L NALDDORERES - REBEE —RITKERBEEICEZHATHL
oo ZL T, =D OREZFFHORENGERIRIEN S, Y4 MEEE BRI -V 2 ET2 I &

T, &773I)—DERAD=ZZALEHEL .

HRTIE HESNESHRBREBRAN=_XLBE, LRIOFEEDERERET 5,

© The Seismological Society of Japan - SO08P-10 -



808 P'1 1 Seismological Society of Japan Fall Meeting

A comparative study on the source process of ambient and triggered
tremor based on a slip inversion analysis

*Kazuaki Ohta'
1. DPRI, Kyoto University

HAZMDLAIAABTRETZT I My VRMENCIE, TL—MNEBICKZ2EAEBRNICERTZ2BR
HEMEEMOMBICE > THIESNZFZRBEHNH 2. BAREBREHIKR Y, BY 1 I IILORBNAEE %R
FTDICKLT, FREMEBLEBOAMEORERLIEMBEDOEMEDOIERICHEEL, LIELITAARRLEM
BLWERETWRIEEZTY. BARREMBEEZRMEBIZIZFACBATREL, AROTRY AN =X L%
BoTW3EEZOLNED, KYICALEZBNTRoTVWBEDN, BLRT—Y Y ZRICK > TWBDHIE
EMNTIRV, ZZTERRERTIHMEBIANYERTFEZEAVCEAREMB & FHEMBBOIANY ORBFEERE
BN, FMLITRYPHEEE—AY MNEIOBREAE KT 3.

MEFESOFEBRME T 5 X FIEB L, 2008FM)I - SX)IIHEM7.9)£2012F48 A< S EHE
(M8.6)DKRMERICL » THRINAFRMENE, TRLENOMEDORTOBARICHKE L BARREME % BT
REL TL—MERELIC20 kmx20 kmDERBEHEZREL, BERRMEOREM ARSI v V&R LIS
BTy 7TL— NEFEERRNS ) —VBEHE LTAHAVWAHMEID I R 1 /8= 3 %(Ohta and Ide, 2017,
JGR) & Hi-netD3WHEERF T —4 IEA L TENEFNS00MEDMEID TR OIFEREREFTEL .
WENDITAYE3DDER/Ny FREFTERIY, SOOMDEIC/RY FHL/IRY FATRYNBHL TV
FMEZALNE., LD YFIIWThOMIATERELTEELTSEY, BARAREME L FRBITEH
DIIPHEHED/NNY FERBIRVICET W) IO BERIFE ST >/, E—XA YV MERITEBT%E, Ch
S DBENCITENE— A~ MER(1.5x10" Nm/s) & BWE—X ¥ MERK(0.370.5x10"" Nm/s)D2FE5E D
7x—ZAHhHY, OINBEE AT N SERMEDOL A ) —RICK Z2FRMBNIEVNE—X Y MERE, AT b
SEHMMEDS TRICK 2FRBBE BARAREMIBIEVE—X Y MERERT I ENbh o7 LA —K
FHEDBENIHRBEALZLDTENAREVWEEZI SN, BHOREICHEEAIESLTWVWBIENTERIN
3. —AT, STREEOHBE BRREMEBDE— A Y MERIZIFZFALTHY, ThSDOMEIDFREICIE
HAMEAECDEENSIENTHE I ENREINS.
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Rupture processes of the repeating earthquake sequences off-lwate
that occurred after the 2011 Tohoku oki earthquake

*Ahyi Kim', Naoki Uchida®
1. Yokohama City University, 2. Tohoku University

201 TR A K AE (RILHHE) &, AFEHTIIBEEFEDORY R LIBEDEXRERCREDOEIL
NRONM, FELRIDORENER SN ZNODRIBBEAFLFARZ I EICL>TZDELDR
RERIIT 2 &, FL—MERBEMEORECREBBREDRERIEZREDTZ2EROEMREED D
EHICEETHD. AR TIEEFEAICE VW THRILAMEUEFHZICHBLAZRIIDSI BT =ZF 21— KD
TP Ho=—DODRINCEBL, TNSHICOVWTRERNS Y —VBEREGRH) ZRAWLERA v\ —Ya vk
BALUBIEBREAMBIT LR L. BN RE LZ9DDMEICDWT1-5Hz, 1-10HzD® 18 CHRIT A 1T - .
TARYEDFIIREMIIEHFEHICE > TRELDEWVIEVSD, HINSEFOZEWIEERTLYEZICRES
n, TNSNITARNYDHERHOFEMICIENTVWS., TRNYEPHDLETIE, IRXNTOMENKERBERNOT
FICHIEAETL, ¥/ =Fa1— RBICFEY, RAITRNYEIGEI N, ELRBRBEEHIEELRZ2ENPALHE
o, BREBERITZFa—RKob, V5 v I ETIVELHRE L TEH SN B IRIEESE & ERORKIEMES
DEICIEZALDH Y, hEOREFRA LB T E-DICIETEEEAVEERLBAIVETHIEEREIN
3. FEITRYEDHHISRKOOSNANABETEICEHMES LICERIHY, FHELE—IETAICEWNT
RIGAHEBERICE S, RICADIDONTEL BB ERANR SN BEA /=T 3 U 53RO b NT-IHIER
BIERARY MLEDNSRD SNZEBHFECIESNETEDEILE LRMNTH S a2 D. R TIHZ
NS OWHIEBRRE AU OEFEPIEMEETRY EOBRICOVTERT 3.

© The Seismological Society of Japan - S08P-12 -



808 P'1 3 Seismological Society of Japan Fall Meeting

Spatiotemporal change of source parameters of repeaters due to the
2011 Tohoku-Oki earthquake (2)

*Kazuya Tateiwa', Tomomi Okada’', Toshio Kono', Naoki Uchida'

1. Tohoku university

RILBARDKFEET L — MNEARAATTIEZ K DMEYRLIENARELTWS, INOHRYRLIEDER
HHECZOREBELCEAEMRTZI . TL—MEFTHEIERTEECRYRLMELRAUEETERET S
EEZIONZTL—MNERTORBREMEDOREANILRERERITZIATEELRFHEN ER B, &
AR TIF20T T FERILARFEFEHME (KE) OFIE (2011FDRIELSF) ICTL— MERTHRELLEY
RLHEBICOWT, HESIEMEZRAVWTHESINZIER/IATXA—IDELIZDWVWTHARNS, BB, AFRT
RN RE DY RLEIX3595RF THEIL10569E TH 5, ARKRTIHGHETEDOREBLEILICD

WTikR %,

AR TIKIGHETEZ AR MUIBERICKUHBELRE, TOFETIE, BELTRELE2DOMEICTL
TRA—OHBRTELONDEANRY MLDLAE &2 Z & THREMEHN - SR - o4 MEM - BEEEEF v
L TEERBFUEOAEMETEIENTES, BH. YV ZF 21— R45UTOMEICT L Tl Hi-net TE
SNREERAWN, YU ZF 12— R46ULEDHMEICH L TIE Fnet TESKIZEFEZBW:, I—F—AK
BEZYy RY—FIC& WK, Brune, 1970, 1971 B LU Eshelby, 1957 DEFIL AW TH AR TEA#
ElL7z, 72720, BBISNDZ AR MUHELEERARYT MLEDI R T4y MAKRELRIBEIXZF OME % 25T
IZIEAWEWZ &iIC L=,

AEREAERER | FRADIKGHBETEDOEEAH 2R T L. AFEFEBHLISAFEEEHICNTTEE
BEREHENSBBERIAICHNIT TOEHTIE, FERICKETIMEDISNETENAERDE DICHAN
TNSLK BB DD o7, T, BFR - EFRENESHBILEAHPTIEIAERICHABTENKEL
BofZetah o7z, INLABRICHNETENKE L A>BEBIFABRRICISHETEN NS Ao
EEOKICH =D, AR TEHIED LB 12 Ozawa et al., 2012 IC& > THES N-FRILHhEDOR
MIRYDRERPHERIGT D, 2O &F, RMITARY OHETIHADPERICERINDANCFREMED
EL, EMITRYUNBI I EERLTWVWREEZILNS, 5. WIBTEORERELERBITAY
DTEDLBEDH ST, MOBRNATA—9ZLEDEAREARLV, £, I—F—BARHIPLENBEE L
CRESMEHULTAMBE VRV, REIDMEEEE LIFEHICHEARY MLbE & ZHERT DRIRP
TR74y POFHEFEREDUR - WEARTL., HMEREZEPTFETH S,
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Estimation of moment magnitude and corner frequency of Acoustic
Emission during hydraulic fracturing experiments in the laboratory

*Keiichi Imakita', Makoto Naoi’, Yougqging Chen', Kazune Tanaka', Yuya Morishige1, Naofumi
Tsutsumi', Hironori Kawakata?, Tuyoshi Ishida’, Hiroyuki Tanaka®, Yutaro Arima®, Shigehiro
Kitamura®, Daisuke Hyodo>

1. Univ. of Kyoto, 2. Univ. of Ritsumeikan, 3. JOGMEC

1. ARER

YI—IVAHR - FTAIDOREFETIE, FEEOEKEDOR LDZHICKERREMARAVLNTWS. KEMZE
ICE > TEBENMERINDIBICIIM/NEENELZDT, WRTEDREDESIE L 2H 5 FEWICTMT 3
ZEDNBEBETHD. ZOBEFMAICEWVTIE, A—F—FRBEPHEABRTEREDERNSXINEETH
% (e.g., Atkinson, 2015) . ZZ CTAMRERTIE, ERKEREEERDICE C 2B/ # M KS) (Acoustic
Emission, LATFAE) %#EHEIL, AED#EMNBERVCI—F—FARKEHET D& T, KEBRBRTHERINDS
HEMARY NOBRNRS AN, BEOMEE D& S REARICH D H % T L 7/-.

2. ERNKEBBRRBEAEE=SYY VY

RERICIE, YT—IAR - FAIVARDMTONTVSZKETFHAMDA =TI 7 +— RBOEEY > TIL
(LR, 41 =217 4—RKREBESE) %65x65x130 mmDEAEFICHKT L /-EEEx B\, KERBRFICELCS

AE%, BRE - EHEEEDOELTES I v 7 REM304At > H16{E & 200-750 kHzIC & % D Physical

Acoustic Corporation®Pico £~ #8{E, F24EDAEL VS TEHAIL, PREBISEL4DIRY NDER%E

WELEZ. Z0%, #HESINAEREZ#MEAEIRE LT, Double Differenceis (Waldhauser and Ellsworth,

2000) %#@#EMAL, AEEROBREATo -,

3. AEEV Y OB, BLUTHEBE—XY MM OHE

AEt v O RRER O EREEEAAET 57, ATV L ABOHRKEEAEL, HIEICHKIRFEIY
FF TRV ZRERIRL, NEICSITRRSEL —H— Ry FS—FES (BEFRAIEKRISH

&, Melectro Laser Vibrometer V100 ; LARLDV) TRIE T 25BA2EE L. D%, ALCESZAERZ VY
THEEL, ThiELDVDiEsE Tdeconvolution L TAELE Y H D RESREEM A KD 7. AEEV Y ORE - BR
BEMIIHAFEDD Yy TV ITRRIIKET 2 EEZZ5NDDT, ZIRAIOAEL Y HIX12[085Y B L THER
HRURL, BOoNAEEREFEHETSEET, AEEVUDOEMEATTML7-. RIRAIDAEE VS iIdEHRT—EF
EMYAST, Ay TV IDREBREI—ELREL THEFETo .

LERDOFETEHEONLZERBEEZRAV, KEFRARPICEONIZAERRY MLAERBIET 2 & TEAXD
AEDMENERMARY MLVEHTE L. INOICT L CAEQEBREMARY MLARN_FEETI1vT14VY
T252ET, BEADAEDMEE—A Y MMRUVE—XY MY T =Fa— KM, ERDT

4, J—F—FEREH#HE

RIS, EELTRELEARNY MRTOPKRANRY MUEEERWCI—F—BRELOHEET > (BIZIE
Ide et al. 2003) . f@#rlE, M304AE VB TRLONLEHROAAFEAL, SREEHN3 mmlLlF, HEEHERE
REN0.8LU L, BHAHICRULEDEEEB T AR MRTZICHLTERLE. —HRIC, BRMEICSWL
THEINZIGNETEMEOREICLST, $£%20.1-100 MPaDRBEICAH T2 &M EYIRLERI N
TW3 (e.g, Yoshimitsu et al,, 2014) . KR TIHESNAEIX, BEDOME L IFELRY IZIFLTHBIRE A
RYNTHBIIEDRE— AV NTVYVIERILEIMDONTVED (516 2018) , Bond—F+—FK
HEMEE—AY NOBMRIF, RERBESNTVWI2EARABMEBICHT 2R —) Vv JAIEBRIAMNTHZ &
Nbhoho7z (K) .
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5. ¥&¥

ERKERBERPICECDAEZRAEL, BRERCI—F—FREEZHE L. AR THESNIAERE]
REANRY MEBTZIENM DN oTWVWED, I—F—RARKEHEE— A ¥ MOBERFRIE, MEKEYIRLIR
HINTWIEAMBIIT TR —) Y JRIEBRAMNTH S Z & bH > 7.

10° <
\ 100 MPa
B 10 MPa

1 -6.5
10 1.0 MPa 3
— -1
= 2
Z. 1n-2 B
£.10 &
S =
S A3 ‘
Z o
107 =
10° 108 10’

Corner Frequency [Hz]

Bl. Mp& 29 FILHGETHE L /oedEfF. REIRITIHE TEDNZ12410.01, 0.1, 1, 10, 100 MPa & 74 28B&(C
L Thva.
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Investigation of fluid viscosity effects on laboratory hydraulic fracturing
based on AE measurement and moment tensor analysis

*Rui Tanaka', Makoto Naoi?, Youqing Chen?®, Kazune Yamamoto', Keiichi Imakita', Naofumi
Tsutsumi®, Akihiro Shimoda', Daiki Hiramatsu®, Hironori Kawakata®, Tsuyoshi Ishida', Hiroyuki
Tanaka®, Yutaro Arima®, Shigehiro Kitamura®, Daisuke Hyodo”

1. Department of Civil and Earth Resources Engineering, Graduate School of Engineering, Kyoto University, 2. Disaster
Prevention Research Institute, Kyoto University, 3. Department of Energy Science and Technology, Graduate School
of Energy Science, Kyoto University, 4. College of Science aand Engineering, Ritsumeikan University, 5. Japan Qil, Gas
and Metals National Corporation

YI—IFAI - ARG EDOERVERFAFRFCPHBMARKICE VWL, FROSEKEEZE LI EERDORE A
HIRT B2FEHELT, KEBRIPEELKRENEZRAZLTVWS., BEEREOHEIXBRRTOERICESFEELR
FFcermonTtsy, sMEDREKEAVWSE, LYEAVHOBRDKERRZHIAER S (Stanchits et
al. 2015) , WIREFDOREE (breakdownE) NEF T2 & EHIC, BIRBIERN K Y E#T 2 (Ishida et al.
2016) &HEINTWVWS. AARTIE, RARBH T TRAT 2=FZHRMN L BEEMMA (methyl
methacrylate) ZMEERAEE L THEBESHBAEREBW-ERKEBRBEREZTV, WEREPICE U S HUNEE

(acoustic emission; LA TFAE) SEEIDE=ZF ) VIR ZEDE—X Y TV VIV (MT) RO, RUOGES
ABOEZBERETO 2 & T, KERRBICHS T IBEEREMEDHELRET L.

EBRICIE, 65x65x 130 mmDEARHIROBEZERESHEAFZAY, —EL — b THERE (B
MMA) ZFEANLKERRETR 7. ERIZ5 MPaD—EEMEH A F TV (H1) , BEEREDOHE

l&, 0.8, 50, 300, 1000 mPa-sD4/349 —> T, ZFE2HHAKT D, FH8HEAFTKEMBRIREEREL
fo. ABRPICE U BAEAHREKICHRBE LA24BDAEE VY TRIEL, BohiT—9h5ERNYOTEE
L7 i, BONAEERFOPKEIEIRIEE S BELFARY, ThOEAVWTEIRY NOMTREZHE
L7, —fRICAEE Y H LR YT ITRRBICK > TRENE DL B2, ERBREIC, HIAELV ML/ K%
HEIRLBIDAEE VY TRIRT D E VWD TR MERAEE Y HICH LTV, B5NEPRIEIRIBMEEBWT
Hy PV TR EME - BE LA LETMTERZTA o7, BRE, ARICEELREA/ERL, LN REBE
TCRERAB ARSI T TCEHRAITR .

B2 ICHERERA#EO0.8 mPa sDRBRICEVWTHE ONABRREE DR VAERE DA #RY. TORRT
&, EABBLSHEEIS P> Y ELRL, #W14.1 MPaTHEREICHE S REEDRAET (breakdown) HYH
£ L7 AEEREORZEESMAANSIE, t 7400 sHhORAN LD > K Y EAEEIEN LN 272 & hH B
(BULEK7z—X) . £/, breakdownD20Z EFIN S 1F, LY EBREDAEEFEIBRRANSEL -7
(B2A7 —X) . EHLK7 z—XDORKEIE, REENZTNEZTORF LFMEEANOREEST 25913V
IC—BLTHY, AEREL—PBEZORRICRET S (H2inset) . BEHKT7 = —XIIBFEOERAZFIAL
THRERAENBEDRIRET 51812, F2HAT7 T — X BBRALSTFREEUNIERT 2BRICHBT D &E
AbN3D, FE2EAT = —XOMGEREIZBRRAOHENBEVWIEEWMEEAASNTEY, BIEASLY
SHMICERLEEDITHS. £, RAEZRABOEZEBRNOIE, BHMEF EHRBEREDZEFHENEN &H
BIni. MTEBFIERLSIE (H3) , 2RBRTHAMBICHERBREDANZVWE WS ERIME LN
B, BHMEOHERRAEZAVWEZERTIITAMBDOEEAKE MERALA SN, BUNEFEZRADTREDZ
ADBBRBICRBZEICEY, HAMITARYUDNISCRELEZZEAETREBLTVWS.
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Mineral Composition and Microstructure of Host Rock and Fault Rock
That Caused M5.5 Orkney Earthquake (ICDP DSeis Project)

*Yuki Yokoyama', Tetsuro Hirono', Hiroshi Ogasawara®, Yasuo Yabe®

1. Osaka University, 2. Ritsumeikan University, 3. Touhoku University

2014%8H5H, M7 7Y AHMEDA —V =—IZT. MS5DMEB(F—V Z—B)IRE LTz, KEDER
I T4.7+1.2kmICLE L TH Y (Midzi et al. 2015). REIFHT3.5-7.0kmiC 3% L TL % (Ogasawara et al.
2017), EBREDELEICIE” Moab Khotsong” ShIL(E 7 THUL)AH Y., K WEWIED S EREEICMEIT T
BEREYAFTETHD I NS, E7 THILOMTHIkmDITEICEY#EEZRE L. COMERETICHEIT
TDEYIH2017FEIZEME S 117=(ICDP DSeis Project),

DSeis Project TIFIR7E. 3 DDORBADOHEBENZTT L TWVWS, ZD O BHETZEE L /-HHEF L. HoleBIZ

T. MBESLUTRANORELVENERKIM LM EZED TR EIBTHD, BIFRTIE. BRXREIF
(XRD)DHrIC & 2 BRI DEE S & URock Jock 7OV S AIC L 2D EE,. 7 L CTHERARK AR W
EBRNTET LTV, XRDAMOFER., MES2SCHEBERABEOEASICTEREER - /BH & VL > EERERHK
DEWIMHIEZEICSENTWS I AL, £ BEBERICLY., HETFOHBN TR, hoBEHN
EHB L TEREHIBIRICEVNE WD ZEHHAL TS,

AR TIE. XRD-Rock JockfHTDIERDZ LM 2T 2 X<, R TOAEBRHEREZER L, EE
TlE. AE - RA - PEOKEANRock JockfFT THREZI N, FLBRTEHRETE L, BN SBENLE
ABTIE, A - BRARENERTEEIN, INBHRock JockfTDEREEBAMTH D, KRET
I&. Rock JockfHiTARZE - RANS<REINTWVWEY, BRATIRZINSDFRIIBERTEZ AN >, LR
BEARBADPARICR>TEY, BEHETIHERTERVHMEALGE - READERIGEICZEICEFNTL
206 LAV, IBEESLUMBASUEAETIE., RER - ABADRock Jock@BiE L VERDO@EAT
HEEET&E 7=, — AT, Rock Jockf @i CIEMHE I NN 27—V DRDITEBANAGDO—EICLZEDTH
EEZON, BRICTARAIERINT,

$ﬁ%tiof N55@mﬁﬁm§t:Lt%EB;U%EﬁLwﬁ%ﬁm%;UE%EHE?%’tﬁ?%
oo CZETOMRICT, WBS DMK - IIREMEE - BERFMEE. MBS OYIRLEMNMEEL DL
DEHLMICR>TETWVWDREWVR D, SEOMBREREE LT, BiIEBERMEDI SRZHBEEDELD., £

E - HETHROWMEITV. REMICIZ, HERES LI CBEYEHOMERZNLBEOEMREZBIE LV,
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Cascade-up process simulated in large-scale rock friction experiments

*Futoshi Yamashita', Eiichi Fukuyama®’, Shiging Xu'

1. National Research Institute for Earth Science and Disaster Resilience, 2. Dept. Civil and Earth Resources Eng.,
Kyoto University

HMENAEDLIICHEZIMIDWVWTIFINETHEZLDERI DY, —DORKMAETIIREINTVS
(Ellsworth and Beroza, 1995, Science) . —DI&PreslipET I TH Y, MIBE LD H BIH5MH SIEMEMT
NYDRFY, TZOTRYFHAMEENICHER L THEEEADIFTREICTRNZELINZEDTHS. £H—
DitCascadeEFINTHY, MIBE L TEHENICRELL/NIRBEICEEAIBAZTICE>T, EE/M
BHICH-RMENRL EB|IERIIN, RRHICABICEZ LW HEDTHS. BARERMARAT
&, TOLIBMBREDA N ZALEPEEENE LEAABEEAERERAERL TSY, WHMBEmOIRE
BEZDIETLEROIDDETINEZTNEFNEIRT 22 &ICKIILTW3 (Yamashita et al., 2017, AGU
fall meeting) . REBETIXRFIC, AEBICESRIDCascade-up 7O RIEE L TERRES LS. RERICH
WERBIEZBANWETHY, ERFBEIERS1.5m, 180.1 mTH3. WEMEIC6.7 MPaDEER %N
AT-1%, BAMEEEMADZERT A VIR Y TARY RBRURLEE L. ZOBROERTIANYI(C
Lo THBEE LICKBEERYMVER SN, RREBERZ2BICHEBEmNIHEC A>TV o7, ThETOERIC
&V, BEMERNUBWTRREBILIEERAT AV IR) vy TARY N (KB) BliCpreslipE ZDIARY
BOILAIRET B2—HT, AEOEEYNETHEICHBIELRETERABOIGEIIBHNME (B
E) PIEEMNICEMLAERICES, Wbk bCascade-uphFRET DI EHADD>TWS. BIEOEAIZ
GAEDETVRFTLAICE>TEIRY, TNFNDARYNDERERET ZEEHIC, E—AV IS
=Fa—K (M) Z#ELRE. M,OEEICIEMcLaskey et al. (2015, BSSA)ICE W REShizR—i ROy 7
WKE2Fv )T L—2aviEsRAL, AIEOM OHEIXS & 2-7.005-45EHES N, £/, Bruned
EFIVEERY S EIHAKTEIZ0.T MPah 510 MPat #E SN, HhOEARREFRK, BABEELALZ
F=)VJANCED TS E o7 (ffl R IXMcLaskey et al,, 2014, PAGEOPH; Yoshimitsu et al.,
2014,GRL) . BRTA VIRV TARY hOYA VIICEWTARBITED K ICDNBIEDOEAEML TL
E, FAEAGNICKERAIARY MPBEMLTWS I EDDEDFEDICLY REINE., REOREICEITbED
WDIIMBOERNERBRTERINTH Y (FIZI1XGoebel et al., 2014, GRL; Riviére et al.,, 2018, EPSL) , #®
BHE LT, bENZERADICH L TEDHEE%AFD (Scholz, 1968, BSSA) Z &M 5, &L TWBH ARG
TDEAICKT L TOEIED L TWBLHERRRINTWS., LM LANSAKRRTIE, BEMBICMATY
ZERNRBREBAMBMENSKEISEL—EELR>ZEREDENRD LT TS Y, BICERIGHN S OEGKEMEDL
5TIIbEDRDDEBENFATERVWI ENRINTVWS, ZZ CHREMBOEREMZANE T 3, B
BIIR2ICEAE L TELTW 2K YETRYFITTHY, SSHICKEBICATTEOIRYMMELTWSZ &
NEALMNELR STz, T, ERMRETAMBTENRABISELZREMBIIIRYKITTWS I &
5, Cascade-upDHETOLRAICEWVWTIEAIEOREICL 2MEAELOBANDBRS P BRNICIEES
n, AEHSDOBIEMA R THRAIBEDRELIHRRLIRYDIMEL TEABICE>TWSR I ENREIN
. 51, INhoDT— 9 %-BRAEREEETIVEEBREIZIFTETHS.
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Dynamic Aspects of Rupture Propagation at a Subsonic but
Near-Rayleigh Wave Speed

*Koji Uenishi'
1. GSFS, Univ. Tokyo

In seismology, instead of using the terminology "Doppler effect" referring to frequency variations in
observed waves, waves radiated from moving seismic sources are usually evaluated in light of change in
radiation pattern, directivity or the finiteness factor, despite the fact that the variation in the wave field
related to seismic pulses radiated from sources propagating at certain speeds is a straight outcome of the
Doppler effect (Douglas, Hudson and Pearce, BSSA, 1988; Uenishi, IUGG, 2019). Here, dynamics of
rupture propagation is briefly described in view of this Doppler effect or wave field that changes with the
relative rupture propagation speed, namely, the Mach numbers. It is indicated that if the speed of rupture
propagation is in a supershear or supersonic range exceeding one or both of the body wave speed(s),
Mach front(s) and accompanying intense seismic oscillations can be induced (e.g. Uenishi, Ph.D. thesis,
1997, Uenishi, Rossmanith and Scheidegger, BSSA, 1999). The physical phenomena can be visibly
depicted by taking into account an energy source (line load) steadily moving at a constant speed V over
an isotropic, homogeneous linear elastic half-space, with longitudinal and shear wave speeds being V,
and V, respectively. The characteristics of the solution to this problem are governed by the two Mach
numbers M, and M or V/V, and V/V,, respectively, and three cases (a) supersonic (1 < M, < Mgor Vs <V,
< V), (b) transonic or supershear (M, <1 < Mg or V, < V< V) and (c) subsonic (M, < Mg<T1or V<V, <V,
) can be recognized. While the isochromatic fringe pattern (contours of the maximum in-plane shear
stress) or wave field for the (a) supersonic case is composed of only two singular lines or Mach fronts, in
the (b) supershear case there is one single Mach front due to the shear wave and the longitudinal wave
information is widely spread in the asymmetric wave pattern. In the case of (c) subsonic energy source
propagation, the fringe patterns are symmetric like static ones although the source is dynamically
traveling. However, unlike sound propagation in the air, even in the subsonic case, at the Rayleigh wave
speed (V= V), the stresses become infinite (Rossmanith, Uenishi and Kouzniak, Fragblast, 1997; Uenishi
and Rossmanith, Fragblast, 1998). That is, rupture propagation at a near-Rayleigh speed can cause very
severe, resonance-like seismic motion. Thus, dynamically, in order to have strong seismic motion, the fault
rupture need not be supershear. It can be still subsonic. This viewpoint is reinforced by the theoretical
investigation of the stress field around a dynamically propagating rupture, as described by both singular
elastic crack models and slip-weakening rupture models (Poliakov, Dmowska and Rice, JGR, 2002) where
the rupture speed V, especially that close to V,, is shown to play a crucial role in the prediction of the
change of the size of damage regions around a rupturing fault. However, this resonance or the generation
of larger damage regions due to dynamic rupture at a near-Rayleigh wave speed, or some 90 percent of
the relevant shear wave speed, seems to be nearly ignored, even though such a speed in the subsonic
range is frequently assumed in kinematic seismic inversions.

Acknowledgements: The fruitful discussion with Professor James R. Rice and Doctor R. Dmowska at
Harvard University is kindly acknowledged.
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Secondary Rupture at a Distance from the Primary One without
Further External Loading

*Koji Uenishi'?, Yuki Fukuda® Kunihiro Nagasawa®
1. GSFS, Univ. Tokyo, 2. Sch. Eng., Univ. Tokyo

In this series of experimental investigation into deeper understanding of the relation between the local
and global behavior of multiple cracks - here, equivalent to potential rupture nucleation areas - that are
broadly distributed in a brittle solid medium, we are tracing each individual mechanical interaction of
cracks while measuring collective stress-strain curves and physical properties like tensile strength of the
medium. For this purpose, we are using a high-speed digital video camera and a tensile testing machine
with two-dimensional, initially linear elastic rectangular polycarbonate specimens. So far, we have
experimentally confirmed parts of the theoretical predictions such as the change in the stress-strain
relation with the prescribed constant strain rate externally applied to the specimen, including the increase
of the overall tensile strength with the given strain rate, at least in a relatively smaller strain rate range (
SSJ Fall Meeting, 2017, 2018; JpGU, 2019). Here, our attention is paid more to the secondary rupture
that is initiated due to the expansion of the primary rupture and its possible effect on the global nature of
the medium considered. By varying the initial distribution pattern and density of cracks, together with the
experimental technique of dynamic photoelasticity, we investigate how actually the main rupture
elongates and propagates, and how the primary rupture-induced waves can generate secondary ruptures,
which will probably not be recognized simply by the examination of the global stress-strain relation.
Although some researchers do insist that rupture can develop only when external load (e.g. gas generated
by ignition of explosives) is directly applied to the solid specimen, we have found that after a total split of
the specimen into two, the initiation and propagation of the secondary rupture can occur at a distant
position from the primary rupture, i.e. rupture may jump even without presence of further external load.
Surprisingly, in our observations, the direction of propagation of the secondary rupture is opposite to that
of the primary one. Thus, the start of the secondary rupture propagation is apparently not driven by
additionally applied external energy, but it is owing to dynamic waves induced by the primary rupture.
Because the primary rupture completely divides the specimen, the external remote load quasi-statically
applied to the specimen until the total split becomes zero when the secondary rupture is initiated. In
other words, the expansion or influence of the secondary rupture really cannot be traced by the global
stress-strain relation collected by the tensile testing machine. The results indicate the importance of
observing not only the global or collective behavior but also the local individual interaction or dynamic
stress change / wave motion if the specimen is of finite size.

Acknowledgements: We are grateful to the generous support provided by the Construction Engineering
Research Institute Foundation in Kobe, Japan.
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Dynamic rupture simulation on a non-planer fault allowing
fault-normal displacement discontinuity

*Yuuki Kurihara', Hiroyuki Noda?
1. Kyoto Univ., 2. DPRI, KU

T LCoIC

FTEMEOEMBIEARESBEICL > TYIaL— M LAEETHRIEIEZ  HZEDD, WED FH< &
EBAEEBICANIZEDEDRVN, LALAYSHEROKE OEIICDOWTEZ SRR, MEOHEODEE%:
BT LEBMETEDEIEIROAV, &2 IEN LR ETR 5 b Tensile-shear? 5 v 7 €7 )b(e.g.,
Shimizu et al., 1987)Tld . RIDIC2HDEBHRIERT 2 & D BB ABRICKR>TEY., —ATIRYD, $
S—ATHAONEL S, £/, 2000FEENEFAIHEDRESICH LT, Non-double couple K9 =HF DM
NMENSRIN TS Y, SBoNREODORREMENER S TL % (Hayashida et al., 2019, JpGU), $RFICIHEF
HEAZEZ BHAICHEWVT, BOMLHAON HIRBERICHELRIZTHEELIHDZEEZOND, WBHLFHE
{ ZETHBEROEMMN L ANE. CAMARAORRIEANEOICARSZD, BYNMRELYTRB, Z
DHMREEEBMICEZ DL, YIal—YavaRAVWCHOA2SUHMBOMEABIRL -,

AEFE

TRTEABBEERE L. ERELAREEA VL, BEULICIIEBEEMNICEOMIC—RRRBY EEEAE X
7=Tada and Madariaga (2001) ®FE% B W/, LA L. Mode |3 & U'Mode IDE A DR ERICHR T 5 EE
STEFXHEIRONTSY., MOZFIWROARIIHEE#ETH S, €D, Noda and Lapusta (2010) @
Predictor-Corrector iZ&# Wz & U REMHOSVEBEEFE (FA 1t 2019, X2L) 2B\,

B8 DR RIICIE. Slip-weakening law Z{RE L. BRI TH 2. §RHOEEBRIGAVEMRDEREA (B3R
HIE) ICHBITZE Lz, £ ERISAPEDEICASARVWES ICHOEL S & LT

BB IRDERTE

IR I 2L —2avzaT WBE LT, i) Z220KoNICERNSHMEBEZERE L, MBMIRE £
UGS N 2 BICERET 52 & T, MBEDOEHBTHRHONEL 2BIBREEZED I LN TE S, AEKRT
. AAMELET—REELCRWT—RZHERLEBERICOWTHL %,
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On stability of time-marching schemes for simulation of dynamic
rupture using a boundary integral equation method

*Hiroyuki Noda', Yuuki Kurihara®, Saisuke Sato'

1. Disaster Prevention Research Institute, Kyoto University, 2. Graduate school of Science, Kyoto University

BNWIROBESEICE VW TRERBELARERE (BIEM) 3. ¥ THYBEORVWIENTRETHS I

& BAEDOHZBEFBETNIEL VO THEZERNICENTHE &, FOAMRUCKLYRELIFABAINATY
PEERFED—DOTHD, ZRAMBICE T ) —VERZRAWELBIEMIE, MEEOHEMLIKERIRT 2
ENTRETHY, Fre LB YBEZWNICEZLBMEADIGANTRETH S, FIZAE, KUBTICEFZ51 7
DEAA NV MPKERE., SEFRREOESCPRREINGIFS TIVAY TLEAFICET (MEORONR
Bahz) WEDQDETY Vv INEALND, AREKRTR. BAPMBORO%ZH I BIESHELHA 2RICRHE
ER O BEIRBIDEKRNICEY 2T ORE L, BERSDZINAZIEDTE2REARRFEOREZITI.

MEAROEZMWEMT IREEELEZLZBA. BET—NOREAR ST LB, Bt L2 RTREICS
WT. Tada and Madariaga (2001) (T&M) (ZRFZEFEHICKOMIC—HRRBY REICHT 27 ) —VE#E X
EH, TNERVWRERBEOMEZAN, BODFEICIEhT, etD 2 DDERIT/NT A=Y HEET
%, hTIZ 1 BEER Ty FICSEMIECERB VY vy RETHY ., etldSH%TMT 2RROBEERAT Yy 7RTD
W& (0ABEMR. 12KEIR) TH2, KoOTESHEMURELFE L ZBEOBBEROIRELN S, BUESTEFE
DEREUEERLINTGA—IRIT 1 5{To7z, HROBFEITRERE LT, RER (hT, et) OEEITEMA
FREZLTHY., RERBEFEDOABICIEINOGEBRITNIA—IDF1—V IHPRETHZIENRIN
foo FLEIOREREBIIHIBOE—RICE>TERY., BEETE— NEIEEZEZZBICEZ ZHEROOD (hT,
et) IIKZEROSNDZEFEARD, BICBIEMOFmD—D¢ LT, KEZIDERZERARHICAVTHEELERE
BT 2ENMEESINDD,. ZORDIBEICHERTEER (hT, et) BFET 20 E D NMTEBATIEA L, B
MDBEAICKL Y BEROIRSFMAIZ ZFE (e.g., Kame et al,, 2003) BMERINTWB A, HMHEREDE
EEDF1—=—VIiPNEERD,

TERMOEKR TALERFHTEY B ZBWENRIROGE AT o156, BIEREOBHKEMNIC

RO BN T, BEREHIEHBEHNICE KT S, COEHIS, BERADY I 2 L—2a VICEWTHEED
SL2DTRBVWAERRAIIT, 2RTHBICSVWTROROBBEREABEIL L. MBHOER (ZhE
BEVEEOICHRELEZBEDRA) 28 8TEALYIalL—ravaTozfi. $ERE L TELONIZVOX
BUEM - BAEED (hT, et) ICKET D2 & bd o7, FEE2TOE—RNICEAL T, ZOXNEIBINEE &
TERMORE M ICEAAHERAIER I N, REUEMEENEDOEEDL. TRMOREERZFICHET 5, TDE
MO EDRERIFIEELNTZEE R B,

Noda and Lapusta (2010) (&FERTD V) —VEBEZRAWZARYI MVERES AERZE (SBIEM) (CFE
L T. Lapusta and Liu (2009) DFE=MIEE L -BEROIRIAI RSN E FRAFBEFEERELEL, Z
DFETIE, BWHEEERT 2HABEERTY 7OBEXME (et=0) ICBEL A, EUNEREBEFEE LTERT S
VIZEBIRAT Y TORRTEREINDS, FAUFRTYy TE LTRETEMICEITD et=0 EAHFDEBRATY 7%
TV, BoniVeE 1 DBEDOHRBRTY TOVOEHE DR Ty THOZMEEREE T 5, RIEBEFR
Ty TELT, B SNEBEREAAVCEBURBAT Y 72T TLYVRWEZDERA#ETEL., Iho%s
RIEHRETERRE L THRAT %, AFEOFOERIT/NATIA—FIFhTDHATH B, NTA—Y XY T 1 DiE
£, 040=hT=1.14 DEVERBGEICEVWTETOE— NI L THERBOREI BRI N, FEFEDOR
EMICEL TIE, SORN-EHRADAA5T, HEMRPERERNICERT 22 RERITELE X
LOREMELH B, SOFEANLEEIE. BYBLCACPEERAZAWVIBEONERGETH S,
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SORETIFETR TEBERTY T2 2BEICOITTITON. BEFRATY TTEHRITIONERFOBED
HTHZDDT, BEOEREICEAT 2EHAAESZTHOOHIKEML AWV, Zhiil, BIITRLELRIEEE
RIZEECTEZ2ETHD, AFEERFNICHEROEABELIEZEDTE S, RAMNARETIIAVWSE

EZibhbd,
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A Preliminaryu Analysis of the Fault Behavior of Shallow Part of the
Fault based on the Dnamic Model

*Kenichi Tsuda', Samaneh Arzpeima1, Sachio Ogawa1, Takahide Watanabe', Tetsurou Sasaki?,
Satoshi lwase?, Tomoki Mukudai?, Jean-Paul Amouero®

1. Ohsaki Research Institute, 2. Chubu Electric Power Company, 3. Université Cote d'Azur and Institut de Recherche
pour le Développement

TL—MEREARMETH 2201 1FERILMARIEFHETIE, RBICBVWTHIOMA —F—DKTAYH
HEINLZER, ZOEEISIIERHOMESHOREIN NS VWE VWS LFEBABREINTWS, £, K
REMDER I HEE D201 6FEEAME TIE, AHIEX 5 = X LM EILHE S A E DR AME A AT ETE Tld A0
£EDD, MEEEDOHR(FER)ICE W TER S MM 2 KIRIEOREL/ L 2 D% /K ICHTE RSB DR
DEELATREESERINTVS, Z0LIIC, BRI TOMERORELEZIEMRT 2 &1F, BE
EOWBEANZZALCHMEFNAEZZLTEETHDEHEDOD, RERICREL-METELONABARHFOERE
BRELESTHRVWED, BEYI2L—YavIcEIK 77 0—FIUBERS, T TERFERTIE, WEER
HTOMERORIEEHOEMABIETIEE2BME LT, BHENMBRIES I 2L —Y 3 v ABWTHE
BEEITNEBE TOMBXD TCOMEROWIREFHDEVE, hREA TOMBROMERMICET 2R %

T2, ZE9, ISHBRTEDKEL(10MPa)FEE(SMGA) %3 D% E L - FEMEB(ERA65)ETIL & 1ERK
L, BTNMBOAN=ZZXLERELEYIAL—YavaiTok, RIS, BHMBEEBTNETHRET S
MEOHEERIA D70, BINMBO I AL —Ya VERISHELAMEDY S/ =F 21— R(Mw7.0) &
BALICRZEDIC, PEBDOETILOSMCGADIEHMBETE % A(BMPa) L1z, &, ISALL(=FREBB/ IS
BRTE)E, tMOEREICOVWTIHETNMBOETIILEBKE L,

BIhEBE MBS DY Ial—Ya VEROLENS, IRYSHEPTANY EEEEBRHICOVWTR2EN
RBEICKEAREVWEIRSNT, MRMEDEZRBEE TOT AR EEDOBBEREHROMKEREICOVWT, WIh
DETFTINTEMBRIEOERABA TR RZMEANRON, £, MRETOMEE(GEAEE)ICDL

T, BITNBOMBIEEICS VWTHBLTHRODNAZ K BB EEANR LN, SKIE, MBRBOENAY
DcHICEL TL WA #E=EL TV L,
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Re-examination of possible scenarios for large earthquake in the
Hyuga-nada region based on numerical simulations

*Ryoko Nakata', Takane Hori', Mamoru Hyodo'

1. Japan Agency for Marine-Earth Science and Technology (JAMSTEC)

HRECIEIAEE, AO—MEPME~6 DMENRET 2L, HBRFENERTHS, HRHEISSRKE
ICMNF TR LTWBRBNZAO-—RY Yy TARYMDIRYEUI I DDEIT XAV MR T ENZD, FEID
FIDHBEETZ2EIA VY MIBFILTVWAELDICRAS, 2FY. 7L—MNEOEEBEL,HF Y E AL, TR
UHAEBABICIEECEIRATHD I EATERLTWS, REMAO—-X) v T4 XY FDupdipfilix, @&
KICKMENREL TWBBITHD, ZDBEEHT, 2019F3F 5812, M5.4~6.3DHMEASEIFEE L
oo EBIC, BEOMTETEDHE (SADMEIFII70FEDHE, SEDMEIL1996FE108DHE) DOER
CIFERALCTVT7ZTRELEZERONS,

MEROXMEOERE VY S 28 EE LABEBEORTIE. IWAEFLELY TV, TN X CTLHEINEBIRET
HoBETHREEINEFRICAR > TELEWVWDIZ I, ZRETRCEAZL TWEEET. BENIEANT
ETCWBIEETBLTWREEZIONS, DFW., ZOMETRMEREMNMES R > TVLWSHAEEMELH

%3, HA#MEBERTREESZRMEE LTE. 2914 7H%, H200FIC1EDEETHREL TWBM7.58 LD
HE (1662%F - 1968%F) &. 10BF~HTEFBERBTHREL TWBM7FIE6.7~7.2)DHE

(197045 - 1996FR L) THD, £/=. 1968FEDHEDEREBAZSTCEMABEOILAIE. mEENS 7 TRE
THEMS>SHEDERBEDOAERICADAEMEEH S, 1662FEDMENEREA+2TCHBEDOmEAIZ. 2011F
bt A KEE M ERIORR E DELEEH 5N, EDL D RMFEEN,. EDI M TOMEREHEL
ZEETRBLTWVWEON, BIYIZVFIFESHORFLTELMDENH S,

ZFZT. BrcldHE#HISEB L. BEPOEDOHREFINCOVWTEEHDEEHIC, FHILERETIEBES LV
WERKEHA LI alL—2avICRYEN»>TWSE, FEETIZ. BEEICH T3 HMBEEFHOFT O
ELFHERYIAL—YavEERICINA T, B8 b > 7 [Nakata et al,, 2012; 2014; Hyodo et al., 2016;
Nakano et al., 2018]8 & U'HAEE [Nakata et al., 2016 COMERLE YA VI Ial—YavTHE LN
MEAHEIC, HE#ICE T2 T L— MNEBEORRPSEEIWIZ V) FICOVWTRETT %,
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Relationship between size and frequency of earthquakes by modified
Olami-Feder-Christensen model

*Yasuyuki Iwase', Takao Eguchi®

1. Department of Earth and Ocean Sciences, School of Applied Sciences, National Defense Academy, 2. Formerly at
Department of Earth and Ocean Sciences, School of Applied Sciences, National Defense Academy

EROBBIBREIRETHZZENBLVOT, BES I 2L —Y 3 VI BHREIRNERL, BEREY
AONDEEYIalL—raveld, 77 82y VEE), HRBROEE - ME. BRDOEKRIGE % TICHEE
SINEAEMARETIVERENICE ZETHY ., SARERRCHERULISB/TONIHRROBELREDIF
WHERET B ECHEROEMRELICE 2T, SWARE - SBE. 2%V, BRIEVLWY
Tal—vavhAagEERYDDOH B,

—ATHERES A VN EBELFIEBETILICERALLIY E WS IHABITADNTLS, Olamibick > TE
L XN 7=0Olami-Feder-Christense®5J)L (LLF. OFCEFI) FHhEA2RTOEIA— M M VICK>TE
FTIMELEE DT, REBEAMEREY A JILETILIDOVOEDTH D, OFCETFILTI., EEILDVTH
(ZRIVF—) FREBBHOER - BN - BEOHEERL TV,

HEDOFCETIE LV ZDREETIVCIE. F—FURILY - Jed—DRBIEERKIC. HWEDIREE ZD
HREEE L OBICRERDOERIMIILDOZI EHEZWV, £, REOHE & RAKICKEEMEORREMEPRE
REBEEDEBIRONDZEVIRELH D, TDZ EIE, OFCETILAEMANS EHMEREY 1 7 ILDK
BARZITVWAHREMATRTLTWS, LHL, EEOMKETRET ZHMEREIT EICE T ENRERYE
ICHEKET D, TIT. AFRTIE. OFCETILORER%E & W HhEZNARIIBH SFHAAEEICT 272HI1C.
BEFILE LTOREER LAY S NEHNLBFEOVWL DD EETIVICHEM AR, RHICEZMEREDEL
=RE L,

—REROFCETNIC L ZETEFIBIEIUTDOBY THY., HLADETILEIDRNICK->TWS,

1. 2RTTDIEAF. £LEIRERAMDOKBEEZ, IhiatILICHEIL, EEIVICHEHOTAH (ZTXIL

¥—) |, FERBAE LTI VY LRBEESEZ S,

2. TRTOELTOTAHEEMIES,

3. 152 EITUOTHINFOREL THIBFEIELZS, ZOEIVZVTHERBKL., BETZEILICEHK
LEOTHEDET %, B, BEOEROBEEILALVEILIE. BRABAANDVOTHDEERKTRDAEWN
(OFHlEEbNB) .

4.5 L. 30HR. PEAZHEZEILTOTANBEREISELLES, ZOEILTHEOTAOEN - DEETA
Do

5,43 RTODEIIDFE OO THNBERERBE LD ETRYIRT,

6. TRTDENICHLT3I~551T4D, VEDDEILDUOTHIEFEIGELZZ &ICK Y, EEMICHKEL
FOTHEAROEH AV EDDMEDREL T 3,

7T (B3 ISETBFET2~6%5#YRT,

SEE., —EOMBEE THBRIERE (0F Y., OTHDERE) 2ZLTZETIN. BT EDRIEBREIR
BICIKTFELTELRTZETIV. SSHICELTEDVTHDEERS L UBRKERNEE - ZREICKEL CEET
ZETINREEMEK L, BIEBEPOTHOER - AROEEN - BEANARELEZERL TWAWERD
OFCEFILE DL A TR >, ZDRIC, EIC, HMEDREE ZOREBEICER L THEFETR 7=,

ERRLEEETIETARTTT—FTURILY - e d—RAIERBFICREFAIRYILE, TOREEH
[2-1.0~-1.61RETH >/, IBOWIERE A2 ZEBMNICOALTILIBALETIORESI/RIIH-1.2&00, K%
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FEDOFCETIL (HDOH) DAREZERBEIFIF—HLE, LKL, MBOWERE #RENICEELIELZET
IWTREREZBBOEZELAR SN, HIZIE, —EHEOREL I DBEFRIEEZSO%IHESSHE, RFEX
Ty TTEIC1%DD2EESEAZETIL (AD+E) TRRNEIEHIIW- 148 >7, T, VT HDEBERY
HREHNEILT A TERZIBRED’ELD DRI NE, BEE EHICOTHOEBRNIKRE(A
BIGEIXEBOHICE ST REZIRHOMBTHEN D Lz, O T HORBIERDOIEERA Ty FIE > Tt d
ZETIVCIE, MREMENRE LA Rod, KEEMEICE L TEIRZRAHNRE SN, XEEROME
BlEREL BT,

HEKDOFCETINTHOT HDBHBLIADDERAZ(LIEZ EREFEHHIELT I /MO TYL
5, INLDT END, RNEEHT. B—EFERTY 7, ERZEBRATY TICEAHLLT., REENMERFLE
ZUOTHEICHTE2RERDODREFLTVWBZVOTHDEICEKELTWE I ENTERING, F—FURILT I E
7 —RIDIEZE (b)) OELEEHLLTHTEEDORHEREPKMEDRIE TOVOTAEBEEROEI/IEINIC
HET2IEEIEZIONS,

100000 e
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Poster session (Sept. 18th) | General session | S10. Active Faults, Historical Earthquakes

S10P
Wed. Sep 18,2019 1:00 PM - 2:30 PM ROOM P (International Conference Halls Il and IIl)

[STOP-01] Compiling descriptions on tsunami accompanied with the 1914
Sakurajima earthquake
*Reiji KOBAYASHI" (1. Graduate school of science and engineering, Kagoshima University)
1:00 PM - 2:30 PM

[STOP-02] Construction of fault models in the Izu-Bonin Islands area and evaluation
of Tsuami
*Kimie Norimatsu1, Hisanori Matsuyama1, Tsuneo Ohsumiz, Narumi Takahashi3, Hiroyuki
Fujiwara2 (1. OYO Corporation, 2. NIED, 3. JAMSTEC/NIED)
1:00 PM - 2:30 PM

[STOP-03] Relationship between linear surface displacements of the 2016
Kumamoto earthquake sequence and distribution of aftershocks
*Satoshi Fujiwara1, Hiroshi Yarai', Tomokazu Kobayashi1, Yu Morishita’, Takayuki Nakano' (1.
Geospatial Information Authority of Japan)
1:00 PM - 2:30 PM

[ST0P-04] The Timing and Extent of the Last Surface Rupture Event on the
Himalayan Frontal Thrust in Central Nepal around Butwal
*Koji Okumura’, Prakash Pokhrel?, Soma Nath Sapkotaz, Hisao Kondo?®, Takuya Furuhashi* (1.
Hiroshima University, 2. Department of Mines and Geology, 3. Geological Survey of Japan, 4.
Taiheiyo Cement Coporation)
1:00 PM - 2:30 PM

[STOP-05] Paleoseismic activity and fault-zone architecture of small-scale faults
developed in the Late Cretaceous shale
Kazuo MIZOGUCHI?, Toshinori Sasaki?, *Takahiro lida', Takenobu Tanaka® (1. CERES,Inc, 2.
Central Research Institute of Electric Power Industry., 3. Hanshin Consultants)
1:00 PM - 2:30 PM

[STOP-06] Shallow geometry of the Kamishiro fault by high-resolution seismic
reflection profiling
*Naoki IKEGUCHI', Nobuhisa MATSUTA?, Kyoko KAGOHARA?, Shinsuke Okada®, Daisuke
HIROUCHTI®, Shigeru TODA®, Tatsuya ISHIYAMA', Taro KOIKE’, Katsuya NODA’, Hiroshi SATO'

(1. Earthquake Research Institute, University of Tokyo, 2. Graduate School of Education,

Okayama University, 3. Faculty of Education, Yamaguchi University, 4. International Research
Institute of Disaster Science, Tohoku University, 5. Faculty of Education, Shinshu University, 6.
Faculty of Education, Aichi Education University, 7. GEOSYS Inc.)
1:00 PM - 2:30 PM

[STOP-07] Fault Distribution and Structural Characteristic in the Nankai Trough
Area, Japan
*Rei Arai1, Narumi Takahashi1, Minako Katsuyama1, Shigeyoshi Tanaka1, Hiromi Kamata1,
Tomoyuki Sato?, Takahiko Inoue?, Yoshiyuki Kaneda® (1. Japan Agency for Marine-Earth
Science and Technology, 2. National Institute of Advanced Industrial Science and Technology,
3. Kagawa University)
1:00 PM - 2:30 PM
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[STOP-08] Current status and issues of active fault research as seen from digital
active fault map of Japan [Revised edition]
*Kohei Abe1, Ryo Tateishiz, Nao Shimoyama1, Atsushi Miwa1, Tomo-o EchigoS, Shinsuke Okada®
, Toshifumi Imaizumi* (1. OYO Corporation, 2. University of Toyama, 3. GRI Corporation, 4.
Tohoku University)

1:00 PM - 2:30 PM
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Compiling descriptions on tsunami accompanied with the 1914
Sakurajima earthquake

*Reiji KOBAYASHI'
1. Graduate school of science and engineering, Kagoshima University

1.1 x LI

1914FE1B12BMEKREB X EMENZEAI G L TWaDH, 180309tE, v/ =Fa1—RKM)7.1DHE
(LIBE. 1914FEREMEEMR) AEE L [(FAIK. 54 (1920), Omori (1922), FIEE (1981)] . EIR

(£0Omori (1922). Gutenberg and Richter (1954), Fi& (1979). FIER (1981). #&7 - fk (2016)IC & > THE

EEINTW3, Gutenberg and Richter (1954)(F, BDERICHEARKXESRICANTWS, OAERDERIE

MEOTEI SEDEFMRE. EEIETESICMMEL TWS,

ZOMETIE, BREEHAINTWVWS, 2D e L, BREFBIBRICFELTVWSEEZA SN, EIRET
BIZOWTIREFLELL D >TVLAL, M7.1THNIE, HRAPCEEEICEEMBIEELTVWTESMNLL
W, LA L, hREPEBE@MmICENZEVWOIREERV, DEBEETREON > VWIREL RV, T
EDHEREATH S, ZOHY TR, FBHBEBEHESNTWBEEE AL,

BREETEMTOREEIIRATERE~6EEHEIND (4 - i, 2017, JpGU) . BRI’ B ESHEMICE
(O M71EEhabhYIc, COBRERNEV., TZOREADEMEDTIDE LT, BRMETHIMERDOKH 'S
<. BRI SBENIGFICTHEROBAMEN, WD I ENFEITFLND,

ERMEBDOMEIC D WTRALHIDBREHNMEONZ I EEHM/FL T, AMRTIE. SEIXTAXMICS T
ERICET B ERHB I EIC L, TOBET, BERMTEL, ARRTIE. IThETEHLN
SMMOEIBE, ZIHNLOHEETESIEPRBARICOVTEREZITI,

2. R DEEak DB
TARTCERY EFBZENTERVDT, KRB EDE4DEIT S,

- SEEEHFET REBIUBAERERE] (BRI, 1914) : MER-f#eEEN\8ISHYCE/ /0
Y. RHZHFBRAR A /HEZEI/NERIHES ), BB -_RFHE NARR=K/FERALY %
VAR 7V R = =) YRR/ E=I L/ VNIRRT ) T o RERTE-KRFIIVEZLxL Y
N

REZFEEXERR] (BRISHERZETRRHAHE 1914) : HIWKLERETERICIE. BEIOH
HRBEFERY., BROBAERVWTAEBRICMATEANEBIT LDKB, RYKRISARMELICERL. A
BRIEICER»Z2ZE L EBHE LKL, HIFERAZBEMGEICEY LADRICET 51, BMNIBRIZ=ZERZMK
L CRERICEREREY &, XMBRIFHDORHEMEIKXROBORELEZEHY. HDOBEMITHORMIIIAA S
BELVICRLRLY & |

MeREML S EHR7ET0RBMHUWETR] (J8RET, 1995) : TRE=F—F—"H., RUOEEEEIEZ
Y, MFETDIRBEOLDICKIZRNIERL T, SLEDOELRBLREHELEILREL. SETOERMBIZ—B
ICLT—EDBEEL, ZOBREBBZEETELVHY S ETH o7, |

MsaARBETEEE]  (IAARHET, 1918) : TKE=ZFESEROBRHKBEZRE LD (1RES)
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3. &R

ED3DDEEN S, BERETARENSZDIICHZHBRETDAREICHIT T, MAENLY., REIRET S
EOMBREIE S EN DD D, KL, IWRITOIEAT—EADBEAELADIZ, YT TREIY ORENIHE
IMBEREDOHEBLHZDTEEBVWHNERDND, BESELRICEHY 2IAARETICEWTIE, BREDOREAK
BMEEHD, Ihid, HWEOREMAELTWAAWNWI L, BRERRINTAWVWI AL, HBETICESD
DTHEBARENH D, & LEILETNIE IARE TREEZQZRALH, > HREMELH 5,

KRELEEYEORE, HBEKRBEEORMIE. BIMEILoTWE (BRELIESSDBITHESEICE > Tk
BERBEENDAN ) . BRMEBL VB TRELLSE, RELEEFBOREZE > THRRATIEL
EZIC, RBIZRTIEEDBVWHIH DD, ZHIDDIVELNHDEZD, ERIMMBLIVILTRELLIS
B, IWAARE TRHEBQRRD LD S IARMEDHDDD I DIBRENH D,

RAIN1914)ICBWVWT, NSREFEDH &, 200 RICKETRBRMN2OIZ 2 EMBRSNTWS, £/ TK
EHENOMKICEAT 2FMAERBEE 1914 HEBEAREE] (PRHEKREZ - KR OMWKICET 25
FIfAER, 2011) TIEHMEREDIRERIC/NREBEREZRNIRELLEEIMINTVS, THhIZDWVWTEAY Y
TILDREEZFELTWREIBTHD, WTNICLTH, HEHIS200~1RERISGERIE-TVWE I &I
B3, ZNICDVWTEZLNEZREDERREIZ2DH D, 1DHDEMIE, EREOBETVENANEL, ZDRDE
25, BIK., EFmEDNDI B, 200~ 1HBBDEIAE I > TREMETHZ, REFEOEEIREHERZL
TWaHE LRV, 2DDDEFEIE. AEHKLER. REALSTERIEY AFRSINALARETH S, 200D
IBEEELANBYITHEINISERDORIET D2HELH D,

© The Seismological Society of Japan -S10P-01 -



81 0 P'02 Seismological Society of Japan Fall Meeting

Construction of fault models in the Izu-Bonin Islands area and
evaluation of Tsuami

*Kimie Norimatsu1, Hisanori Matsuyama1, Tsuneo Ohsumiz, Narumi Takahashi3, Hiroyuki
Fujiwara2

1. OYO Corporation, 2. NIED, 3. JAMSTEC/NIED
1. FANE

AMBTEERFEESFOHIISBONHBRRICEEDE, ERBLUHMEFHOFTRETE CH A TREL
BETIEABREIZLODFERERITILTVWS, INET. BRBEES SOEAEEESEEICOVWT., WE
NTA—YDEREFEERF L. MIBETIVORELTV. MELTE L (FRIFD, 2018 : HEZSRK
KRB E) . SOIFFRE - NEFEBEHOT V9 —74 XS L CNEFRBERAEN. SED. HEEE, 82NE
EEIDMIBATIAICDOWT, MIB TIREEDRERENERIMBET V. BE1946ETIL %55 Ebto

2. \IBETIORE

BB ETILDREICHT=> T, AARTIEFEERINZBAEREZE &IC. KITHRICS T ZBEFOMET
TIVDEREHEESRL. EOERMIFEEZH SOOI NI X—% (HBDOMHE. RS, LHES LU TIHDR
E. M. ERA. IXVA, B FHIRYE) 28RE L, AWEEEBT —4ICid. BHRIFEPREICE
HAT 2 HEEECHBE LUCMEREDBARBRZDEDICEFNDIESDENDH D, INSICDOVWTIE T8
ARMIESDE] ELTHBETLMICIES DEDEMAEEZ DI EICLYERLTVWS, —A, T—9 %@ER
L. BIBETILE L CHEHb, RBETIRICERDODZEZAAPHELNHY., —BHITRETZRVLEDICON
TiE., TEREAMRREEN] S LTEBNRNY—VDONRTA—95BRE L, FHIRYEICDOWVWTIE., BT
BEE—XAY NEORBRMBREHOHT AT —Y VJRIOEHHNREICH 1 cBREDIESDOETDEHEAAEE
T25IET. BANESDOEAEBLTVWS, MBTIHEEDREICOWVWTIE, THMWRREIELTHRET S
BEE, THREMEZE L. JYRLADREELTZHED2BY & LTHRELE,

3. 2 - NERBEOMBET IV

FE - NERBHICEWTIE., DBEICE T 2MBRREATME 70 o b CBEEPJ) | T 7V

Y =54 ZEYOMERHARRICREI N, 7UI—54 AMEIF, BERMEOREISRCERL, KE
IEREBIERBITARRMEAHZEEZLNTVEELDOD, COLIREBRAICHEEDKMBET —FICZL
CHRDBFBLTVWBHMETH 2, AR TIE, BEKEP J THEONEMBET —9 ZAVWT, £THES
SHRL. MBETIRFEDREZRE Lc, THMLTWREZRET 2HEE LT, RILhAXREFHiE
BICEFEAPDOT VI -4 ABETHRE LCENMBHMEOREREEZSRLTRET DI L& L. THREER
EEBLLRETIE, M/ BEBBOREE LTRETDIEE L, 7U9—5 14 XN DEZDOWE Fin
FEIZ. 2O SIMOME N KEEMR EFHUL TVWE EDORFMRICEZ2MELN L, FHNL T mEE &
L TBEMEP J TRONALIRTEEBES LY, ISy FEELTHREL, THEEZERLLERE
ELTR IMimEIY Sy REE LAE EOMBIRICSkmZMBE L/ EDRT] & LTRE L.

4. IEETIVERAWEEBE OB TR
BRELEMBET LEZRWCSERFAGEOMBHMAGTERR TR, BillE L UEEE. SMNEBERLOWE

ICEBERIE, BEMBOESNKIEEZERL TCET VY —F 4 XEHOMEN STBEINDERDIFT D AN
EMCREIRPEEBZRITEVIRRNEON, TUI—F4 XBHOMEN SBES N5 ERITBIR
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BT20mZBA B Z A FREN, AMNCBWTH, BARAZOAA5Y, HEPHRBRESICEHM~5miE
EOEENFEEINT,

5. ¥&o

AREDOERIE, KEK, BROAFTELTWAET Y-S54 XEEOMEICDOWT, BllF—9%2E &I L@
BHREEBETIVOREETV. FE - NERMIBOERB K ERETT Z2EOH L WVHNRAIE, FIC. 77
Y—Z4 ZWEBICK W EIBEEEDOMIE DA TR, BEHNICHN TV RHIBICEWVWTH, EBHMAEZQERD
BELBREWVWD Z & S, BRICEDZNY—RNHEERETTZ LT, 7U9—F1 AMEEEET S
EDEEMERTREREMR ST,

(BiEE) COMTIINERFEICLS BEHICESIT2MBERRATEM O/ M O—BELTERL
L7
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Relationship between linear surface displacements of the 2016
Kumamoto earthquake sequence and distribution of aftershocks

*Satoshi Fujiwara', Hiroshi Yarai', Tomokazu Kobayashi', Yu Morishita', Takayuki Nakano'

1. Geospatial Information Authority of Japan

1. FL®HIC

2016 FREAME CIIMRDOLHEFE THREBICL Z2EMAIELTE Y., £ESIZALOS-20DSAREHWTEZED
ZAZEMICKRELTWS, INSDOMREMORED IEERMBOMEEE THIATZ 200D, HRICIE
ERETEDE E TIXFRATEAVLWRITER (BAZEVWHENE) ’MHZCHENTWS (Fujiwara et al.
2016, EPS) .

AIBETIE. REDHEOERDOMKRBIHIEDL D ICELZDI2EERT B,

2, MRETERERBOH

MICthRMTERF & 2016 F4F14AN 52016 FRXTOERD T (EICREEEZIAOND) ZRllk, RE
&, BRAMBE,OMA/IMEFTOEMBICMNTITE, AEHEALTSOLRAICERLTFELTVWS, R
MIEREE Ch O DRBESHMNERDIBAICEEL TWVWEHEDHE L,

(1) BRAMES
BT DI CTHRIBR & RESHIIL—BLTWS, BRAMEBRICER L. HEEARICHZEEXDL
NZHPEOMKRITBMEDOREED S —HL TWD, MR TRIMRMEBIIRSNBVWHNRERES L,

(2) KEiFfhHE
AR BFRICER T 2MREHOEFEENMTHENTHY ., KREFHELI—HLTWS, ZOBRIEERER
BETFTIICKDACFFOIEINEE —HLTWS,

) FEAILTSILE
FIEEAILT SAPSHILTSDHEBZ TIERICEV 3 MREER & REFENA—HLTWVWSE, ISICIHLERE
RICHEAEFTEIIHFEUVWTWE I RFBIIRLEShTULARW,

(4) FEEH LT Z36 - FE) BB RER

gD IILT 5 OFEEIE, ZOEMMEADIEY DED & D ICRRIAICER 2150 hRTBEE IS <
BN/BmTHs, LKL, thOMRMERE S IZERY ., REFTEBIF2/<CBohARV., ZOEDMHME/IER
BHEDORIEP I SICEHOMEAIL T SOEASROMRBHE TE E 272 KRELBA I TV,

3. X

hRETEEDHIRIE, BAMEEZ N ) A—E LTRELTWEIERFEETHS, LLAanrs, BRHBED
ERMBAMEY H L ROTHBRIIHN S IGMRTEF OB E ZERATE RV, BAMEBEREMET
ICHRTERZBD T O HDERD D> ENMVETH D, REFBBOFEF. P & HBAMBRIC
VIHDNBFEELTVWIINTEH 2 DT, REFB L MRTBEFHOKRICASHIOOEELHZEEZL SN D,

(1) HRUTE & REN—
KEIFMED &L D IS, BAMEBEOREICL > TELLMBEE L WRMBEOH A KT 2HAMTHY. BIR
BIEICE > TE LB EFRICE D2V TANREFEREEFRLLIETWEEEZI SN D,

(2) thRETEN H > TEREDL W
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REFBEDLVDIE, HEHEVTAD T >TVAWN, BERMETOTAMNTIFEEINA, L IFHE
DREELICKCVEBEICR>TWS, OVWITINTH B, L, REFBEENF/RELTWVWEZEML, B
HEEVTHDTE>TVWARVERREZISNG Y, TZTEEIREZE, MEAINLTSOIAEIRICELTWDSE
HIIMEBERRE TERETINITEAEHAONTWVWC ETH D, TNSDIBRRIEMEAILT ZHEDOBAICE &
FOoTHEELTEY., MUICHELZILEETHIZENESINS, TONUMEELRE > T, FA)I
BB BRI R S RETERE N REAMERFIC— SISO T AEFE LZE VWD IREENEZ 5N B,

(3) HIRETEA 70 < REAEF

MOIRHBPEAHRICH=D, REFEDHDIENSOVTHIEHIRELT>TVWIHHATREHZ, LH
L. BRMIENSOESRDIELY, WREHZRAMEN N A—F2URNNSH oL DR EH
%,

ELf
ARETHEALIZALOS-27 — Y DFFAEEIZIAXAICH Y FT, 2hoDT—4 13, ELIBREIAXADOE DG
ERVHMEFMERRSARBIT T —F V7N —TDFECEDVT, IMALGSREBEINAEZEDTT, HE
F—YIRERRFO—TLEREBVE L,
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Figure Linear surface displacements and aftershocks

of the 2016 Kumamoto earthquake sequence
April 14 — Dec. 31, 2016; 0 <depth < 10km; M > 1.5
after JMA catalog
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The Timing and Extent of the Last Surface Rupture Event on the
Himalayan Frontal Thrust in Central Nepal around Butwal

*Koji Okumura’, Prakash Pokhrel?, Soma Nath Sapkotaz, Hisao Kondo?®, Takuya Furuhashi®

1. Hiroshima University, 2. Department of Mines and Geology, 3. Geological Survey of Japan, 4. Taiheiyo Cement
Coporation

The 2015 Gorkha earthquake ruptured only the deeper northern part of the thrust during the Mw 7.8
earthquake, but did not rupture the surface and shallow portion of the Himalayan Frontal Thrust (HFT) in
south. Since then, the evaluation of the potential of the future surface rupture event on the HFT in central
Nepal in south of 2015 rupture became an important task for paleoseismology. Mishra et al. (2016),
Bollinger et al. (2016), and Wesnousky et al. (2017) proposed respective 1100 CE, 1344 CE and/or 1408
CE, and 1221 CE to 1262 CE (possibly 1255 CE) for the timing of the last surface-rupture event. Each
report eliminates the timing of earthquake proposed by the other authors. Therefore, it is necessary to
think over the possibility of multiple events in short (less than 100 km) segments or of misleading
radiocarbon dates. Also, the existence and the east termination of 1505 CE Indian central seismic gap
event (Malik et al., 2017) are not certain yet. In order to solve the rupture history and rupture extents in
central and western Nepal, we excavated two trenches across the HFT around the city of Butwal. One is at
12 km west of Butwal at Sorauli (27.70°N 83.36°E) and another is at 60 km ESE of Butwal at Susto (27.48°
N 83.86°E). Around the Sorauli trench site there is no clear continuous scarp along the Siwalik hill front,
but “100 m wide zone of alluvial surface adjacent to the foot of the hills tilt toward south and juxtaposed
to flat alluvial surface. The boundary between the tilted surface and the flat plain is continuous and looks
like the active front of a flexure scarp. The trench across a small scarp on the tilted surface did not expose
any fault, but a fine sand layer was tilted towards the boundary. An Baesian model of radiocarbon dates
indicates the timing of tilting is between 1328 CE and 1435 CE. This period coincides with the 1344 CE
earthquake (Bollinger et al., 2016). The Susto trench in the east of Butwal was dug into the foot of 20 m
high fault/flexure scarp below an uplifted terrace surface. In this trench also, 13° south-dipping fine sand
layers appeared but the fault was below the water table and not exposed. The timing of the tilt in Susuto
trench as well as results from investigation in further west in the boundary area between 1344 CE and
1505 CE event will be reported.
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Paleoseismic activity and fault-zone architecture of small-scale faults
developed in the Late Cretaceous shale

Kazuo MIZOGUCHI? Toshinori Sasaki®, *Takahiro lida', Takenobu Tanaka®
1. CERES,Inc, 2. Central Research Institute of Electric Power Industry., 3. Hanshin Consultants

1. IZC®IC

BB IE, BEEZTORWEEZEL T, 2A0KE, ER, TEASARTERINTSY, HEHLIR
TELHMTRE CREENVERILETRE) PEREEBAONCTEZLET, TOBRIMPERERIIEER
FHRBED—D2THS [1,2] . LHALINETILTONTEAMBRRTOMEIL, BRhEDETERE LA
HhEDOHEME S SEEMHOSWVIEICHE > TH Y, RE10LERFEEIL TLARL, EEMEOEVETEICET
ZMRIEDBN. ZIT, BrlE, OO BREFHELIEICS T RARFEROFHZHME T 5 BN TH
EET>TCER [345] . 50, APEADPHHEZICEWT, BEEBYMICEDLDNATWS, FEBEDEVEE
ZALNBEERMRTEOEREE RH L, HEHE, MERERSEEDRKH, MERXREIRT (XRD) 2%
T-o7=.

2. BHEEIDOBERRS & UIHIFRER

MIERERIE, KPBRAROMIHREDHEREATHY, KF/IDAKE, BE63150WEAIRIED2H\ATICER
Honf. KEINAKRAWICIAREABOWEB, 2B L THY, WEBRICHEE, BEEI’ M, TRIN
TW3H, ZOREEHICERNSOE, tERI0°, HAHIRIOMEEDMENFEL TVWHDEMALL. X
KRBZRALAAREONEIX, WEBBOBICREYT2EEBFICKELTVWSI L, MEDER, 1R
#, WERHEES, ARTHROONLMBERA-—DFEHEZEZALTWE I ML, HAKRDOMBIER LI TH S &
BICTZ, MEBIIEBREHEBENICE > TRESICEDODNTWS I L 2R L. hHGEOER, COMBERE
BTED, AREER, &5 (W30m) ICET I &b, FRIEFHN (1992) [6] ICHIFZHAINIEIC
BT EeEIONT.

3. BREME L ME & DRERME

BHEARN S, MEELOREMERICHBEOERIIZZRD SN, WEMICH LD R EMERDBEA
BArZENTWEYIRLAL. FLREREOABORMARIERABZAVTS Y MIBE LR TELLE
DIZLAW., IhoDZ ENLMBESOHEIIBRERBICITEL TVWRWEEZI SN, SSHICHMICKRE
HMECMBEEmOBRMZIRIIT 570, MEHEBRAREZSORAMOAB 2 BERAN SRIXL, HEHDF
B, CTiR®, BREREZT>7D, WIhOBRRICEVWTH, EEELICS T 2BERERTO, WE@D
ERY, BORBABROE(LLEMBERICL ZHELTIBEIROONLN S,

4. ERADIHER
R IEIE10emT, SmiZEEDMEB AV Y &, JVBNAEABMTERINDG. ZIHhLBAD Y, B
A, MBRRHEDORETCHIESAZREIL, XRDOWMS LUVLELEERDTEIT o7, XRDOFT DL

R, BE, MiBAEHIC, BRIMDEWILL, AE - RAEVEAKT, $hriimE LTI 14 N, &R
A, AXI94 E2EATWS. XRDF¥y—bhDE—VBEHISHENMAELELELTEH, FE & OEEAR
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ZdBOONAD o, SRISICETZED T, EEBEMEICSH T HAIIERIC D WTHYER - #IX
EERRHEZRE LMY 5.

SlAxE : [1] RRRX - §HZE—, 2009, #hEZHEE, Vol. 115, No. 10, 512-527. [2] BPFIE

- SEFE - BBEM - Z®IGE, 2008, MEBEZMEE, Vol. 114, No. 10, 495-515. [3] fREE

5k - FEIFFZE - BO—4%, 2015, HARMEZRFI122FE2MAKFEBRES, R12-P-12, P267. [4] HEIF
Z - RE S50 - BO —4% - BH F - #HKIEH - THH 82 - 85 EH, 2015, BHAMEZRE122F 24
AREEES, R12-P-10, P266. [5] fRHEESA - BO—4% - E4 AEB%E - HPTE, 2018, HAMERR
BEI25FEPMARBRES, R13-P-11, P268. [6] FRHFTE - =F—1% - BEEX - SEEF - BFH

- NBFRE, 1992, igithBEMHFRRES, HERERR, 130p.
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Shallow geometry of the Kamishiro fault by high-resolution seismic
reflection profiling

*Naoki IKEGUCHI", Nobuhisa MATSUTA?, Kyoko KAGOHARA?, Shinsuke Okada®, Daisuke
HIROUCHI®, Shigeru TODA®, Tatsuya ISHIYAMA', Taro KOIKE’, Katsuya NODA’, Hiroshi SATO'

1. Earthquake Research Institute, University of Tokyo, 2. Graduate School of Education, Okayama University, 3.
Faculty of Education, Yamaguchi University, 4. International Research Institute of Disaster Science, Tohoku University,
5. Faculty of Education, Shinshu University, 6. Faculty of Education, Aichi Education University, 7. GEOSYS Inc.

1.1FC&IC

2014FICHRE LAERFERILFOME (Mw 6.2) &, RE)I|—FHEBERFMMBRILIBICEVTWDORWZESE

HERICEDWTEESINTWLWSHME (fIZIF, ERETMRHEERS, 2015) SWHERVWKBETHEELLR

BONSWHETH 7. REMBHNOMELZ LY IERICFHET 22 & ICALTE, MEOESFEHEEZRLSH

ICTBIENEBEERBEE L >TWVWS., TDEHICIE, BIEDOMIRIEEL, SRIICH T TOE DRI & EAL

BEERDDIBENH .

2014 DMERFICIE, KRB —FHEESRIMERD—E TH 2 #HIBETE A W ICHhREMBAHEIE L /2
(BIZIE, BARIED, 2014) . ZOHODBRMBEES ML U FIREAE - MEL—F—RIELE BIX

I&, Okada etal, 2015 ; Ishimura etal, 2019) IC& VW, HMREMD D & MFREEDIRELMEHN FEMICH

BInk., F, BEEBCHBETOHAUL S, FHMOBRMBOMK - BUELHEIhTWS (HIX

I&, Panayotopoulos et al., 2016 ; Kobayashi et al., 2018) . ZHICINZ, BIBDHTEHIOm (LLTF, &%

BELiLd2) ICBITRERBRME - BREAA—I VI TR ENTENE, MREEDMEENESR, ME

HLOEZMEBICEZHAZ I ENABRICARY, MBMERDENRFMZ LY REBRTEZIENTES.

22T, £EL1F, SOBBLhRMEMBEOBLXEICS T 2MBEOHRS S UHhEREESDREICA

A=V TEBIEEENE LT, IBRBSERNEAMBZRELAERELL. £k, ERXBEXBEOBEDEN
DEBALMIT BDIC, REBEPERRFEMERELHE TEEL .

2. RETEMERE

SKIFEEIE, 2017F11A3~10BE L U2018FE11A1~9RICHM I T, REEABENNOHMKRMEE % #t)]
560 (EERNR - RHAEEAR - KHEEARE - T4 72184 - SRAARR - B2 PURER) ICBWTERL
=, BIRICIZGEOSYMUE D AMESIKREMN /N1 T L —9 —BERELVISE AW, R4 —TREBEEI
20~120Hz, A4 —7TRIF1OMWTH 3. BIRICIFCTF vV RIVDSHERY A7 7> (BEREK#H14Hz) %
EHLEZSYRAMN)—v—6FRALE. BERBEREIm (V1 Y 721TROAFRERBRE2 m) , ZIRR
k@50 cm, H> 7)Y JERIET mseck L TERIZTo 7.

PIRIREIZ2018F10829~31BICH T T, MIRBETE % 8t 2 £ higH 5 AL IC B 1 58T kmDRIFR T
ERELEZ. Bd, OB TIE2014FDMERICIXMRMEMBAHIE LA o7k, ERICIEHEHITRFR
BOI=NA4TL—%9— (IVIH) 2AWV:. R4 —TEAKEHRIZ10~120Hz, R4 —TRIF18WTHZ. =
RICIET44F v RIIVOMI B L O—4 —GSREFRA L 7. RERBERIES m, ZIRBERIX1IOmMm, > 71
v JRERRIET msece L TERAI AT 7-.

RN, SRR - PURUARHIC— MM AHBRINEKRESEICK > TITo .

3. MK B ST R DIEIE & thER BT E DB fR

B CELONIFEEMER & AR AAREEDR—) YV VENPREBHEICE DX, REY—VDEL
RUZHEEISIA LT, hREEHISERATEEIOOMETOMBORE - WRSLUHhE#ESEHEL

2. TNETNOREMEZREMEICE VT, 2014FDRMEME (Fl 21X, Okadaetal., 2015) IZFIS
TEHLMBREAICIET AN TERL., Z0ft, THETHEEINTELST, 2014FDMERICEFHL T
WERWREFEOFEEEHESINDS. T4 Y J2TARTIE, NEIEFED (1974) BREDR—) VY ITERVE
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NEET—Y2HENICKRET T2 2 & T, FEMBOFAICORL EEZFOFRBERIOREMBOEENHTE
IND. INSOZEEMEAMOKRETICE Y EONAhRNEIEBEORREBEICH T2 IERAIE, R
L —H%—8I& (shimuraetal., 2019) THEINAERNABLUYERISNHIL,

HEE

AR T, 201 8FEERMEMFMMEIFIPI7HO5315 (KK : B EH) KU [KEOERBICEIMT 5720
DEXIE R REE] OREZER L.

e, RV VI T DERERROFIETEVILBEZFEARILICE<EILEZBRL EIFXT.
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Fault Distribution and Structural Characteristic in the Nankai Trough
Area, Japan

*Rei Arai', Narumi Takahashi', Minako Katsuyama1, Shigeyoshi Tanaka', Hiromi Kamata',
Tomoyuki Satoz, Takahiko Inouez, Yoshiyuki Kaneda®

1. Japan Agency for Marine-Earth Science and Technology, 2. National Institute of Advanced Industrial Science and
Technology, 3. Kagawa University

JAMSTECIEFERR25FE L Y, XHREENSLDOERFEEE LT, EBEHICH I 2HMERBRMATHE O
VIV M ARELTWS, 20OV Y TR, BREDBEOHMBEREH—NREETEHRL. EH
NY— RO/ DEBERNERHTEI BN E L. BEOREMERE T — 9 PHREIIFEEE
MEAFALTHEBLGTHEER L TWS, TNET, EM25 - 26FEICHABLE, FR27 - 28FEICF
A SEE. ER2IFEEICERI~FE - NERESBRICOWTHES BRI EERK L7c. FHRI0EE &

Y, BB NS 7EBEANRICHBRIREEA2ERLTHY., BEZXCICABEERBICE I Z2MELSHEHESH
ICLTW3, A7OVT I MIBWTIE, ESHBREZERT 2ICHY . REFEXLZOERNEGH - RAHR
EMAED—RE L TJOGMECAH 5T L /- EEYIRIRE - B, AISTOXREBRIERE. JAMSTECY B
TREFOBEETEEFREREOHERET — Y2 RNEL. ThOEBROERT—9E L, b, REL
c—HOREEMEBRET —YICOWTEIRES I ERA A -V VI EALIE 22D, /14 ABREFER
ERFDT—7NBRME BRI 2BBMEEEL. LEFEROM—LER -7, MEMIRIEZEICIZDecision
Space Geoscience (Landmark#t®Y 7 b x7) #FAL. BRICELAERFET—71d. XREROBEE%
SURE - NER~FEEND 7BEOBFERAEETRIC. BEEEE JOGMEC, AIST, BLFZ

Fr. JAMSTEC. EREABAS%D2D MCS/SCSAIfRAET1,625 - #AI#8K173,878km, 3D MCSFHAZE#8 - #
AEERE4S,853km2IC &R,

In7AYY hTIE, MBREDOE—DOEEZBER FOMEBSICE T LM (HEBEO TN CEEL
E) OREE L, FZOEEZBEMBICS IT2EMOEERE L, £EL. MEBEOEENLGRECD RS %
RHETEHIENTERWEEIE, BEBMUNEZRAWTZEDYZTA Y MYy EV I T HETRHETE M
BDZEMEAERMEZ M Lz, £, MMEBOER (IE/H¥ME. BTN ICOWTRBA/II—2P
F-net (BXBIZRMAARAIRME) ICLDMEDA D= X LD SFREIMELRDT -9 25E(IC LT, HE
EHEEAYT AMBRREIT oK.

AL ESERABEICIEIRTBANLL Y., EWHBEY TEOLNZTHEEANDH L TWS, I OHBEYHIRE
TEREMMEIIEEBRETENSSXYTREL, BRAZAESETVS, Z0EFY zRESH 5 ERE
B, kR-ERAEICHERL, ZOMMIEHIREAOFHIFEEAF TRV TWS, HIFEBEATIE. BES
TOERREFHERICEAINECR>TWE I ENMMONTEY (Mochizuki et al,, 1998) | BEAIC

B IREMTERED IRE NS, 8. J:ﬁﬁ]@l:T:%ﬁ%xJi/ﬂF'@’&ﬁ_z’CEﬁL’CbU BEAIIEEIC
HEEZTTRTLEEDEEA LN,

P SHEFEKERICIE, BEANCDICH? 2 AEEEFTOTIEIFADNRKET %, thE 3kml EOEILAIE
HRAATWBZEIFOLNTEY (Kodaira et al., 2000) . ZDILAHIAMIC & D EHISTIC & Y IRERICWkTE
PRSI NTWS, BEFTOIEESCEAEIICIE,. ENAEAEEFICHEITLTa2mLTEY., EBLUDIL
FIAFIC K > TEBRANCSIERISAD’EL. EMEIRELZEDEEZSNS,

ARERTIE, BB NS 7BIERFFXERDN SRFKEICHITTOMBL T - BEMNFHEZ., BRRNICHEME
CEHEEMTEREBWTRGE L. BEMBOHMBREZIRET 5,
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Current status and issues of active fault research as seen from digital
active fault map of Japan [Revised edition]

*Kohei Abe’, Ryo Tateishi®, Nao Shimoyama1, Atsushi Miwa', Tomo-o Echigo3, Shinsuke Okada®,
Toshifumi Imaizumi®

1. OYO Corporation, 2. University of Toyama, 3. GRI Corporation, 4. Tohoku University

1. FROBEL XROBM

DEMTEMT V90~ y 7] Ok (UF, IBMREMER) OWETRE [#Fi#R! & L T2018F3AICTIfTL
=. FIWTIE, Ea—7%—%FHL, EM2EIHEROEFHFERICRIF L. S SICEFHFEREDEMO S
MAMERAEER L, TOLICERBRE ST IEERBR A IR L. oM, REFBRUI18914F
ERMELMICE L EAMRINEMBAR/ICKRLEZ. £k, EMBEHICEET sXmMEBMBRE LT
BELA 3510, MEREBRE LT, MEBEMEICETZER, M YFHREME, TELTFNEZHEY
REVEMEBFEOARER R L. IhSOBREBROINGEIEL, XEBERIH6,000=, HEEMNE
ICEAY 2188 HH8,000R, L Y FHREDMENW750R, REVEMEBIRERROMEN K500 TH

3. Kiwld, FROFEFELTINE - BB LABRICE DV THREDENERAEAROHEB EHRAIRY R
Y, FICERMBETIVBERICAT-RELERRT D-ODIREETRT.

2. BROEMEREMROER

HENS2016F X TOEMBHARICEET 23XEE, ML U FRER, RFEEIHMEREBOHEBEZRZ

&, ENBOERNLEHABRSHIC L-ZRBE (1950FEK~1960FK) , £EDEMBOHEDIRENEA
FPIRER (1970FRK) , FMBENRELE N VY FRABEREEMERENIAE > 7-FHIIH (1980F
£~1994%F) , 1995F RERRIMESZHMICHAENKE CEALKER (1995F~20065F) , KEHR
7O I MDD ER S TWBEEER (2007F~2016%F) D5DDERICHRS TSN, REZMERZE
DEEBERFETH MLV FREERFEMEREISRMERICHZ Z & DH > .

3. ZhETCOEMBREISBONBRIRNEICREAT 257 —9 DEHE
HEREMRHEERBICIWVBESINTWREEFNEST (114EB®) OO 5F & LTEEICOHRT S
108MiIBHANRE LT, TNETICBONLEMBOSHRERS, ETHEAEE, BUEME, TLERE
B &3 EEREE L AVWHRITEHE, SFERERICOVWTERIELL. Z0BR, FEMBOAHRERSICDOWVWT
BREBMBE I AV T—Y a VOB RS> TWBZ EADD o7z, FHEREEICDWVWTIE, BN
BTHRRMES, MBEMEXEDEREZMBZAEIRBVE VW BEEMRAZINTWS., BATMAEICDOW
Tk, BIThETBCEMBLI R T 2HEMAPAMA THEARMEWC EHEEE LTETONS. &I
SEERH S EHERICOWVWTIE, ML YFRENEIEFRRETICH L CIIFEBMNICERINTWSICEED
STRMBADEDHFHR>TWS, T, MEI/HBALTVWEZHEDICOVWTE, FROBIFHELI SHAISH
2EEEREBATEY, MENMIBEC 22 %2 FRHT2LDICHERBEAF L TULARWN,

4. WEHFAOLHOF-LEREEETIIVIERFEDRR

ZZET, BEMBAENSINRERICHZICEEDSY, EREEETIVOBERICHZ > TLL DHLDREIE
INTWBZEAERLE. ZNODORBIEIVTIEAEFEOFHRICEADLZEDTHY, BRI D-DICIEFH
RS EBATIMNENHD. TITIE, T0—HlELT, TERMEB—FEMEBRTL] (kBEEZ

M, 20017 E) #R—2R& L1z, KENARMEEHENSERMEET IV ABET IFHLABAELRET
3. LEMRZICOTALIEEIN, WEREBTERMENSTNEIVER, MENF/REL, ZORYERLIC
SV, EBHCRE, BR - aFOMBICEMIREERIN, REPENICIELCEDITRINSE. TDOEZAIC
EOWE, MBEEICHS TAORBMARBICE > TER I NS LA EDMEAERMBOHEIC DR
2N HD. ARTIE, BEYICEELTZOME S TEERE L] SR (K1) . BREHBOEE
PAREL TCEMBENMRICIENZ & & HICHBREAE LIRS, IThia2BRT MBI BT 2. 208
fMEoME, WEEELMOILEE BT 2EEZ 5N, MBREELMOFHRIEHERALMES & 2

Y, ZZICRAEEALCKBAZE Ao ELUEOME, TAbbEFI—FMENDMI 2N FEIN
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5. COBF—EHFRE, TOHR - IERBRETHEEHORELZRIITERY 5. MERZELUhE FHM—F
R DER T, ERSNENSEICIERL, WEWE, H2VWEEERBHI/ATEREING. ZDLD

I, KERNLAHE EMEBEORAZRAETSHI LT, MEREILMZMHT S EATES. MERE LM
FERMEDORPANIEYRL OMEFRE ZRRL TR ESND EEZIONED, FUOBTEEZREZX
TZDREBREEZERTDIET, ERMBORZ I PR, FEEIA Y NEHETE 2NN DHS.
IR : EBkIZD (2001) BIRMIE—EMBS AT LDA XA —Y vV DEFEEHIR. HFHMES,

110, 838-848.

Fault-related swell

Late Miocene Fm. \

S,
Early Miocene Fm. ”799\

Basement Rock fabfg

Fig. 1 Schematic diagram of fault-related swell for reverse fault.
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S12P
Wed. Sep 18,2019 1:00 PM - 2:30 PM ROOM P (International Conference Halls Il and IIl)

[S12P-01] Estimation of the spatial stress pattern of San-in region: a preliminary
analysis towards estimation with high spatial resolution
*Takaki lwata', Yoshihisa lio?> (1. Prefectural University of Hiroshima, 2. DPRI, Kyoto
University)
1:00 PM - 2:30 PM

[S12P-02] Amorphization of synthetic fault gouge by rotary-shear friction
experiments
*Shunya Kaneki', Kiyokazu Oohashi?, Tetsuro Hirono®, Hiroyuki Noda' (1. Disaster Prevention
Research Institute, Kyoto University, 2. Graduate School of Sciences and Technology for
Innovation, Yamaguchi University, 3. Graduate School of Science, Osaka University)
1:00 PM - 2:30 PM

[S12P-03] Experimental reproduction of sintering process in a fault during an
earthquake
*Shion Osada’, Tetsuro Hirono' (1. Department of Earth and Space Science, Graduate School
of Science, Osaka University)
1:00 PM - 2:30 PM

[ST12P-04] Experimental investigation of chemical kinetic effect on thermal
maturation of carbonaceous material in a fault during an earthquake
*Shuhei Yamashita', Tetsuro Hirono' (1. Osaka University)
1:00 PM - 2:30 PM

[S12P-05] Experimental constraints on origins of high Vp/Vs anomalies in slow slip
regions
*Shin-ichi Uehara Uehara', Kaya Nishimura', Kazuo Mizoguchi® (1. Graduate school of
Science, Toho University, 2. Central Research Institute of Electric Power Industry)
1:00 PM - 2:30 PM

[S12P-06] Effects of ambient temperature on the frictional strength and frictional
heating of dolerite in an argon atmosphere
Yuuki Yokoyama1, *Michiyo Sawai’, Kyuichi Kanagawa1 (1. Chiba University)
1:00 PM - 2:30 PM
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Estimation of the spatial stress pattern of San-in region: a preliminary
analysis towards estimation with high spatial resolution

*Takaki Iwata1, Yoshihisa lio?

1. Prefectural University of Hiroshima, 2. DPRI, Kyoto University

e A%, 2000 FESREREMEAIKHETIAMEIEAREL TWVWR I ENTTEY, BERICEWT
ERLCAEMEEENRONZMIFDIDTH 2. BRBT2ROEDEBMICKY, TDGNFOEEHIREMS
PR2ICODY DDOH D, FEFEELRREZ V. T07H, ZOWMBOSAHER/NNY —2 = SRIRE TK
HBIEIREEEEALOND. TNICATFiROLGETE L TARRETE, AFERELAHEFERICLIYLE
BHHVEERRET, ISARENY—VERDD I EEHAHT.
T—HIIEHEKBELFDBR Y AT ABRE - fib, REBKZB K ZLATFEER, 2017; lio et al., Tectonophysics,
2018] (—EICEBEARESD) ICE > TEOLNEPRIE 2BV . BN RIMEIZ2000FSEEAERHT
EOAEEREHOEAI160 km - L0 kmDEEH TH 5. 2014FE18H 520165E98 ICH 1T B KT HEHL
5, AMWEBEDLWVWEDE LT, PROEREREEBOZNEDE (O-Ctime) A0 1A, FLSK
ICDWTIRFEAIY SN TULNIE, FDO-Ctimeh0.2MLUARDE DERAT. FORE, 8384EDHE
51851 72207,581EDPRMEI T — 4 % BT L 7-.

BT Fi% (T Ilwata [JGR, 2018lIC L B2 EDTH B. TN, BRIICANZXLEERD D Z &<, PEIEDL
5 EER G EHE T BHoriuchi et al. [JGR, 1995]%Abers et al. [JGR, 2001 |DFEALIR L, IS5 D LR
LEZEFHICKROONDLIICLEEDTHS. 4d, TITED KHB LERX (0,) - #E (o,
) & (0,) ERHBMOMEDIE%IEY. HASNAPRONE % & CERAT 2B NHBDOERE /NS —>

B, RA ZXHWEDOREH CEBEEBLOWIREEL/-LTRDSZ. TRHHOAE DEBESHITIRDB-R T
FAVTRBELTEY, SEIRRTSM v Dknot@fE%10 kmeRE L. ! KA (0,—0,) / (o,
—o0,) HKRHLHNBD, INICOVWTIIBTREEARTER —EE L.

EEBRICOWVWTLUTICRT. BTERORPHENRCHEBENREVWEIBZERVT, 0,800, 8
(ERAPER A ICE > TlIRKETH S, o BIXIFTRATH 2P, HEREFTICSVTRER-FALAICWL
KHHMEL>TVWRERLIR SN S. I, BRERIICSVWTIE, MEREFTOIL,SEICENTIT, o #HR
FEAHANSLEENAZ KA > TRER-ALELAAE, BURANERZERA’ RTINS, DI

&, 2002FEH 52004FEICH BT — 4 & f#H L 7=Kawanishi et al. [JGR, 2009]D#ER >, 2009FEH 5

2011 ICH T BT —49 %K L /zlio et al. [Tectonophysics, 2018] &AM TH Y, BEHITHL-> TEHLEEM
IS D DEBAREAERENFEVNTWB I ENDHS. AH, SEDMTTIE, HEDEREMREEICHEYT SR
754 Y DknotBfEA LA W, REOBREZBERELAICEE > TVEY, SRITKIVEREBE. LIF:
RFICE Y, ZOMMBOEBBANY — 2 MIEEEDATREENH S.
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Amorphization of synthetic fault gouge by rotary-shear friction
experiments

*Shunya Kaneki', Kiyokazu Oohashi?, Tetsuro Hirono®, Hiroyuki Noda'

1. Disaster Prevention Research Institute, Kyoto University, 2. Graduate School of Sciences and Technology for
Innovation, Yamaguchi University, 3. Graduate School of Science, Osaka University

HERICERINZEIRILF—EEMARF EINZMERIRILF—EMMOBERICHEI SN, BukO—2RIL
BrEm LEDIYDIEREICE > THESNS, ZDELIRIYMDIERELLIE. RABLIUVEARROMBES
ICBWTIALKBERINTHY (BIAIXYund et al,, 1990 ; Ozawa & Takizawa, 2007) . HERDETE DEHH
BILBRICHELEZ S 2R BREINTWS (Wadaetal, 2016) ., COEELZEENICFHMET 2720
I, (1) HEMBYICL2MOEREE L ERAESFEORRKRK. (2) HEBORKEDEEERIC
L BBEMEDRERIGOREMR. (3) FREVMEOEENEBSODERFHICRIFTHE, ZBHLHIC
TEIRLELH D, ARKRTIE (1) OF—<ICEEL T, BRNEH Y VOFRELCEROBRICOVTHRE
T3,

FERICIXILOKRFICKEDOEREMBIERARL AW, BB A DY & LTk, RERMAIER T
L TAEDOHMARIAR (RIR75 umllT) . KRMWARTENE L THFYY 74 SOMEKREAR (RERE75 umbL
T) 2HAEL. BRTEA Y YA200AFFEHENAWVWETOY 2 (AER25 mm) OREICEEMAH. FEEIHS
1% L < 1E3 MPa, Z1li& ") #E0.0015 L< T ms ', EMBYIEHT-100m, =8 - ASEREGHTTH
EIMTERRR AT/, FAERBRIZEARNOXRDAIEZITWV. BohA7O7 74 LHSERELLI-EE
DIEL BB NO—F—/VEEL2EH L., TORR. AEEF T ms OERTRERIETIEFEAENOD—E
BB A o T-—F. AREOERIEEA527-1 mms OEBEARB I/ \O—EEIBEZICLEREL
1= AFYFARTIE, 1ms OERBOERHEEN LR TZICONT/N\O—EBEEMNTZ2EDOD, 20D
B 2IHEEICE, > TOWEANR SN, AFVFA4 FDT mms ORBREABTIE. Tms ' OEERE
BREOCEBAEEA* S5 -HAR LB LT, bIMcKEWNO—EABIERINZ, WTIhOHRT

H, BEOEMEECTLYBEZEAEREARDON, FAF) T4 MIAHEEBELTHERELLPT
. TNIEMITEIHILELEFEETIHETIE., SYNSLBEBAEECLIVESKDERBEYEIERINDH
REMERBLTWS, 1%, I OICERER - XRDAES LUERZABOEREGREZED., ERLISEE LI
MOERELEOEFRXDOEEL2BIET FTETH S,
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Experimental reproduction of sintering process in a fault during an
earthquake

*Shion Osada', Tetsuro Hirono'

1. Department of Earth and Space Science, Graduate School of Science, Osaka University

WEREA DI LEYMERFNICERT 5720, MBODHMBOTENTH S, FTH. TICERFHMIC
Lo THHMESNIMES” Y2 —R9F54 N BHEOLAEEEIND, LML, ZORERBEOA NV
PP AHELRL TBROTHRICEH L., & YEENIEROBIIOLD, HILWIA TOMEBEDLADHE
R-HUNEEND, TI T, AARTRBMIELZEENSETEWVEETELDBHEICERT 5. BiE
sl BRUT. BEORE CERORRAEZMBA LRI, REIXILF—OREDERENE L. TROK
EHED L FEFERIEHEZR T, MFEIMEET2RETHS, LKL, RESHRERICHETELBTZOD
HEID REEIMRSINTVWAY, £ T, AR TREFONRGEZERERKRRTELE, ZOBE
ZZBIFL., SHICREN’ERRBLEONENHRICEDLSICKETIONMATHI L ZENE
T2, LML, BERRZERT2RMEE LT, ERYIHAMBEDLDICERERTIIAENSICER

L. BHINZARRICLZBER/RRKOREDEEOHEE 21T o7,

HEMEZMREL, BER30mm - T2 mmORL v MIER, AREICEZHAL. ZOAXEZERM
BRTmMEL 2, JBRE & MEBFFEE. 700, 800, 900, 1000, 1100 C, 90 TH 5, F/. EERRIERDHRIC
BWTXIREITRE & EBREFHRMELZ AW, SHEKRODHT & MlEBEDREZ1T > 7.

R, 700,800 CTME L -ABR TRIAFEDOHEENBEEINAWA, 900 CTIIBERED R v V&N
BHEI N, 5121000 CLLETIRIAMBENBRRS N, Licd' > T, BEMEICST 2 HBEEREIZ800
CT~1000 CTHBEEA D, Flow AMRICER I TS Y FREICBVWTEAKROERRZT > 72d. RAKRD
700~1100 COREMREICHE WTHHRLERS L ERBERBERS AL o, 1V RS THY%E
FEAEEERWI ENDS, BRIVBEWETHEESNSN M Y FMETEHESILAWVEWNL, #HEHYM0E
BICERT2EEZOND, S BEVEZAVTERERZERL. SY0OENTH 5EROEEE
DICHD BIRIRRORE E NENBEGNDHEEZRARDTFTETH 5,
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Experimental investigation of chemical kinetic effect on thermal
maturation of carbonaceous material in a fault during an earthquake

*Shuhei Yamashita', Tetsuro Hirono'

1. Osaka University

HMERICERINDETRILF—DREDIEERERICL > ThHH SN S (Chester et al. 2005). ZD7=&, Wi
BICREHZFINTVWIBEDOHE COEREADBREAZMETZILIZIEETHS. EFRNLERERBIEEZIC
&, ZLHPREINTWVEY, REYOBRBBRKIGIEIARAHEN TH B0, MOTEMTHS (Hirono et al,
2015) . —A T, WEROKETIIEEREY ICHL, BIH - ZRICHVERBEDEL PR FOML - #
FEREDA D /T IALHRNEL, TDAN /T IALMREIPREYOBIAR % (BE St 2 TREMH TSI
TN TW3B (Kitamuraetal. 2012, Kaneki et al. 2018) . LA L, REYOIEARBEANDEELINARFD
FRBREDHEEIRLBEINTULARL.

Z I CAME TIIERNE % 1T o> 2 ILOREMRHN /) KO KB XK HEDEIER & MAMBETERAIHLDT S
774 MR LTARETOE &, EHEET MPa, 3 MPaTB W EET mm/sOERFM TEEEBRARK ARV
TEBERRAET 7. TR, BEERAT AEHET > TLVARVANEASRABEICEEHALLDBDICHT
L TERESIFT300~1300°CT100°C T MBEICT, HI0K/MOFEEE TI0OMREMEE0.1 K/FHD
SEREETIRTZ2/\9—VDORBRERELEZ. MARERARTERADHDNT, IV DHDTEERE
L, MBUCHS REVODFEEDEICOVWTHARE., BEEMNICIE, ERBEKBEICT, Aliphatic C-H,
Aromatic C-H, C=C bondsDIREZILICD WTHRADHDITT, V7774 MBEDREZEIIDVWTII VDK
ST CHEEMT L 7=

BR, BVWREREICSVWTREROTAD LM TREEEABOAMEVEETOE -7 BRI HER SO

T=. —HAJS774 MNTIREBERENBONAED ST, THDLL, XA /T IHILHROREYDB KIS
ICEZZHEIIREYODNPRAREICKEL TWEEE R 3.
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Experimental constraints on origins of high Vp/Vs anomalies in slow
slip regions

*Shin-ichi Uehara Uehara', Kaya Nishimura', Kazuo Mizoguchi?

1. Graduate school of Science, Toho University, 2. Central Research Institute of Electric Power Industry

HAZMD T L — MEARAFFD T L — MERTIE, HEREBHBOTFRMETRO—RY v THEAINT
W%, ZORAA—RY Yy TDANZIALEEBRETZIEIE, HEHFLP. IBANZXLDI SR ZEBHELRE
ICEELTCEETH D, CORROREANZILIZEWVWT, SEBREEAEEIEELREEIZRALTE. LIKL
WEZ2ZONTE, FHZZZBNUDO—DIF. ZOBEENMRETVWE T L — MNERMIDEBEMBARNTE
Vp/Vstb(PIRSERE & SIRERE D) REANERAN SN TWE I ETHD, BENDERERICLY. SRBREKEE
BVp/VsLLEEABEFRITSNTWS, LHL. BRLIOERITEAMEMICHEIIA—VEHE>TWDE
FRINZD., ZOLOIBERAICEVWTE, BVp/VstbkEE X, BEENICESREREZERT 2DOHNEMNITDWL
TlE, REFBEETH D, AARTIE. T, FHOTL — MEFAABER TOEEMBRPDI X —SDE
BLVDVEDDIBIEE LT, BEMN S 7ORA+HAIMEAFOER LR ENTOUMREEZAE L, ZL
T. RL T4 MHENXZEE)ZMBASHT 5 & THRICEBREARESIEALEABIIOVWT, FHAERGEHE
50MPa, FEFRKEO~49MPa)TVp, Vs&ZBIE T 2R % H TRV, Vp/VstbDIEHH L TF X —IKEFMHIC
DVWTHRE L, XAV DEAVWHKEWNTE, FAHELBBEDENNIWIE, Vp/Vstblig K& &
ZEALAH SNz, ARBEREZZAO—RY v TOREBBICHETEZLETIE. ERTOEBHRBEN1.5
mm ' & W EREWVEA(Z NG, E L AERERE T OMYIREE & AFRE). 1.85572E DOVp/ Vst (@i b
7 TCEHAINEEVp/VsEEDO TIRIE) 1Z, BRREIBFKETH>/&E LTHRBATES, D2 EE. R
A—2XY)y TREBICE ITZ2EVp/VsLEEDERER & LT, BEBERIT TR, BAFDIA—TJDE
BVWHEEIFOLND Z &% RBY %, Please see in detail Nishimura et al. (2019).

Reference: K. Nishimura, S. Uehara, and K. Mizoguchi, JGR Solid Earth, 124,
https://doi.org/10.1029/2018JB016929.
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Effects of ambient temperature on the frictional strength and frictional
heating of dolerite in an argon atmosphere

Yuuki Yokoyama', *Michiyo Sawai', Kyuichi Kanagawa'
1. Chiba University

AIEORLERICIIMBIEETAKELKEMT 50, MBARADMICHEZLRERBANIREET D, TORRIC

&2 T. MIBROYMENBRRISAMPRENMEE TSI ET, MBNEL KB AB I EDI0FERLUZEET '575)\&
o> T&E 7 (A ETsutsumi and Shimamoto, 1997) . HMERFDORIEZENICT T 2 REDEEMILIA < 585
INTELD, BRSNS NIMEREROIANYREICESZ ZTORRERE (Fmm/s ™ Hlem/s) IIH
THEEMROBBEEVIEINETHEHA LHLI%A<C (Nodaetal, 2011) , TRYFEKEUICEZZ2EREE
DMRIFA SO TIEALV, F7Yaoetal (2015) Tld, BEBXRDOERZBEICRALCHEA VY 2#sHrmRE
BEREZE B ER. BEERDEBWIIEL > TEBREIKRZCERSZ I ENRSI N, ThIGEERD
DBENMBOBREICKESFETITREEI DD EETRERITZEDTH D, TITARETIE. EEFHE
TCTOFRERERAEREL. SA0EBRBEINEREEDOELLICHEVEDEL D ICELLT Z2ONERIET 2,

ERRICITEEBMAIBICEBVWAIL 7 7 ARNERLSA MaFAL. FEAZREOOGR S EERARE S A
Wz, tWTOMBIFBRICZLVWVERIETICHZ ZEEEEL. 7IITVFEKT (BFEE.2 %i2

) T. EEIGHT MPa, $RYZEET 300 mm/s, EEREICHITEITARYEIO 20 mOFHTERRES Z
Bote, BBPIFRILY—Z2FRAKIMINICK>THRATZZ &L Y., BREE20°C ~ 500°COXKE T THEE
BELUVEBRERICEDLIBECNAR SN N ERART,

HEAMEEDTARYZEET ~ 30 mm/sTld, BEE20°CH L V100°CTHEETFEDERR L. BERRHEIKT
mm/sT#J0.81 ~ 0.83H 530 mm/sTHO.73NMETF L7z, —ABERBEE300°CLLETIE, b MICEESED
BRA%ERTHDD, ERFRHEIELZ0.81 "0.85DEETR LAREREEARShAL o7, LOALITRYRE
100 mm/sic#i 2 &£20°CE L T100°CTIHEEBRENHLINMI LR LEERIEOMBEAERLZDICHL (v =
0.7570.79) . 300°CUALTIIBEEAEERFLOER%EZRL (v =0.67 7 0.76) ., E5IZ300 mm/sii%i
DETRTOREFRETERBRBMNMET L., TORTEEEREENES L RBZIFIERETLRBIE’bM
(BEETE1=0.1"038) , 2FW KL 51 ML, EBHEEE TILBREREICK > THRZEEICHTH
BREWIRSNZHEDD., ERRENKELZEELTHERRBICIEIREKFELAVW—A, BRICRZEE
SRENBERERIFELVERTEEZICH LI Z2EANIRDONG, INIFBORE (58t) 2EZ 3K
2. EBREBLZITTR, BEORMERBICH I 2EREBEEDMRREEER T IMEMETEBITZ2EDEER
b5ha,
FEBRREBICEAL TEFRENERETRED 2D, NEEHERVEBREREZTLTSY., HFICERZTOEL
WEEFBEEICIIMBE COEELENRBDOLNE I ENMEBRETALA I TR ESEZETTERO O TW
%, RERERANEICEL TEITHTHY., BECTEIELEEDLETRETEZFETH S,
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Poster session (Sept. 18th) | General session | S14. Earthquake Prediction and Forecast

S14P
Wed. Sep 18,2019 1:00 PM - 2:30 PM ROOM P (International Conference Halls Il and IIl)

[S14P-01] Spatial heterogeneity of aftershock productivity on the Kumamoto
earthquake rupture modeled by the finite source ETAS model
*Yicun Guo', Jiancang Zhuang1, Yosihiko Ogata1 (1. Institute of Statistical Mathematics)
1:00 PM - 2:30 PM

[ST4P-03] Comparison of Models of Long-term Seismic Hazard and with An
Application to North China
*Ziyao Xiong1'2, Jiancang Zhuang1, Shiyong Zhou?® (1. The Institute of Statistical Mathematics,
Tokyo, Japan, 2. School of Earth and Space Sciences, Peking university, Beijing, China)
1:00 PM - 2:30 PM

[S14P-04] Water temperature change in the western region of Shizuoka Prefecture
*HIRONOBU KAMIKUBO'" (1. Hamamatsu Kisei Junior high school)
1:00 PM - 2:30 PM

[S14P-05] Prediction method to develop the method of detecting earthquake
precursers
*Kozo Takahashi' (1. None)
1:00 PM - 2:30 PM

[S14P-06] We will present the theory and mechanism of earthquake prediction with
attached electromagnetic observation data as the basis.
*Hidemitu Kunihiro' (1.JYAN Research Institute)
1:00 PM - 2:30 PM
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Spatial heterogeneity of aftershock productivity on the Kumamoto
earthquake rupture modeled by the finite source ETAS model

*Yicun Guo', Jiancang Zhuang', Yosihiko Ogata'

1. Institute of Statistical Mathematics

We implemented an extended version of the space-time ETAS model, which simultaneously incorporates
earthquake focal depths and rupture geometries of large earthquakes and applied to the 2016 Kumamoto
earthquake sequence. Results show that the new model corrects the estimation biases of model
parameters due to the isotropic response function of aftershock locations adopted in the point source
ETAS model, and that the reconstructed patterns of aftershock productivity density along the mainshock
rupture plane show significant migrations in space and time along the mainshock fault. Another
interesting phenomenon is that large aftershocks tend to nucleate at the edges of high productivity areas.
The decay of direct aftershocks near the mainshock rupture is consistent with static stress changes
caused by the mainshock. In simulations, the incorporation of focal depths improves the forecasting
resolution. Through comparisons between aftershock productivity and slip distribution of the mainshock,
we find that high aftershock productivity forms complementary patterns for coseismic slips in space,
indicating that aftershocks play a role in the postseismic relaxation process.
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Comparison of Models of Long-term Seismic Hazard and with An
Application to North China

*Ziyao Xiong1'2, Jiancang Zhuang1, Shiyong Zhou?

1. The Institute of Statistical Mathematics, Tokyo, Japan, 2. School of Earth and Space Sciences, Peking university,
Beijing, China

In this study, we used two variable kernel function estimation methods, proposed by Stock and Smith, and
Zhuang, the Bayesian Delaunay tessellation smoothing method by Ogata (ODTB), and a newly proposed
Incomplete Centroidal Voronoi tessellation (ICVT) method, to calculate the total and background seismic
spatial occurrence rates for the study area. And we apply these four methods to obtain optimal estimates
of the earthquake hazard in North China based on the modern earthquake catalogue.

The results were compared and analyzed through the cross-validation method, to ensure accurate
reflection of the seismic activity in North China. The sophisticated ODTB method is more stable than the
others, but is relatively expensive, in terms of computation demands, while Zhuang et al.” s kernel
estimate and the new ICVT method are able to provide reasonable estimates and easier to implement.

We also calculated the spatial variations of the b-value, using the Bayesian method with smoothness prior
proposed by Ogata. By combining the results of seismicity rate distribution and b-value distribution, we
simulate the earthquake catalogue. Compared with the original catalogue, it turns out that these four
models are effective in reproducing the seismicity of the study region, suggesting their feasibility of
estimating future seismic hazard.

Using comparative analyses and simulation experiments, we show that all of methods give similar spatial
patterns of seismic occurrences.
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Water temperature change in the western region of Shizuoka
Prefecture

*HIRONOBU KAMIKUBO'

1. Hamamatsu Kisei Junior high school

FRER PRI TIX2013FE5 A M SIEMmHER (NG) ,2016F8AN HME™HE (KOA) EBHMHR
(IWN) BNIIHER (KAT) ICTASMRERADOKEE VY —Z2AVWREBKESANZIToTWS.

NGTIE2014FEBED S TFEAEHIT TW=KEN2016FE12ARN O LRICE L, FDHBAMACEE EFEHNEH
INTW3.

ZORHIEZMEIORBAO—R Y v TOYNCREHIE ER Y M TSRO EMS ICE U ARENEZ ST
%.

2016 E12AKRI S5 DEMBPE (NG) EBAFRE (IWN) OKEEFHNBIL DN T O L 72 TIZKED
EREEFIABFHICERIN I TWS.

2016F12BER N SEMHE (NG) TAKENA LFA1BO/-EH,ZEHHAR (IWN) TIEHKED EFHA2017F
XETERLTVS.

2017F TANSEMABER (NG) TKEZRENMEF LK EZRHPR (IWN) TRIKEDEFAIEH =L TW
%.

2018FHAIEMAE (NG) TAKEZRENMEF LK EZRPR (IWN) TRIKEDEFA|EH =L TW
%.

2018FTAICEREPR (IWN) TKERELHIMER - T LB ERPE (NG) TRKEDEFHIGA I
TW3.

(BRI AN ERT ZEMTIEEBICRCNOENENS.Z 2 TIRRINES E RGP EY S8 TERI I
3] (BIAIL {R:2018) DT, EFEHICEVELCBKEDLEREWRFEHICL W E L BHEDTREARY &S i
BTSN /- BEEAPRME TIETOERICHREAELRDI MDY BEISHDEMNEITL TWEEEZL
ns.

. EH ST B (KOA)ERMHE R EN(NG) BA T R (WN)EN I HER KAT) OREAKEZEL

SEXBL :

A AR, EENS JERMEREEHEMRIIRE ZOEATORIADOMTKES, BAMIKXRERNLES
2018%FK%,55513-03.

EAREE - FERER S, B R A ORI T ACRE L, HABEFREEFHES13-P02,2018.
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Prediction method to develop the method of detecting earthquake
precursers

*Kozo Takahashi'

1. None

lELoHIC: thEFHMIEZ. 100FULEDRB. FEAULOREE. ZHOAM
ERALTHRAONTELED, ESMIA > &L, HEFMIE. FATEE -
ELKIIEEERS 2EThH 7, 5D, EOFEEMGEITNIL ALK
BIERLMEONABVWTH S, EFHICIE. ERBOLER - EORE - %
DIGAT - B - S 2BV EHLDHZD, BEARVEWVIRICIhSA#TE
TBHZEEFARTRETH A, —H. MERNICIE. BrxOIMEBFIILAIERASNT
BY., ThHDFEEF,. HEFIOERETOBIVEROREICER T S2EDE
WETZ2 (fR1288) . znil. ERETOMVEREEEZRHTEN
i, B - BEBICHEOFRMIC ORI EATREICAD, TIT, REEE
A, HEOEHEAMEFMTIEES, HEFIIKOMREBICEL 2&ICT 5,

1. BNEBHROBKRH
ERETH/NERIRETNIE, HELM - MERITLTZ2EDEHET

%5, LML, HhEFHIE THED. HBAT - H{E - BRI 9DN>TWVWBREE LD
TERW] EEDNTHY., 7> TEM - IBMOAEZFERDD I ENT
ERVWHL, BRNMEMFATETHE, BATOHEIRETH Y. [l - AL Tih
ENRZEZNEFHTEI L. BER/WRORTARIETHY 20, FH%
MEETHHMBLEXICEBESHHREL T, EM - BERZAEL CBEHS
®) 4RTHIC. MRIEA CFET, BIKOMNEBROREEBMARHTEN
I, HEMRBERVWIEIIXFMARE LD, DEHICIE. SERRIEZRM
T, E - RFHBESZAsystem ((FH288) THEIURELNDH 5,

2. ERBISystemDEiEA

HBEERELEIC. HMT100kmIBEDREFET. Local &Rl (LPC) %3%iET
%, &LPCT, TOMRREDERTIFENEBAHZREL. SEBEDHEL - HE
MERET 2, TOEADS, £d, BERT. ZEICLDHMSERET S,
RIS, EEEYAA—RT, AIHEEHRET S, 28 - ATHENIBRESN
T-EB%IEIE - WK LPCICAAL, 1 9EFEHE (m) - 1Z#REE (o) %5
BL, INSDOEDN. TNSD109FHELIYE. olEICAZEWES (08
HiE) 3. EBEOLPCOZNG BT 5, 2ELLLEDLPCT, DA I &M
B o7BAIE. BLPCHEEESEENT S,

Center PCl&. &LPCOm - cD—MEE. 0 EHEEEZANTBEEHIT. ©
BEEED Map 2R LENT 2, 20 BEE/ DL, TDMap EERAEH T
T35, BbYIT:

BAANEESINIGMICHRAIREXERMICEE L. MagmaDAIE - K -
ZlEHELTCFHNERAZ ZEATRETHY., HEFHNE. BE LALERE
Tl BN - HEROEEINBEWVGEE. FIIROHM/NEBROFKEIGZTILE
. —EHEIFMEFIEBEAVEFRNT S EEAEE RS D, SEXM
BEM= HMEEICEASNIBEMAOREREA N =XL JpGU S-SS024-13
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We will present the theory and mechanism of earthquake prediction
with attached electromagnetic observation data as the basis.

*Hidemitu Kunihiro'
1. JYAN Research Institute

WEFHIIEEEEDLNATVITY, MTHALOEHRPEMIZEANITNEFNTETT, 1 1F7H 5/
AZVEMEROREZH AW THOA THEMLABLTULWE I, BAMEZTIE, N1 BRERNICHREAEE
HH5ERNEDEY . 1BERICKEERLEY) OHEIREELTVHDTY,

RERBEPREFRILE. BEPARBEZLAZOT—905, BEICEVEBZL/AHNITHENFKET
%, LEORBRAIBTEE LA, . SEHEOBAMWTIRALEEZ(LLEZ, BEBNICT IR EDEL
HRET, MEFMOIRAIEITLY, BELREFRE L TEREZRRTEEY,

BHEBAIC L 2 MHEFHOBHRE X H=X L] BUTOEY TY,

1 HRE P TECEAFOELENELEL. SRFICINBECENENES ZL. Bk (ERVERE
JF) H’REL, BELICHTEGDYET., TI T, BHIELEZHM ETHEAT N REZOMBREEHH
WET,

2 WFCES . LEPENERICEBBARDAT—TXAF— GUIFPERE WS, ) & RRICAEA
FELETH. NOGEBEEGEC 1 BICH 1 mRELMEDY EtA. CRE1 OKmA SREERMN 138
RIYE)

3 WEOELAN=ZLERD TREI X, LLTOBYTY,

R OBEMTEINAEN (PE) &, LB E TRIELIBRISER < & BEOSBENHEHICHS
DT, PEROMRICE > T, BERENWRELITH. AEOEEEREL. BRDERI L. WWEEFZO
<7,

foa MEFHHLTE ZEAIE BPOBRRTEELHMRE L E, BHKFIAMELoTFANTES

B RIREBRZPERDIBRIZEEMNMEVD T, ZOREELITRSFNTEET, T, RIHDEY . FH
LE-BHRIOZELE, ERICGEEMBEOEERD —HT 201E, EHKEPERD KD, R CERTH 35
Y, ERTHMASTFHRITE ZRULDTY,

&R REOCERRE. PEROREGMEKETETEH, TR TmIBEEFLD T, RED/AT -1
WEHERZEREXTEA. LHAL., REAL, ERROMET, SRZKIRL, MEZRIIENTEX
ER

(LRE—BRHREEHFTH. BEROBRUT—9DHY XTI, )
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Poster session (Sept. 18th) | Special session | S21. Long-Period Ground Motion -Generation Mechanism and Structural &
Social Response-

S21P
Wed. Sep 18, 2019 1:00 PM - 2:30 PM ROOM P (International Conference Halls Il and IIl)

[S21P-01] Near-Fault Long-Period Ground Motion
*Kazuki Koketsu' (1. Earthquake Research Institute, University of Tokyo)
1:00 PM - 2:30 PM

[S21P-02] Characteristic source model with rupture heterogeneity for long-period
ground motion prediction of megathrust (M8-9) earthquakes
*Asako Iwaki', Takahiro Maeda', Nobuyuki Morikawa', Hiroyuki Fujiwara1 (1. National
Research Institute for Earth Science and Disaster Resilience)
1:00 PM - 2:30 PM

[S21P-03] Numerical Experiments toward Simplified Prediction of Short-Distance
Variation of Long-Period Strong Ground Motion Amplitudes
*Ken Hatayama' (1. National Research Institute of Fire and Disaster)
1:00 PM - 2:30 PM

[S21P-04] A preliminary analysis of long-period response spectra (1-10s) at S-net
for the 2016 Mj7.4 off Fukushima earthquake
*Yadab Prasad Dhakal', Wataru Suzuki', Takeshi Kimura', Takashi Kunugi1, Shin Aoi' (1.
NIED)
1:00 PM - 2:30 PM

[S21P-05] Long-period strong ground motion from the 2016 Mie-ken nanto-oki
earthquake observed in the Tokyo bay area
T E— (1. "RREAR—LT 1 V7 AKEREH)
1:00 PM - 2:30 PM

[S21P-06] Evaluation about variation of long-period ground motion in the Kanto
Plain due to source location using the reciprocity theorem
*HE B BN MK (1. MhIHERMHER. 2. AEEAERIGEEREEY 5 —)
1:00 PM - 2:30 PM

[S21P-07] BAREFDHEREICH 1T 2 REEERD D QE#TE
*EE A EEEL Q. TR IEERATRAR)
1:00 PM - 2:30 PM

[S21P-08] 3-D Simulation Considering Shallow and Deep Ground and Mechanism
of Later Phase at the KiK-net Konohana during 2018 Osaka Earthquake
*Takuya Kataoka', Masayuki Nagano1 (1. Tokyo University of Science)
1:00 PM - 2:30 PM

[S21P-09] Long period ground motion observed at Sakai-minato city, Tottori,
prefecture
*Takao Kagawa1, Shohei Yoshida?, Tatsuya Noguchi1 (1. Tottori University, Graduate School of
Engineering, 2. Ohsaki Research Institute, Inc.)
1:00 PM - 2:30 PM

[S21P-10] Elucidation of localized/enormous seismic damage induced by the
stratum irregularity”An example of fissure zone emerged at the Aso
caldera in association with the 2016 Kumamoto earthquake™

©Seismological Society of Japan
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hit fEARER’. BFE FIBN. MR EEZS BHEH. REBE (. 2HEXRE 2. HEHF. 3. i
EFTMHREMRIRESR)
1:00 PM - 2:30 PM

[S21P-11] 3D velocity model of the Bogota basin (Colombia) based on dense
microtremors arrays measurements, gravity, and geological data
*Nelson PuIido1, Helber Garciaz, Andrea Riaﬁos, Shigeki Senna' (1. National Research Institute
for Earth Science and Disaster Resilience, 2. Servicio Geolégico Colombiano, 3. Universidad de
los Andes)
1:00 PM - 2:30 PM

[S21P-12] Monitoring of large structure and observation of long period ground
motion using DAS and existing optical fiber cables installed
*Tsunehisa Kimura' (1. Schlumberger)
1:00 PM - 2:30 PM

[S2TP-13] 9 v 7D ROy YV JICL 2RELREDEHE AN S A BEFIMEICS
\T 3 REHMES DR
A gEKR'. ERBF (LRARAFEAFERY AT ABRISHRAEEI XL —THER, 2.5
BREY AT LABERR)
1:00 PM - 2:30 PM

[S21P-14] An effort for the demonstration experiment to provide forecast
information of long period ground motion through an application
development
*Misae Wakameda1, Masaaki Kachi1, Tsubasa Kawano1, Yoshiaki Hisadaz, Masahiro Murakami?®

(1. A2 corporation, 2. Kogakuin University)

1:00 PM - 2:30 PM
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Near-Fault Long-Period Ground Motion

*Kazuki Koketsu'

1. Earthquake Research Institute, University of Tokyo

Koketsu and Miyake (2008) T BEDRBRHKEVORBIAMEE (17 TH L, MEREOREARES)
Near-Fault Long-Period Ground Motion A% 3 X& Z & #1EH L 7. BEOEKSEVORAMHMES % X5
L CEREADREES) Far-Source Long-Period Ground Motion &R & i, BEDKE LthEH
NZPRPH A PPIRICE W EADEF PEMICEVWTENEEAHT. CNICH LT, MEREOREEM
BEEEIL, TALITAETAMREMIENZERERDRICEIVEHHINS.

W EEOREMEENDOERGI & L TIE1966%FParkfieldtttE (Aki, 1968) , 19714 San Fernandoitt &

(Hanks, 1975) , 1992%FLanders#tE, 1994%FNorthridgettE (Somerville et al., 1997) , 1995F &L
SEEpthE (BERE, 1996) , 19994 KocaelithE, 19994 Chi-ChifttE (Somerville, 2003) HZEIF5h

%. 2008FLAETIZ2015F GorkhathE & 201 6 FREAME CTEHBIS Nz, 25 LEMBEEOREILEE)
NEEBEMCREEMICKITTHEIIHeaton et al. (1995) A EIC L UFFRE L.

Somerville et al. (1997) IC&niE, T4 L IF7 1 ET 1 2RIF, BITNMBOREN N EBDABEICEGRELZE
X, HEWVIEMBORENMERNABICEELEEZICRNS & Eh, 2008FELFIOERIF TIETRTED
BRoTW3. & Z 3, 2015FGorkhath B TId BB DIIENEBABICEEL, 2016FEAME TITMET
NETEOBIEAEICENARICEIE L. 207D, TNLOMETRE LB EEORAYMEESDRERE
ETFALIT A ETAMBTRAVEWIERIHS. LML, 2015FGorkhaltt EIZEALBMBD X H=
ALT, TOBENRI—UDSEAAADGRETET AL IT1 ETAMRIRNDZ I ENRINE

(B, Koketsuetal, 2016) . %7, 2016FEEAMEOMBREDORARMESNN/HIL, BT NIFEOER
FRABIEEEICELZTALITAET AR TEREINB Z & %R L7 (Kobayashietal., 2017) .

INB2MEICINAZA TI1999&EChi-ChithE I L Tix, 7Y >~ 73R (Bolt and Abrahamson, 2003) IZ& %
EWDEMmMNHB. LHL, Dregeretal. Q01N)IFMEEI I a Ll —2avicky, KERTRYH500 mk
YRWEZBICHY, FIHSDfault distanceB 100 mELADHEICT ) Y IRIBRABN BT & &KL

. SMEDWBIREORBAPMEE ZEA L 2hRICIE, COFRGZHELTEDEFELARL. ZDIF

D, 2016FREAMETIE, KVWIANY ORFEARBMMNERVNTARY ICHERTRABTH LI EHDERTH S &
WO BRI H 2. LHL, BEMBOL THASNCREERHRESOLERSA VN—JaViERTE, %
D& D BERAIFR A TULARL,

© The Seismological Society of Japan -S21P-01 -
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Characteristic source model with rupture heterogeneity for
long-period ground motion prediction of megathrust (M8-9)
earthquakes

*Asako Iwaki', Takahiro Maeda', Nobuyuki Morikawa', Hiroyuki Fujiwara'

1. National Research Institute for Earth Science and Disaster Resilience

MSREEULDEKRMEDRENMEE S I 2L —2aVIlEWTTARYFAHA XL YNEVWRT—ILD
BRI EE A 5T 2 2 & CRAEKMMEEUTOMESOB/NTMAFET 2 AEFIRESATVS
(Sekiguchi et al. 2008) . MERAEMBHELIICL Z2BE NS 7ORBPHES LM (F, 2016) T
I&, 2003F -+t EDRTERE AWARIICE D EFHLEERE T IVICHRIERHEE M S S Ik,
BEBNS7HEICDOVWTE, BREASA—VOFHEEEER LALSKRABRETIVHICE DK RABHES
A EDTWNS. KR TIK, MIRESOEE NS 7HEICOVWTOREHIEERETILEBEICOVTOH
R&E1E27H, MIROEBEEREARMETH 2201 1FERILMA KT EHHEOBRFEOERET IV EASRL THF
HEERETIVEBRTZ. SSCHREAR2- 2002 /KRE L THEE Y IaL—2a v EaEREL, FAHEEA
DMRPEHFEZEOBRMEEFANRS.

201 TR AR EFEICOWTIE, BHR1OWEE#EZEICL CERBAE RAPATEREIELRSZ Z
ETRBINTSEY, THSIEEVCHEBNTHZEDRAEH S (=% - #12016) . ARETTIE, BEEEA
IEDFRWEIICAIE LLLBHNRABICEST2RIARYE, ThiYRWERICAE LERBICEST S
SMGA, ZL TESREENORIFHELLERETIVEHEET 5. SMGADHE, IRYE, IGHETEEII
- 2T(2013) 28R 5. BBEHMMOOKRIRYFISEKL DE BEREEZEES, 2017) 25EIZ2D0
R ERET B(LLF, LMGAESLMGA). 2ARDOERBRUMEE—X Y M4 U N\—U a3 VEBITICE 2ER
EFI)L(Suzukietal. 201 1)HSBEL, &N SSMGA, LMGA, SLMGAZRRWLEY DMEE A~ ERMEEE T
%.

TARY FEFREBEBIISMCAS L UEREERNIEHH - ER(2000)x, LMGAESLMGATIXFERMEHERAL S
A X914 LEEDOD=ATERE L.

ZOMETIE, FEBGHAKIECRE UGAA0RY R LIRIER EEMARIRERNA TR INTE Y, WMELED
IRE T £ TICIEREII D > TV, AR TIE, BMIELABRET I TTE 2L ITEAEF 25T %
=8, ZSMGAMERIL)ID - £3T(2013)IC & ZHIERIA S S MIBEBENEAVT—EEE (SSEEED

72%) T, TT-SMGALIADEE TIZ2AEDBIERMAIERD 5SMCANE Y £ 10%EVRE CHRIENMEET 5 H
D& L.

DEICKYRELAEHEHEERETIL BBEETIV) IZ, lwakietal. (2016) & BA#HDAETRINSMGAY 4 X
UTRDRT—ILTERYE, IRYA, WIRCEREICTHEYEHGSLE (FEEETIL) .

LE-RMTEEET I (MEAEZESR, 2012) #AVWTEH2MU LEERRICERTESE (GMS; &
FF - fh2004) ICL W ERE~BEBICHIFBETIENER FOMESEETEL L.

AYBUEADRE 7 —) TIRIEARY ML(FAS) TR 2 &, AABEETIVIZEL6 - SWIRELUT CHEE
TILE Y ERBHICIREN KR EZ <, AH2H TIEFERBROTE C2EROIREICA > 7. AHEI10MWLULT
Z, ZERNRIESDEEFAEVEDODEEE LTIEFEEETILEDKIE 1 ISHEL.

BRGSO TIX, BAHIOMLUT TR & EELDETIVEEE KT DX ASKE OTIEEX 2 & (S8R
SREBAMED, BFORBIFHEEETIVLIYVEFHEETINOANKE S HBIREHRE DEAMEE LW, BER
EHERCEREROHBEEOEWVWRRNRTEH, FTHEETILOANTBGEREORVWIEFHOIRIEEZ LY L<H
WLTW3., Ad, 3L - £1(2013)IC & 2HWIEEN & IR AMBOREILEFOBHOBRICKECE
BLTW3., IhoaEERBLAWES, B#AROMARIEEL Y iEmulti-hypocenter DRIFIERRAR DT S A

© The Seismological Society of Japan -S21P-02 -
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FASOBRMAEBHI10MUT CRENICLEWC EE 9D > 7.
FEE10- 20 DFHICDWTIE, bt AP HRERITIZIFASOBIRMEIZEAI o7, BERLE TITEDIE SR
AENTEER E o 7. ZOEIFHICES L TWASMGALADERIFEDETILEICD W TSEIRT 3.

PLEICEWRIEIMARFEMEOREERET N ESR L TRERHERZEOFELCBRET IV EEE
L, AHA2-20 DB 2 MRBIRTE S %2Rk, BB NS THEADOERICEKEL TIE, MRMED
WIRERDEM S, BT CTRELIERFUEIREE L THITONS.

AR, XEHRPEE -  ERIOEERAHMES/ NV — Ry TERSEXESEE RAHHESH/ NV —K
<y TERRD =S DEMRELT - TEFIVERSE] ICKWERLE.
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Numerical Experiments toward Simplified Prediction of Short-Distance
Variation of Long-Period Strong Ground Motion Amplitudes

*Ken Hatayama1

1. National Research Institute of Fire and Disaster

HRBZMTRAS N2 AHENH) S+BMWORBMBESOERD = RERTH 2 & LIIFE, TORKRIEK
EHABICEBTCRBmH 52078 L30kmE RIESL 5N DD, ZORRICERTURRICE®/LRBRVWEL I BRE
WIEBE TRABMEBD AR MURIENAE RS (BIZAIET5FED) FHXLIBZETNETERTELD
BREFNLIELITERAENS.

ZDEIREVWEETRAPMEFHFEDOEVWVIE LA - ERAEET 32 &iE, REABMESHTHD
RERLOAREZEI LTERREEEZD. ZORMAS, 2017FL2018FDREEMERETIE, FHEH
MEte LT, #ARICTFREAAM TEEDH % {RIE T % Lovell & Rayleighik ICEA Y 2 B A ERR A 1T

W, RO&IBERERKL L.

(1) REABMEERZEN T HMBEROBERICENTURRICE /LWL S LR WEERTE, MEFHODINR
7 MIVRIBDBUSIEEERY 5 2 2 LA ERNGEEL OSBRI .

(2) MAMICTRRDMTEESICEVWTHERS N RAMMESOREIZORSFAD T —) TARY ML
RIBOMIE, AFEROFREPABICE >TE, ZOMRETOTRTHTEED SFESNSREKDEARE
BOMREBR—HT 2560H 5.

(3) ZOME%ES FLHAATIIE, SRBEAETOTRTHTHEEET IO SEHAFET, REAAMWESHOD
BIEFHEZHES TRHZHDE LNBWVWHAHET 5 2 EDFTRENS L,

MABICTRALESICE T 2REMEOGREICEAL TE, /70— ARES (FHH20WULE) RERE TR
ELT, RIRERABWAEHEALRINTE . Tromp and Dahlen(1992)1%, T RILF—HEDREFERH
5, HERERLEOMERE ED2MREICH T ZRERDARY MURIBDOLIE, #ABRROHEATIATE S
BEICK, TRETNORROETOTRTEEEENSETEIN () hRICS T2 REMEEEERHROME, (ii)BF
EBE, (i) TRIVF-BRCL2BELARIEEECRETEZ 228 W (UF, REEGEERHE W
3) .

Bowden and Tsai(2016) i, Z OXRMERmEREIIZ, HMAROREBESEOEEN+OECHRIGEICIE, AL
HMREEORERICHERARETHEIEELL., T, TREHZ—DODRRETHITIERXTIEIHZE
DD, FTDEMEEKBICESD, FED2MAE (EVW-> THHBERMRE ZORNOMEREIZICE T EER
D2MMEEEDE) OIRBLEESZ D52 EDEIREL, Los Angeles@Z#th TEURI S N7/-RENR D EHI2.5F D
DIBERMED, BHMAETOTURTEEREICH T 2SHRBEATH SEEINDIBERE (LT, SHEmERS
HEWD) &VYD, REEGEEBRBICELY, JIKHRATESZZEE2EMMICRLE. B, Z9EICLS
2RTTEENGIES I 2L —Y a VICEDCRED S, RERGEBROER TR BRI NAZEERLTYL
%1%, Bowden and Tsai(2016)ICIEZ DT —F A RINTWARLV., /i, REAKGCEERRORERE~DES
B ERA A RE M DFEMEICIE, IRTREMGIE Y I 2L —Y aVICE DK BEDRINMVETHSZ. TDLHIA
ZEMD, £, 2RTEMMEEY I 2L —Y a3 v THE LAAREAKKENISZOBRSFED, REEREEBEUC
KO TEDEERBATEEZNARNSBZ &ICLE.

H(a)lk, HENMEE I 2L —2 3 VAETOI2RTEEBEETIVNCTHSD. INhiE, 2003F+EHithEDERD
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ENRICB T A2RABMEHOY I 2L —Y a3 VvDEOICAVWEZEIWNEFOMTHEEETILTHS. TDET
ILWOAER (FERAD OKEREBES D SRayleighBRERE— N2 ARSI BALIGFEOENKE B EEDEICELY
SEL, MWREADKEEDT7—) TARY MURIEZRIEEDZFNTHR LA DERUERNT—4 (EiR1E
18K) & L7z, E(b)ICAR6RICH T 2EABEIEE (FKiF) 25xd. AULKHE(D)IC, REEEEBRH (F
18) ESRIGERHN (B8) ICL2AMMICHITZRERICK T 2EEIBERART. ZOREHITIZ, 88
EIERI, SREERRLY D, RERGEFRICE > TECHBETETVWS., TOT—RICDVWTEDET
HEINRHGIE, QTRRTWRBAICEKELTHY, EHAAOEE#HBEOETILI+2EPHTH
5] EWODREDNHERINLEREICR>TWREEZILNS.

DEDE S kB %, SEIFTAAMICOVWTITD. £, BMAR2RTEEBEET TV P LovelRD EHRA

REFHRANRET S, InoDZ&icky, WARICTERLEEICE (T2 AHBMZEE ORERDIEE
KOFMICHT 2 TRTEEBEICE D  RERERROBR TR 2 EENICHANS.
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A preliminary analysis of long-period response spectra (1-10s) at S-net
for the 2016 Mj7.4 off Fukushima earthquake

*Yadab Prasad Dhakal', Wataru Suzuki', Takeshi Kimura', Takashi Kunugi1, Shin Aoi’
1. NIED

The 2016 Mj 7.4 off Fukushima earthquake occurred on November 22, 05:59 JST. An Mw value of 7.0 was
assigned for the earthquake by F-net NIED. The Mw values determined by USGS and GCMT were equal to
6.9. The Japan Meteorological Agency (JMA) focal depth was approximately 24 km. The event was a
normal fault event based on moment tensor solutions by the organizations mentioned above. The above
earthquake was the largest event that occurred off Fukushima after the deployment of S-net. One hundred
twenty-five stations of five segments of S-net except for the outer rise segment, which was not in operation
during the earthquake, successfully recorded the seismic motions during the earthquake. In our previous
paper (Dhakal et al. 2018), we compared the observed absolute velocity response spectra (AVRS) for the
earthquake at the K-NET and KiK-net stations with the ground motion prediction equation (GMPE)
constructed by Dhakal et al. (2015) and found that the data were generally explained well by the GMPE.
In this paper, we compared the AVRS computed from the ocean bottom strong-motion recordings at S-net
stations with the GMPE by Dhakal et al. (2015).

We first examined orientations of the sensors from one-minute time windows before the earthquake and
when the shakings subsided after the earthquake. We found that five stations namely, S2N12, S2N13,
S2N14, S2N15, and S2N16 of S2 segment (off Ibaraki and Fukushima) located close to the epicenter,
suffered rotations approximately between 0.1 and 10 degrees during the earthquake. The recordings from
these five stations were not used in this study, and AVRS were computed following the method explained
in Dhakal et al. (2015) from the ten-minute time window starting one minute before the earthquake origin
time. The computed response spectra at the S-net sites were corrected for the site amplification effect of
deep sediments using the J-SHIS subsurface velocity model following the method described in Dhakal et
al. (2015). The spectra without correction (circles) and with correction for the site amplification are
plotted in the attached figure as a function of hypocentral distance for the periods of 1, 2, 3, 5, 7, and 10
s, respectively. The plots show that the observed data at the periods of 1 to 5 s are generally within
plus-minus one standard deviation of the median prediction curves after correction for the site
amplification. With the increase of periods > 5 s, the plots indicate that the data deviate increasingly from
the median prediction curves, especially at distances between about 100 and 500 km. The difference
seems to be the largest at the period of 10 s among the analyzed periods. However, the difference is not
systematic after correcting for site amplification and may be attributed to the velocity structure or the
other factors such as the effect of oceanic water layer or the source effect such as the radiation pattern
effect at the longer periods or their combinations. In conclusion, the observed response spectra at the
S-net sites generally agree with the GMPEs by Dhakal et al. (2015) at periods of 1-5 s and differ
increasingly at many sites with the increasing periods. Further analysis is ongoing, and we report the
results in our future papers.

References
Dhakal, YP, Suzuki W, Kunugi T, Aoi S (2018) Performance evaluation of ground motion prediction

equations for absolute velocity response spectra (1-10 s) in Japan for an earthquake early warning.
Journal of Japan Association for Earthquake Engineering, Vol. 18(No.2), pp. 203-216.
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response spectra (1-10 s) in Japan for earthquake early warning. Journal of Japan Association for
Earthquake Engineering, Vol. 15( No.6), pp. 91-111.

AVRS (cm/s)

AVRS (cm/s)

e ——————3 10—y —————y 10— ———
F T=1s ] E N ° T=2s ] F >~ o T=3s ]
C o% 1 N O3~ 1 3 N o 1
F N 1 9 o g F < L
P &3 1 r 1 T e ot o
10'k X oy 2R 4 10k 10'F
F x E E F
0 0 ol
10°E [ 6 oBs 10°E 1 o oBs >\ 107 3
E | x ADJUSTED £ | x ADJUSTED ¥ F | x ADJUSTED N2
[ |— GMPE [ |— GMPE x’?‘;\_ [ |— GMPE X
L |---- 1STD x ¥ ] L |---- 1STD ) [ [---- 1sTD N
-1 PR S SR | L " PR -1 P | L L PR R -1 T | N N L
1035 100 500 30 100 00 1073 100 800
102 ————rry —————y 107 . ——3 107 :
Fe_ T=5s 1 E ° T=7s
5w, 0 © ] oo °, 1k o
F SR O o g 0 ~eX x o 1 F~ .0 ©
G A 2 N
10 T 4 w0E o 10
ol 0 0L
10°F | o oBs 5 107 10k
L x  ADJUSTED AN L x  ADJUSTED L x  ADJUSTED
[ GMPE % [ |— GMPE [ |— GMPE %)
l [---- 1STD h | |[---- ISTD | [---- ISTD RN
-1 N | N N P -1 PR | L s M -1 P | L N M
1035 100 500 %30 100 800 ' %o 100 300

Hypocentral distance (km)

© The Seismological Society of Japan

Hypocentral distance (km)

- S21P-04 -

Hypocentral distance (km)



821 P'O5 Seismological Society of Japan Fall Meeting

Long-period strong ground motion from the 2016 Mie-ken nanto-oki
earthquake observed in the Tokyo bay area

T2019-022
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Evaluation about variation of long-period ground motion in the Kanto
Plain due to source location using the reciprocity theorem

T2019-040
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3-D Simulation Considering Shallow and Deep Ground and
Mechanism of Later Phase at the KiK-net Konohana during 2018
Osaka Earthquake

*Takuya Kataoka', Masayuki Nagano'

1. Tokyo University of Science
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Long period ground motion observed at Sakai-minato city, Tottori,
prefecture

*Takao Kagawa', Shohei Yoshida? Tatsuya Noguchi'

1. Tottori University, Graduate School of Engineering, 2. Ohsaki Research Institute, Inc.
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Elucidation of localized/enormous seismic damage induced by the
stratum irregularity”An example of fissure zone emerged at the Aso
caldera in association with the 2016 Kumamoto earthquake™

T2019-097
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3D velocity model of the Bogota basin (Colombia) based on dense
microtremors arrays measurements, gravity, and geological data

*Nelson Pulido’, Helber Garcia®, Andrea Riafio®, Shigeki Senna’

1. National Research Institute for Earth Science and Disaster Resilience, 2. Servicio Geoldgico Colombiano, 3.
Universidad de los Andes

Bogota, a megacity with almost 8 million inhabitants is prone to a significant earthquake hazard due to

nearby active faults as well as subduction megathrust earthquakes. The city has been severely affected by

many historical earthquakes in the last 500 years, reaching MM intensities of 8 or more in Bogota. The city

is also located at a large lacustrine basin composed of extremely soft soils which strongly amplify the

ground shaking from earthquakes. The basin extends approximately 40 km from North to South and East

to West, is bounded by the Andes range to the East and South, and sharply deepens towards the West of

Bogota. We construct a velocity model of the basin based on dense microtremors arrays measurements

(radius from 60 cm to 1700 m) at 200 sites within the basin (Figure 1a), as well as single microtremors

measurements at 600 points. Horizontal to vertical ratios of microtremors show large predominant peaks
for periods as large as 3.5 seconds, near the center of the basin (Figure 1b). The 3D velocity model of the

basin for layers with S-wave velocities (Vs) smaller than 700 m/s were directly interpolated from profiles

obtained from dense microtremors array data (2 km spacing). To constraint the velocity model for deeper

layers (layers with Vs from 700 to 3000 m/s) we use available gravity data ("800 points with 1 km
spacing), as well as available geological information from boreholes within the basin. Our results show

that the Bogota basin is composed of a deep Neogene-Quaternary deposits (deepest point at the center
of the basin "850 m), mainly composed of clays for the upper 300 m and clays with gravels and sand for
the lower part, with a bottom S wave velocity of 700 m/s (Figure 2a). The seismic bedrock (Vs=3000 m/s)

reach a depth of 3400 m at the deepest point of the basin (Figure 2b). Seismic records from shallow

earthquakes as well as preliminary strong motion simulations of the basin indicate the generation of large

amplitude and long duration surface waves generated at the basin edge.
Acknowledgments
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Monitoring of large structure and observation of long period ground
motion using DAS and existing optical fiber cables installed

*Tsunehisa Kimura'

1. Schlumberger
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1) M. Fujisawa et al, Acquisition and Imaging of the Kijiyama DAS-VSP + SSP Experiment Data, SEG-J
2019

2) A. Hartog et al., The Use of Multi-Frequency Acquisition to Significantly Improve the Quality of
Fibre-Optic Distributed Vibration Sensing, EAGE Vienna 2016
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An effort for the demonstration experiment to provide forecast
information of long period ground motion through an application
development

*Misae Wakameda', Masaaki Kachi', Tsubasa Kawano', Yoshiaki Hisada?, Masahiro Murakami?

1. A2 corporation, 2. Kogakuin University
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Poster session (Sept. 18th) | Special session | S22. Potentiality of Machine Learning in Seismology

S22P
Wed. Sep 18,2019 1:00 PM - 2:30 PM ROOM P (International Conference Halls Il and IIl)

[S22P-01] Detection of seismic signals under low SNR condition using an artificial
neural network: Toward the development of low cost seismic network
Ahyi Kim', *Hiroki Uematsu' (1. Yokohama City University)
1:00 PM - 2:30 PM

[S22P-02] Earthquake/Noise Discrimination with Convolutional Neural Network
*Shota Kudo', Kengo Shimojo1, Koji Tamaribuchi® (1. Japan Meteorological Agency, 2.
Meteorological Research Institute)
1:00 PM - 2:30 PM

[S22P-03] Development of neural network to locate hypocenter with theoretical
seismograms as learning data Il
*Seiji Tsuboi', Daisuke Sugiyama' (1. Japan Agency for Marine-Earth Science and
Technology)
1:00 PM - 2:30 PM

[S22P-04] Attempt to detect LFTs by clustering short-period OBS records
*Hidenobu Takahashi1, Ryota Hino1, Yusaku Ohta1, Naoki Uchida1, Syuichi Suzuki1, Masanao
Shinohara® (1. Tohoku University, 2. The University of Tokyo)
1:00 PM - 2:30 PM

[S22P-05] Insight into machine-learning model and prediction result: Case of
random forest predictor for ground-motion intensit
*Hisahiko Kubo', Takashi Kunugi1, Wataru Suzuki', Takeshi Kimura', Shin Aoi' (1. National
Research Institute for Earth Science and Disaster Resilience)
1:00 PM - 2:30 PM

[S22P-06] site2vec: A Ground-Motion Predictor Learning Site Conditions from Data
*Tomohisa Okazaki', Tomoharu Iwata'?, Asako Iwaki?, Hiroyuki FujiwaraS, Naonori Ueda' (1.
RIKEN Center for Advanced Intelligence Project, 2. NTT Communication Science Laboratories,
3. National Research Institute for Earth Science and Disaster Resilience)
1:00 PM - 2:30 PM

[S22P-07] Time series analyses of amplitude of the Earth's background free
oscillations
*Ryuichi Kunugi1, Naoki Suda' (1. Department of Earth and Planetary Systems Science,
Graduate School of Science, Hiroshima University)
1:00 PM - 2:30 PM

[S22P-08] An Attempt to Classify a Pattern of Changes in Strain Observation Data by
Machine Learning
*Takahiro Tsuyuki' (1. Meteorological Research Institute, Japan Meteorological Agency)
1:00 PM - 2:30 PM

[S22P-09] Machine Learning Approach for Integration of Multiple Relative Intensity
Models
*Hirotaka Hachiya1'2, Kazuro Hirahara', Naonori Ueda' (1. Center for Advanced Intelligence
Project, RIKEN, 2. Faculty of System Engineering, Wakayama University)
1:00 PM - 2:30 PM
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[S22P-10] Optimal distribution of offshore observation points for tsunami prediction
using scenario search and regression methods
*Toshitaka Baba', Takuya Miyashitaz, Nobuhito Mori?, Kenta Nakanishi®, Masato Okada* (1.
Tokushima University, 2. Kyoto University, 3. NITA Consultant, 4. Univ. of Tokyo)
1:00 PM - 2:30 PM
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Detection of seismic signals under low SNR condition using an
artificial neural network: Toward the development of low cost seismic
network

Ahyi Kim', *Hiroki Uematsu’
1. Yokohama City University

We have developed a community based low cost seismic network in Yokohama, Japan, called Citizen
Seismic Network (CSN), to monitor local scale strong motion which is closely linked to community’ s life.
Each sensor unit composed of 12 bit MEMS accelerometer and Raspberry Pi. Since the units are
supposed to be installed under high-noise condition such as inside of house where spiky noise made by
human activities often misinterpreted as seismic signal, it is difficult to discriminate the seismic signals
from other noises. In such condition, applying conventional detection method using amplitude ratio (e.g.
STA/LTA) is problematic. To overcome the issue, we employed an artificial neural network (ANN) that
utilizes pattern recognition to retrieve seismic signals. To make the ANN work, we trained it using
numerical data set produced by seismic records obtained from conventional seismometer adding CSN
sensor noise. As the network input, vector modulus of three components of accelerogram are used.

Firstly we explore the optimum number of input units and training data. Secondly, using the trained ANN,
we tried to identify the numerical seismic signals which are not used in the training process. As a result,
95% of the P-wave is successfully detected. The comparison with the performance of STA/LTA using real
data observed by our sensor indicates that our method reduce the false detection significantly.

Detection is further improved with multiple stages training: noise data detected as “seismic signal” is
included in the next training process as “noise” . The ANN trained with multiple stages stably detects
P-wave for Japan Meteorological Agency seismic intensity scale above 3. It indicates that our method can
make low cost MEMS sensor not only as reasonable strong motion detector but also as P-wave detector
for the intensity above 3. It means our sensor network can be used as a complementary of the
conventional seismic network for earthquake early warning.
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Earthquake/Noise Discrimination with Convolutional Neural Network

*Shota Kudo', Kengo Shimojo', Koji Tamaribuchi?

1. Japan Meteorological Agency, 2. Meteorological Research Institute

HEIEFRETIE, 1 /LA ) 4 X %PHE LTERBRAITR 2 EICLY, BB ABRERELTLES L
Y, EREEEBETIETCLES ALY T REALH L. RALAEEUIMETHZIH /1 ATHDH & EHEICH
ATFZZENATENE, BBEROREMER LICOANZ EHFINS.

BE, BEVWDBHCEBES, EWbIT1—T5—V 5BV EEENELVRREZEIF TS, Meier et
al. (2019, JGR)ICEWTIL, HERF &1 VNIV AMA ) 1 TR A SRETHN TE 2MBEEET IV EER
LTW3. KR TIL, Meieretal. (2019)DHTEHEE W DIFHEDRVWEHAA =21 —FI Ry NI —U %
WEETILE, SRFORETET—YICE >TIIREL, KYR/NRHEICOWTS, ZOETILHEHEEDH
B/ /AXHBNENEET 2L AT 5.

T MES /A XDESEEITO 20, PERABOMERF & 1 VNIV AWK /) 4 R T —49 (3K,
100Hz) &= TN T hIRE L 7. HifEE, SRTFOEEBERREFEATH 2PREDEMBBRLRE & 4520165
4H~2019F4B & L. HEREFICOWTIE, —TTlbEREDI LHBERCRESNALZERERRE7 7K,
k, AZETE T 2DICAVWSNRANEICHIS T 2T —9 2 IE L. / 4 TEFICDWTIE, PRED RGN
LEBRZEEIZOICAVONAMANEICR T 2T —9 2 IE L. £HT— 7 L3I, #E, TR
AF—41C8:1:TDENETHE L. O, BLCHEICDWTODRFINEE, REE, T A MT—4ICoEBI A
WEDICERE L. 2 TOERKT — 4 ICILEREREA0.5HZD NI IRA T 4 VY & @A L. BFET—4 131&
BME % STAWBORERICEIY B L, IRIEORAMIETE > TEEAFRIL L. ETIOBERBREEZIEP T
&, AFRICE Y BT ERICIE, BAEDRIEN 1 ~3WDOBICT VY LICRHRET S LD ICHIYBLE.

EF IV, Meier et al. (2019) & E#kIC, 4MWBIHLD DM EANE L, DRTTBHAZKE - /Ny FIEHRL - 5FH
b-BKET=Y VT E1FEEY ELTIDENRERE, £BEE - Ny FERL - FHEbOFEEYAE2DE
R, HAOBTIEIANEEI’ I METHIEREHNDE LA 1 RTTEHIAHBED T 1 LY EUIIEIC32, 64, 128 T,
TZ1IYEIEENE16E L, T A1 XF2& L. £FEEABIZ2D 1801 =y hE L, HABIKTIZZ=Y
E L7 HABUADOFEMEEREEIIReLUREE S L, HABDEM(LEEIE /T4 RBHELAE COETILD
AI¥E3DDEHAABTIIMERFICKGT 2RHHHME S R T LANEE I, BRE2DDLFEAB TIEZT DR
ENSHE /A ZNDDEBRIEBIND EEZONS. BREBENIFYZET Y bOE—& L, &i#EL
FiElFAdam, 2BEIF0.001& L. Ny FH A 48D I =Ny FEBETW, BRIIT— 4 IC0 T 218K EN
SIRY JULEGII THELARAWGRICEBA2RIRT LA COEB 7O EHOIEYRL, RIET—%
ICH T REREIPRNEBDZIETIVEREBETIVE LTGRIRL . Atd, Meieret al. (2019)DETFILE IFHDE
D=y MY - SEMHEERS K CIBABEBORENRR DD, REMAEIRWEEZILSNS.
ERETNICOWTE, HETHZ ENETIHEROMELZ0SE LI ZDEAR, BIHEAKRD S £ 95%LU £
ERST. CHNIFTERRDOREFDOADLME, /A X %HZAN L -IGEDETH DD T, EHE SDRFAHE
HFEDETHINTNE, /A XL 2HMEOBRBRAMEZRINISKO T I ENTE R EFRIND. HRTIE, X
LEE /A BRI ETIVICK BAIBAEPREICEY AL Z EICE Y, PEEOERREMREL EDRER LT
BN DOVWTCHMNE FETH 5.

© The Seismological Society of Japan - S22P-02 -



822 P'03 Seismological Society of Japan Fall Meeting

Development of neural network to locate hypocenter with theoretical
seismograms as learning data |l

*Seiji Tsuboi', Daisuke Sugiyama'

1. Japan Agency for Marine-Earth Science and Technology

Fxld,. EFEOMBZAMEAKICE VT, BENRIRTHERE T IV % AW B iR E R C 85 & 2
FT—HE L THMPEBETIZEICEY., BRNASX—IDHEETIZa—F)Ixy NI—U5BET IR
FHITDOVWTHRE L7,

AIEDORRTIE, RE LB L TEHE L2 ERERVEHEI S, HIRERNICH T 2HMROEMDH%E
KL, ZOLIBERERICLAEBEENS, BRAIA—VEHETZI_a—FILRxy NT—V 5EBET
ZZENHEDZEHERLE, HWROZMDHAERMERMEHEL SEET 2BICIE,. BERMMAIREDHES
HREY, WRICBITZEMEO0.O5BICEHE L TEMOM AR L7, BRMATIE. BRAROLHRE 9
BTHZD, BT — I OEMDPHEBET L IILBENBRICEETETH . —H. BEFER
BOMEEEZZI5EIE. BHIRIEELICREINSGD. BT -9 5BETIEMLGIIR22HDIC
BRBIENFEREING, IITIER. BRIISBHREDOEHICOWT, BELORARZEE L - IEmithE R
ICEDKROZBMDFGEREA VT, BEEBICKYZ1—F)Ry NT— V5 BETEI 2RI,

iR RRIE. FIE & RAKICARY MVERED
SPECFEM3D_GLOBE(https://geodynamics.org/cig/software/specfem3d_globe/)Z A\, 25607 %
E>T1 chunkZAWTCEE L, ETIOEEERT/NTA—9 THBNEXIF256T, AVIRTHIKRET
JVIZS20RTS, HEXEI17#TH %, 22EDERIMEIRT % #H4200E0HEICH L TEE L. #3005
DOMERCHEEREEK LTz, AT —9 & L TRHW-EZROHF%ZETICRT,

ERLEEGRERIC. BRNASA—VEMETZZ2a—FILRYy NI—VDBEEHAHSTz, Z2—FILRY b
7 — 7 3EBEE T L < Fbh B Convolutional Neural Network (CNN)T. convolutionlZ2/E& L., 86x86M
BEIRND, BNSA—YEHRESTDEIRY NIV 2BBEBICIVER L, Z2—FIRYy hT—JD7
L —A7 — 2 3TensorFlow (https://github.com/tensorflow) & FA\ 7z, B IZERD85% % AL, 25
DIRT X — G RTE A BRI RMEAE - B REE Y ¥ —2ERT HDAY R T LDGPGPU / — K % {#F
LTiTo7e ZBICKYBELAEZ2I—FIRY NT—27ICF L TEYI5%DEREBVWTRIEZ{T o7z, &
AHERISHE L-BE EREDREDEEREN ZTNEN0.045°E0.063"ThH Y. BARIEREDEE _LEBISR
DHEICED2MROBFEDHFEENOSEBRNIA—YEHETZ2 -1 —F)Ixy NT—U%BET DI &N
THBZENDM 7=,

BRELEZ21—-SL2y b7 -0 RBOBRT - ICERALLBEOREDRERB LU, BELL=21—-5
Wxy b7 =7 DISAOAREIC D WTIIREROERICEN 5,

Bl

DR TITEFRRAREE - hIKBEHREB LV I —DHER AT LZAVWE L, BLTREHHWELE
T, AARIIRAETIOKI201T DI E=ZITE LT,
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Attempt to detect LFTs by clustering short-period OBS records

*Hidenobu Takahashi’, Ryota Hino', Yusaku Ohta', Naoki Uchida’, Syuichi Suzuki', Masanao
Shinohara?

1. Tohoku University, 2. The University of Tokyo

EEBEINALAXREEBEMEZREANME (S-net) ICk Y, RILHICH T BEERBENLFT)FEND F1EHEH
SMMCRYDDHB. LH L, S-net DEAIBIAIXERILI A K EHMED 5 FETHY, LFT DE KbEH
ARTCREBERDESNEASHICT BICIE, EEH OBS (SP-OBS) &2 BWERER DT —9 5 5F B2 0WE
DH 5. BEDRRBFEATIE, Snet DL ICEBEZRTT —IDBMBINTWVWEEIEFRLT, LFTHRHETE<
FRINZTRO-7HEEE2ERALTEH, SIND+TOTRVWARY NEMRLIRMT DI EDH L
L\.Takahashi et al. (2019) (&, FRiLHATHRE L -BERKME(VFLE)DEREFEICEE I NAZ580D SP- OBS
T—HM5, VLFEEIEEETLFT A LIKLIEREL TWR ZEA2RHE L. ZDHBEICIE, LFT IZVLFE F
EBICRBEINIZARY NET VYT L—bEL, TREDHBYICHEEDWAERRRZIT oD, MSAETL
HLIEREHIC LFT Z#RHEHTETVWS EIEWVWA RV, AR TIE, BEDOBRRERTH 5Nz SP-OBS DFEHEN S
LFT Z#@FICIRZ D2 2 BELT, BER L TT— 94208 I5FETHD IV RYBNEIGE TS &
T, BEDTVTL—MEZRELTICLFT O %R~ 5.

AR TIL, Takahashietal. (2019)M EITICE WD & B4 CRILPHERICAXREELIRICEBEI N
58® SP-OBS f28kicxt L, 75 R Y BIHTD—DTH % K-means++ (David and Vassilvitskii., 2007) %@ L
o ZOBAT—2ICEENS LFT [LBEMEICLERT 1-8Hz TO/NRNT—IARYJ MLORTENRY—VHE
BoTWBIEDD, VFZRIBWICANTBT—9~XY L& LT, Power Spectral density (PSD) % F L
2SIV T 0 WOBEABRTHELA 1-8HzDPSD Z#1D2DAARI MLEL, 30BBETOTH
LD SHEERICHEZT—9T7 YU TIVEERBLT, ThICH LTI 5 XY@ %1T > 7. LFT OFR#IE
PSD DFRICHZ Z DD, ZDEWHABRAINZ I EE2HEFELT, T—9IRI MLEZODERRERDMRITE
GEAIRICE TS D PSD DERAE) THREIELE. T/, THLEERLEET B LT, BRI DB
DEVWERMT ZEAUSETORBOEZVDBEREMKL 2T —9DODEIRIND &P EFINS.

Takahashietal. (2019)ARHE L7z 4 DD LFT 28U 2BBNDS V2V T AR ML EY SR DERREH
TRT.IVTZAYEUL, VS RIYADREEAMEREICLAEINNR—RICKZREFICEEDE, 46 L7 HDTF
B DOODEIE, EDlabel DAZ—ICHIFE I A DEESICHIGT 2. FRY=ATRI N/ LFT ORI
BTRLCISAYICHDEEINTWVWS Z &EHbHH %, Takahashietal. (2019) T LFT DF Y FL— M & L7=HIC
SINABEWEDDLFTH, IO ERA—IFRAYICHEINSE.

SRIEINSIVZRIDDBRERINEDL >BRT—YDOMEE R L TWBHIRIET 5. BEXD LFT EA—0
JSRVICBTHEDIEELEDIS%RREH DD, TNOHFLETLFTICHIGNT 2 EEZTLIVDD, HBWE
BEHEOI—VRBOPEMEELEEFNTVWEIDD, REAERB—I TRV ICHEI N/ PSD ICILERY
2T 5. 7, LFTHAB TV RYICDEINLT 9%, BRIZBFHEICEEODVWTEBEI SR YBRT
BZZEHEMRFLTVWB.INSDEEICKY, ThETOTYTL—MEDBEUMISKRMEINEZEDEERD
LFT OB TREM 2 1RET T 5.
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Insight into machine-learning model and prediction result: Case of
random forest predictor for ground-motion intensit

*Hisahiko Kubo', Takashi Kunugi1, Wataru Suzuki', Takeshi Kimura', Shin Aoi’

1. National Research Institute for Earth Science and Disaster Resilience

1. FC®IC

BHEEEAWETILI) ALEHELAOBEDOHISEELDDH Y, MEKYMEBZOAEH THKL LIGHE CEE
DFHELIFTWS (e.g., Kong et al. 2018; Bergen et al. 2019) , fh 5T, #HEE, HicZ2—F)Ixv K
D—JICBLTE. 7990 Ry IR BBAERICLTERBINTWS, BB2EEEAW VAT LR
KRELTWCEICIEK., 75y 2Ry I ABRBICEET 22 RASNEBEFEL2ZATWKLELNH Y., EHMN
PERIAEENSEOMBEEEEOHRARTREITTEIERICA >TW EBEINS (eg, BS - fiu
2017) « AARTIRINETEELOIT > CELWMEERIZDOS VS LT+ L XA MFillgE (eg, AR - B
2018a ATHIEEZE R, AR - f1 2018b #HEFR; AR - ft 2019 ATHIEEER) Z@ME LT, TOMHBES
ETINEFAEROBERETD,

AR - fib (2018a) Tk, MEHEBED—DO THIMERFAMEE (PGA) = FalNKRE L. EREE
B-E—AYKIIYI=Fa—F (Mw) - BERES - FRHEATOS KEE1400m/sEDRE (D1400) - F
B DM TR I30m £ TODEES FEE (Vs30) D5DO 5T ET B FRREST VY LT LR M
(RF) IC&>THELTWS, RFIE, AEEAELAZETIVICE>TEIRE - PEETIOREAEEHHL
T. RERDHEBRLFAETITYH Y ITLEZT7ILITY XLTHS (e.g., Breiman 2001; Zhou
2017) . REABEIZIFXDEERARTHY., F74 MRy IV RBOFERTHD, LHOLADNSERDREARSE
HAEHEBRFOBE., —D—DDIMNHIHRRHAFARBRICEDL D ICHVTULWEDHHMNMY D5

. Z2—Fxy hT—JFETRBWVICLTET v IRy V AMBBREZ EUFEREHRT I EN
TE2, FICABENRVREREZZHAWVWSIHBEICIE. ZOHEANEEE D5,

2. SUSLTALRAKNTHES

AR - fih (2018a) EEBHDP W AT, RFFRIZEZAR LKL, AR THWARFIZ, RKEZ100 DREKR
St100CHEREINE, 2B T 4. AR - (2019 TAHW -F—9ty hE—EUNA A LEEDEFIAL
7=,

3. RPEHDEEZEE

ERRL7=FRIFRICHEWT TEDFHRBAZEBAEZLRDN] 2HDZ &iE. TOEBEZEETIVE FRABR % B
$T2E—STHD, RFELUVREARTIIABEICS IF2ERRPEHADT IV CREEN S, ZRPERHOEE
ExEHTZ2, UTTIRINETIVEREZEE LR, 2. ORFFARICE T2 7V ERAEEE I [EREE
B, Mw, EIREE, D1400, Vs30] =[0.40, 0.26, 0.10, 0.12, 0.12] &£ 4%, =EIREES & MWDEDMBICEERTK
EL, IDEEDLEZELRFD=EDOEHDTVWR I e N D, THIFERD) S DIERH & EDRET
PGADKZZIDRENREZFZZEARLTHEY, ThETOMEZOMREEST 5,

L7V RBEICEDCEEEDHEIXconsistency &7 S WZ ENEITHRICK > THEBIhTW3
(e.g., Lundberg et al. 2018), % Z TPermutation Importance (Pl; Breiman 20071; Fisher et al. 2018)% L
FEEEOFMEIT o/, Plik, 2 —DDHBPAEHICEAL T —YEINDIEFZ> v v 7 LET—9 %A
Bl vy INLEZEDNETIOREICEDRENBESA D0 2TMMT2 28T, EEEEZRDZBD
THs, ELIGEAVWTEIRE LLEZ A, [EREERH, Mw, BIRE S, D1400, Vs30] = [0.9038+0.0083,
0.4836+0.0074, 0.1035+0.0015, 0.1498+0.0020, 0.1372+£0.0023] G 6N, PICHE TV ERAEEELH
CERrRonr, =720, EREH - Mw - ZOM=DOBOEZEDENL VEASINTWS, 4H
Permutation Importance 8’ & DfEZ &, ZDFRMAEBDIEF =LA IBRICTFRAHFEDON T+ —<v VA EEL
22 ERTA, SEIEZDEL D BRERS RN >/ & hHhH 5,
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1N Z TShap (SHapleyAdditive exPlanations; Lundberg and Lee 2017; Lundberg et al. 2018) % B LW\ /=5l
1T o7, Shaplds — LEFRDShapley valuelCE D&, FRHENMELZDOFRICEDRERETS L TWEH %
BEEFETHZIN, TV EREEZE - PIERAKROBERIME LN,
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site2vec: A Ground-Motion Predictor Learning Site Conditions from
Data

*Tomohisa Okazaki', Tomoharu lwata'?, Asako Iwaki®, Hiroyuki Fujiwara3, Naonori Ueda'

1. RIKEN Center for Advanced Intelligence Project, 2. NTT Communication Science Laboratories, 3. National Research
Institute for Earth Science and Disaster Resilience

B9

BELESNTIMO-HIC. BRRFZORRUNBRICEDCHESFTAXNLELFAIATWS, ERE

%, RS SASOY M MEEZRIAZER, SAMEEREOHEHKE DEFEZ2BENER LT 50X
ZEREL THREIICASIA—SHEETI2DON—MHTH B, BEETE=2—F)L - Xy hT—2J(NN)ZH
W/ YIRS ARN) v ORFEHIRESINT WS (e.g. Derras et al., 2012),

REDFRATIE, HBAZRAEZINIOGERLTETVED TN TE R, LAL, FICH1 MEEICOVWTIE
B LUFHENBBATIERL, BI30mE TOFHESHEREAVSI0)PEBR I K DIEENARBRNICAVW LN
TW3H, HFLEMEFICHTIMHEENRRLTWVWEEIFEARWL, £, INSOYHEEEZICIE
A=YV TRAEPYEREEAVEE L. aREDEIEONLBVEEEH D,

AR, MEBICEST 2T MFEIGAREHKICRENTWRIR T THS, TITEAMATIE, BRARIAN
WZEDEDEANETBIET, 1 MFEZREET — 9PN SBBNICEBTINNET IV EZRRE L, %
DR, BEARDY A MFHEICH TR MVRBEIFONDLIICKRY M7 -0 %KEt L, ThiCk

Y, BERSKICEDWTEESNLY A NEREZDM T H I &DTREE LD,

Fik

H(a) IR 2RO FRET IV “site2vec” HRERT D, £9. BRHRINILERY NT—2IC& YRS b
JNIZEHL, BONERI MLEMDORBAZEHE ANE T 2IEEBENNICK Y MESIEZELHENTE, Ih
&, BARSEVEDHEF TL < BAVLSN Bword2vec (Mikolov et al., 2013)ICEEAB/-ELDTH

%, word2vec TIINET—YDEFERBL T, BRBEN. 2EERIC—HT 2 RTDone-hotRIR (H2EHR
D1 THROERILODNRY ML) DSERTONRY MUICEREIND, ARkiCsite2vec T, EBIREBDRTA
£ DEAR S RILDone-hotRIBHA S, Y4 MEFHEDRI MNLRIBEIB SN S, 20Oy M7 — 2V IXEBICE
BAET57H, HEBTFRICEI LRI MLRIBEEBTE 3,

ZZT, BHESNILAEBEENNOAAE T B EEFELD, INTIEYAS MNEENT SV IRy IR E
BRoTLED, site2vecENT BRI E T, ZHEINHY A MEMEATRIL - PR TEZEANEFETILOEBRET
H5,

ROZFa— K, ERFEES, ERER. AVS30, ARSI NILOW O EAVWTHRANEE %2 FHT 5 HE
HEZ I, ZBERTSDOK-NETEAIST19965E6 8 ~2018FI B ICEA S N7/ E X 200kmKiH,. HAMEE
10gall EDEEFAE AW, HEICK Y., JliET—% : 1996~201245F (9276528%) . MRiL

T—4 :2013~2014%F (14255E48%) . TAKF—% :2015~2018%F (211052%k) ICHBIL 7%,

site2vecDftt, AAEHAEZEZNNEZAWVWTTRA M T —4IC0 9 2 FHIMEDOLLBERR AT o= (Hb) .

NNTIE., 1 MFEEZEZRWVWKVAVS30% ANT 31T D BEMEREL . AVSI0DRD Y ICEBRIR I NIV %
ABNTZEEISICREVWERIE LN, COERRINILEAAT BNNEsite2vecTlE, RAREDMHEETL
Too site2vec TIFZE L7zt A MFEDRY MILRBEIBOLN DD, R MLRENE DHBBERICOWVT
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LERETo T,

HEE AR TR, BB ERMARAOK-NETDOEET —4 % EA L7z, AVS30D1EILI-SHISHE/NY— R
ATF—vavaBBLE, MEEEDEEICIEFacebookit MBI L /=PyTorch&FERH L 7=,

=Z N

(a) (b)

FAIS T ~NIL
one-hot&¥ %]

YA MFED
N7 pILFKRIR

0.25 1

I

NN (w/'o site) NN (A'VS30) NN (Sit'e label) siteévec
tEET IV

RMS for test data

80gal

X. (a) HEFFH|E T L site2vec” D F v + T — 7KK,
(b) EERFER, BT A100EHNICHEE L, 7R MEZEDO L EHEFEE Ta v b,
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Time series analyses of amplitude of the Earth's background free
oscillations

*Ryuichi Kunugi', Naoki Suda’

1. Department of Earth and Planetary Systems Science, Graduate School of Science, Hiroshima University

EEMIKERRE & THEOEREICH I D S FTEEMEAE ICHBICEHRIRE L TLWRIRKD I ETH Y [e.g.
Sudaetal. 1998] . KV EENEARMIRICKIZTAICL > TR I N TWS [e.g. Nishida 2013], /=5
B IR B RIRB DOIRIBIIZHLEH T 5 2 &AM SN T3S [Nishida et al. 2000] , REHER (IGK) (X8
FTREYTIRAMOK (BH : 30-300%) THY [e.g. Munk 1949] . JBiFICEIE L7 ERARKIC & W) £ K
T, BE@ICED > TEHET % [Longuet-Higgins and Stewart 1962] , X 72IGiK & E{&hIkd FHA
50-300M DRMEREMIE T 5 Z & A H > TL 3 [e.g. Rhie and Romanowicz, 2004, 2006] , BIEIDH R T
I ERFMIKERRBORESIGROE T DXKEEB ZRARLL. BEANBEAREESNAN >, EITHE
MRTIIERMIKBHIREDOIRIBE IGEDOE S DFRAZEZ LR L. BEICFAZHONIGEENIR SN D H
AT,

FEMIKERRESOT—4 & L TSTS-1BAFEES (638RAIR) O LTERSRAA VW, BRI
2000-2017ETH %, EHIHFERINT—IHISIARDT—Y 21T S L THIWH L. FFTCTRRESEED S AR
HHEBICERT 2610, VAT LADL ZARY R % BIRBMEBTHEL T, SEARD/IRT—IRT ML
BE (PSD) 2Kl /A XDHZ2T—9%HRL., AEEFEEHES JFIVEE /4 XFICHEL

T. Signal-Noise PSD. Signal PSD. Noise PSDD1x BEH A ZnETNEE L, IGKIZWaveWatch-lIl
[Tolman et al. 1996] DIGKEDE DY ) v RF—4 &AW, RTHAREIZ2008-20174% T36ERBRD
FT—YEFNFNIER BEHEKICOTTEHL, TNoE212BTEICEH LI BEHUDIGEDE X %23KD
co F-MEDERLEN R RZ7-5HIC, #EHET I TH BProphet [Taylor and Letham, 2017]% B W

7= ProphetlidIEETILEB W THEBEE I SRR EITO ETFILTH S, REEDProphet/Ny r—
ERWTEN L

Prophet CHESI N/ B DPSDOKRZ I ICDWTHERAEBDFHZ#H# 5 &, Signal PSD (¥#7) 1Z7R &
12BICE—0 2 H 2L ERALHNR S5N7z, Noise PSD (FfR) X128 £4IF1BICE—I2H 3 ERLEH
R 57z, Signal PSDA 5 Noise PSD% 8|\ /zSignal-Noise PSD (Fi#g) IZ7RICE— V2 H 2 ERLTEHIR
b, IGEOBIICDWVWTIE, b#ERFYH (BFMR) F12BFETBICE—IPH2FERAZHHNRS

n. BEFIKTEY (KR TR7AICE—I2’HIEEAELEBMN R 5N/, Signal-Noise PSD & B IRFEHDIGH
DEIOHEBEREAEE 2 E0.73EBVEDHEENHZ Z &9 D o7z, ThidSignal-Noise PSDDERZEE D
E—2%%0dRRN’EFERDIGKETHZ I ENTBIND, F7/-Noise PSDEILFEHKFHDIGEDE S D
EEREE & 5 056 EQBEAINHZ Z DN o7, TNiENoise PSDOERZEDE— V551 5FR
AHAILEBRDIGKETH D I ENTERIND,
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An Attempt to Classify a Pattern of Changes in Strain Observation Data
by Machine Learning

*Takahiro Tsuyuki'

1. Meteorological Research Institute, Japan Meteorological Agency

Sacks-Evertson¥ 4 7DAEV § AEIPAHRXZHA VT AETOBBT—Y ICHENZHRICIE, 71 )EVE
TL—RFRTOR KW FTRYICEERIBMEPRERMEOAY A RIVIRRTY S, KIUFEEICEE
BROBRBED TAED] HRBREEICLZERDIED, BEARADTOMTKDL HLEFICLZELREDE
AREEOO—NIAEIELIAONIZEEHY, HRABELCDNNY—VHEET 3.

AF - #(2013)1F, VT AR EDHMBLES T — Y ICIERNZIBRODIEE T —IR—R{bEHA . ThICE
DVWTKRET TR —FURICEERY—VORENMEITONTWVWSED, ASHDIRRICLZELERAMLE
BEIC, ZTOTNRY—VPEREDET IO, HETEHEADHIICE >TWS. ZOHEOBESRIC

&, HEPRBERRHBOBHRY, BEOERAUBEZNHZ2DITTHZDD, IhEFTOLIOFEEVWEHATER
SN RRERINT —9 5 HEBICDET D TENE, AORRICEZDETIIRELEBAVHAR
HKE’HBEHLELNABWL., ZOFEELT, BEZEBICLZ2ZEDONNY—VDODBITEMNBRFEEE LB 8EM
NH 3.

W= - #(2018)1%, BERIIT—4 % DeeplearningiC & W DS 57-HD 7)) A&k LT, DEEPPLAITE
FIENZETIVERELTVWS. ZOETIVE, FTRHRINY—VOEEREERE BEIMNICEE

L, =%ty h2FDENBREMBELAZLT, BOoNLBREREIC, BHRAAZ1—FIxy NT—7F
(CNN) ¥BIRE=—21—5)Lrvy h7—% (RNN)&Attension[Bahdahnau et al., 2015] %2 #&#&ht TEE
FBETOBDTHS. ZOFETH, FBERIOBON-EEEZHIEISIET, AOERRIZEE
ERBERINNI—VERRTEDZELTWS.

DEEPPLAITICEWT, BRIIT—IDNY -2V 5RIBTZEFHREMBET2HFME LTEDRTWLWSDN
AutoPlait[Matsubara et al. 2014]T# 5. AutoPlaitTIlE, BN AT ETILDIETH D ZREEHET I
IC&UNRGY—=U DT IV —TbETV, RNEBRROBEZERVWT, 5AONERRIT—9 2 @BNICKRET S
ETNERDIFZT7ILI)ALEZRELTWVWS.

VT HBAUT—IDEDNY =V BB EBICL > TOHETZE—EBME LT, ZDAutoPlaitx 03 & &
DOBERINT—YICEALTHT, TOEAMOKRIEEZRAZ. AVWET—41E, FHROARN - #(2013)D
T—IR—RICEFRINTVWIHEROFEETH S. DLOHEE XS ORIBHEHIOREEEZRW L. $K
DOTHEHIDOWT, 2P ERBICT—9 Yy e Lz, £, SEVHIZOHERIBESINTWDS
N, SEEBKOTFT—IEEHLETCT—9EYy NeT22ET, BRIDEMNBERICEVHIEZ N BHEEAL
7.

TNEFNOELCRRIE, BHNELCRTY TRECBREDEILDOHIRD/INY —2 & ZDRADVAR SN TL
31, ZZTRELEOERICIBEEEY, ERZ12BHICHEL THOIOLOHINILTITE

To7=. AutoPlaitic &L Z2EMERESAONESNILEDLEKAET>ER, ASHADERAICE > TEIE
ETWBHEVWI ADBICK 208 EAutoplaitic K ZIRRDENBERIIESCR—BLTLEIEDEEZILN
5. ZDZTEDD, ROBRE L TEBEBEETOIZEILE 2T, OTHEHNT—9DELD/NY — 2 DM
BARDEAFTRETIEAVWNEEZEZT WS,

B : https://www.dm.sanken.osaka-u.ac.jp/technology/autoplait/ TR INTWE Y 7 N T 7 % {FH
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Machine Learning Approach for Integration of Multiple Relative
Intensity Models

*Hirotaka Hachiya'?, Kazuro Hirahara', Naonori Ueda'

1. Center for Advanced Intelligence Project, RIKEN, 2. Faculty of System Engineering, Wakayama University

Among the models submitted to the Collaboratory for the Study of Earthquake Predictability (CSEP) Japan
experiment, smoothed relative intensity (SRI) method (Nanjo,2011), provides a high performance,
assuming large earthquakes more likely occur in the future at locations with higher seismicity in the past.
SRI generates a grid map, each cell of which has the normalized number of earthquakes occurred in a
circle centered at the cell during a past training period.

However, SRI would have two potential limitations. Firstly, spatial and temporal parameters, the radius of
the circle, and the past training period are fixed over entire regions and manually tuned by users.
Secondly, the distribution of earthquakes in the future testing period could differ from the past training
period one, since the future testing period is usually much shorter, e.g., 3-month and 1-year in
comparison with the past training periods, e.g., 20-year.

To mitigate these limitations, we propose to define the earthquake forecast problem as an image
conversion problem where a multi-channel image each of which corresponds to an SRI map with different
spatio-temporal parameter in the past, is converted to an SRI map in the future testing period. By training
convolutional deep encoder-decoder networks with paired input-output images, multiple SRI forecasts
can be combined adaptively so as to minimize the future SRI reconstruction error.

We show the effectiveness of our proposed method through earthquake forecast experiment for the Kanto
region in the CSEP Japan, using the data of years from 1923 to 2017, in comparison with SRI methods. In
addition, we extend our proposed method with data augmentation transferred from other regions and
show its effectiveness.
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Figure: Proposed framework for converting SRI (smoothed relative intensity) maps in the past to the maps in the future.
- S22P-09 -

© The Seismological Society of Japan



822 P'1 O Seismological Society of Japan Fall Meeting

Optimal distribution of offshore observation points for tsunami
prediction using scenario search and regression methods

*Toshitaka Baba', Takuya Miyashitaz, Nobuhito Mori?, Kenta Nakanishi®, Masato Okada*

1. Tokushima University, 2. Kyoto University, 3. NITA Consultant, 4. Univ. of Tokyo

DTS A LHEEREISERICEET 2RIOE R BEEHATE 20OFKRERICRALTHRIIEKE
V. BEREDBEICE W TIXGPSERETERIME, S-net, DONETARKRE L CTARERBRHBWPOEEIEA
TW3., B2 IZERDEENDESEREAFEMARC &L D IGERKBICNTCERAREE, 1V REFELEDRES
EICREFELIZVWEEZTWS. LHL, BROL I REEERHESEHMHEOBEIIRX NEALNSAAETH S
EHICRMEING. 20D, BORVEBHISATEEREICERETATEZAERIIOVTORFEINIVE
THb.
AFETIE, BREAHIGEREEOEBEZBIET AT A2MENRIEE LT, HEERUBEORERE %
RKOBFEICOWTHRET L. BRFIRIIROEBY THD. XFLAHTREL D 2EHOERIBET L
HREEL, TNICKEEEEYIal—bML, T—9R—2AT3. ELNEZT—IR—IIF/LT, BHA
HEEFEAEEARELT, RUBRT—49E95. RUBAT—9E2AVTBFTOEES % T
L, T—9R—ZAHDEBE L DHRELROTFRMRELTMT 2. ZHOERMBETIVICIE, BERICXFY
R THRELALBEANMEORMPMNIFHE TRY OEBAFOFBEEEBRT 2L, BHTIRY S
WMESVYLTHBEETDIHETHESNIBEERET /I (Godaetal., 2014; 2016; Mori et al., 2017) %
FMALKE. M7.8H05M8.6% TMO.2XIAT500>F+ Y A9 D, 52500+ ) A5 #fE L7, FBRETEICIEIE
BIRKER EEZEDETR W, 4d, FEISEBREICEAN > TRAT 1 VY 7ERICK Y D REEE270mb
590mAm LI, EEFARE, EEPEHI/EKI TS Zihuatanejo, Puerto Vicente, Acapulco®
3m e Lz, BREEZFATZHAEELT, vFH ) F#HFRE (Yamamoto et al.,, 2016) &R ZFER|D[O))FE
(Yoshikawa et al., 2019) D220 %HAL, YT VARBETIIBEAFILEICE > T, ERETIZLTEIER
{LIHZRAWT, RETZ2HEEARBEZFIRLBEORERRARKEZ KDL, TITEIRERELE
BFHERENRNERDZEBENDI &L THD. BH, BEANDEBIERED29 KD WER A3 EHEHH T
BEEIAAE S X B - O BRI ERE D SRA L 7.
HEBRROFRERE 3, 5, 10ICHIR LGS, FRESEBEOKREZFEMFEAR (RMSE) &, >+ ) F%k
RET1X0.93m, 0.88m, 0.85m, EIFEITIZ0.82m, 0.73m, 0.69m& o7z, ¥ F ) A B TIX LMD ED
BAEMBIENZDICH LT, BRETIHERIGEVERSMRIEN. BENEAURIHFOEWVNE, >F
) ZRFBETIIRELAEEZMA SN LD ICEEREARNANEE SN, OIFRETIEEREDRWERFIL O
BlEIrFENDHEEZILND.
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