Program The 2020 SSJ Fall Meeting

Thu. Oct 29, 2020

[ Room D | Regular session : SO1. Theory and analysis method
1:00 PM - 2:15 PM JST | 4:00 AM - 5:15 AM UTC | ROOM D
[SO01]PM-1
chairperson:Daisuke Sato(DPRI, Kyoto University), chairperson:Tsutomu Takahashi(JAMSTEC)

1:00 PM - 1:15 PM JST | 4:00 AM - 4:15 AM UTC
[S01-01] Bayesian estimation method of fault slip distributions considering underground structure
uncertainty based on ensemble modeling

ORyoichiro Agatal, Amato Kasahara, Yuji Yagi? (1.Japan Agency for Marine-Earth Science and Technology
(JAMSTEC), 2.Faculty of Life and Environmental Sciences, University of Tsukuba)

1:15 PM - 1:30 PM JST | 4:15 AM - 4:30 AM UTC
[S01-02] Proper reduction and asymptotic sampling difficulty of posterior distributions in fully Bayesian
inversions

ObDaisuke Sato?, Yukitoshi Fukahata (1.DPRI, Kyoto University)

1:30 PM - 1:45 PM JST | 4:30 AM - 4:45 AM UTC
[S01-03] Problems caused by the non-negative slip condition on seismic source inversion

OVYukitoshi Fukahata?, Yuji Yagi? (1.DPRI, Kyoto University, 2.Graduate School of Life and Environmental Sciences,
University of Tsukuba)

1:45 PM - 2:00 PM JST | 4:45 AM - 5:00 AM UTC

[S01-04] Toward short-period (< 10 s) full waveform tomography in and around the 2011 Tohoku-Oki
source area using land-ocean unified 3D initial model

OTaro Okamotol, Hiroshi Takenaka2, Takeshi Nakamura3 (1.Department of Earth and Planetary Sciences, Tokyo

Institute of Technology, 2.Graduate School of Natural Science and Technology, Okayama University, 3.Earthquake
Engineering Sector, Civil Engineering Research Laboratory, Central Research Institute of Electric Power Industry)

2:00 PM - 2:15 PM JST | 5:00 AM - 5:15 AM UTC
[S01-05] Wavelet-based analysis of surface roughness of the subducted Philippine Sea plate in the
western Nankai trough

OTsutomu Takahashit, Ayako Nakanishil, Shuichi Kodaira?, Yoshiyuki Kaneda? (1.JAMSTEC, 2.Kagawa University)
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[ Room D | Regular session : S01. Theory and analysis method |

2:30 PM - 3:30 PM JST | 5:30 AM - 6:30 AM UTC | ROOM D
[S01]PM-2

chairperson:Kaoru Sawazaki(NIED), chairperson:lssei Doi(DPRI, Kyoto University)

2:30 PM - 2:45 PM JST | 5:30 AM - 5:45 AM UTC
[S01-06] A centroid catalog of P-wave microseisms

OKiwamu Nishida®, Ryota Takagi2 (1.Earthquake Research Institute, The University of Tokyo, 2.Graduate School of
Science, Tohoku University)

2:45 PM - 3:00 PM JST | 5:45 AM - 6:00 AM UTC
[S01-07] Early forecast of maximum amplitude and threshold exceeding amplitude number due to
aftershocks using a continuous seismogram

OKAORU SAWAZAKI! (1.National Research institute for Earth Science and Disaster Resilience)

3:00 PM - 3:15 PM JST | 6:00 AM - 6:15 AM UTC
[S01-08] Landslide source determination using amplitude source location method for the 2017 landslide
in southwest Japan

Olssei Doil, Takuto Maedaz, Toshitaka Kamail, Gonghui Wa ng1 (1.Disaster Prevention Research Institute, Kyoto
University, 2.Graduate School of Science and Technology, Hirosaki University)

3:15 PM - 3:30 PM JST | 6:15 AM - 6:30 AM UTC
[S01-09] sP converted waves seen on broadband record sections from earthquakes near the plate
boundary of Tohoku district

OMasahiro Kosuga1 (1.Graduate School of Science and Technology, Hirosaki University)
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Fri. Oct 30, 2020

[ Room D | Regular session : SO1. Theory and analysis method

9:00 AM - 10:00 AM JST | 12:00 AM - 1:00 AM UTC | ROOM D

[SO01]AM-1
chairperson:Tomoya Takano(Earthquake Research Institute, The University of Tokyo), chairperson:Shuhei
Tsuji(Graduate School of Environmental Studies, Nagoya University)

9:00 AM - 9:15 AM JST | 12:00 AM - 12:15 AM UTC
[SO01-10] Separation of temporal variation in transfer function of ACROSS source using Independent
Component Analysis

ORina Suzukil, Koshun Yamaoka? (1.Graduate School of Environmental Studies, Nagoya University)

9:15 AM - 9:30 AM JST | 12:15AM -12:30 AM UTC
[S01-11] Method to detect change in amplitude using an artificial seismic source, ACROSS, and its
application to in-situ data

OShuhei TSUJIL, Koshun YAMAOKAL, Ryoya IKUTA? (1.Graduate School of Environmental Studies, Nagoya University,
2.Department of Geosciences, Shizuoka University)

9:30 AM - 9:45 AM JST | 12:30 AM - 12:45 AM UTC
[SO01-12] Derivation of SPAC-like expressions for strains measured by DAS

OHisashi NAKAHARAL, Kentaro EMOTOY, Takeshi NISHIMURA! (1.Department of Geophysics, Graduate School of
Science, Tohoku University)

9:45 AM - 10:00 AM JST | 12:45 AM - 1:00 AM UTC
[SO01-13] Detection and location methods of volcanic tremors using seismic cross-correlation:
application to Sakurajima volcano

2(

OTheodorus Permanal, Takeshi Nishimural, Hisashi Nakaharal, Nikolai Shapiro” (1.Tohoku University, Japan,

2.Institut des Sciences de la Terre, Grenoble, France)

[ Room D | Special session : $23. Frontier of observational seismology-Future of dense seismic observation ]

10:30 AM - 11:45 AM JST | 1:30 AM - 2:45 AM UTC | ROOM D
[S23]AM-2

chairperson:Katsuhiko Shiomi(NIED)

10:30 AM - 10:45 AM JST | 1:30 AM - 1:45 AM UTC
[S23-01] Seismological evidence for a seamount subduction in eastern Shikoku

OKatsuhiko SHIOMI! (1.National Research Institute for Earth Science and Disaster Resilience)

10:45 AM - 11:00 AM JST | 1:45 AM - 2:00 AM UTC
[S23-02] Detection of deep low-frequency earthquakes in the Nankai subduction zone over 11 years
using a matched filter technique

OAitaro Katol, Shigeki Nakagawa' (1.Earthquake Research Institute, the University of Tokyo)

11:00 AM - 11:30 AM JST | 2:00 AM - 2:30 AM UTC
[S23-03] [Invited] Crustal activity monitoring using ocean networks for earthquakes and tsunamis

ONarumi Takahashil, Takane HoriZ (1.National Research Institute for Earth Science and Disaster Resilience, 2.Japan
Agency for Marine Earth Science and Technology)

11:30 AM - 11:45 AM JST | 2:30 AM - 2:45 AM UTC
[S23-04] Ambient noise tomography in the forearc region off northeast Japan using S-net

ORyota Takagit, Kiwamu Nishida? (1.Graduate School of Science, Tohoku University, 2.Earthquake Research
Institute, The University of Tokyo)
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[ Room D | Special session : $23. Frontier of observational seismology-Future of dense seismic observation ]

1:00 PM - 2:15 PM JST | 4:00 AM - 5:15 AM UTC | ROOM D
[S23]PM-1

chairperson:Ryota Takagi(Graduate School of Science, Tohoku University)

1:00 PM - 1:30 PM JST | 4:00 AM - 4:30 AM UTC
[S23-05] [Invited] Dense seismic observation using seafloor optical fiber cable system off Sanriku by
Distributed Acoustic Sensing

OMasanao Shinoharal, Tomoaki Yamada?, Takeshi Akuharal, Kimihiro Mochizukil, Shin'ichi Sakait (1.Earthquake
Research Institute, The University of Tokyo)

1:30 PM - 1:45 PM JST | 4:30 AM - 4:45 AM UTC
[S23-06] Estimation of Site Amplification of Azuma volcano: Analyses of Seismic Signals Recorded by
Fiber Optic Cable and DAS

1

OTakeshi Nishimural, Kentaro Emoto?, Hisashi Nakaharal, Satoshi Miural, Mare Yamamotol, Shunsuke Sugimura-,
Ayumu Ishikawa®, Tsunehisa Kimura? (1.Graduate School of Science, Tohoku University, 2.Schlumberger)

1:45 PM - 2:00 PM JST | 4:45 AM - 5:00 AM UTC
[S23-07] Analysis of dense records of the DAS observation using fiber optic cable in the urban area

OKentaro Emotol, Hisashi Nakaharal, Takeshi Nishimural, Mare Yamamotol, Kodai Sagael, Gugi Ganefiantol,
Katsuhiro Yabu! (1.Graduate School of Science, Tohoku University)

2:00 PM - 2:15 PM JST | 5:00 AM - 5:15 AM UTC
[S23-08] Characteristics of DAS data by Artificial Vibration

OMasayuki Tanakal, Akio Kobayashil, Akio Katsumatal, Koji Tamaribuchil, Tsunehisa KimuraZ, Shunsuke Kubota3,
Yukihide Yoda* (1.Meteorological Research Institute, 2.Schlumberger, 3.YK Giken Co., 4.NEC Corporation)

[ Room D | Special session : S23. Frontier of observational seismology-Future of dense seismic observation ]

2:30 PM - 3:30 PM JST | 5:30 AM - 6:30 AM UTC | ROOM D
[S23]PM-2

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

2:30 PM - 2:45 PM JST | 5:30 AM - 5:45 AM UTC
[S23-09] 3-D S-wave velocity structure derived by ambient noise tomography using dense short-period
OBS arrey of off Ibaraki region

Olina Yamayal, Kimihiro Mochizukil, Takeshi Akuharal, Kiwamu Nishidal, Tsuyoshi Ichimural, Kohei Fujital,
Takuma Ya maguchil, Takane Hori? (1.ERI, Univ. of Tokyo, 2.JAMSTEC)

2:45 PM - 3:00 PM JST | 5:45 AM - 6:00 AM UTC
[S23-10] High-density event locations with high-density OBS network at off-Ibaraki region

OShinji Yoneshima?, Kimihiro Mochizuki® (1.Earthquake Research Institute, The University of Tokyo)

3:00 PM - 3:30 PM JST | 6:00 AM - 6:30 AM UTC

[S23-11] [Invited] Dense seismic observation design for capturing background of large inland
earthquakes (lessons from "0.1Manten" hyper dense seismic observation)

OSatoshi Matsumoto? (1.Institute of Seismology and Volcanology, Faculty of Science, Kyushu University)
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Sat. Oct 31, 2020

[ Room D | Regular session : S14. Earthquake prediction and forecast
9:00 AM - 10:00 AM JST | 12:00 AM - 1:00 AM UTC | ROOM D
[S14]AM-1

chairperson:Takao Kumazawa(Earthquake Research Institute, University of Tokyo), chairperson:Jiancang
Zhuang(The Institute of Statistical Mathematics, Research Organization of Information and Systems)

9:00 AM - 9:15 AM JST | 12:00 AM - 12:15 AM UTC
[S14-01] Long-term Probability of a Tohoku-Oki Earthquake along the Japan Trench

OMasaijiro Imoto?, Nobuyuki Morikawa®, Hiroyuki Fujiwara® (1.National Research Institute for Earth Science and
Disaster Resilience)

9:15 AM - 9:30 AM JST | 12:15 AM - 12:30 AM UTC
[S14-02] Foreshocks and earthquake hazard assessment in Japan mainland.

OHong Peng?, James Jiro Mori® (1.Kyoto University)

9:30 AM - 9:45 AM JST | 12:30 AM - 12:45 AM UTC
[S14-03] Predictability of earthquake swarms with consideration of central nagano swarm events in 2020

OKumazawa Takao?, Yosihiko Ogata2 (1.Earthquake Research Institute, The University of Tokyo, 2.The Institute of
Statistical Mathematics)

9:45 AM - 10:00 AM JST | 12:45 AM - 1:00 AM UTC
[S14-04] Incorporating focal mechanisms into the ETAS model

QOdJiancang Zhua ngl’z, Eri Maita2 (1.The Institute of Statistical Mathematics, Research Organization of Information
and Systems, 2.Department of Statistical Science, The Graduate University for Advanced Studies (SOKENDai))

[ Room D | Special session : S22. Geodyanamics of the Ryukyu arc ]
10:30 AM - 11:45 AM JST | 1:30 AM - 2:45 AM UTC | ROOM D
[S22]AM-2

chairperson:Shuichi Kodaira(JAMSTEC)

10:30 AM - 10:45 AM JST | 1:30 AM - 1:45 AM UTC
[S22-01] Overview of scientific drilling active backarc basin, Okinawa Trough: ongoing rifting of Eurasian
continental margin

OMakoto Otsubo! (1.Geological Survey of Japan)

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

[S22-02] Vs structure of the shallow crust beneath ocean-bottom seismometers: south and north
Okinawa trough

OBan-Yuan Kuol, Pei-Ru Jianl, Pei-Ying Patty Lin2, Ching-Ren Lin®, Yasushi Ishihara3, Shuichi Kodaira3, Mamoru
Nakamura®, Chau-Chang Wang5 (1.Institute of Earth Sciences, Academia Sinica, 2.National Taiwan Normal
University, 3.JAMSTEC, 4.University of the Ryukyus, 5.NARLabs)

11:00 AM - 11:15 AM JST | 2:00 AM - 2:15 AM UTC
[S22-03] Ambient noise tomography for northern Okinawa trough OBS array

OTing-Chun Lin!, Kai-Xun Chenb2, Yuancheng Gungl, Ban-Yuan Kuo?, Yasushi Ishihara3, Shuichi Kodaira3, Mamoru
Nakamura?, Pei-Ying Patty Lin®, Ching-Ren Lin?, Chau-Chang Wang® (1.National Taiwan University, Department of
Geosciences, 2.Academia Sinica, 3.JAMSTEC, 4.University of the Ryukyus, 5.National Taiwan Normal University,
6.National Applied Research Laboratories)

11:15 AM - 11:45 AM JST | 2:15 AM - 2:45 AM UTC
[S22-04] [Invited] Contemporary deformation and slow slip events along the Ryukyu Islands clarified by
GNSS observations

OTakuya Nishimura?, Shin'ichi Miyazakiz, Takeshi Matsushima? (1.Disaster Prevention Research Institute, Kyoto
University, 2.Graduate School of Science, Kyoto University, 3.Faculty of Science, Kyushu University)
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[ Room D | Special session : S22. Geodyanamics of the Ryukyu arc
1:00 PM - 2:15 PM JST | 4:00 AM - 5:15 AM UTC | ROOM D
[S22]PM-1

chairperson:Mamoru Nakamura(Ryukyu University)

1:00 PM - 1:15 PM JST | 4:00 AM - 4:15 AM UTC
[S22-05] Pattern of occurrence interval and spatial distribution of similar earthquakes in the northern
Ryukyu Trench subduction zone obtained from ocean bottom seismic observation

OvYukihiro Nakatanil, Hiroshi Yakiwara®, Shuichiro Hirano®, Shigeru Nakaol, Hiroki Miyamachiz, Reiji Kobayashiz,
Yusuke Yamashita3, Hiroshi Shimizu®, Takeshi Matsushima®, Kazunari Uchida® Kazuo Nakahigashis, Hideji Abe’,
Tomoaki Yamada®, Masanao Shinohara’ (1.NOEV, Kagoshima Univ., 2.Grad. School of Sci. and Eng., Kagoshima
Univ., 3.DPRI, Kyoto Univ., 4.SEVO, Kyushu Univ., 5.Tokyo Univ. of Marine Sci. and Tech., 6.JMA, 7.ERI, UTokyo)

1:15 PM - 1:30 PM JST | 4:15 AM - 4:30 AM UTC

[S22-06] Surface wave imaging of the lithosphere and asthenosphere system beneath north Okinawa
Trough from NOT OBS array

OPeiYing Patty Lin!, Hsiu-Cheng Yeh?, Chih-Ming Lin!, Ban-Yuan Kuo?, Shu-Huei Hung3, Yuancheng Gung3, Eh Tan?,
Kate Huihsuan Chenl, Chau-Chang Wang4’5, Ching-Ren LinZ, Shuichi Kodaira®, Yasushi Ishihara®, Mamoru

Nakamura’ (1.Department of Earth Sciences, National Taiwan Normal University, 2.Academia Sinica, 3.National
Taiwan University, 4.National Applied Research Laboratories, 5.National Sun Yat-sen University, 6.JAMSTEC,
7.University of the Ryukyus)

1:30 PM - 1:45 PM JST | 4:30 AM - 4:45 AM UTC
[S22-07] Upper mantle P-wave velocity structure beneath the northern Ryukyu subduction zone from
multiscale finite-frequency traveltime tomography

OShu-Huei Hungl, Ban-Yuan Kuoz, Pei-Ying Patty Lin, Yuancheng Gungl, Eh Tanz, Huihsuan Chen3, Chau-Chang
Wang4, Shuichi Kodaira®, Yasushi Ishihara®, Mamoru Nakamura®, Ching-Ren Lin? (1.Department of Geosciences,

National Taiwan University, 2.Academia Sinica, 3.National Taiwan Normal University, 4.National Applied Research
Laboratories, 5.JAMSTEC, 6.University of the Ryukyus)

1:45 PM - 2:15 PM JST | 4:45 AM - 5:15 AM UTC
[S22-08] [Invited] Active and passive seismic investigations in the Ryukyu Trench and the Okinawa
Trough: A review of 7-year achievements by JAMSTEC

ORyuta Arail, Shuichi Kodairal, Tsutomu Takahashil, Ayako Naka nishil, Yojiro Ya mamotol, Yuka Kaihol, Yasushi
Ishiharal, Seiichi Miura?, Yoshiyuki Ka nedal2 (1.JAMSTEC, 2.Kagawa University)
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[ Room D | Regular session : S01. Theory and analysis method

& Thu. Oct 29, 2020 1:00 PM - 2:15 PM JST | Thu. Oct 29, 2020 4:00 AM - 5:15AM UTC | I ROOM D
[S01]PM-1
chairperson:Daisuke Sato(DPRI, Kyoto University), chairperson:Tsutomu Takahashi(JAMSTEC)

1:00 PM - 1:15PM JST | 4:00 AM - 4:15AM UTC
[S01-01] Bayesian estimation method of fault slip distributions considering underground
structure uncertainty based on ensemble modeling

ORyoichiro Agatal, Amato Kasahara, Yuji Yagi2 (1.Japan Agency for Marine-Earth Science and Technology
(JAMSTEC), 2.Faculty of Life and Environmental Sciences, University of Tsukuba)

1:15PM - 1:30 PM JST | 4:15AM - 4:30 AM UTC
[S01-02] Proper reduction and asymptotic sampling difficulty of posterior distributions in fully
Bayesian inversions

ObDaisuke Satol, Yukitoshi Fukahatal (1.DPRI, Kyoto University)

1:30 PM - 1:45PM JST | 4:30 AM - 4:45 AM UTC
[S01-03] Problems caused by the non-negative slip condition on seismic source inversion

OvVukitoshi Fukahatal, Yuji Yagi? (1.DPRI, Kyoto University, 2.Graduate School of Life and Environmental
Sciences, University of Tsukuba)

1:45 PM - 2:00 PM JST | 4:45 AM - 5:00 AM UTC

[S01-04] Toward short-period (< 10 s) full waveform tomography in and around the 2011
Tohoku-Oki source area using land-ocean unified 3D initial model

OTaro Okamoto?, Hiroshi Takenaka?, Takeshi Nakamura3 (1.Department of Earth and Planetary Sciences,
Tokyo Institute of Technology, 2.Graduate School of Natural Science and Technology, Okayama
University, 3.Earthquake Engineering Sector, Civil Engineering Research Laboratory, Central Research
Institute of Electric Power Industry)

2:00 PM - 2:15 PM JST | 5:00 AM - 5:15AM UTC
[S01-05] Wavelet-based analysis of surface roughness of the subducted Philippine Sea plate in
the western Nankai trough

OTsutomu Takahashil, Ayako Nakanishil, Shuichi Kodairal, Yoshiyuki Kaneda? (1.JAMSTEC, 2.Kagawa
University)
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Bayesian estimation method of fault slip distributions considering
underground structure uncertainty based on ensemble modeling

*Ryoichiro Agata1, Amato Kasahara, Yuji Yagi2

1. Japan Agency for Marine-Earth Science and Technology (JAMSTEC), 2. Faculty of Life and Environmental Sciences,
University of Tsukuba

BT — 9 PHER T — Y AFA VBT RYEEICEWTIE, TEEOTRELISICERT 3 ETIILTHIE
ZH. LIELISHEICHESIRBREDELZ2ERERD, LA L. REOBTARY BEBIFFETIE. ETILFHE
BREAZEERELAVD, BHEICHEIRZELRILAVER S —KRHNTHZ, —H. BEI10EET. ETILFH
REEBICERBLEMBIRNYBEEFENERIRRIN SR E (flZIFYagi & Fukahata 2008 & 2011,
Duputel et al. 2014, Ragon et al. 2018) . FERAFEI’REHNICEATEZ . ThODFEICHBET 5D

E. ETNFRBENERIAICKD CEEREL. HEICKHERTILIY ALEBEICLTWEHRTH D,
APRTIE. TNSOMRDEZAEEBEE L. FERPHICHI ETIVFRBRELFRICERYIES 2EHT
Z,. ARICERAT—9IDSEHBINY ZFTTACHTEEDEREES. EVLWIOIFLLMBIRYHEF LS
AR 2, HTEEOTENSICET IBAOERSEINO T VI LYY T INRTA - =EICHTHE
BETIVESEERTSZIET, 7)) —VEROTFEHN S ZRBITHNOT U H Y TIVICKYRERT 5, ET
RYDERDTEHRETINAIETIVEREL, FHBREICHEYTIBOPELAZIOT7 VY Y TILERAVEE
VFAINOEBUICEVEIET S, CThickY., EAVROFRHRELAZERLIZMBIANY OFELHEELT
LD, IHIC, EVTANLOBRDZTOBRETERRBUTINICRTZ2AELFEIND 2 &ICLY., HhTHE
BETLOYY TIVORNLREESLLWVWEDDOHHERFICITI &N TE S, BERIMOY Y TY U JICIE
L7V ARBMEYTAINOEERWVWS, BRICHEBTIEZT2HEFEL T IHEEVEWVWD mH s, BT A
D EMTREENRSA—YDERDHEZEENICARY Y 7Y VI THEELER, BFEIXMIBEVWTT KN
VT—=IhH B,

FEOBEMEEEID D720, 2ZRTHEREEFEARNOBATEBICS T2 IRYENL—F (SDR) D
AT —5 = AWEHEICOVWTHERRET o/, IRNYENL— NDAOEEAREL. EOT1 v TA
H1SEE LTAIT—9 %ML, ZOLET. T4 v TAICOVWT, TEHI18E, EXEREIZEDERSH
ICHED] EVWINATRESALETENRBRLI WD, EVWIRREEELTCHEET >/, TDLIAIG
A, FRREE—RICERIMICIEKDARL, SDROEEDHEME LIS, BRINFBICEITZT v T
BOEHELT 1 v THAEEEIETNTVRICEN MDD LT, ERERNHEIALT 2SDRYHDY > T
BEDSDRATDEMEE LK EE Lz, T4 v TADTENIICHET ZFAREIBEL(HEINATWSZ
ENTBING, FAREELZERLALVGSIESDROMDERBESHASDROMODEBEEESHWTAN 2
-, FEOBMUENTRINIEWVWR S, £/, SDROEZERLDHDY VY T V7 5B L TEEINFREITI
DERBERBELEFARNLEZSD, T4 v THISERMBICHS L RGBT OERERBENMFICKELARST
W, ZODEIIC, HEEBL T, T—9H5EDIMTREEICEATZBREBEIENTE R, B

I, T4y TAOHERED. EFEROFENIERT. BRICERELET 1 v TADEEREDOKREZ IIC
KEFETZZEaMA L, FARBARICBT I ETIVTHREOBRELHERRETREL-EZ S, BHO
BRART, EROGTEBERBEI# LV EVDODNIZTEDKRELNHEL>TWVWE I ENEREINT,

© BxEZS -S01-01 -
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Proper reduction and asymptotic sampling difficulty of posterior
distributions in fully Bayesian inversions

*Daisuke Sato’, Yukitoshi Fukahata'

1. DPRI, Kyoto University

BIEDHEEAET, ETINNRIXAY—HHIKREBRBICDONTRENL TILARA THE & FibRN M XIERER
# (ABIC) ICLBRAAWEETETIVNIAY—HEEITEL, CNEFTIIRSZDEREBHONTE
ZABICO AN & W B RHEEE A4S & WD BBERE L7 (16 - B, 2019). ARKRTIE, TORRALE
B TWERKSEESPHOMEEZRET 5.

NAZHETIE, BRAABRREETNNAIAS—ICETI2ERPHE NI ZDOEREN L TRHAL, FED
WEWRT D, 7R IHEETIE, SOHICETIVSAY—DERDHERET 2B/ XH—ICDVTDH
ZDFRADH (BEFIDME) 2EEBL, ETINRAIAY—LBNRIAY—ICHT IRABERIHEZBRT 2.

ZIZT, ZIRA IMEDRKDRIZIFARELDIH THDLIDRED, ZRTOBRLPHZTDE X TIIEALER
| EHERW (M, 1990). 22T, EREEDAISETINRSIAYI—DOERALREEEB2-DICER
DIEWAREL RS, BYLABHNOAEIERTIEARL, PR EEIDDFRENCNETHLLNTE

oo 120, AREEDHENOBNRIXAI—EETINRSAY—DEEEENICABKEETS. TDIBT
I%, BRERFK (MAP) @AKEMES L CEERASINS. £ 121F, ARBERLGHLETIL/IATX
Y—DHEWET . hid, BRATAI—ICELTERDTERDL, ETIANIAI—ICELTETEL
ERDHEEAWVWSZ EICHEHY T 3. Fukuda & Johnson (2008)7% & 7 ILARA AHEEIT> TWBHET

&, LIFLIEZDIEESAVLNTWS., ZL T, REDIDIFABICT, ETIAMNRIAY—%BENT DI LI
SYUBNRIAY—ICAL TEBILINEERDTERD, TODHERICETIINSAY—5HETS. Th
%, AREEDHEBNSAYI—DRADERDREETINNRIAYI—DEHELEELIMEICEBOMEL, &
NO2DDHRBICEDK ZERHEEEITOI I LICHEYETS. ZOHERE, HMEYMETRECAVWLNTEL
(Yabuki & Matsu'ura, 1992).

INSOMWHICEL T, EFILNASXAY—HOEMICONT, ETIWNRTAY—ORDERDHEHIMAPERICT
WY BEHMICIR S 52— AT, BT AY—DORADEERDHIFABICHEMEICT LY BEHMICIRBT S &%
2 FRBITHICE W, Zhid, ABICELOZERHEEZTOINEIDNTIUMRAS AHEEDETIV/IAT A5 —H#E
EAABICEIEMAPRIICZAEINDEWVWD T EEEKT 5.

FNSDZHINEHEMED D B EDB LD R ULH %synthetic test THRET L7z, BREFTDIRIL, roughnessh /M
WEWDFEFIDFERAWE. TOER, ROBEEBY, ARKFSEESHN, MAPHE L L TEBERAINS B
BARICIZ, underfitf [ETIL/NT A § —HAKEWIHEICIEE SiCoverfitfR (R, 1996)] ICKEBIRA% &
DEZBED/WTHBIEEHR L. iz, ETANTAY—HHIKREWVGEICEFRRKE I underfitfiliZ /8o
FREN, SHITIPHERL TV ZEEFICBRINE. SRINIC, BRI AY—DRDAHE

(ABIC) &, —BELCHRBEEMAICE—V2FE DBENRIE 1.

ZDESICLTABICEHDZERMEN FNUADBH I NDmICKRTLE VB LZEDA>7=. LHL, WT
NOBHERARFERDIENOSERINZOHEEHREAVTWVWBLULE, ThoDNHEDISEBELNDEHEIER—
TRITSIERSRWN., ZORT, ZBYICHEHNINo2FEHIERZHEMEICTILYBEHMNICNET S E L
T=H4xDERIE, —REWTHS.

FZT, BEFEY (EAP) HEBEOMBITHRIRAE N, ZOHER, TTI/N5 A9 —DABICHEE & EAPH#

© BxEZS -S01-02 -
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EEEHIPAKRDEEE DI ENREIND & HIC, EAPHEBORERSH COHIREENETIL/ISS A
I —HOIBBEBE LTERBDP LTV ZEELNCE -, {F, EVFALOS YT VT EERTE
REEHD/IRS A Y —HOIEHRTEMT Z2HE CRTOMV) 2HREOSVWEROAEY Y FILTEIETRE
fRe 2 & L7, ARBEESATIIEEORVHEERE (MAPEIREE) BV TAVWMLE, ZONHIFEMICHE
EELARW. REDODEVYFTHALOG YT VT & ZEAPHEEDHUEL LR IEIMAPEEDRIZ /N4 7 A3 hTW
=R REMED R L.

—7h, BRATAY—DOFADERDHICOWVWTI, FFERROEHRCEDIZIEERELODERIEEETET
VWO AREENPTORME, FREYERBOEREZBEE T LI ETEALTW:, &EALN

%. MAPQABICA LD TNICHYT 2, ABERSH LB/ AY—DADIEELITORNBEDTEIR

B, Vv /rvIviOE—cMiEhdE (BREHICH L THRSNAZSROBEHOR/E (Tv hOoE—) %
RIE) THBZEDHMY, ZOFEIERMITESNE.
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Problems caused by the non-negative slip condition on seismic source
inversion

*Yukitoshi Fukahata', Yuji Yagi®
1. DPRI, Kyoto University, 2. Graduate School of Life and Environmental Sciences, University of Tsukuba

HEOERBRE WMBELTOTRYLM, HEWETRYDEBEEERRE) 2RKDZAM vN\—=Ya VERT
&, FEOHRFENLELAVWLNTEE, FEAOHREKML LI, FAISEHBREOMETIE. FEEXRDH
BICEXAIFEOT, 1 T2ADTARY (DX W IFEMBRHRD) PELBRVEVWIFHDZ EAIET., DX
HIIYEBENICEYTHDIEEZON, Z<ORTICBVWTRBEZFATICERINTE

LALAA L, FERTERISLDIC. BRAEFENTHEOHRZMAZRY & ITIFRELLZDODOBEN
H5,

—DF, TEZLREHEOHRFUEIBEELDZIDON, EVWOIEEBETH D, BREBEBTICEVT, PED
BOITRYNELCDE I ERBFICHERVWTHZS., BT —IPEBNETINEEICREEZZATVWSODT, #
EREDHENTADIANYNELZ I LIBHZEHRBEARTHY, HRESLLOZITHHBERRWN, L

T, ZOBEICIE. FEOFRGHEZELT. BRI BFANORBEREFE LT BRORRAZRTSZ
EIFEFARSNDESED (ke 2 2 DEBOBENERTRWERICIK) .

KRDEZHHEDRUYDBESDEESNDIDIE, HEREZRECBATEDIRYIMELTLEIBAT
Hb, LHL. BHRHTREDH D, ZOBEICIIFEOHREHFIIFEIANE TRV, ERL, HEREZ
RESHBATADIRYDPELDEWVWD 2 &F. ETMEICERBRBARNTVWEZEAEBEKRT N5 TH
%, DFY, AHIERBRMEIHZ2HDH. KELAEDIRYNPELTLEIDTHS, TDFAIC, FEEDHR
HERLT—RE2EBHLVWITRYHZFTDIEIF. ZOERLMELZEVRLTLEW, EORISEN
CETROL2BEERS, BL, EANICEDELDICLTZEDEARLRBBEZRRT Z2ONMIH L VEETH
%, —DDAEKELTRE, 7 —vBEROREDEA(Yagi & Fukahata, 2011, GI)2'H 2 1. HRETIE A

W LHL., COHLVEBEZRRL TV DY, MEFORREWVWIEDTH S,

£)—DDMEIE. FEOHWREZUEAEET L, EREINSENLZETIVEEICEVWT, ZOTRY BOHED
TMREEELRLBVWIETHD, " NMrEE" &id. HEEOHFEIEFEIC—BHTHILEEKL., £D&L
IICHEHHEETINDLET, REEHRINDEBELE > TRV, &%, BRERM@EITTIK. EFTILEED
BRENTARYEOHEICHELARIFIRVLWVEIIC, TRUDNEBRICEUCLEALIY EHZRELL ETIVESE
HRET D, CDEE, FIRD K D ICETIIVFEEDIHEDIA K DRKIEDIZFAATIL, BYEuEOERDZ I EN
H#FEINE, —F, IFEOXREERETE, BARMIC, EuX) >0 &3, 2T X IXZREEE, EZH&FEE
RI, 2FY, TRYPIFIFEODEZATIE. EQOABICNAS TRAINEENRBIENTLES>DOTH D, £
BMOBITICEWT, IRYDPEODEEESEFRVWLD ICHBEOREA TSI EIFETAARTHS, L
L. FEODRUENZDIFEE., TRYIPEODEETIRIEICEDABRICNA PRAINEIELNE, TDI:
H, MEBE—AVINE—TFICTZEHICRRIRY ASTHOEHOITRNYENBEDS L. TRYDHFOHBEE
ICEHEESZDE NS &P B,

BI2IC, FEDORHGLITZRY LIFTNIEYMENICBABREDESEA SN, BERBEFEMICHEDORHEZAW

52813, ETIMMEICEFNZ2ERAREEBEWVEL, TRYDPHFICHEERTELRWNAAITREEZ 0D
EELH B,
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Toward short-period (< 10 s) full waveform tomography in and around
the 2011 Tohoku-Oki source area using land-ocean unified 3D initial
model

*Taro Okamoto', Hiroshi Takenaka?, Takeshi Nakamura®

1. Department of Earth and Planetary Sciences, Tokyo Institute of Technology, 2. Graduate School of Natural Science
and Technology, Okayama University, 3. Earthquake Engineering Sector, Civil Engineering Research Laboratory,
Central Research Institute of Electric Power Industry

We need accurate 3D structure model to study the correlation between the physical properties of the
materials and the seismicity as well as the rupture processes of earthquakes. Currently available 3D
structure model in and around the 2011 Tohoku-Oki source area is not sufficient in terms of the accuracy
of the synthetic waveforms generated based on the model: we found that short period (< 10 s) synthetics
for land stations in northeastern Japan do not reproduce the characteristics in the observed full
waveforms from shallow earthquakes occurred there (Okamoto et al. Earth Planets Space (EPS) 2018).
This research suggests the short wavelength features in the current model are not sufficient. Thus we
attempt to improve the 3D model using the waveform tomography. We select shallow earthquakes (Mw~6)
in and around the source area. In this study, we re-analyze six events that we have previously reported
(SSJ Fall Meeting 2019) and newly add five more shallow events. The observed full waveforms recorded
by land seismic network (F-net, KiK-net) in northeastern Japan are used. A land-ocean unified 3D
structure model including oceanic water layer is used as the initial model. First, we re-determine the
source parameters (the moment tensor, source time function, source location, and origin time) based on
the initial model using First-motion Augmented Moment Tensor analysis method (Okamoto et al. EPS
2017, 2018) to minimize the biases due to one-sided (i.e., only on land) station distribution. Then we
simulate the forward (using the earthquake source) and the adjoint (using a single force at the station
location) wave propagations based on the initial model. The simulations are performed on TSUBAME
super computer of GSIC, Tokyo Institute of Technology using a multi-GPU version (Okamoto et al. in GPU
Solutions to Multi-scale Problems in Science and Engineering 2013) of HOT-FDM (Nakamura et al. BSSA
2012). The simulated waveforms are Fourier transformed and multiplied to generate waveform sensitivity
kernels of relaxed modulus for P- and S-waves, density, Qp and Qs in frequency domain. For example, the
kernels for a pair of a F-net station (TYS) and an outer-rise event (2017/10/06 Mw 6.2) show an
asymmetric pattern with respect to the straight path even at a period of 9.8 s. At a period of 7.1 s, large
amplitude pattern is observed along the oceanic trench, suggesting scatterings due to strong
heterogeneity there. We will discuss the kernel features in other examples, and the results of the attempts
of tomographic inversion.

Acknowledgements: The authors are grateful to Japan Meteorological Agency, National Research Institute
for Earth Science and Disaster Resilience (NIED), and Global Centroid-Moment-Tensor (CMT) Project for
providing the earthquake parameters, to K Kisimoto for providing the topography models, to
Headquarters for Earthquake Research Promotion and NIED for providing the structure models, and to
NIED for providing the waveform records of KiK-net, and F-net. This study is supported by the Japan
Society for the Promotion of Science (KAKENHI grant no.16K05535 and 20K04101), and Joint
Usage/Research Center for Interdisciplinary Large-scale Information Infrastructures in Japan (JHPCN)
(Project ID: jh200059-NAH).
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Wavelet-based analysis of surface roughness of the subducted
Philippine Sea plate in the western Nankai trough

*Tsutomu Takahashi’, Ayako Nakanishi', Shuichi Kodaira', Yoshiyuki Kaneda®
1. JAMSTEC, 2. Kagawa University

BIEmOMRKIGEBEVWEBRA S —IILTREENE (LT, @HES) 2577, BHROMEAMKOARRET

(&, EHEDNRT—ZARY MVBEENRBONERICEKEFL, N—X MEHHN0.670.9F2EDEE 7 7 1 V1
ERT ZEDNREINTLS(e.g., Brown & Scholtz 1985; Candela et al. 2011). A X OFETHME IXRE
DEBRRPREAEBRT I LTEELRERD—DOTHZH, HTOMBOEES L EEEEDEBDHEEEDH
HWRENSINETHESINTUVWAL., ZOHEEITIICE, HMERDOREEEDD MR ETICIBELL
T, BRTREAEBEIMEVMGETERELEBRIBEONDIFELAWVDIIENEELLAS. AMRT
&, Vr—JLy MNERERWEBITEOBRAAREMZREL, EEN S 7ERICSVWTEARAAL T4 E
viEL— MOmEEE &ML .

BITICAWS L — MNERDT—41E, JAMSTECH'@EE bS5 7EAETHREALToBERTARDO > b, BE
hEHABWEBITEHNEZRE S MCSRIBEZEEN E B ICERS N, BEASBERYI7H Y RIREREI B
CARTEONIZEDTHS. BIFEFREOUNHERNES/ 71 THLONALEEREEEZAL, MCSRZHEDE
MR EEA S DREGRER ZFZELHR LTI L — MNERES L. BRRIZ100kmEIZ T, BRT—4 &
0.1kmfEfRETH 3. LBRAIOHERREDKEZILEZR/NLER, ZTO/NRT—ZARYT MVBEIJMEREAITIE
NEFAIZHED B, SRIEBRE Y PPN W4 5kmICTIGT 23R8 & Y ERBBITREZANSHN,
D—2Z2RY NVBENNS LK BRBZERIPESNE. TOTHIZNESS 71 DEAMLIEAREDHESEZ 5N
2205, MHEIOHEIFHASkKME Y HERERE[MRAT—ILDAETRET DI & & L.

vr—J Ly NEHAEBWCERES OFTICIE, Wavelet Transform Modulus Maxima (MAF, WTMM) & IE (£
nN2EHKIVI—7Ly NEBROBKEICEEL, T—92BFDOR T —IUIKEFEENBE—D/N— MERTHRED
IToNn3dZ & RELENE (Auditetal. 2002) ZH Wz, ZHIEFAMBTHWS Y TILEH D n
FT—YTERETEFEEINTWS., LMLV T) VRIS A 79 —TREDHETIIRE L
ENEOSNDZEDD, TNULEDR T —ILTIIHEEREMERT D, COKERELIFIT D780, AMRT
FEBUARO T —9 5 #E L, TOFHEMBEEIEZHETS e Lk, BRI SV VEHOALT—4
S THREEZIT o 72#ER, 1000 Y TILOHRT —9 D3 0REHNIEBREEL THN—RAMEHAHRET
X ENIRINE.

BE N 7ABOZETAIETIE, WIMMICK 2B TEN—AMERZ D RBETHET I LETER
WA, £26HREMAETSIETHBN S 7ASICEITZ2 74V EVEBTL— MNREAD/N— MEEIX0.87F2
BEHESINE., FEEARAALETL— FOBEILTmsIRENRBENICER >TEY, LBIDOrmsikIEA K E AR
B TIZH™0.57, ERAIOrmMSIRIEA /NS 2B TIFH 0.86 & HES N, B—ARTCOEME I DHERE %
MEIE2ICIE, BRRIOEEBSOEEO/MBEEBSULEICTZZENBREELRS. LHALERT—50D

rmsIRIBEWTMMAHBA T2 2 & T, BROFERETCEEHEIOARZIPN— MEHOZEBEEILEREL
THETZIEDTREE A>T, £, ARHEOBAE EEHICN—R MEEYZTOEBELE LY EMICIEE
TEBELHICRBEHFIND.
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A centroid catalog of P-wave microseisms

*Kiwamu Nishida', Ryota Takagi®

1. Earthquake Research Institute, The University of Tokyo, 2. Graduate School of Science, Tohoku University

WiELU®HIC

HEDIREIDEIEBEKIZ1940FEKASHONTWS, MEBENEFRRTHD I EIFBICHEIINTS

Y., ZTOMBEOHFHENSKRELL2DICHESI NS, 1TDHIE. primary microseisms & MEEN % # 0.07 Hz D4F
L RRB R DOIREITH 5, ZDREBEHIEFRRDORHMNAREE EWIGE L TWEELE LovelEDIRIED
FHLTWEENIS, BEBMEONEICH ST 2EERE MRERLEEZZISNATWVWS, 228
secondary microseims & [ Eh, JBFERREDS & 5 EFEOLMAE (0.15 Hz) % £ D, BFKRDIERHIR
PHRRICES L TW3 EEZ 5N TWS[LonguetHiggens, 1950, & 6 ICEERELRIRRODO /-0, RERH
BHLTWSZENE<MbhTWS,

WEERFE

IREDERA D =X LEZJBNICERT 27-DICIFERT 27-DIC1E. REPFEOELMEDHY OV LILE
WIIEETH S, backprojectionikld, IREIPEDELDMUIBEABFET 2DICENLFETHD, TDFE

I&. slowness N7 ML EFEEOHMEOEADBEREZFMAL TWS, £7/=. %< Dphase (P, PP, core
phaseF)DEREZFEATZ I L EAETH D, LMLETOBRERARFICERT 5720, EOBBRIBRME
ZIMATVWEDNMRIIT D EAEL W, /2, T0FEULEICHAEZ 70—V RASYOTHERT B720IC
&, StEOR MKRELRBBEERL S, —H. beamformingiZEDFHE IR MIEAWTHZ D, TDHET

&, slownessN7 MILDBERDAEFALTWEHD, PREEPPREARXET 2 Z & NREBMICTE RV, K
®TlE. beamformingiZMBEARLIEIRE LT, slowness X7 ML EREOMEBOMADBEREHMETE 25
LWFEERET 5,

ZDFETIE, £, EEDbeamformingiZICEDIWT, 7L —HihThDslowness X MLDWHMEHE E %
T3, RODRT v Tl slowness NI MLEEEL T, FEOMEAZL X tbeam power A& AILT S
CEIE>TRADHEEZHEET D, TNOHDEEZT7L—FOTOMEAES L, EHERICEDWL

T. slownessX¥ ML EREDHEDEZ REMNICEF L TWL, REDHENS, 7L AR DLEMERDE
DAIBE DIREAMET 2N TE S, SKEADHEEslowness& W EKEFEDORYE ICER DT, HE
BEEEL RS, LALEESNAERHERICEOVTEI), RESNAZZAO—X A &[T BB A

X, P,PP)ICO$EI 2ENTREE LD, CODFEINIAMICEDIWVNT, #ELzslowness X7 ~LDED S
EROEMIBEHET 5,

W AR

2004FH 5201 8F £ TICPH KB ERMMAFAMAERICK > TR I LT WS Hi-net GREET SAEK 2750
R &R L7z, SR IIBERESEE, THILE L[Maeda et al, 2011]. EFHSEEBEOIE—L Y M/ 4 XiE
FHE LBV z[Takagi et al, 2015], f@HTiICid. Iho” EFEE" LAREREERAW, BFRI%E
S512MZEICIWH L. thEDFEAIYRZ BN SR L7, EhDEEglobal CMTH 4 O 4 [Ekstrém
etal, 2012] VRS L. EHOMEIETHERIRBORBEELOREINASHIBTLBRA Lz, 512, 8

BRI EDEHBEERIRBEOREZ IICEEEREL. BAINAR /A ADREEZITTVWSE E LTETHISERAL
T=o BIRLI=T—9 &AW, 0.1-0.2HzO I8 CHRITA 1T > 7=,
BiEREBE

WESNAEEOMBREHMALZHEZRLTHY., BEOMEERELANNTH S, P, PP, PKP, PKIKPED
Z< DHEERETE O, 1BRO7L—FT—9 D SLRABREPRDELOMEDH Y O E(R2)IC KN
L7z ARERTIE. ESNARIPROEDMABOAYOINS, REOEA D =ZXLICDWTERT S
FETH D,
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Early forecast of maximum amplitude and threshold exceeding
amplitude number due to aftershocks using a continuous seismogram

*KAORU SAWAZAK]'
1. National Research institute for Earth Science and Disaster Resilience

FEEE L, Sl EhESEEROMAMBHERWS T, EAYOJEAVWEZ &AL REI
L ERAIRIBORERER L BHICT AT 2FEERELAE (BB, 2019) . SOIF. FEORME.ABA 5&

ARBEOREMZEENICKRT Z2FERICOVTHREY 2, BANICIK. THET, ST, ICEIEzU EDOHR
EANE S N BREEQ%] ERENZBBREQE, EEOT,. T, z. nOBAEDEICDWTHE
35, IITRNZEEBRREREMER, nZ21&7T 256, ZOBBERE MHET AT, ORICERZ
DRANIRIENZLETHIEERIEIQW] EEVWRT I ENTE. RAIRIEDFRIZERERBIRIEE D TR DO5FT%
RIFEICHEET %,

EfhEBEEOXERARE (—ERETI & ORKXIRE. SEIERTEZ19ICEE) &, Frecheta s & IEIEHh
ZBEAIRO—FEICLEZD D, ZORFHIE, HEFHOFRS PEERBIEEEERIMT 5/357X—%

A&, Gutenberg-RichterR DblEZF AR T B/ A —ImETEHBIIT SN, HERIAKZ-FERICLE
DPUVKRBIRRT 258, AZFR-FEADpEL/RATA—F 72, MAT, HEBTRIIHEUAOKEME %25
HREBARIBETRE R D10, TOTME, 68T A—5 kB, UEMADATA—95HNBE, KE
BAIRIED L 72D D Frechet9 % D RO HEKGIK

G(z, t, t+T) =exp[—ATm'1(z—xmin)'mt’p] (1)
R E R gld

8(z, t, t+T)=ATtPexp[-ATm ' (z-x,,.) "t ") (2%, ) ™" (2)

min)
ERIND, LT 2REEAED S DRBIRFEATEN BF+DREVE WD FREDOTTHRY LD, BRI
N -XBESARBICRILZEZRA WV TFrechet2 & H TIED., MEDNRSA—F%HET 2, RLHEEEO =(A,
p,m, x ) EAWND &, BBREEQIX

Q,(z, T, Ty 0)=1-exp[-(N_-N)]Z __,"(N_-N)"""/(n-1)! (3)

N_-N=(z-x

L min

) AT, P-T, ") /Im(1-p)]  (4)

ERIND, N_IZHET,MST,ORICEET 2LMMEHEZ. NFXZORTHRAREN’EBEzZZBA L WHER %
K9, BBERQIE. zICDWTFrechetf i, niCDWTHRTZY UAHICLEZD D, REOFRICEWTIK, #
EEDREELEEZERB LS XFH (HIAIE, Omietal, 2015) Z#HWN3,

HMal¥. G-RRXEARFH-FREXICLAN I RETBHZIAFEZAVTERL. ¥V =ZF1— REKKIRIBOEFKRRK

HOEH LERBSAREBOHSE (AR) 2XKT, BAREBOBEF10"m/s (RRR) ICREL. IhEB
ABEBRAFBEAVANTRLTWS, RERAREBO TRX , 310°m/s (RRIR) ICHELL. KE

DEIRISFEIF RUBRICERB SN EAIRIEZRT . ZORLUKRERZHRICOWVWT, XEREDSDED S 3HFRE
% (FHtR) FTOT—9ZAVTAIA—YZHEL, BBERMBLZEVERI b (RXIKE) &c (BEE
BBIRIEH) THD, RAHNIHFEELURICHKE L ZRARE (Kb) &, BE10"m/s2BAIRIBOH (K
c) DRERT, BIRIIIFEMEE R THM L 296REE I TD10%. 50%. I0%BEBEKRIMIRETT, &
AiRiE. BIMEBEBIRIEHRILIC. FROSHETHER L TLW2, Tl 128EER (MaEiHitiR) 0Bme (I

d. e) . FRTEEZT—9HMEAZLDICNAIA—YDHEEREL LAY, FICEHEBRBIRIEH O FRIEE
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Landslide source determination using amplitude source location
method for the 2017 landslide in southwest Japan

*lssei Doi', Takuto Maeda?, Toshitaka Kamai', Gonghui Wang1

1. Disaster Prevention Research Institute, Kyoto University, 2. Graduate School of Science and Technology, Hirosaki
University

201 7FENINEBRAICE > TAPERHEFR/NFHEICE W T7H6BFRINE4A5H T 3 ICKREL RN EEREA
FHEL, CORNERRICEZ EBONHEHN,. WI9ORREHSWT2E. EEMEERAFEDL-5RDH
EHRARKICBWTIRA b, MiEFEIZ40-60EE. SHEAKREIL0.5-3 HzTH Y BIEMR (e.g.
Dammeier etal,, 2011) IC& 2R EAEOHERTEHKEFBE L AWERHERLE, £, BERHISH 3
km/sODRMIBEETEHEEL W ENDE, RBRICE > THESINMEEIMRA SN ENEA T,

DL, EBFEONSBRMEBRETH>TH, SREBEFARICKZORBIEHRINATVEIL
BHY ., BEKERNERILEINEREOCERICEER KA EZRT EHFEINS, LML, T50DEE
BRIZ—MRICS/NAME L. LB BEEDOME L EVRRLGPKSKENIAOND I ERIFEAERY, £I T, K
MRTEIDELD RMBEHHNEEHMESARTIRA SNARIC, REBREICEAT Z2HMBERLLICEDEEE
REWETE DN 2R,

Doi and Maeda (2020) (&, XL DEBEZRMEIDEIE % £ REOIRIELL A SHE L ZIRIBRIFREE

(ASLE. Kumagaietal, 2010) %=, EBMEHAME TRZFINA2017ERFERIUTOREARICL S
108 R EDMERF T — 4 ICHEA L. HEBENS kmTHRENEORDICEREZRET DI EIKIL
7=o LH L. XA THRETH2EHATNFHXICE T 2REMETZENE Y ERENNE W, ZDEH, &
DFEEZTDEEAMROBEH T —YICHTROEBRRAELES IR >7EZ 5, mVWS/NIbA2E T 2 HIEE
BRIP4 RREEDVRL, ZOFETEHERMEBOBRL D L WH AL -7, I T, AR TIE. S/NEEAME
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sP converted waves seen on broadband record sections from
earthquakes near the plate boundary of Tohoku district

*Masahiro Kosuga'

1. Graduate School of Science and Technology, Hirosaki University
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Separation of temporal variation in transfer function of ACROSS
source using Independent Component Analysis

*Rina Suzuki', Koshun Yamaoka'

1. Graduate School of Environmental Studies, Nagoya University

ACROSS source is a vibration source that can generate seismic wave of constant frequency band by
accurately controlled rotation of eccentric weight. This source can gain a signal with high signal-to-noise
ratio by taking advantage of stable operation for long period. Therefore, it is suitable for continuous
monitoring of the propagation property of seismic wave. The ACROSS source is used for monitoring
temporal variation of seismic velocity in many studies. lkuta et al. (2002) reported that observed velocity
change was caused by multiple factor such as rainfall and strong motion by earthquake. In this study, we
applied Independent Component Analysis (ICA) for the observation data using the ACROSS vibrations in
Mikawa Observatory of Nagoya University in Toyohashi City, Aichi Prefecture. We try to separate
independent variation in order to research influence of each factor to the temporal variation of transfer
function

ICA is a method to extract statistically independent signal from the mixing of multiple signals. By an
assumption that the variation of transfer function by each factor is independent and observed variation of
transfer function is linearly mixed by these variations, we can extract variation by each factor using ICA.

In this study we used fourteen-month long data for monitoring temporal variation of transfer function at
stations around the ACROSS source installed at Mikawa Observatory of Nagoya University. There are six
components in the transfer function: up-down, north-west, and east-west components by vertical
excitation (Uv, Nv, and Ev component) and those components by horizontal excitation (Uh, Nh, and Eh
component). For our analysis, we synthesized horizontal component at seismometer which is parallel to
the vibration direction using Nh and Eh, named Hh. Uv and Hh component mainly include P and S wave,
respectively. For the analysis, we used transfer function in frequency domain and performed data
whitening and dimension compression as a preprocessing. Data whitening maximizes the performance of
signal separation by ICA. Dimension compression is made by Principal Component Analysis to reduce
noise that may be included less important components. We applied ICA to the preprocessed transfer
function and succeeded to obtain independent components. Among many methods of ICA, we adopted
AMUSE method (Tong et al., 1991, Nemoto and Kawakatsu, 2005) that is often applied to time series
signals.

Independent components obtained by ICA show same temporal variations but show difference in travel
time part in Uv and Hh. Comparing each independent component with ground water level data,
independent components show high correlation with ground water level variation. The temporal variation
of this independent component mainly appeared in later wave.
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Method to detect change in amplitude using an artificial seismic
source, ACROSS, and its application to in-situ data

*Shuhei TSUJI', Koshun YAMAOKA', Ryoya IKUTA?

1. Graduate School of Environmental Studies, Nagoya University, 2. Department of Geosciences, Shizuoka University
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Derivation of SPAC-like expressions for strains measured by DAS

*Hisashi NAKAHARA', Kentaro EMOTQ", Takeshi NISHIMURA'
1. Department of Geophysics, Graduate School of Science, Tohoku University
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Detection and location methods of volcanic tremors using seismic
cross-correlation: application to Sakurajima volcano

*Theodorus Permana’, Takeshi Nishimura', Hisashi Nakahara', Nikolai Shapiro2

1. Tohoku University, Japan, 2. Institut des Sciences de la Terre, Grenoble, France

Volcanic tremors are associated with the movement of volcanic fluids such as magma and gas in the
conduit of a volcano. Determination and monitoring of their source locations are important to understand
the mechanism that controls the eruptive behavior. However, seismic records of volcanic tremors are
known to have complex waveforms with unclear seismic phases and variations in the amplitude and
duration. We develop and evaluate methods to detect volcanic tremor signals from continuous seismic
records and determine the source location. We employ cross-correlation analysis to avoid reading the
arrival time of seismic phases and assume the propagation of direct S-wave. The calculated
cross-correlation functions (CCFs) contain information on signal coherency and relative travel time that
are useful for detection and location. The method is applied for every 10-minute of the seismic data of six
JMA stations at Sakurajima volcano.

For the detection, we adopt a detection method called the network covariance matrix analysis that
measures the signal coherency over the seismic network, referred to as the “spectral width” . However,
this method does not specifically detect volcanic tremors, since any signal that is coherent across the
seismic network may also be detected. We extend the network covariance matrix method by further
computing a classification measure. To specifically target volcanic tremors, a weight function is defined,
where the weight is set to be non-zero at the frequencies where the tremor signal is the most coherent.
For the location method, we apply the CCF-based source scanning algorithm (CCF-based SSA) that locate
the source by finding a location that maximizes the “brightness” function in a grid-search scheme. The
location method has been evaluated in the previous study by using volcano-tectonic earthquakes and
simulated tremors (Permana et al., 2020). Therefore, application to real seismic data is new.

We analyze continuous seismic data during the period of April-September 2017 in the frequency range of
1-4 Hz. Catalog and reports of activities at Sakurajima volcano by the JMA are used for validation. For
each source location, the corresponding spectral width value is used as a measure of location reliability.
For further interpretation, we select only reliable source locations by imposing a criterion of the spectral
width and correlation coefficient that is computed from CCFs calculated between component pairs of the
seismometer. We successfully detect two time periods where volcanic tremors mostly occurred associated
with the increase in eruptive activity. In the first time period in May, the tremors are characterized by
long-duration signals, the source locations are mostly distributed at depths of 0-6 km beneath the
Minamidake and Showa craters, and the eruptions are characterized by continuous ash emission.
Changes in source location preceding and following an eruption are also observed. In the second time
period is in August-September, the tremors are mostly short-duration and intermittent, but we are able to
detect a continuous tremor that accompanies an episode of Strombolian eruption and their sources are
determined at shallow depths (<2 km depth). Comparison with magma supply system from various studies
shows that the estimated depth distribution of the source location appears to consistent with the
movement of magma from the shallow magma chamber at about 5 km depth to beneath Showa crater.
Our results show that the detection and location methods based on cross-correlation analysis can be very
useful to monitor tremor activity at a volcano and provide insights into the movement of magma and
eruptive behavior.
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Seismological evidence for a seamount subduction in eastern Shikoku

*Katsuhiko SHIOM!'
1. National Research Institute for Earth Science and Disaster Resilience
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(Bianchietal, 2010) Z#FWTHE L7=. ZOK, Matsubara & Obara (201 )IC K 2= RTTEEEEET

IRV,

MEGEINSEEASCICERIRELOSRAR T, EEFAEGIEIESSTCRIAABRISES A2ERETRL
. ZOAAIEBEDRASZTETINEEEGLTWVWR I NS, BTRRE LAABEELATEREILEEERET
HDEMRLUIZ. —FA, BEELMEDORIRTIK, WIhd, BATRLEREENS ZICEN > TELA
ZEENEFEmERE L. ZORBISREROETILASIZERBAEEL L. LHL, Harmonic
decompositionE I B ER R A MILICEEN T 2 AETHY, BAREDOREL %05 L - BHER R CRKRDE
RNBoNndEVND e, ZOMBOERBEOFHERL TWEEEZIONS. TlE, ZOMEBEROEELRRE
EREGE A% EKT 200,

BEODESEESHIS, AT TICETIEMERELS NS 7EEIICIEZ TA2AEREE LTEELDI S E
PEHSNTWS. ZDIFE, BEAITEREOD L YFEERIC, LEYBEEBLATNERR CHZIET OEBEEFIENTEE
T2ETTHIN, LY—N"EEH,NOIE, BEMEBICHEZELTREEERT /KR, £, &
WMOBY EFIFEE TR ARICEN T 2EBFEREARHELAZEEZZATWED, EERIIBOE RS TR
BIEFEAERHE LS LSS, ERAOSBSICHL, EBEHZOES (T10 kmiZE) 4, R<{BRHEInsp
ENH DD, FKENTRE>LBIEEEIL NS 78N SBNZ I > TEAICEMT 2EREA>TWVWS. U
LoRELN S, FERIE THRE L ZmIER O &G ISRER T RE TR L.

MEREATORBEIREICK Y, ERIEHRISLAADBIUNFETZIENRREINTSY, ZOBELOILA
EERICHEY T 2EFEREITEAICEN L TWS (Kodaira et al,, 2002) . ZDiEILIE, TUEERDEZE DL
KETHZEEBLUIIOERLEICHY, SERE LAZEEROREREIES SICZOBERICAET 2. —
7, EERDBIGEESBERRME (HE) Fa#h, NEREDCRFFEICERTERTHZ EEHIC, FIERRA
EF - FEERBMED2INUHINTHAHRTEEVIFHELAHZ. 2056, BEMEDFEROEHRIAR
MECEENOTEGFEERE LIRS0 G EIFEFE—HTE. 202 eEhD, FNNERADFEN RS T L
HEEREREIET 215, BEMEDFREIILHAATELD &L D AEFMRAOEBSEERSE & ERMFRDE
TEHBREMBRT DI ENARETHZ. Bd, ZoBOL > —/\BEHrmIsEHTHY, X577 LEOFIRK
ELY—NBEELNLREET R EE, RIFRTIER#EETHS. £z, NEIT T 7 1@ (BIAIE, 3A

8 - fih, 2007) THTOLRBENEOLNTELT, AT LEOHWREMRBEITZI L IEISHROEFETHS.

BEE . ATFRICIE, BAKEBFHI-net/F-netBLRISDIED, [ERF, EMRFIVA-net, RAMEFERAT, TABHK
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Detection of deep low-frequency earthquakes in the Nankai
subduction zone over 11 years using a matched filter technique

*Aitaro Kato', Shigeki Nakagawa'

1. Earthquake Research Institute, the University of Tokyo

To improve our understanding of the long-term behavior of low-frequency earthquakes (LFEs) along the
tremor belt of the Nankai subduction zone, we applied a matched filter technique to continuous seismic
data recorded by a dense and highly sensitive seismic network over an 11 year window, April 2004 to
August 2015. We detected a total of "510,000 LFEs, or "23x the number of LFEs in the JMA catalog for
the same period. During long-term slow slip events (SSEs) in the Bungo Channel, a series of migrating LFE
bursts intermittently occurred along the fault-strike direction, with slow hypocenter propagation. Elastic
energy released by long-term SSEs appears to control the extent of LFE activity. We identify slowly
migrating fronts of LFEs during major episodic tremor and slip (ETS) events, which extend over distances
of up to 100 km and follow diffusion-like patterns of spatial evolution with a diffusion coefficient of ~10% m
2/s. This migration pattern closely matches the spatio-temporal evolution of tectonic tremors reported by
previous studies. At shorter distances, up to 15 km, we discovered rapid diffusion-like migration of LFEs
with a coefficient of ~10° m?/s. We also recognize that rapid migration of LFEs occurred intermittently in
many streaks during major ETS episodes. These observations suggest that slow slip transients contain a
multitude of smaller, temporally clustered fault slip events whose evolution is controlled by a diffusional
process.
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[Invited] Crustal activity monitoring using ocean networks for
earthquakes and tsunamis

*Narumi Takahashi', Takane Hori?

1. National Research Institute for Earth Science and Disaster Resilience, 2. Japan Agency for Marine Earth Science
and Technology

BB N7 ZRVOREEMEOREDTEMENEMMICE X oL EFHBSNAIBEFIC. [IRTIFEFIFR%E
BRI D, DFA. BENSOMEDHEADBHEEP TE IR ITRERHKITHE LD I EMHERSIATY
%, 201 TFRIEMAXRTF B FIERLCHKEL SO LY, BEERRIZHE] HoI e
bfE. pfE, HFRZEE). MEEE), AIEORVEHELN SRS NA(RER. 2012), 2O IKFEEMEOFKLED
AREMELERMICE X o7 TEEBB NS 7BTRTAOHIC, EENAMBEBOE=4") v I/PRLETH
BEEZTWVWS,

BENS 7EIRELLHEERY TS ZFa—R (M) 2UEAH OMEESNMEFATHZ, 20RO, TED
FHNSWHEARZ., ZNO5DOMEFRGHOES THIMBADISHIBELEIBET I EHNEETH D, B
RHE - EREVHEER S X7 L4 (DONET) (IFAmAEREFH ZEBEL TWE, MO.7TUEDOHEAER L TL
20, TNLOHMEOERME. BEAMNICIETL— MER, LB, TEOWTNICOFRTEINMNEIENBE
THd, INETEBEICSITIMBERBATME OV IV M2BLTEBELTEAEEB NS 7EO=RITTE
ERE%EFAWTDONETOER T — 9o BRMEBEZTMELE L /2. ZOBREFEMBROMES XA —2%
B, F/-. 201648 1 H=Z=EEEFTHIOHEDMEIN L —MNERTH B T & 52MHA L 7=, BEBEREEIC
S BB & EHEAREICE 2P oK Y ITARY 2S5O MMERS 2 BEXBRTZIEHNRELDODDOH S, @
BN 7HOBRAGKE S LTiE, WREBRDESCBLAFTEI ORBLABARENLEEZ LWV, Thid. EE
HEAZERBITNIERVEHOIRBIIVDERARTHZINLTHD, LHL, BEKEEHIZIERY 7N/ A4XH
BEN. £ EENS VBICITEKEENRLZEAL’RFICIIMBEEZZEARDONHT S, TORYT MDD
RIEFEMP., BEI7AE2AVEKIREEBEROMAORARER AN 1THhN, HWREEEARIRICHEIT TREITEE
HTW3B,

RE. BRI, BEEREIEEE N Z 78O ER S HEEICH T THARREE NS 7 hEFFER
@ (N-net) Z#BEPTH 5, DONET, S-net®N-net& W\ > 7= EIHERIME & S RAEHMEE AR (Hinet) A&
bt LEEAMBESE=s Y v I/E2ERLTVWELWL, INO5DBERIE, BT IaL—2aviC
DN, MBOBKEKEICERTZZEICARS, INODBERAEFMALT. MMEDEZ] ¥ L2AmK
78] 2/ MBTHRITA ALALNSIW ANTEHEINIFEEET LI BEHIEZFLVEEZEZTWS,
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Ambient noise tomography in the forearc region off northeast Japan
using S-net

*Ryota Takagi', Kiwamu Nishida®

1. Graduate School of Science, Tohoku University, 2. Earthquake Research Institute, The University of Tokyo

B KRBT AT 0 B A E B R B R EIE (S-net) ICL > T, RILBAFHLEE TICS T2 20—
BBV AL AT RIS ICEAT IH-AMENIEOND LD ICA >/ [e.g., Tanaka et al., 2019;
Nishikawa et al., 2019], L L. HEREIGZOEFICEE/ZEEZONISREEBESOEAIIESNhTWL
%, AARTIE, S-netTEASNBRFHBOMEEERBREMN SXRERZHME L. RILAXRFEHUERICS T2
SREEBEAMET DI ENBMNTH D, BITTIX, 2016 FESANS2019FE8A X TOIFES DINZEREET
FT—YEFRAL, BV —RBLRBOMIE [Takagietal, 2019] & EAET I XY FDBREET O

%, BAREOEERERREZHE L, o, WRET 30.1 HZUAT ORIREHE T3 BRHENIRIEH 1 2R
JAXLNIVLLTFTH B =8, Takagietal. [2020] DAEICE WERRAIRETIE—L v MalER/ 1 OHE

=lREL, 0.04-0.1 HzZICB W TERIKR A WH TE. SPACE [Aki, 1957; Nishida et al., 2008] IC & V) 118
BEEHELTE— RERE LK, Verticall ka2 EL (VWHES) OIEEHEREBEL & Vertical X4 & Radial %2
(VRE%) DOHEEBEMEREEEICIEL A ) —ROEXE— RASE L. Transverseli D BT OEEHERERBREICIES
TROEAE— NP EHT 5, £/, Radial KO RALTORBEEBAERKTIEL A ) —EOSEHE— RHIBEERD
FESICE > TERL, RBETIEERE— R, FEHTIEN0.06 Hz& W EAEBEHHICBVWTTLRERE—R
NEHT S, XFETIE. FTVWHEHLEVREDEZRAWT, LAY —REXE— ROMBEE~YY TH2HEEL
oo BUAIRART7EDAMHEZEEREICIE Nagaoka et al. [2012] DA%, MEY S 7 4 —IZIE Rawlinson and
Sambridge [2003] D&% AWMz, 0.04-0.06 HzICE W T, EBEANE TS TIENILEISE L Y LIS
HBE., mEMERELHESI N, £ BEERANEPEH TIEINILEI7TEDL SHILIE39E DEHHE TE&E
E. ThiVtHBemPcERELHESN, FICHEHREERPOEREERFEINEETH D, HES N
HEREDHIEEICLBADOSERERLERBEEZRMTZEEZIONED, L1 —KEDOTRERE—RBLV
STROERATZIET, SEERERBSEALVRRTEZEEZONS,
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[Invited] Dense seismic observation using seafloor optical fiber cable
system off Sanriku by Distributed Acoustic Sensing

*Masanao Shinohara', Tomoaki Yamada', Takeshi Akuhara', Kimihiro Mochizuki', Shin'ichi Sakai
:

1. Earthquake Research Institute, The University of Tokyo
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ARETH B ENLEARMEERICISHASIN TS Y., BES —TIVICK 2EBMAERAMNEH S, DASEHE
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Estimation of Site Amplification of Azuma volcano: Analyses of Seismic
Signals Recorded by Fiber Optic Cable and DAS

*Takeshi Nishimura', Kentaro Emoto', Hisashi Nakahara', Satoshi Miura', Mare Yamamoto',
Shunsuke Sugimura', Ayumu Ishikawa', Tsunehisa Kimura®

1. Graduate School of Science, Tohoku University, 2. Schlumberger

BERICHEINAEZA T 7AN—AEGETIHRIE. 7274 X—2T7ROREPAMYREICL Y BRAHE S
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Analysis of dense records of the DAS observation using fiber optic
cable in the urban area

*Kentaro Emoto’, Hisashi Nakahara', Takeshi Nishimura', Mare Yamamoto', Kodai Sagae1, Gugi
Ganefianto', Katsuhiro Yabu'

1. Graduate School of Science, Tohoku University
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EHAIREIEELREA S EEHREHRFTRICEREBL, X774 N\—=4—T)iE, ZIH5EARICEELS
ISR > TS0k T WS, F—JIILIEEF CREFFIBZ#2. ¥—Y K - Fv Y RIVERIEHIC
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DEET TR/ 1 ADHENR SN, MM LABEDOETTIEARL, AELOENFEEF->TRBT S
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Characteristics of DAS data by Artificial Vibration

*Masayuki Tanaka', Akio Kobayashi1, Akio Katsumata’, Koji Tamaribuchi', Tsunehisa Kimura?,
Shunsuke Kubota®, Yukihide Yoda®*

1. Meteorological Research Institute, 2. Schlumberger, 3. YK Giken Co., 4. NEC Corporation
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BETHb,

HREA b RIVAICEER LA 7 7 4 /NE HI30mZ2FEHFIME L TWSEMH Y. EERHIMO=ZMoEE
BEEAMEBRESNTWVWS, I T, BHINTWE I 74 NEEAIC

30. 60, 100, 130. 160, 200cm@fN7=IZFFI T, /N —CHEZMNMVTIREIZ&E I L. DASDEEEXIC,
BETD & S ICIRENRD 5 DEEREICIS U TIRBIDBRIM R o5 h BAURERRICHZRLIGMORLS
T7ANTHRASNERHMEARES K EDLRBUVDREICDVWTARLDOTHENT 2,

© BxEZS - $23-08 -



Session The 2020 SSJ Fall Meeting

Room D | Special session : S23. Frontier of observational seismology-Future of dense seismic
observation

& Fri. Oct 30, 2020 2:30 PM - 3:30 PM JST | Fri. Oct 30, 2020 5:30 AM - 6:30 AM UTC | @ROOM D
[S23]PM-2

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

2:30 PM - 2:45 PM JST | 5:30 AM - 5:45 AM UTC

[S23-09] 3-D S-wave velocity structure derived by ambient noise tomography using dense
short-period OBS arrey of off Ibaraki region

OLina Yamayal, Kimihiro Mochizukil, Takeshi Akuharal, Kiwamu Nishidal, Tsuyoshi Ichimural, Kohei
Fujital, Takuma Yamaguchil, Takane Hori2 (1.ERI, Univ. of Tokyo, 2.JAMSTEC)

2:45PM - 3:00 PM JST | 5:45AM - 6:00 AM UTC
[S23-10] High-density event locations with high-density OBS network at off-Ibaraki region
OShinji Yoneshimal, Kimihiro Mochizuki! (1.Earthquake Research Institute, The University of Tokyo)

3:00 PM - 3:30 PM JST | 6:00 AM - 6:30 AM UTC
[S23-11] [Invited] Dense seismic observation design for capturing background of large inland
earthquakes (lessons from "0.1Manten" hyper dense seismic observation)

OSatoshi Matsumoto! (1.Institute of Seismology and Volcanology, Faculty of Science, Kyushu University)
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3-D S-wave velocity structure derived by ambient noise tomography
using dense short-period OBS arrey of off Ibaraki region

*Lina Yamaya1, Kimihiro Mochizuki', Takeshi Akuhara', Kiwamu Nishida', Tsuyoshi Ichimura',
Kohei Fujita', Takuma Yamaguchi', Takane Hori®

1. ERI, Univ. of Tokyo, 2. JAMSTEC

AR TIE, FREGHEE ICH6kmER CTREINZERPERBEEICK 28y BEOESARE ICHERT S
EEBEATEIET, IEMERHI OB LRI TOIRTSHEEEEAHE L=, 2010FE108178(—EB
1$2011E28148)D 5201 1FE1087HICHF T, $ekmBEROERALEEMEST (Lenartz 3-D Lite) 32&
NS R SAREREHI RIFGHEE ICBRE I TWE, ERTHE (e.g., Bensenetal, 2007) TlE/ 4 XR
DEEMBREADHERET Z2HELNH D70, HEOHHILLEMN D2 W2011E3B8H £ T(ZREHHE
(2011 FE3B9RA) RV R A KT F it E(R3IB 11 B) DR AR OERRKRR & AL 7.

SNEK D R Uradial i BT OHEEEEBHEZFEL. SREXRSDS LA ) —FEOEKXE— R, radial DM 5
LA —KROERE—RETRERE—REEE L/, £7. spatial auto-correlation (SPAC) % (Aki 1957;
Nishida et al., 2008) % AW\ T B 72 0 BB #R %8I L. trans-dimensional Markov chain Monte Carloi%
(e.g., Bodinetal, 2012) ZAWTEHANBRTRTHBELZHE L, TORBR. RLEICESS500mDHERERE
(Vs:360m/s) . ZDOTFICEZ1.6kmD#EERE (Vs:930m/s) ##HEL=. CNOHDHBEDOTIIFER
BEEZON, COFRIIIBEREICL ZPHEEE#EE (e.g., Tsuru et al.,, 2002; Mochizuki et al., 2008) &
BLE—HLTWE, 5, MEEREDOFEHANLDOEEIZHE L (following Nagaoka et al.,, 2012) . fit8
EEmapEER L7z, TDE. EZ/I ) v RICH L TURTSREEEEDIEH A /38— 3> (Herrmann,
2013) %17V, INERBLEAEDE R I ETIRTDSHEEBELME L1z, HIBBOEIDELIZESHE L
TIEREN 7D, BEORFEILGBEERORBREL YW /NS N>/, —A T, EEMBZOEEICOWTIK, B
DAL Y EROAIEMTH > /-, AFREEHORAICIEBLIEEINTEY (Mochizuki et al.,
2008) . Sunetal. (2020)IC & UBILDLAAHD EE TR DEEEEBHICT D ENRINhTWS, L
NoT. AMREHTH., BUSLAAAICHW LSRN EHICR ST EEI 5N S,

e, AMRDBREAVWIRTERBEVEE 21T o /oo NEAREIZBERE 520005 53000m & t&/A

{, FLERAICSEEEDEVWVEBHNECHBL TWSEE6H, HEOMEINEHRTELVWEEZOND, FDT-
H, KIFRTHE LBEE2BAVWTIRTEREAEETV., BEOWMREMRIRT 5,

© BxEZS - §23-09 -



S23-10 AAMESA22020EEHEAS

High-density event locations with high-density OBS network at
off-lbaraki region

*Shinji Yoneshima', Kimihiro Mochizuki'
1. Earthquake Research Institute, The University of Tokyo

Until 2011 Tohoku-oki earthquake, off-lbaraki region has been known to be seismically inactive, not only
large but even small-to-moderate earthquakes. In this region, a subducting seamount was discovered by
Mochizuki et al (2008) in this low seismicity area, and a weak coupling was suggested to account for this
low seismicity.

Just after 2011 Toshoku-oki earthquakes, many earthquakes had occurred including the largest
aftershock (Mw7.8) of Tohoku-oki earthquake. This suggests that this region is seismically active,
presumably as an interaction with the seamount subduction.

Six months before and after the Tohoku-oki e.qg. a high-density OBS survey had been conducted from
October 2010 to September 2011 with quite dense (6km) spacing. In this OBS experiment, quite a large
number of earthquakes (>60,000) were recorded and “20000 events were located.

A tomography with a double difference hypocenter relocation was applied to obtain the velocity structure
and especially the precise hypocenter locations.

The relocated hypocenters formed some clusters in a three-dimensional space. We focused on a cluster
that was aligned along the near-vertical direction, whereas many clusters are aligned along the dip and
strike directions of the subducting oceanic plate.

This vertically aligned cluster ranges from approximately 8 to 24 km depth, corresponding to above the
plate boundary to below the plate boundary, perhaps below Moho. We made a common station gather for
these events, which is analogous to a zero-offset reverse VSP (station is located on the seafloor and
sources in the underground along a near-vertical trajectory).

We will discuss whether there are any featured converted phases in this gather such as a reflection from
the plate boundary so as to gain an insight about the precise depth information of these earthquakes in
conjunction with the subducting seamount.

© BxEZS -$23-10 -
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[Invited] Dense seismic observation design for capturing background
of large inland earthquakes (lessons from "0.1Manten" hyper dense
seismic observation)

*Satoshi Matsumoto'

1. Institute of Seismology and Volcanology, Faculty of Science, Kyushu University

lZC®IC
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[ Room D | Regular session : S14. Earthquake prediction and forecast
& Sat. Oct 31, 2020 9:00 AM - 10:00 AM JST | Sat. Oct 31, 2020 12:00 AM - 1:00 AM UTC | & ROOM D
[S14]AM-1

chairperson:Takao Kumazawa(Earthquake Research Institute, University of Tokyo),
chairperson:Jiancang Zhuang(The Institute of Statistical Mathematics, Research Organization of
Information and Systems)

9:00 AM - 9:15 AM JST | 12:00 AM - 12:15AM UTC
[S14-01] Long-term Probability of a Tohoku-Oki Earthquake along the Japan Trench

OMasajiro Imoto!, Nobuyuki Morikawal, Hiroyuki Fujiwara! (1.National Research Institute for Earth
Science and Disaster Resilience)

9:15AM - 9:30 AM JST | 12:15AM - 12:30 AM UTC
[S14-02] Foreshocks and earthquake hazard assessment in Japan mainland.
OHong Pengl, James Jiro Moril (1.Kyoto University)

9:30 AM - 9:45 AM JST | 12:30 AM - 12:45 AM UTC
[S14-03] Predictability of earthquake swarms with consideration of central nagano swarm
eventsin 2020

OKumazawa Takaol, Yosihiko Ogata? (1.Earthquake Research Institute, The University of Tokyo, 2.The
Institute of Statistical Mathematics)

9:45 AM - 10:00 AM JST | 12:45 AM - 1:00 AM UTC
[S14-04] Incorporating focal mechanisms into the ETAS model

OJiancang Zhuang!2, Eri Maita? (1.The Institute of Statistical Mathematics, Research Organization of

Information and Systems, 2.Department of Statistical Science, The Graduate University for Advanced
Studies (SOKENDai))
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Long-term Probability of a Tohoku-Oki Earthquake along the Japan
Trench

*Masajiro Imoto', Nobuyuki Morikawa', Hiroyuki Fujiwara'

1. National Research Institute for Earth Science and Disaster Resilience

Rt AR EFEHhZ2ERE T 2BEAME (Ribth A XEFHE) (COVWT, BFMEREZERIE. BYiR
LRET ZHEICK T B Brownian Passage Time 2 (BPTAM)ETIILEAAWT, SERE50FEICE T HHERE
DOHEERETMLTWVWS, RETFMBEE(EXK31.2.26)Ickd &, IIBTEHFTHRINI NS BOERHEREYICE
DZ, SODMERENIERSINTWVWS, D 2EDORERFHICIE. 200FEREDOTHREENHZ, BIHF
DHEIFECIFDEEME, FES5HF X201 TFEDRILMA KT EFHMETHZ D, F4FBICDOWTE2DDESE
HE (1464FEZFME. 161TEER=EME) MEEEShTWS, REE TR, BEFEITHELRIBED
WEICOWTIREABICEVREFEREL. BRLBIZHOIERINDVWTBPTRTI A —F ERKLETNK

o, TOHRBEEEICRERE KD TV,

WEREFOFREEMICEAL TE. OREE RIENGAHEREREOMMEFEICOVWT] GFHEFE. F
M13FE6H) T, ETINTIA—IHED-HOOREEBEISZERSOXNTEZ SN TS (Ogata, 1999
JGR) . COFEDERANRLEONZMEL LT, RILMLAXREFHBOMIC, HENS 7HALVDMET 5 R
HE (FAERMS : AEZE|RBREE, THR26F48) &, TEBEAVOBEARME (17H#8E : /K295
128) AZEIFLNE, 20D EERMEDFEMTIE. FEFEICEEINLZZEBLERAFREYTAHINOE
(Parsons,2008) IC& > TRA/NTFA—IHHEINT WS, ZOEDOWMEE (17HLE, FLh G KIEFEH
Bl) TIREIhEFEERZAE (L) PHRAShTWS, 22T FHEiFEEHEDOAEICE>T. BPTET
WIS A=Y DRLEERD, RESDELLEKT 2,

ETINRIA—YDORAMBEHET DHIC. EIBBOEBMELXRICGHEE DTS, F1BFE~FE3IET

&, EEFEZOFERICHOVEEABEREDICLY RDZ, F1BEF2BOMEREEN, BHEHER

%, TEIZ. FHREBRBI00E~IOE, E5DE/NRTA—4 0.1~2.00&FHETT Y T XIRBATL
10,000ICEWVTEET B, T/, BEDEIB~FLS5BICOVTIE, EAMIELEXRICK LT, 2BYDE
ABREFICRHBTZ22EOLEDOHETLEELEE TS, BEICOVWTIEK., COHBEICEIF2RLEEARE
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MEE LT, F1E~FEIBZOBEREDICK A TParsons(2008)IC& 2 EVTHILOEAERT 5, SEIER
SO -OEMEEAREIZL, BEIBMENISHMEIEET B, NI XA—YDRERICHEWT50008RT % i
L. THEEHBICERT 2RRINEZEET S, aBFRIFIE 1 B~E3BOBEMEE L WHLAIBEKREZ R
T, BEIF FHERS60FIES5DE0.2TRAL RS, 2HBEICHTI2AEDODHERICTRT.

MEZEEMR3T.2.26)DHA4-10E BT D E, EWSRDBEY THD, REETIE. ETHERLEBRIEIETH
550F 1 5#600FEDNS0ERICINE > TWB, SEDHERTIZ. S00NESMHANIZIFR CEEICAK>TW
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TEWRTZES, ZhICRLT, FHEFEDOAETIH. FREONTA—YEICH L TEELNFHESINS, *
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Foreshocks and earthquake hazard assessment in Japan mainland.

*Hong Peng1, James Jiro Mori’

1. Kyoto University

In the past, studies of foreshocks have estimated the rate of foreshock occurrence before moderate and
large earthquakes in high seismicity areas such as California. Those studies also show that it is possible to
calculate the significant probability that a larger earthquake follow a specific event. In our study, we use
the earthquakes recorded on land in the Japan Meteorological Agency catalogue from 2004 to 2019 to
study foreshock. We looked at the temporal and spatial distributions of pairs of earthquakes where a
smaller earthquake is followed by a larger earthquake. There is a clear peak for pairs of events that are
located with 5 days and 2 km of each other. Therefore our definition of a foreshock is an event that is
followed by a larger event within 5 days and located within 2 km. In this analysis, we removed aftershocks
and sequences of earthquake swarms.

According to our results, about 40% of mainshocks (M >= 3.0) have foreshocks. This is consistent with
previous studies that foreshocks could be a useful tool for the short-term earthquake hazard assessment.
Also, wwe also estimated that the average probability that an earthquake will be followed by an
earthquake of large magnitude is “10%.

© BxEZS -S14-02 -
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Predictability of earthquake swarms with consideration of central
nagano swarm events in 2020

*Kumazawa Takao', Yosihiko Ogata®

1. Earthquake Research Institute, The University of Tokyo, 2. The Institute of Statistical Mathematics

o< YEBBHIBZZAO—RY v 7P, KIGEEBROREEAREICLZHBOFELIL UL L ITEBERMNER
BAEFRTD. DY TOMEZFHIE. HEOTHIC—RMICHERINBZETASETILAEET 5. BREMIC
HITTHMEICLZ2FROBHEIERIARBERTRET 2720, MEASIOTDADSDFAIEEETH
22O NTWVWS. LALABRAS, BRETHZHMBHNIRFOBMIENT -9 2HWNE & T, RENAR
FRINTREICR D EEZAOND. BERDIDITEMFEH Y OMECHFREREE)D >S5, hOMEEM
IR - BEREHEIEE)(background seismicity), ZRRERCHEET I I LICHY . BADMRTIEINENR
A4 K& BIEEFETASE T )L (Kumazawa and Ogata, 2013) TRE T %, S SICHEERETASET LA SHE
AN OH REEFMOMREMEIHEA L. ERFMEETHOREZLEZINSBONIFHRICOVWTER
¥ 5,

© BxEZS -S$14-03 -



S14-03

BAMEZR2020EEKERR

R EFEEI OB J:EWETAS: A, (t|H,) = u(t) +
{i:Sstj<t)
Ao(t|Hp), u(t), Ko(t)DEGIIXhES/H
199&?—10—1 199&?—11—1 199E|i—12—1 199|9—1—1

Ko (t)e MM /(t — t; + c)?

199?—7—1 199?—9—1

1 99?—8—1

1e+00

1e-02

g -50 0 50 100 150 -

[4e]

® +

11998 .

® + +
*;T: o - 4 + + 225
¥ S ] * ++ + +

o ....H.—n!-r# Al 4 vy +%

;é ! ! 150

o -50 50 100 150

g

o] 2020

g ] + 0.75
M —
S G

© BFREZS

3620 36.30

f o

-50

i ++§ ”iﬁ+w+

0.01

100 150 u(t)

HEHMIT TN TNI1998E8 A TH DF M M2. 2) £2020F4 238 OMS. 5Z2BFZI0EBELNTE
DHBOE. TO#I1508 ZxRMAME L1,

2020 DHEIFTAUBFETHDT—2 28T, FRIBITRREE (137. 55, #EE (36. 20,
36. 50).

137.72),

1998FDHRITH 4 ¥ BRIZLIBIOLARIILIZEST=,

EERELT, BEVHMONAY I TI90 FIGA/NEEL TL S aEEAH S, t=50 TY D
NG TSOVRFDLERITERI SRE—D K —EBICLb BN S ENER L TREL:
ZEIZE B,

2020 DFFIT4A23BDME.5%t=0 & L=A', RITTHIMBENHLIDTNVITF0 UKL
=OLEIMN L ERT S BRARIKIBFLELERTHELDT, RELEEERRERDN S, 1998
FLRABKBREREINEELESLIRICAMN I BFHEN, 15D LT—FEMATHTFERS
DLENRHDLEBDONS,

- $14-03 -



S14-04 AAMES 22020 EEREAS

Incorporating focal mechanisms into the ETAS model

*Jiancang Zhuang'?, Eri Maita®

1. The Institute of Statistical Mathematics, Research Organization of Information and Systems, 2. Department of
Statistical Science, The Graduate University for Advanced Studies (SOKENDai)

This study tries to find the probability distributions of focal mechanisms in background seismicity and
earthquake clusters in Japan by analyzing F-net data. To describe the probability distribution, each focal
mechanism is discomposed as the result of a rotation about a particular pole starting from a reference
focal mechanism. In this study, DC4 symmetry is considered, i.e., either nodal-plane can be the fault plane
and the two sides of the fault plane are distinguishable. To separate the background and clustering
seismicity, we fit the space-time ETAS model (e.g., Zhuang, 2011, EPS) to the earthquakes with magnitude
4.2+ from 1997 to 2017 in the F-net catalog, and use the stochastic declustering method to estimate the
background probabilities that each event is a background event and the triggered probabilities that each
event is triggered by other events.

Figure caption:

For the background events, the reference focal mechanism is taken as the average focal mechanism in
each area, calculated by the method in Kagan and Jackson (2014, GJI). The rotation angles between a
background event and the mean focal mechanisms at (x, y) is reconstructed by histogram of rotation
angles between each earthquake and the local mean focal mechanism, weighted by its background
probability estimated from the ETAS model. For a triggered event, the reference focal mechanism
naturally takes the value of the focal mechanism of the event which triggers it. The rotation angles
between the parent event and its direct offspring are also reconstructed by histogram of rotation angles
between each triggering pair, weighted by the probability that the 2nd event is triggered by the first event
in the pair. We also find that the rotation poles are almost uniformly distributed.

We then plug the reconstructed focal mechanisms distribution into the space-time ETAS model and apply
it to the F-net data. The results show that focal mechanism plays an important role in earthquake
triggering and incorporation with focal mechanism greatly improves model fitting.

Fig. 1 (a) shows the mean focal mechanisms of background seismicity in Japan, (b) gives the reconstructed
probability density functions of rotation angles for focal mechanisms in the background seismicity and
triggered seismicity, and (c) gives the cumulative distribution functions corresponding to the pdfs in (b).

© BxEZS -5$14-04 -
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[ Room D | Special session : S22. Geodyanamics of the Ryukyu arc

@8 Sat. Oct 31, 2020 10:30 AM - 11:45 AM JST | Sat. Oct 31, 2020 1:30 AM - 2:45 AM UTC | L ROOM D
[S22]AM-2
chairperson:Shuichi Kodaira(JAMSTEC)

10:30 AM - 10:45 AM JST | 1:30 AM - 1:45AM UTC

[S22-01] Overview of scientific drilling active backarc basin, Okinawa Trough: ongoing rifting of
Eurasian continental margin

OMakoto Otsubo! (1.Geological Survey of Japan)

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

[S22-02] Vs structure of the shallow crust beneath ocean-bottom seismometers: south and
north Okinawa trough

OBan-Yuan Kuol, Pei-Ru Jianl, Pei-Ying Patty Lin2, Ching-Ren Linl, Yasushi Ishihara3, Shuichi Kodaira3,
Mamoru Nakamura?, Chau-Chang Wang5 (1.Institute of Earth Sciences, Academia Sinica, 2.National
Taiwan Normal University, 3.JAMSTEC, 4.University of the Ryukyus, 5.NARLabs)
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[S22-03] Ambient noise tomography for northern Okinawa trough OBS array
OTing-Chun Lin!, Kai-Xun Chen!2, Yuancheng Gung!, Ban-Yuan KuoZ, Yasushi Ishihara3, Shuichi

Kodaira3, Mamoru Nakamura®, Pei-Ying Patty Lin>, Ching-Ren Lin2, Chau-Chang Wang® (1.National Taiwan
University, Department of Geosciences, 2.Academia Sinica, 3.JAMSTEC, 4.University of the Ryukyus,
5.National Taiwan Normal University, 6.National Applied Research Laboratories)
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[S22-04] [Invited] Contemporary deformation and slow slip events along the Ryukyu Islands
clarified by GNSS observations

OTakuya Nishimural, Shin'ichi Miyazakiz, Takeshi Matsushima?3 (1.Disaster Prevention Research Institute,
Kyoto University, 2.Graduate School of Science, Kyoto University, 3.Faculty of Science, Kyushu
University)
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Overview of scientific drilling active backarc basin, Okinawa Trough:
ongoing rifting of Eurasian continental margin

*Makoto Otsubo’
1. Geological Survey of Japan

We introduce the outline of scientific drilling for the Okinawa Trough, active backarc basin. Active backarc
basins are unique tectonic features which divide the margin of continents, generate complex subduction
geometries, and host a large number of hydrothermal systems that harbour unique mineralization and
diverse biological communities. The mechanisms controlling the initiation and evolution of backarc basins
has been a long-standing question in global tectonics. Our targets are to perform coring, logging, and
monitoring at the Okinawa Trough backarc basin, the Ryukyu arc. The Okinawa Trough is a “1500-km
long continental rift in the East China Sea parallel to and behind the Ryukyu Arc. The Okinawa Trough,
together with Bransfield Strait which is in a challenging Antarctic environment and therefore we do not
think it is prospective target for a scientific drilling, is the only active and accessible continental backarc
basin on earth which has not produced oceanic crust via seafloor spreading yet. Here we propose a new
hypothesis on the driving force of the backarc opening: Backarc spreading accelerates with fluids and
heat-induced weakening and strain concentration in the rift zone. We propose 3 shallow (200-700 m
below the seafloor) riserless boreholes in the southern part of the Okinawa Trough. The drilling of these
boreholes aims to recover sediments, volcanic rocks, and pore fluids, collect geophysical logs, and make
downhole measurements. The objectives of the riserless program are two-fold: (1) Examine the fluid
circulation process in shallow crust by documenting and analysing the physical, hydrogeological and
chemical properties, lithology, geometry, microstructure, and thermal state of the fault; and (2) Observe
volcanics that are extruded before oceanic basalts are exposed by characterizing the entire sedimentary
and volcanic facies under the trough axis (Yaeyama Graben) including the top of a potentially basaltic
volcanic intrusion observed in the seismic surveys. This proposal is the first milestone of our future drilling
project which ultimately aims to core and monitor in both of the seismogenic rifts zone in the Okinawa
Trough and the onland Ryukyu arc.
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Vs structure of the shallow crust beneath ocean-bottom seismometers:
south and north Okinawa trough

*Ban-Yuan Kuo', Pei-Ru Jian', Pei-Ying Patty Lin?, Ching-Ren Lin', Yasushi Ishihara®, Shuichi
Kodaira®, Mamoru Nakamura®, Chau-Chang Wang®

1. Institute of Earth Sciences, Academia Sinica, 2. National Taiwan Normal University, 3. JAMSTEC, 4. University of the
Ryukyus, 5. NARLabs

We employ a P-wave polarization method to estimate the Vs of the shallow crust beneath ocean-bottom
seismometer (OBS) arrays in Okinawa trough. In comparison, we applied this method to F-net in the
Tohoku region, Japan. We found that the seafloor beneath OBSs is characterized by Vs of hundreds of
m/s, while Vs of the shallow crust of Tohoku is typically 2-4 km/s with the about 1 km/s at volcano sites.
The OBSs along the Okinawa trough were probably deployed on the very soft oceanic crust first layer
composed of young, uncompact sediment. The observed Ps following the P phase attests to this
hypothesis. We are in the process of extending this research to OBSs on old seafloor of the Pacific basin.
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Ambient noise tomography for northern Okinawa trough OBS array

*Ting-Chun Lin', Kai-Xun Chen'?, Yuancheng Gung1, Ban-Yuan Kuo?, Yasushi Ishihara®, Shuichi
Kodaira®, Mamoru Nakamura®, Pei-Ying Patty Lin®, Ching-Ren Lin?, Chau-Chang Wang6

1. National Taiwan University, Department of Geosciences, 2. Academia Sinica, 3. JAMSTEC, 4. University of the
Ryukyus, 5. National Taiwan Normal University, 6. National Applied Research Laboratories

From September 2018 to June 2019, IES, TORI, and JAMSTEC deployed broadband OBSs in the north
Okinawa trough and its neighboring sea (NOT). Data from OBS vertical component combined with that
from F-net stations and five temporary stations are suitable to ambient noise study. We perform ambient
noise tomography using these array data to map the upper crust to shallow mantle structures of this part
of the Ryukyu subduction zone. Cross-correlation functions were calculated and phase velocities of 5-30 s
were measured, followed by a one-step, wavelet-based multiscale inversion for 3-D models of both Vs and
its azimuthal anisotropy. Preliminary results show correlation between the resolved azimuthal anisotropy
and the measured shear-wave splitting from local slab events. We are especially interested in whether
medium-sized melt mush zone in the crust can be identified beneath the OT as evidence for late stage of
continental rifting and early stage of seafloor spreading.
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[Invited] Contemporary deformation and slow slip events along the
Ryukyu Islands clarified by GNSS observations

*Takuya Nishimura', Shin'ichi Miyazakiz, Takeshi Matsushima®

1. Disaster Prevention Research Institute, Kyoto University, 2. Graduate School of Science, Kyoto University, 3. Faculty
of Science, Kyushu University

The Ryukyu Islands lie on a 1200-km-long island arc from Kyushu to Taiwan. Contemporary deformation
of the Ryukyu Islands is characterized by subduction of the oceanic plate and active backarc spreading.
The Philippine Sea plate subducts from the Ryukyu Trench beneath the islands. Numerous earthquakes
and slow slip events (SSEs) occur along the subduction plate interface. Active backarc spreading along
the Okinawa Trough also causes many shallow earthquakes in the island arc. The permanent GNSS
observation network named GEONET was started in the 1990’ s and it has greatly contributed our
understanding on ongoing deformation due to these tectonic processes. Recently, our group has been
constructed additional 15 GNSS stations in the islands, particularly the Yaeyama Islands, southernmost
parts of the Ryukyu Islands. In this presentation, we review the previous geodetic studies on the
contemporary deformation and SSEs as well as our new results of recent GNSS observations.

The secular GNSS velocity shows rapid backarc spreading along the Okinawa Trough and the spreading
rate increases toward south (e.g., S. Nishimura, 2004; Nakamura, 2004; Watanabe and Tabei, 2004).
Internal deformation of the island arc is rather small and modeled by rigid block rotation of three or four
independent tectonic blocks. No significant contraction along the plate convergence was found, which
suggests low coupling on the subduction plate interface. However, land geodetic data cannot resolve
offshore coupling near the trench (e.g., Watanabe and Tabei, 2004) On the other hand, significant
expansion along the arc was revealed by Nakamura (2004).

It is probable that SSEs as well as earthquakes accommodate a significant part of relative plate motion
along the Ryukyu Trench. T. Nishimura (2014) conducted a systematic search of short-term SSEs using
GNSS data and found 223 possible SSEs for 16 years. Detected SSEs distributes from the trench to the
island arc with a depth range between 10 and 60 km shows highly heterogeneous along the trench. The
most distinctive activity is bi-annual M ,"6.6 SSEs in the Yaeyama Islands (Heki and Kataoka, 2008; Tu and
Heki, 2017; Kano et al., 2018). The cluster of SSEs locates southeast off southern Okinawajima, east off
Kikaijima, and east of Tanegashima. Correlations between SSEs and other slow and regular earthquakes
(e.g., low-frequency earthquakes, very-low-frequency earthquakes, and earthquake tremors) have been
also found (Nakamura, 2015; Nakamura, 2017) but their relation is not simple and unlike the episodic
tremor and slip events along Nankai Trough.

We estimated secular velocity at continuous stations including new stations from August 2017 to July
2020 in and around the Ryukyu Islands (Figure). This new velocity confirmed previous studies and gave us
some additional insights on ongoing deformation. Expanded internal deformation in directions of both
along and perpendicular to the trench are dominant in the Yaeyama Islands and Okinawajima but
contraction along the relative plate motion is observed in a part of the Yaeyama Islands. Southeastward
velocity of lo-torishima suggests volcanic inflation of the island.
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Pattern of occurrence interval and spatial distribution of similar
earthquakes in the northern Ryukyu Trench subduction zone obtained
from ocean bottom seismic observation

*Yukihiro Nakatani', Hiroshi Yakiwara', Shuichiro Hirano', Shigeru Nakao', Hiroki Miyamachiz,
Reiji Kobayashiz, Yusuke Yamashitas, Hiroshi Shimizu®, Takeshi Matsushima®, Kazunari Uchida®,
Kazuo Nakahigashi5, Hideji Abe’, Tomoaki Yamada®, Masanao Shinohara’

1. NOEV, Kagoshima Univ., 2. Grad. School of Sci. and Eng., Kagoshima Univ., 3. DPRI, Kyoto Univ., 4. SEVO, Kyushu
Univ., 5. Tokyo Univ. of Marine Sci. and Tech., 6. JMA, 7. ERI, UTokyo
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Surface wave imaging of the lithosphere and asthenosphere system
beneath north Okinawa Trough from NOT OBS array

*PeiYing Patty Lin', Hsiu-Cheng Yeh', Chih-Ming Lin', Ban-Yuan Kuo?, Shu-Huei Hung?®,
Yuancheng Gung®, Eh Tan? Kate Huihsuan Chen', Chau-Chang Wang*?, Ching-Ren Lin? Shuichi
Kodaira®, Yasushi Ishihara®, Mamoru Nakamura’

1. Department of Earth Sciences, National Taiwan Normal University, 2. Academia Sinica, 3. National Taiwan
University, 4. National Applied Research Laboratories, 5. National Sun Yat-sen University, 6. JAMSTEC , 7. University
of the Ryukyus

The NOT experiment is an ocean bottom seismic experiment conducted at the north part of the Okinawa
Trough as a collaboration between Taiwan and Japan. The NOT experiment is designed to image the
structure of the Ryukyu subduction system which consists of trench-arc-backarc extending from Japan to
Taiwan. The Okinawa Trough (OT), the backarc basin in the Ryukyu subduction system, is unique due to
its extensive active rifting. Here we present surface wave analysis data from the "21 broadband ocean
bottom seismograms and 3 land-stations from the F-net network of Japan. With the passive seismic
imaging using this seismic array with the aperture "260 km, we can have local constraints on the seismic
model in the lithosphere and asthenosphere system. Noise levels in vertical components of the most OBS
sit within the global reference new high- and low- noise models with significant tilt and compliance noises
contaminations. Tilt and compliance noises arise from instrument tilting under bottom current flow due to
coupling problems and seafloor deformation caused by the infragravity wave respectively. We first
characterize the temporal variations of tilt and compliance noises for each station. We then remove tilt
and compliances noises from vertical recordings sequentially to retrieve true ground motions due to the
structural properties. We utilize an intra-array cross-correlation analysis to measure Rayleigh-wave phase
velocities for the teleseismic events with noises corrected vertical data. Phase velocity maps from the
shorter period (< 32s sec) show low velocities beneath the volcanic arc. In the mid-period (40- 70s), the
low phase velocity anomaly is seen beneath Okinawa Trough. We plan to show regional dispersion
patterns beneath the backarc basin and volcanic arc to understand the seismic structure within the
lithosphere and asthenosphere system.

Keywords: Ryukyu subduction, broad-band ocean-bottom seismograph (BBOBS), seismic noise,
compliance and tilt corrections, Rayleigh wave phase velocity
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Upper mantle P-wave velocity structure beneath the northern Ryukyu
subduction zone from multiscale finite-frequency traveltime
tomography

*Shu-Huei Hung', Ban-Yuan Kuo?, Pei-Ying Patty Lin', Yuancheng Gung’, Eh Tan? Huihsuan
Chen?, Chau-Chang Wang4, Shuichi Kodaira®, Yasushi Ishihara®, Mamoru Nakamura®, Ching-Ren
Lin?

1. Department of Geosciences, National Taiwan University, 2. Academia Sinica, 3. National Taiwan Normal University,
4. National Applied Research Laboratories, 5. JAMSTEC, 6. University of the Ryukyus

We conduct a multiscale finite-frequency tomography of upper mantle structure beneath the northern
Ryukyu subduction zone, where the Philippine Sea Plate (PSP) subducting beneath the Eurasian continent
forms a trench-forearc-arc-backarc system. The data comprises of vertical-component P waveforms of
teleseismic earthquakes with epicentral distance of 30°-95° and magnitude greater than 5.5 recorded by
3 island stations from the F-net network of Japan and 26 broadband ocean-bottom seismometers from
the Taiwan-Japan collaborative experiment deployed between Sept. 2018 and June 2019 in the study
area. Relative traveltime residuals between the recording stations for each event are measured by cross
correlating the band-pass filtered waveforms at periods of 8-20 s. Those with the cross-collelation
coefficients > 0.8 are retained for the tomographic inversion of 3-D P-wave velocity perturbations at least
down to the depth of 300 km. Data-adaptive, finite-frequency traveltime kernels in conjunction with
multiscale wavelet-based parameterization are adopted to resolve the multi-resolution velocity structure.
The resulting model reveals a low-velocity anomaly in the forearc wedge and a high-velocity lid in the
uppermost 80-km depth beneath the northern Okinawa Trough (NOT) and Ryukyu arc which may
correspond to the overriding Eurasian continental lithosphere. Besides, a trench-parallel elongated fast
anomaly extending at least down to "200 km depth and most likely associated with the subducted PSP
slab is observed under the NOT. Further appraisal of model resolution and S-velocity structure will be
undertaken to verify these resulting seismic features.
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[Invited] Active and passive seismic investigations in the Ryukyu
Trench and the Okinawa Trough: A review of 7-year achievements by
JAMSTEC

*Ryuta Arai', Shuichi Kodaira', Tsutomu Takahashi', Ayako Nakanishi’, Yojiro Yamamoto', Yuka
Kaiho', Yasushi Ishihara', Seiichi Miura’, Yoshiyuki Kaneda'?

1. JAMSTEC, 2. Kagawa University

The Ryukyu subduction zone in southwestern Japan hosts a variety of slow earthquakes and thus is an
ideal study field to understand the physical controls on slip behaviors along the plate boundary. The
Okinawa Trough, an active back-arc basin behind the Ryukyu arc, also provides a superb site for studying
the lithospheric evolution associated with the continental rifting process. However, the background
structure of this trench-arc-backarc system and physical properties of faults accommodating the plate
subduction and back-arc rifting have been poorly documented. To better understand the seismogenic,
volcanic and tectonic processes around the Ryukyu arc, JAMSTEC have been conducting intensive
seismic investigations since 2013 as part of “Research Project for compound disaster mitigation on the
great earthquakes and tsunamis around the Nankai Trough region” . This project consists of across-arc
active-source seismic surveys, including multichannel seismic reflection profiling and refraction studies
using ocean bottom seismographs, and passive onshore/offshore seismic observations. In this
presentation, we will give a brief review of our achievements over the last seven years.

In the southern Ryukyu Trench off Ishigaki Island where a large tsunami earthquake occurred in 1771
(Nakamura, 2009), we found evidence for thin low-velocity zones along the plate interface at 5-22 km
depths and interpreted them to be caused by high fluid pressure (Arai et al., 2016). This fluid-rich plate
boundary hosts low-frequency earthquakes at 15-18 km depths and suggests that a strongly-coupled
zone, which is typical at these depths in other subduction zones, may be missing. The passive seismic
observations also confirmed that the low-frequency earthquakes are located close to but do not overlap
regular earthquakes (Yamamoto et al., 2018). This spatial pattern of seismicity suggests that the frictional
properties along the plate boundary may vary not only in the dip direction but also along the strike.

On the back-arc side of the southern Ryukyu arc, we revealed symmetrical rift system across the rift axis
(Yaeyama Rift) characterized by dense inward-dipping normal faults in the back-arc basin (Arai et al.,
2017a). The rift structure accompanies narrow axial intrusions resulted from passive upwelling of magma
which drive hydrothermal venting at the seafloor and seismic swarms at the shallow crustal depths.

In the northern Ryukyu Trench off Amami-Oshima Island where the Amami Plateau collides with the
overriding plate, we found that the subducting plate is vertically displaced and forms obvious normal-fault
steps of over 1 km at the plate interface (Arai et al., 2017b). This slab-intersecting faults are located at the
downdip of the subducting seamount and are active as evidenced by large normal-fault earthquakes in
1995. These findings suggest that internal heterogeneities of the slab, especially significant buoyancy
acting on the thick oceanic plateau, can produce sufficient differential stress leading to high-angle
normal-fault earthquakes within the slab. We also found a number of slab seismicity in the forearc region
east off Tanegashima Island and suggest that, same as the southern Ryukyu Trench, there is a clear spatial
separation between regular earthquakes and slow earthquakes (Yamamoto et al., 2020).
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In contrast to the southern Okinawa Trough, the overall faulting style in the northern Okinawa Trough is
significantly asymmetric and rapidly transitions from normal faults to strike-slip faults (Arai et al., 2018).
We also detected evidence for active magmatic intrusions around the volcanic front, suggesting that the
volcanism in the northern Ryukyu arc is robustly supported by magmatic supply from the subducting slab.
The overall rift system in the Okinawa Trough are thought to be controlled by the along-trough variation in
extension rate as well as the strength and thermal structure of the plate.
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