Thu. Oct 29, 2020

ROOM B

Room B | Regular session | S12. Rock experiment, rock mechanics, and
crustal stress

[S12]PM-1
chairperson: Kentaro Omura(NIED)
1:00 PM - 1:45 PM ROOM B

[S12-01] In-situ stress at the basement under Osaka plain
-estimation of stress orientations by observation
of borehole breakout in deep seismic obsevation
wells-

OKentaro Omura' (1.National Research Institute for
Earth Science and Disaster Resilience)
1:00 PM - 1:15 PM

[S12-02] Experimental and numerical approaches for
understanding a development process of
composite planar fabric in faults
OTakeshi Miyamoto1, Kiyokazu Oohashiz, Akari Fuke3,
Tetsuro Hirono' (1 .Department of Earth and Space
Science, Graduate School of Science, Osaka University,
2.Graduate School of Sciences and Technology for
Innovation, Yamaguchi University, 3.Japan
Meteorological Agency)

1:15PM - 1:30 PM

[S12-03] Gouge friction on a meter-scale laboratory fault
OFutoshi Yamashita', Eiichi Fukuyama®', Akihiro
Shimoda?, Shun Watanabe® (1.National Research
Institute for Earth Science and Disaster Resilience,
2.Graduate School of Engineering, Kyoto University)
1:30 PM - 1:45 PM

Room B | Regular session | SO9. Statistical seismology and underlying
physical processes

[SO9]PM-1
chairperson:Satoshi Matsumoto(Kyushu University)
1:45 PM - 2:15 PM ROOM B

[S09-01] Stress tensor estimation and its temporal change
based on seismic moment tensor data -
Implication from flow rule -

OSatoshi Matsumoto'  (1.Institute of Seismology and
Volcanology, Faculty of Science, Kyushu University)
1:45 PM - 2:00 PM

[S09-02] Characteristics of Source Parameter for
Aftershocks of the 2016 Kumamoto Earthquake
Estimated by the Coda Spectral Ratio Method

ONaoto Maesako1, Satoshi Matsumotoz, Ayaho
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Mitsuoka', Group for Urgent Joint Seismic Observation
of the 2016 Kumamoto Earthquake (1.Department of
Earth and Planetary Sciences, Graduate School of
Science, Kyushu University , 2.Institute of Seismology
and Volcanology, Faculty of Sciences, Kyushu
University)

2:00PM - 2:15PM

Room B | Regular session | SO9. Statistical seismology and underlying
physical processes

[SO9]PM-2
chairperson:Shiro Ohmi(DPRI, Kyoto University),

chairperson:Akemi Noda(MRI)
2:30 PM - 3:30 PM ROOM B

[S09-03] Shear strain energy changes caused by the 2016
Kumamoto earthquake sequence: Comparison
with aftershock activity
OAkemi Noda', Tatsuhiko Saito?, Eiichi Fukuyama®?,
Toshiko Terakawa4, Sachiko Tanakaz, Mitsuhiro
Matsu'ura® (1.National Research Institute for Earth
Science and Disaster Resilience, now at
Meteorological Research Institute, 2.National Research
Institute for Earth Science and Disaster Resilience,
3.Graduate School of Engineering, Kyoto University,
4.Graduate School of Environmental Studies, Nagoya
University, 5.Institute of Statistical Mathematics)

2:30 PM - 2:45 PM

[S09-04] Space-time separation of earthquake activities in
the 1998 and the 2020 Hida-Kamikochi, central
Japan, earthquake swarms
Olchiro Kawasaki' (1.Tono Research Institute of
Earthquake Science)

2:45 PM - 3:00 PM

[S09-05] Swarm Activity in the Hida Mountain Range,
Central Japan, Started from April 2020, Followed
by a Dyke Intrusion Event Inferred from Crustal
Deformation
OShiro OHMI', Takuya NISHIMURA', Manabu
HASHIMOTO' (1.Disaster Prevention Research
Institute, Kyoto University)

3:00 PM - 3:15PM

[S09-06] Spectal change of the deep low frequency
earthquakes near Yakedake volcano in May
2020
ODaisuke Kamata', Motoo Ukawa' (1.Nihon
University)
3:15PM - 3:30 PM



Fri. Oct 30, 2020

ROOM B

Room B | Regular session | S09. Statistical seismology and underlying
physical processes

[SO9]AM-1

chairperson:Kazuaki Ohta(NIED), chairperson:Akiko Takeo(ERI,
University of Tokyo)

9:00 AM - 10:15 AM ROOM B

[S09-07] Long-term temporal variation of deep low
frequency tremor seismicity
OKazushige Obara' (1.Earthquake Research
Institute, the University of Tokyo)
9:00 AM - 9:15 AM

[S09-08] Full automation for the CMT analysis of deep
very low frequency earthquakes
OAkiko Takeo', Kazushige Obara' (1.Earthquake
Research Institute, the University of Tokyo)
9:15 AM - 9:30 AM

[S09-09] Detection and evaluation of tremor migration
beneath Kii Peninsula
OTakuya Maeda', Kazushige Obara’', Akiko Takeo',
Takanori Matsuzawa® (1 .Earthquake Research
Institute, the University of Tokyo, 2.National Research
Institute for Earth Science and Disaster Resilience)
9:30 AM - 9:45 AM

[S09-10] Tectonic tremor activity along the Japan trench
before the 2011 Tohoku-oki earthquake
OHidenobu Takahashi', Hino Ryota', Naoki Uchida’,
Ryosuke Azuma1, Susumu Kawakubo1, Kazuaki Ohtaz,
Masanao Shinohara® (1.Tohoku University, 2.National
Research Institute for Earth Science and Disaster
Resilience, 3.Earthquake Prediction Research Center,
Earthquake Research Institute, University of Tokyo)
9:45 AM - 10:00 AM

[S09-11] Detailed tremor activity beneath the eastern
Shikoku and Kii Channel, Japan, revealed by
dense seismic observation
OKazuaki Ohta1, Katsuhiko Shiomi1, Takanori
Matsuzawa' (1.National Research Institute for Earth
Science and Disaster Resilience)

10:00 AM - 10:15 AM

Room B | Regular session | SO9. Statistical seismology and underlying
physical processes

[SO9]AM-2

chairperson:Keisuke Yoshida(Tohoku University),
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chairperson:Tomoaki Nishikawa(DPRI, Kyoto University)
10:30 AM - 12:00 PM ROOM B

[S09-12] Earthquake swarm detection along the Hikurangi
Trench, New Zealand: insights into the
relationship between seismicity and slow slip
events
OTomoaki Nishikawa', Takuya Nishimura', Yutaro
Okada® (1.Disaster Prevention Research Institute,
Kyoto University, 2.Graduate School of Science, Kyoto
University)

10:30 AM - 10:45 AM

[S09-13] Detection of shallow very low frequency
earthquakes and estimation of energy rate of low
frequency tremors in the Costa Rica subduction
zone
OSatoru Baba', Kazushige Obara', Shunsuke
Takemura1, Akiko Takeo1, Geoffrey A. Abers?

(1.Earthquake Research Institute, the University of
Tokyo, 2.Cornell University)
10:45 AM - 11:00 AM

[S09-14] Events enduring and scaling in cellular
automaton models due to competing timescales
of stress accumulation and rupture propagation
OKota Fukuda', Takahiro Hatano?, Kimihiro
Mochizuki' (1.Earthquake Research Institute, The
University of Tokyo, 2.Department of Earth and Space
Science Osaka University)

11:00 AM - 11:15 AM

[S09-15] Detection of Temporal Change in Seismic
Attenuation near Earthquake Source during
Intense Fluid-Driven Seismicity following 2011
Tohoku-Oki earthquake
OKeisuke Yoshida' (1.Research Center for Prediction
of Earthquakes and Volcanic Eruptions, Tohoku
University )
11:15AM -11:30 AM

[SO09-16] Relationship between migration diffusivity and
the duration of earthquake swarms
OVYuta Amezawa1, Takuto Maeda1, Masahiro Kosuga1

(1.Graduate school of Science and Technology,
Hirosaki University)
11:30 AM - 11:45 AM

[S09-17] Simulation of inland earthquake activity using
Coulomb stress change during the megathrust
earthquake cycle in southwest Japan

OTsukasa Mitogawa', Takuya Nishimura®



(1.Graduate School of Science, Kyoto University,
2.Disaster Prevention Research Institute, Kyoto
University)

11:45 AM - 12:00 PM

Room B | Regular session | S09. Statistical seismology and underlying
physical processes

[SO9]PM-1

chairperson:Koichiro Obana(JAMSTEC), chairperson:Masashi
Ogiso(MRI)

1:00 PM - 2:15 PM ROOM B

[S09-18] Master event location estimation method using
seismic amplitude: application to volcanic
tremors occurred at Meakandake volcano
OMasashi Ogiso’, Kiyoshi Yomogida®

(1.Meteorological Research Institute, Japan
Meteorological Agency, 2.Hokkaido Univ.)
1:00 PM - 1:15 PM

[S09-19] Estimating Earthquake Rupture Process Using
Second Degree Moments
“Application to a swarm-like seismicity in the
northern Ibaraki and Iwaki areas”

ONaoto Yokotani1, Aitaro Kato1, Kazushige Obara1,

Shin'ichi Sakai1, Takashi Iidaka1, Tetsuya Takeda?®
(1.Earthquake Research Institute, The University of

Tokyo., 2.National Research Institute for Earth Science

and Disaster Resilience)

1:15PM - 1:30 PM

[S09-20] Relationship between the subducting plate
boundary and fault geometry of the 2016 Mw7.8
Kaikoura Earthquake, New Zealand, based on
high precision aftershock distribution
OVYuta Kawamura1, Satoshi Matsumoto1, Tomomi
Okadaz, Miu Matsunoz, Yoshihisa Iio3, Tadashi Satoz,
Stephen Bannister4, John Ristau4, Martha Savage5,
Clifford Thurber®, Richard H Sibson’ (1.Kyushu
University, 2.Tohoku University, 3.Kyoto University,
4.GNS Science, 5.Victoria University of Wellington,
6.University of Wisconsin - Madison, 7.University of
Otago)

1:30 PM - 1:45 PM

[S09-21] Faults geometry of outer-rise normal-faulting
earthquakes in the central Japan trench based
on the ocean bottom seismograph observations
OKoichiro Obana’, Tsutomu Takahashi', Yojiro
Yamamoto1, Yasuyuki Nakamura1, Gou Fujie1, Seiichi

Miura', Shuichi Kodaira' (1.JAMSTEC)
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1:45 PM - 2:00 PM

[S09-22] Relative hypocenter determination using wave
correlation around P-wave first motion with
sampling frequency of 10 kHz
OYuki Noda', Yoshihisa lio? (1.Kyoto University
Graduate School of Science, 2.Kyoto University
Disaster Prevention Research Institute)

2:00PM - 2:15 PM

Room B | Regular session | SO9. Statistical seismology and underlying
physical processes

[SO9]PM-2
chairperson:Hideo Aochi(BRGM), chairperson:Makoto

Matsubara(NIED)
2:30 PM - 3:30 PM ROOM B

[S09-23] Characterization of deep lower limit of
seismogenic zone (D90) in the region of low heat
flow region beneath Japanese Islands
OMakoto Matsubara1, Tomoko Elizabeth Yano1,
Hiroshi Sato® (1.National Research Institute for Earth
Science and Disaster Resilience, 2.Earthquake
Research Institute, the University of Tokyo)

2:30 PM - 2:45 PM

[S09-24] The diveristy of source parameters in deep
earthquakes with waveform similarity
OAyako Tsuchiyama', Junichi Nakajima' (1.Earth and
Planetary Sciences, Tokyo Institute of Technology)
2:45 PM - 3:00 PM

[S09-25] Method to Evaluate the Probability of
Earthquake Occurrence Using Information of
Small Events
OHiroki Tanaka', Ken Umeno' (1.Kyoto University)
3:00PM - 3:15PM

[S09-26] Detection of rate change of induced seismicity
using ETAS model
OHideo Aochi1, Julie Maury1, Thomas Le Guenan'

(1.BRGM)
3:15PM - 3:30 PM

Sat. Oct 31, 2020

ROOM B

Room B | Regular session | SO2. Seismometry and monitoring system
[SO2]AM-1

chairperson:Ryoichi Iwase(JAMSTEC)

9:00 AM - 9:45 AM ROOM B

[S02-01] Low-SNR Microseismic Detection Using Direct P-



Wave Arrival Polarization
OVYusuke Mukuhira1, Oleg V. Poliannikovz, Michael C.
Fehler?, Hirokazu Moriya® (1.Institute of Fluid
Science, Tohoku University, 2.Earth Resources
Laboratory, Department of Earth, Atmospheric and
Planetary Sciences, Massachusetts Institute of
Technology, 3.School of Engineering, Tohoku
University, Sendai, Japan)
9:00 AM - 9:15 AM

[S02-02] Replay and digitization of analog hydrophone
data of the old cabled observatory on deep
seafloor off Hatsushima Island in Sagami Bay
ORyoichi lwase' (1.JAMSTEC)
9:15 AM - 9:30 AM

[S02-03] Channel ID number expansion in WIN format
OKenji Uehira', Shigeki Nakagawaz, Hiroshi Tsuruoka?,
Taku Urabe® (1.National Research Institute for Earth
Science and Disaster Resilience, 2.Earthquake
Research Institute, The University of Tokyo,
3.Telemetra)

9:30 AM - 9:45 AM

Seismological Society of Japan BAMMEZR2020FEMEZRE

simulations for junior high school students.
OShota Takeichi1, Toshitaka Baba1, Naoyuki
Nakayama2 (1.Tokushima University, 2.Tsuda Junior
High School)

10:00 AM - 10:15 AM

Room B | Regular session | SO3. Crustal deformation, GNSS, and gravity

[SO3]AM-2

chairperson:Kosuke Heki(Dept. Earth Planet. Sci., Hokkaido
University), chairperson:Yuta Mitsui(Faculty of Science, Shizuoka
University)

10:30 AM - 12:00 PM ROOM B

Room B | Regular session | S19. Seismology, general contribution

[ST19]AM-1

chairperson:Satoko Murotani(National Museum of Nature and
Science)

9:45 AM - 10:00 AM ROOM B

[S19-01] A database of digitized seismic records and
seismogram image copies for major historical
earthquakes in Japan
OSatoko Murotani1, Kenji Satakez, Hiroshi Tsuruokaz,
Hiroe Miyakez, Toshiaki SatoS, Tetsuo Hashimoto4,
Hiroo Kanamori® (1.National Museum of Nature and
Science, 2.Earthquake Research Institute, the
University of Tokyo, 3.0hsaki Research Institute, Inc.,
4.National Research Institute for Earth Science and
Disaster Resilience, 5.Seismological Laboratory,
California Institute of Technology)

9:45 AM - 10:00 AM

Room B | Regular session | S18. Education and history of seismology

[S18]AM-1

chairperson:Satoko Murotani(National Museum of Nature and
Science)

10:00 AM - 10:15 AM ROOM B

[S18-01] Effectiveness in raising awareness of disaster

prevention through numerical evacuation

©Seismological Society of Japan

[S03-01] Interseismic plate coupling on the Main
Himalayan Thrust in Nepal estimated from GNSS
displacement rate field
OTakao Tabei1, Mako thonoz, Bishow R. Silwal3,
Rajendra Bhandari3, Janak B. Chand3, Soma N.
Sapkota®, Hiroe Miyake®, Kazuki Koketsu® (1.Faculty
of Science and Technology, Kochi University,
2.Graduate School of Science, Hokkaido University,
3.Department of Mines and Geology, Nepal,

4 Earthquake Research Institute, University of Tokyo)
10:30 AM - 10:45 AM

[S03-02] Continuous estimation of coseismic and early
postseismic slip of the 2011 Tohoku-Oki
sequence using PTS analysis
OYusuke Tanaka', Yusaku Ohta’, Shin'ichi Miyazaki®

(1.Tohoku University, 2.Kyoto University)
10:45 AM - 11:00 AM

[S03-03] Estimation of coupling slip distributions in a
subduction zone by a trans-dimensional
inversion approach
OFumiaki Tomita', Takeshi linuma’, Ryoichiro Agata’,
Takane Hori' (1.Japan Agency for Marine-Earth
Science and Technology)

11:00 AM - 11:15 AM

[SO03-04] Slow event between large intraslab earthquakes
at the Tonga Trench
OYuta Mitsui', Hinako Muramatsu?, Yusaku Tanaka®

(1.Faculty of Science, Shizuoka University, 2.Formerly
at Faculty of Science, Shizuoka University,
3.Earthquake Research Institute, the University of
Tokyo)

11:15 AM - 11:30 AM

[SO03-05] Crustal deformation by a heavy rain episode
OKosuke Heki', Syachrul Arief', Wei Zhan? (1.Dept.
Earth Planet. Sci., Hokkaido University, 2.The First



Monitoring and Application Center, China Earthquake
Administration)
11:30 AM - 11:45 AM

[S03-06] Duration of Transient Deformation in Northeast
Japan as Observed by Geodetic Data from 1890
to 2010
OAngela Meneses-Gutierrez'*?, Paul Segallg, Takeshi
Sagiyaz’4 (1.Institute for Advanced Research, Nagoya
University, 2.Disaster Mitigation Research Center,
Nagoya University, 3.Stanford University, 4.Graduate
School of Environmental Studies, Nagoya University)

11:45 AM - 12:00 PM

Room B | Regular session | SO3. Crustal deformation, GNSS, and gravity

[SO3]PM-1

chairperson:Takeshi linuma(Japan Agency for Marine-Earth
Science and Technology (JAMSTEC)), chairperson:Ryoya
Ikuta(Shizuoka Univ.)

1:00 PM - 2:15 PM ROOM B

[S03-07] Limitation of the interplate coupling estimation
at Kuril Trench around Nemuro-oki, eastern
Hokkaido, Japan deduced from GEONET, and
the possible contribution of newly constructed
GNSS-A sites
OHiroki Aota1, Mako thono1'2, Hiroaki Takahashi1,
Yusaku Ohta® (1.Graduate School of Science,
Hokkaido University, 2.Earthquake Research Institute,
The University of Tokyo, 3.Graduate School of Science,
Tohoku University)

1:00 PM - 1:15 PM

[S03-08] A decade of GNSS/Acoustic measurements on
the back-arc spreading in the southwestern end
of the Okinawa Trough
ORyoya lkuta', Horng-Yue Chen?, Kiyomichi
Takemoto3, Takeru Kohmi1, Masataka Ando'

(1.Shizuoka Univ., 2.Academia Sinica, 3.Nagoya
Univ.)
1:15PM - 1:30 PM

[S03-09] GNSS-Acoustic Observation Using the Wave
Glider to Detect the Seafloor Crustal
Deformation (2)

OTakeshi linuma', Motoyuki Kido??, Tatsuya Fukuda’,
Yusaku Ohta3'2, Fumiaki Tomita1, Ryota Hino®?
(1.Japan Agency for Marine-Earth Science and
Technology (JAMSTEC), 2.International Research
Institute of Disaster Science, Tohoku University,

3.Graduate School of Science, Tohoku University)
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1:30PM - 1:45 PM

[SO03-10] Evaluation of sound speed structure for each

GNSS-A seafloor geodetic observation epoch
using GARPOS

OVYusuke Yokota1, Tadashi Ishikawaz, Shun-ichi
Watanabez, Yuto Nakamura® (1.Institute of Industrial
Science, University of Tokyo, 2.Hydrographic and
Oceanographic Department, Japan Coast Guard)

1:45 PM - 2:00 PM

[S03-11] A development of submarine geodetic

monitoring system by calibration of the DONET
pressure gauge network

OYuya Machida1, Shuhei Nishida1, Toshinori Kimura1,
Hiroyuki Matsumoto1, Eiichiro Araki' (1 Japan Agency
for Marine-Earth Science and Technology)

2:00PM - 2:15 PM
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Room B | Regular session | S12. Rock experiment, rock mechanics, and crustal stress

[ST12]PM-1
chairperson: Kentaro Omura(NIED)
Thu. Oct 29, 2020 1:00 PM - 1:45 PM ROOM B

[S12-01] In-situ stress at the basement under Osaka plain -estimation of stress
orientations by observation of borehole breakout in deep seismic
obsevation wells-

OKentaro Omura' (1.National Research Institute for Earth Science and Disaster Resilience)
1:00PM - 1:15 PM

[S12-02] Experimental and numerical approaches for understanding a development
process of composite planar fabric in faults
OTakeshi Miyamoto1, Kiyokazu Oohashiz, Akari Fuke3, Tetsuro Hirono' (1 .Department of Earth
and Space Science, Graduate School of Science, Osaka University, 2.Graduate School of
Sciences and Technology for Innovation, Yamaguchi University, 3.Japan Meteorological Agency)
1:15PM - 1:30 PM

[ST12-03] Gouge friction on a meter-scale laboratory fault
OFutoshi Yamashita', Eiichi Fukuyama?®’, Akihiro Shimoda?, Shun Watanabe® (1.National
Research Institute for Earth Science and Disaster Resilience, 2.Graduate School of Engineering,
Kyoto University)

1:30 PM - 1:45 PM

©Seismological Society of Japan
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In-situ stress at the basement under Osaka plain -estimation of stress
orientations by observation of borehole breakout in deep seismic
obsevation wells-

*Kentaro Omura’

1. National Research Institute for Earth Science and Disaster Resilience

WMEREBECT I N2y /EHZERITE LT, EELYEECTHLAIMBROBREMEMR TN EKDH B I
&, BEEIC L BMEEICL %, KEMRRE, BAOBBCEDL S IC, EH EEELARTHUNBETH>7Z. L
L, &ifld, 5637 2L CERNEHAT 2 REZEASRE, DRAZE, DCDAER L)Y, FLAYIERET
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Experimental and numerical approaches for understanding a
development process of composite planar fabric in faults

*Takeshi Miyamoto', Kiyokazu Oohashi?, Akari Fuke®, Tetsuro Hirono'

1. Department of Earth and Space Science, Graduate School of Science, Osaka University, 2. Graduate School of
Sciences and Technology for Innovation, Yamaguchi University, 3. Japan Meteorological Agency

INETHES /A= MILHS A= MLA =5 —DEHHEICH W TERERATHN (DiToro et al.,

2011), A RERBOEBEFHNARONTERL., T, BEEEZREOTAMTICRET Z2HIMESEDEHERD
fTbhT&x (BIZIX, Marone & Scholz, 1989; Moore & Lockner, 2011 % &) . Lo L, ZhsidES5h
LEEHEBETOERRENE <, B—E8RICH L TEVWERESEH COEREREZ T /AIEDRW. 22T, X
RTEFE—NICEREZFHZEM IS 2EBNE L, ERESIREBHONLRBHHEM AW ORESH
0.0002-1.0 m/s ICTERERZ1To/=. ZTDMOERSFZMHIE, HE 1.5-3.0 MPa, 9RXYEZ 10 m THE—
L, RS LUCKEMEHTTITo%. EROBER, LIEFHETIE 0.1 m/s LAET, KEHMFHTIE 0.01
m/s LETIRYGFEERLEZ., EREANOFRFZAVAMNEERROBER, &ZIgd L UKEMNMEREIC
BVWT, TRYFEAERLEZREHOEAMTICIIEAMAREFETARY @D, INYFLERI LN >R
EETEEAMABEMNRZT 2 R, HOREIHIBS L.

BWT, EBERBRDONFOREPHFICHDBIGTREEN FEM, BRI Ty TR THMICEITT S Z
EHEEME LT, BRNERE (DEM) ICL2ERRBRAZBHLAATFYIaL—2 a3 vaiTok. TORR, ¢
NYEbERLZRERTIE, BENFEAEBNEMANIKRE VWIS EAMARICFETICEEL, MATERRER
W ESRFICITEARARICH L TER L2ARNIC, ERRETEEICIERRICEELE. RTFICHDLBIEHND
BRI RERIEIR oAb o7z, —A, IRNUFEERILN > EREETIE, BHENFEESEMENFIC
DB IGADKRELHPOBELARONLD, EBREFEHETRE ERRTZONFHRIIAZKERYNTFOD
B& & BERMEYRLITHOR TV,

UEDOERERE ERBABVOFRAR, BLWENEREICLIBEFEOHERNS, CAMTICHKET S
BNBEICIETANY REKRGFEDNH D oD o .

LU, IREBEOXNLURBMHBEMOABIIEXNUEAZZADNEENTSY, INHEEEBEDOREICE
BAS5ZTWANITEHTHS. £IT, EAEBEDRELIRYEFELOEREELVBET 2012, &
Ble LT3BEOARN ZRAWEREREZTo . ERIIETEREZGHTT, HE2MPa, §XYRE 1.0
m/s 8LV 0.0Tm/s, IRYEZT10m TERELZ. IRYZEE1.0m/sICEVWTIEFTARYFEILERL, ER
BREDNEBREERT T TOHRILERHIE 8-10m THo7z. 0.01 m/s T, TRYEB T mBEEFTOIARY
BILICHRWTEBREIOETZ2EHEARLE. AERICBITZ2TRYZEE L EAEEEDRZEE ORISHEICD
WT, 51, MIBERRAEZBLTHEELTW FETHS.
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Gouge friction on a meter-scale laboratory fault

*Futoshi Yamashita', Eiichi Fukuyama2'1, Akihiro Shimoda?, Shun Watanabe?

1. National Research Institute for Earth Science and Disaster Resilience, 2. Graduate School of Engineering, Kyoto
University

B KB 2R MAFRA T, BAEBFEOR T —IVKER AN BN TREREAZFA L7 X — MURE
DEBERAESIL>TWVS. BEICEBLAEXA—MUIREOZRRANWERBEE T4 EFEEMIE TS
BROERERTIE, ERREI/R[BTI2EERODEN Y FA—MUVRBICERNTHFNSIKBRBZEND R
T=IUREMEERLTWVWS., ISHICKERAREBRRICEDE, ZORRIEFRICHE > THEMICRKRE - RT3
WIBE EDINAREEICH D EEHRD T 5Nz (Yamashita et al,, 2015, Nature) . LA L7ad S BRDUE
ICIE—RICHD Y EFEN 2R ESARFASENTWS. AUVBASUKMBTHEREBMICRA T —IUIK
EUENEETI2HENIEELRBBETHDI DD, BLAIEA—RNUEBETOH IV VERRRES Z
Bof., AMBTEZIFIANVWED 7Oy 75REE LTHY, RX1.5m, 180.1 mOEfEm EICERAD Y
EEAG L CERERAP A >, BRADIELTY Ty FINICE > TEHRZRTI0 um, ZAHE200
UumERBZEOIMBLIEZIIANVEDOHMRAFEARA W, BRIV AEBAT2EIIMSHI—EICE>TI10
UMMTERDEIRF LI, BRAIVSEELZAONDZEOIY VY RTSANMIE>THLS L. ERAHY
VEBMELEICSD WA THREQRRYMBICHAL, ESIN3mmIZAR2 KO RDBVERAY D ZRYKR
Wik, EBRAF > TETERBLE. ABRBABICLZ2TAMERES IAIRICHEY v v FICLUEKX
6.7 MPaDEEBEIGHE S A, REBRFPIT—EICR 7. RERE, BAMEZHLAVELERT 578, 125
HI-YREIEMTAVYEBAFRLE. RYDEBRAV D EAEARYINE L, HFMMEICHEK > 2R F IR
HICEWBRELE., AFRTIREMICHLC C2REDEAMERICE2ERAS Ao/, 1DEIEE-KRE
RKFEE (RSF) IO A Y EFARDIZODDORERT Y TECDEHFTTHS. HEHEEA0.01 mm/sH 51
mm/sDEI TRV IR LELIHE, EEBINBERIBORBZENGELZ. BoNhT—491&, ZBlFANWVWED
BRAY I EERLOFEERIIEAERELTWS., RSFAID/KRS X YHEICEAL TEBIDOFEETHRE A
BIRIFETHDZ (THfM, 2020, KKE) . 20BDHETHEIIEETRNUBOERBMHOAEEENE L
EDTHY, 0.01 mm/sH 530 mm/sO—ERE CTHET LEATL00 MmO INYERHES 2 7-. EERE
TOERGRHEAERE 2R LAEZ S, EARANATAEEEMIERBOEBRERTROATWES
WEERTOEEFBOI[IRPESNAL 7. BAINRBIREZFAN S -OEBRMERWCRE L E
F=IOTFLADT—95@BRLIEET S, TRYICHEVERMET LELOZEERALPHAITEELLTIERLHEE
ELTWRBENMRONE. AUVVEZESUCREBTIIEARINEZEEMLIRETRONZL D REHAFTE
BARKELDLL, TNILLYEBRBORBIRELAD >1EEZIONS. —A, HAEREI/BVRHET
DERICBVWTR, EROZEREBICEVWTESRNGEZEREMET LIBED 2 KRFIREINTWVWS. ZTOL
SRHRERTIF, ERBOAVYCBRICECEBLEEVWAIIENLIELIERDD>TEY, TAMETHIE
FLEWMERNIRE L CRANICEBERRENMMET LZEEZAONS. EOT—49TH, —BHELLLALEE
AR FEINERNLRERFHROBT AP L TBURHELL TWKRFEZHEETES. LENST, AVY
B ECRETIKISHAREEINRKEZETDIETICLIVESKDIRYEHMIAVEELRDZEOD, 2ARTHINEEE
it L7=RRE & RARICHATHEICERT 2 ERNERREORNBEBAETASIEEI SN, NERFETIIHAR
SNBVE D BEWVESEERTOERNERRBORIBEIRET 2 HEELH 5.
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[S09-01] Stress tensor estimation and its temporal change based on seismic
moment tensor data - Implication from flow rule -
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[S09-02] Characteristics of Source Parameter for Aftershocks of the 2016
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ONaoto Maesako1, Satoshi Matsumotoz, Ayaho Mitsuoka1, Group for Urgent Joint Seismic
Observation of the 2016 Kumamoto Earthquake (1.Department of Earth and Planetary
Sciences, Graduate School of Science, Kyushu University , 2.Institute of Seismology and
Volcanology, Faculty of Sciences, Kyushu University)
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Stress tensor estimation and its temporal change based on seismic
moment tensor data - Implication from flow rule -

*Satoshi Matsumoto'

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

ITLC®HIC

FNEDOREREBECT— XA Y M TV VILE RV IGHEE D Angelier(1974) D EERRI R FR A I Y IC
2 DFEFERPHEE TOREIRINTERL (LE2A—E LT, EAIFEME - 1, 2020) , ZDOHT
Matsumoto(2016)IEhENIEEFDIEHMIRRTH D I EICERBL, ¥ 27 0OICR % &Prandtl-ReussBIICHED
EEZT, E—AVINTFUVYILEBELERSNZRESHICHHATZ2ELTRATVYILERELZ, LML
BRSZDRENKILL TWELE D NMIEMNTIEAWV, £, WHRBBHA U N=Ia VIl >THES
hZREBRADOE (SHto=(02—03) (61—03) TZTol, 02, c3XENFREK, F/, BNE
EREA) IHEREINEL, ZOEKRTZEDICODVWTERELELNH D, TITAPETIEIEE ICHEMA
AENLINSDERICOVTERT 5,

ANAOEMEE SN vN—T 3y

I TIIHBEETERED SO DREEEZ D, sx, sy, szE TNETNKY A LRT Y TTHEMS

H, RATAMGONRBEREELZBALFIC—EDIRABETIERIZ LTS (M1aBiB) . BEEMICITEREL
TrescalRBEAEZ BT &L B, =& ZIECoulombDIFIEEE (BRAM CTRER CEY b‘i_c_é) TH-oT
Hu=0.6DHFINSL30ENETEBYIIRI S, EELEHERAKICRIZIETTHEZOTINGERLADYE

NITEMICASEDOITARNYDE—XAY MERERLICARS (B1b) . €T, I TIIEABEDLDICHEHRTIE
Eld—EE L, BELZFELZLABBICEET—FICHENEIY, ISHBTICRBLEZE—X Y MEHRIH
328ET D, WNBIIBRRBAMBAICARZEAEDEDOAREWVIEAE NS VWBATERENISHBETED
ENRR, BINTEIEICDB, RRBAMBAEEREE LGS, WEREESHIEx y z8h&E—HKL, O
RIS T 5A,

HET 350D $=0.2,05,08, (01=o0x%x 02=0z 03=0y) D3IDDT—ADBADERAEH2(C
Y. BRET 2 (ox, oy, 02) XZEEB AT v 770.1,-0.1,-0.06 ( $=0.2),0.1,-0.1,0 (¢ =0.5),0.1,
-0.1, 0.06 ( ¢ = 0.8) MPa/time stepT#H %, < I THEEIZT0MPa, 5T IZ2MPaDBZEZRT., ZDHER
TIRUTOHENIEONS, 1) HEHNFIEEEIOET 2 X TIHEERNORHIEE TS NEIENEE L L\ (stage
1) 01— 03DHEAEHLENREISET 2 EHMENREIED, ZENNITRELEBE—ISNETEDOEAEZRD
(stage 2), o 2tEm GEA) LoD, 02—03 (01—02) ODEAEHLEDNBEICEL, ThoHEM
BET2FATHHMENREIEDH S (stage 3), ZDRER, BERDIEAIE 02503 (01=02) ORREICKR
5, —FBBREINZE—XAY NIERSNBIENICLHIT B, T4abL, EZRWEIGAHEICS W TIEEH
mENn3inh BHAL—b8) OHDFRBMEIN, ZOFISHEHET B EIETERL, 2) Stage 2ICEWVWT
X o 2 DREIFBAINT, IKALIEVWDOH05IC13E, 3) HEFShdih BEEABAT) LBRIND
5 GEEMOTH) XHFIBRICARY, WhdHhilEERET %,

I5IC, AEBOSEBREFICINH2RNEELISREZRIED 2 HEICDVWTHKRET 21T > 7%, Hardebeck and
Hauksson(2001) TIRIES NS ALLIC &K SR WEIS DO EEL SEBE = #HE T 5 HETIEISHLE<0.50%
B, >05D%BETIF02—-03, 01— 0 20ENDOEIIEZIGNELLEZRL, BEOBERITS IRV, £
DEHIOEHADELTIIEELSRDSND I EMNALSNTHR T,

DED&SIC, BREAFENSIEABEEICDOVWTORIZTV, SEOBABHECRERE, ETV VT
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Figure 1.
a) Coordinate of the simulation in the text. Three types of seismic moment
tensor indicated in right side occur inside of medium. b) Schematic illustration
showing summation of two seismic moment tensor with compression angle
perturbations are averaged.
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Celumn figures show temporal variations of stresses, deviatoric stress, and in-situ stress ratio,
respectively. Coordinate system is shown in Fig. 1b. Colors in the figures are shown in legend.
Stress ratios of given loaded from outside and estimated are indicated in the left and right of
the column figures. Row corresponds to case for different loaded stress ratio. Arrows show
stages of stress condition.
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Characteristics of Source Parameter for Aftershocks of the 2016
Kumamoto Earthquake Estimated by the Coda Spectral Ratio Method

*Naoto Maesako', Satoshi Matsumoto?, Ayaho Mitsuoka’, Group for Urgent Joint Seismic
Observation of the 2016 Kumamoto Earthquake

1. Department of Earth and Planetary Sciences, Graduate School of Science, Kyushu University , 2. Institute of
Seismology and Volcanology, Faculty of Sciences, Kyushu University

HEOEREMEERT 27-0IC1E, HEE—X Y MM, I—F—FEREl, SHETEAARLEDER/NRS
A—GEWRETDIENERERSD. MEE—AY bED—F—AREBORYT — ) ¥ JRIGBLIAN) Myof 3
WIDEdhiE, RABRTEEHEORBICKS T —EDEEZRZ ZEMHMONTVWS. ZOLIBRERR
=NV IRBEHARTROESDEEAND I LI, BRVEOERAFTAL, FREIVEIBEORE
HFRUORLEDIEDICEEETHDESA 5.

AR TIE, 2016FEAMERIICBITI2REDERDFICEREHT, ZTOOIED318IRY MaRREL
SIEOA—9 AR MVHEICE BRI A—YOHEETY, IR TEDESDEPZDERICDOWVT
AN, fBHTIE, EAMICSomeietal. [2014]DOFIBICH > T, BREHENSEBRANRY MLILE RO, 8
SIEEERIZ B KRR M RAT (AT, RS RERESAEHI-net DB AN 575, RAMESRAMES
BN —TICL BB AN SIRDEH6RICH T 2RERK T —9 AW, 1 -30HzORRBEFICH TS
SNk (Signal-Noise Ratio; SNR)HD 2L E & WD i AFBTHERK T —9#HVWT, #HEE—XV ML -8
WEEFHEOD—FT—RAEBOEIDDERMNT A —Y IR RN FERICLI DA A=V 3V THEL
o, FIMEOHEE— XV MEIBFKBHR LTS EERAEF-netD X WX LRICL ZETEEL, HEE—X
VNS SFHEOHMEE—X Y NEHELL.

RITORR, HEE—A Y MEOI—F—FERHICH L TM«f " OBRICHI BRFNR SN, —RHICHS
néz’f—')‘/0°EU’G%%>MOoch'3ODFa§{%LiEBZﬁL’Czb‘U, BIRIKFH A RB Y 2ERE Ao/, T HES
NEIA—FT—FARBEHMET AV MNZ2AVWT, MEMBZAK ISy 7 ERELTUSNBETEZHELE
[Eshelby, 1957; Brune, 1970,1971]. &% & L3184 XY hDISHETEIZ0.21 -17MPadETIES DL
TEY, &MATEHIE2.6MPa(-10/+10lEZFNFN1.2, 5.5MPa)Th 7. BEICBAERNTHRE L /-KEH
EDISAMETE[Somei etal, 2014] & 8T 3 &, AARDOHEEEIIZEBEHRESDOEDHMBERNTH . —
B, AARTRFMICHERELRIT LLEZ 3, BAMEERENICSVWTEHEHREDRBECERESICNT
ZEERIREENROSN, WINEEDHEE%ZRLZFEBREIIEZENEFN0.47, 0.43). I SIFUERSE
ICBITPMEBEDREAN=ZALEEZDIATEERBERTHS.

HE  BIICEVWT, EIRRAREAN KB ZERMMERROSREMEERRFEHI-net, LHEMEELSANE
F-net, IKFTDT—YEAWVWELL. BLTRHARLLFET.
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OAkemi Noda', Tatsuhiko Saito?, Eiichi Fukuyama®?, Toshiko Terakawa®, Sachiko Tanaka?,
Mitsuhiro Matsu'ura® (1.National Research Institute for Earth Science and Disaster Resilience,
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Hida-Kamikochi, central Japan, earthquake swarms
Olchiro Kawasaki' (1.Tono Research Institute of Earthquake Science)
2:45 PM - 3:00 PM
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Shear strain energy changes caused by the 2016 Kumamoto
earthquake sequence: Comparison with aftershock activity

*Akemi Noda', Tatsuhiko Saito?, Eiichi Fukuyama®?, Toshiko Terakawa®, Sachiko Tanaka?,

Mitsuhiro Matsu'ura®

1. National Research Institute for Earth Science and Disaster Resilience, now at Meteorological Research Institute, 2.
National Research Institute for Earth Science and Disaster Resilience, 3. Graduate School of Engineering, Kyoto
University, 4. Graduate School of Environmental Studies, Nagoya University, 5. Institute of Statistical Mathematics

WRADEATRIVF—ZAVWTHIBRENERT 2L 2ERT DL, MEREBNICERLELEAT RV
F—DRHEROSMIT DI EIE, WEOREAN=ZXLEZERTZLTEETHD, AFRTR, EAHITX
WE¥—DIEHMERE L OBERIMNEVEEZLONITAMEAIRILF—ITEB L. 2016FBAMEICK 2
TAMEAT XN F—EE, WRRADIRTEBESHBE L TESFMEL 72,

HEROEAMEAI RN —BELCOEBAIHERDZICIE. HEICKZISHECEEREANBENZ 0
ENDH B, MEROKHZTICDOWVWTIE. GNSSERIIC L 2thEROMREMT —IDSMBIRY ETILE
WEL, LERBEERARELTIDITARY EFTIVICK ZRDMBARADOB AL HEAHE L, —H. B2
ISHDAEE (EISHEOAFRM - [GHLL) ERRMIETRET Z2HMEOA DI LBHSHERIGEEL. DM
WEZHMBZ &LV, ZZTERIPRETIE. BEREIBADEZICDWTIETerakawa and Matsu'ura (2010) I
LBIEAM Y N=2aVDFEREAV. BRIENOKRE S (FHBAOEBEEICRD SIRE L. OB, i
RRDBEMEBGREE L Tu =0.0,0.1,02 04%FEHIHEL. TNhENOHBEDOEAMEATI XX —BE
DECEEEHRL-ET S, ZOERPHDNY—VIEEERADLRIVICHIKET I &”Dh o7k, &
RIENDKRESHPEATHD I L EBHKT D 4 ~0.00FE, CAMEAT XX —EERLTOHBAMTEM
L7co —7h. BEFENIREVGEES (4 =04) . ERBNDEMBICLZEAEEHIRLEEDHBRATEA
ITEAH T RILF—BEMEN. FRZ DR TERD L,

RIS, LEDES ICBEONEAMBEAIRIVF—FEZLEZES LT, HEICLZBAMEAIRILF—Z
EOMEEFHEL . 4 ~0.0 DT —RATR, HWHEADEAMEATRILT—DOHREIFEML 2, HEI AL
RICERBLAIRIVE—%2BRIT 2B OCATHZILEEERTDE. TNIEFRRELRERTHE, ZD
DT —RATIEEAMEATRILF—ORBEIFFD L. BRIGDLARNILHAKREZVEFERBPENKREV LAY
Bofeo s =007 —RATRONATRINF—EMOREEARIT S ICIE, AWERRKZ0.05M L THRIT
nER SRV, ZHIBES10kmTRATAMBAT4A MPalcH BT %, ZDLIIC. BAMEATIRIL
F—EEOBEDZRD) SEEISHLRNILOTREEHRTZIENTE L,

REIC, 4 =0 0ADT —RICDOVWT, BEAMEATIRIF—BERCOZEBDH L, BAMEARER1E
DI BICRELEREOERS AR L, ZORR, BAMEATI R —BEEBING S REFELIC
FHEEAFRON, REOHBEBODIBAZISHIIXINF—EEEMETREL TV LT o2, RED
TBRICT VY LICFKEE L ERELTIO0,000@Y DRET—F Yy hEEHL. TANEREIT>/2&
5, BAMEAIRIVF—BEBINET75%UALORENRET 2HEIE. 0.001%L /M

Dof, >T, BEAMEDHZE, TAMEATRILF—DEMEREFRCOBEEIVIANICERLEE
ZbNhz, FEORRMBIEETRIRILF—DEMTHRATELVRENMEELLEDY, ThODREREE
BET 5 ICIZERKEDBEINICE 2BERTREDHOYETO LR 2EERT D2VENDH D,

Reference:

Noda, A., Saito, T., Fukuyama, E., Terakawa, T., Tanaka, S., and Matsu'ura, M. (2020). The 3-D spatial
distribution of shear strain energy changes associated with the 2016 Kumamoto earthquake sequence,
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southwest Japan, Geophysical Research Letters, 47, e2019GL086369.
https://doi.org/10.1029/2019GL086369
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Space-time separation of earthquake activities in the 1998 and the
2020 Hida-Kamikochi, central Japan, earthquake swarms

*Ichiro Kawasaki'

1. Tono Research Institute of Earthquake Science

@2020F4822H, BWZ EICRELSHBRMENER L, Lo/ 20FRTH L WEREZHNE
FLEZEIWFEBKDPERTHZZEERLTWD, AKRIE, IRFHPD TEET—9HRER] IC&>THR
FEELE2HBEEFHIYIC, FOANZIXLEREZRATH S,

@ 19984 £ 20204 T, M3£0.2%9 (0.37km) , EFE24% (0.30km) UATHRLELEMALU EDOEDHEAE
bEEETE, RT1DLDIC, XAl, XA2, XB, XCD4EARHEEINE, Th 5O SIZBER FENG AN
EDRFEFICKREL-E ZDORMOMILLEORE, HBWEZNIHGEWT SICKHNMFTWAEDT, BERYY
% TH] TIHELS, REICHLCT B, 1102 T3 e, BEEMEERE, K1 0L ICEHERENICHS
B9 B Z EAEEBRICAR o7z, 2020DEFRMEIL, ZOFHBEEMBL TVWBEBETM2U EOMMETIIE » &EF
WTEIELTLESTWRHNI998EDHFICIIEIL - RE - REEHEF TIALADOTRICIZ1I998FED N %
ALU7ED, FRFEENICOBE L2 &IF2020ETHHETH S, 20 EHRALCXEREIY TRZERICOBEA
£ L7DT, ZRIXBATIERL,

Q@1998F8RA7HICIAF o - RE LS RME & SOIDERMEOM2LL L DOEFFIEEI I, 1TD& D7
BOXEXYIY T MEFEEMICOR] LTRBILE, BORE%E, mhrosdbicmn>T (A) (dLiE36E15.5%
L, teitEd, thEDRE6kmA 54km) , (B) (A15.50H0516.79, AiEmEREAl, FEGkmH S
4km) , (C) (A16.69H518.84, FafEmibfll, EESkmb S4km) , (D) (A18.80m1522.3%, B r &
WS, REA4kmD STkm) , (E) (A22.34Ldt, By EHSHORMBE, RE2kmH 50km) & &H1F5, &
B, REZFREIFOkmD H4km ERR B EILREC.5kmD 53.5kmEEKT %,

ORERPERIFTHEI D,

HARS [2] IS (C)AEEIEICAR o7z, 8A14H 1183441231, 148560 ICM4.20DME GEES km) HHE4E
L, @A EsERREICAN > T ] ICIEVCTIT o7z, ZOREREOMRTENIL [FHE] THLEL
L7

AR [3] ICIEEENSIE(B)ICEEIL 7=, RIH23K552%, REEAIOmMImE TM4.0 CGRES km) DOHEAH
L, FHHEERSERREICAN > T Mol ICEVTITE, ZOREFEOERESIE MBFRR] TILFHEE
L7

QAN SD)DRRIC TEREMICHBEl LTWRZ EiE, KEER BIAITARSERRIMET) I, BKOB
HEGITRERAD’HEIEEZEERLTVWEELMEZSNARN,

TBSEMICDBE] LTWBZ &iE, MEREFICEKITREL CTEHRMETEEZSIERI L TVWADTIEEL
TEABKRLTWS, BEENARIIUTENS, ThiE, (BERtEIgEoTICRKESE A LERBEICES
LZHHTBLDICHBML TR LANSE, BKIRTHlA &ERELTKEREELTWS, HEHXBETKE
BB SRBHICBEKMENE L THEFINEL 2 L BKESBLETKELNTAY, SETHETFEIE
CTWEGATIIMEETFNIKRET D, TOLOIRBRYM I EXKBEEZEATIEYIRLECE] 2EKLTWS
EIICBHND, ZDLIBRETFTIVCEITINIE NERRORZEREOB] 2HBAT & IZRBEETH S,
O\l - BB TIXRBIEADETICRKEGBIOMAT I &, JIIEF (2019, HlhEs) A1996F&E
REENC & 2 HRRHEE (Matsubara, et al, 2000) ¥ENEET— 9 IC L 2BERES (RA - #, 2002) 7%
EICEDWTERLIEBY TH S,

B BE - ESthithigic iz F OBRAREARIEAR VLD, Mikumo etal. (1995) C& % EEERIAT 3 LEBIFT
DERT—YDMNETZT7 14—, K& - (1983) IC& BERREERMOFEEX700 mDMBFEH DL EL
AR, SRRKDICZEMERN, B3R - RFRBMELLOHRE, BEEDILTEDOT60CEDOKILARDANY J L3/4Lk
BREMND, MTHKMICRKESBIDHTIIEIERARWL, T L2, BREMEDTEEHO IFBEEND
B CZHABKEESBEEOBRABKRIERTH S S,
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Swarm Activity in the Hida Mountain Range, Central Japan, Started
from April 2020, Followed by a Dyke Intrusion Event Inferred from
Crustal Deformation

*Shiro OHMI', Takuya NISHIMURA', Manabu HASHIMOTO'

1. Disaster Prevention Research Institute, Kyoto University

S§IILHIC : REILIRFESDO LSS S CZDEMBICEWT, 2020F4823BDM=5.5 (LI F. MIZKRFT~
J=—Fa1—R) OEEARAMELE LT (202088 TARAE) . FERALAMEBFEN/MHELTVS, SCIOME
JEENE. 4B6B O LEERIEETONMIBERBERMETHRE /LEEALONS, TORETOERRH &
HREZRYIRLZ%, 4B22BKRBICM=3.8%2 U HENERIHED4A6HDFEIF & FIFR UAE THRE
L. ¥H4H238 130440 ICM=55DMENFEE LTz, TDHK. LEHOAEISERICH T TOMISICE

FRIEAIEKL, SAI3HERMHNSDOFE TRBILRERR (KL - RFRE) OE FTERENMILKL

o 5AT19B13R 120 DHE (M=5.4) ICEVWTERENMEBRBOKRERAICILKRL., Z0%IF. REEM

EIEEERIDONA CTHENRFIHI M L TV S,

SIBEOHAEME & OIEE : REILROBEHRD, EICEBEDL S BHEMN I ISHRHN SRR MEN AR S it
T, RABKFHALS1970FEREF ICHBSRRZHA L TUR. BERRICENIE, EaBEEBEFESHH
1990~1991%F (BES L UKIEBFEME) . 1993F68~1994F18 (B4 &) . 1998F8F ~20004F
28 (REELAREFAEME) . 2011E38~48 (RILARTFHiEEROEFRME) . 2014558 (AR
& - TARRME) . 2018F11R~2019F18 (BEABS LU LEM) REICRELTWS, Tk MR
Baht s, BRI E & 2 IF2003F 128 OBEILRFEC2013F10A DERMIER EICE I 5 XA Y7
WEREBNRON, INHDS5, 1998FEDFEENL, 1970FREFLUETIIERRDFETH >/, R
TRESIHAMBEORRDTZHD L. 2018FDFHETHAINICHAS EETNTNOERENEL ST
E57. BREN BHDF] 23 2RELPBREIND, £ BEOKRBIDFEETIE—EDFHDOEIRS
ARFBILARDERREZBA 5 L3R <, KRB - REOWITNADRICRESND Z ENMRFHTHY ., ThZE
TOHE—DOBHIANTII98EDFETH > 7=H. SEID2020FDEENISBT19HDEE TREFAN SIRERIANE
REAMER L. 1990 FKLUR2ER DA & 7o 7o,

SHBREET — 5 O : RARKIE. BEPRRE. HEEUERETHSXULORBEIO—FRE LT
GNSSEFmEA#EBEL TWD, T/, BEEAALBORRBEREBTE. B - HETHHN IOV MT
GNSSEME A EMENTH D (RA - BA - LAOHEER) ., TNODT—FIC. [SEFOBEERIEER
BELUOKRERBEOBRSADT -9 MA T, HREEESE LTERLLEZS, 4 BTANO—ERDOERS
THBABBREEH I REI N, 5EREICIZFEFLTORUSTEHAMEL L, SEDHMEEE

IZ. M=5.0 LDMBEEEREESTFRLEDTH D, GNSSTER S N MBLE L. HEOKEESIC
L BMBEHDSTS L T TIRERSINAEHELHRATELAVWI E’bH -7z, I T, HOMEBAERELT
TERD/ISA G EWELET D, LEHMOBRENSHERSEOEBRICH T TOME., BLUARSEER
BEEOPREMEDEREECMBIC, ThENILBE~ERABOFIFTHNELEONE (MABEELE
24~25x10°m%) 2B Z&IC&Y, EHBERBETESZ I LMD o5, BB, INSARICE BBIFICE N
i, BEEERMEICIIRIAMAERIZEO SN TWSED (L& 2. [FF. B143EBEXFNERSE

) . SOOMEZRSORBFIEOLLE TIIAERREEILRD ST,

§ER: LTeRkOohAHEOMBOME L. BHXRFOF-netick W kd Sz, FHHBHDOEL > HED
REMEMRALRT DL, ROOSN-HOMBOREIICHEE L-hEDRESHAERICIENon Double Coupleff
POEREZLHMENSCESNTEY, SOORTOZEMERTEDEEZIONS, SEDOFEEHE. (1)BE
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DFFOEREE BADT] 2EFT1998FOEREBICERD LD ICRELL. (2) REILROEEREE
EIICEREMLER L. OD2EATHRETH D, £/, BEED2018FOBHXMETETIE, 3 TICHE SRR
DGNSSEHELI BB L TOWANEERMBEEIIREB I AN 27z, TOLIRIENLERT Z &, Hit

HTRETIHEMEDI>E, FRBEEBECLIBHBOXREZLMEFNTIESI A IVBEAARNY NEEHEST
BEMEAH Y. SEIDFHEIFTTIEARL, 1998FEDEEEZD— DO TH o -HEMELH S, 2018FDFEHD &
DRMBREE LR VEHRMEDOREA N ZIXLDERIZSEDEETH 5,

SHIEE : ARTHOONSSEAT -9 ZRFEL TV LW, BBLTEHT 3,
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Spectal change of the deep low frequency earthquakes near Yakedake
volcano in May 2020

*Daisuke Kamata', Motoo Ukawa'

1. Nihon University

11X C®IC

KL TIEERREERME & XN 2 BEOBESEE ICHRTEHERBMANME W ENR I 10~50kmT
RHET D, FEEREMEIXKUSEROT IYDFEHEEEL TRETZEEIONTVED, FllAX A=
X LEEE S DM > TV,

REILRORFRE EIRBEDIERICMET 2BETHRMBERARBEFENR 5N 2, ZOHMIFTIF20205F
S5A2BAS3BICMNT T, 20U EICHZY ., BEDNS VERERKMENERNICEKE Lz, AHFET
. T OEHHERIEERRMEFRHDARY MNLORBZEICDOWTHERS,

2.3t D REME AR BB S OB E

SEFO—TABRAIOTICEZE,. BEEETILREDOEEMEMEINEI0~10 kmT, F7/REERER
HMEANRI10~40 kmTREL TV, FEHERRMEIEBEEDIL SILFEICHIF T, REICT10km, FELIC
SkmDEEEFRLICKRELTWS, ZOFENI2DDEICOMNMTEEL., REDOEIFEE L TEZ20~35
kmTHRE, BARIOEITEISRERI10~20kmTREL, AIFEXRL RZ2EAIH B, FAIOEFIIRAIOEICL
NTEEBE BV,

BERHDOFEEEREMEIZTKREM(2003) THERML TWB LD ICEHRMICKE T ZEAHNEL, 2004FLUE
&, 2004F ICBRENFRERRMETENE > TUR, COFEBIFEBETRAVEOD, BEIC—E
WEWLFEFHNR SN, 2019FLUE, FHEEE A>TV,

3.2020%F5A DEH

2020%5R2H~3HMMF THEICRED/N S WREMERDRIMEAERANICHEE Lc, IRTO—TILERANS
AJIC&d e, IhoDEGHAEBERRMEDY I =F 21— RIiF-09~00EHE T, FARAIDKVEICE
L. REIET10~20 kmiRO 5N T WS, ELHFRFEFEAR KB ZEAMT F0R O & R E R AE

Hi-net (LA#&. Hi-net&B8Y) DEARDOERMEBLHZ RS & I OERBAEENIZ2020F582HDIEF
THICIE->TEY, 2020F5A3HD TG BICINER L TW 5,

42020528 ~3HDEMUFEEDZARY ML

5H2B~3HDFREMERFEFBNICDOVT, #)1(2020) AP T —T L v MEHEBEAL T, ARI K
IWOBEELERR, V=T Ly MENTIZMERKIREORICERBENERET 2HBEICEWNTH D, 7T
SAVVYT - z—TLy hELTTREOATEZ SN DMorletd =z —7 Ly hEFEBALL,
wo(ﬂ)=7lf_1/4eiwon€_n2/2

I FHRTD/INT XA =8 — w I ZERTDEBEB/ANZ X -4 —TH%., stEAEETorrence and
Compo(1998)ICfE o7z AR TIXK. Vx—T L v MERNERIS2HWBDRARY NLVEENRKE LS ER
¥a, BEEZTL LANLHAND I & TEMBERBOIEBEILORBE ZEH AT, MEKET —4 [EHi-netd
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100HzY > 7)) v g T—4 AL TW3,

ZDHRER. HITRT & D ICHi-netBAIRN.KOKH (##[E) TIZ2020F582H18KFtEN 5 THz~2HZFZE DiRE)
MEFICEM T 2L DICRY, 2020FE583H3FEIC2HZZEDBEEZERIRFIIR SN Aok, THZFE
EOIRSNIZ2020FE583014FEE THEICHEWVWTWS E WD Z &b h >z, AEFKDIER DI Hi-netE A=
N.KTRH (L=E) TH&AlchTWw3,

5EREFED

SREME LRI AMIE NP MRS OB RIMEFB & B L TERIE T 2FF (FIAIE1991FEF Y R AKILE
KP1998FEFI) v'H Y., FEMBERRMEANLRHOT I VEENEBEAEL TRELTWEIEERLT
WBEEZALNTWS,

BEEILFE TIE2020F4 B 228 H & MRRRER D FRALRA 2 /O ICRE R BIFE AEFIL L TV, 582H~3H
ICRE L 7OREBERRBEDERINERNE, COFREMBFIOFRLCHBMICKEL TVWD, REBOREFRME
EFREBERRMEOERIE—HLTUVWAWLS, FREHLLDTITRLE, KIUERFEOBEZRL TWSHRENE
AN IR

AMRTIE. 5A2H~3HICHEERE TREERRMEIERIICRE L. TOEBEARBAAT~2HzH 5
THZRREICHREE L2l EZ2BLMNMI L. 5% BROBEL SBEARBAIELTE2A NI LEZHLD
LB ENRBTH S,

6.5

AR TIE. ELHEEREANKERZRMARAROSREMEEAEH -netDERE T —9 &ERAL
o E72. HOERICIEGMTEoAFER L7z, SBL T ZICRBE WAL ET,

2020-05-02 -> 2020-05-03 N.KOKH

Frequency(Hz)
o~

12:00 15:00 18:00 21:00 00:00 03:00 06:00 09:00 12:00 15:00
Time

B.Hi-net# B & (N.KOKH) (2517 5582812:00~5A3H15:000 S#EREDEAL,
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[SO9]AM-1
chairperson:Kazuaki Ohta(NIED), chairperson:Akiko Takeo(ERI, University of Tokyo)
Fri. Oct 30, 2020 9:00 AM - 10:15 AM ROOM B

[S09-07] Long-term temporal variation of deep low frequency tremor seismicity
OKazushige Obara' (1 .Earthquake Research Institute, the University of Tokyo)
9:00 AM - 9:15 AM

[S09-08] Full automation for the CMT analysis of deep very low frequency
earthquakes
OAkiko Takeo', Kazushige Obara' (1 .Earthquake Research Institute, the University of Tokyo)
9:15 AM - 9:30 AM

[S09-09] Detection and evaluation of tremor migration beneath Kii Peninsula
OTakuya Maeda’, Kazushige Obara', Akiko Takeo', Takanori Matsuzawa® (1 .Earthquake
Research Institute, the University of Tokyo, 2.National Research Institute for Earth Science and
Disaster Resilience)
9:30 AM - 9:45 AM

[S09-10] Tectonic tremor activity along the Japan trench before the 2011 Tohoku-
oki earthquake
OHidenobu Takahashi', Hino Ryota1, Naoki Uchida', Ryosuke Azuma', Susumu Kawakubo',
Kazuaki Ohtaz, Masanao Shinohara® (1.Tohoku University, 2.National Research Institute for
Earth Science and Disaster Resilience, 3.Earthquake Prediction Research Center, Earthquake
Research Institute, University of Tokyo)
9:45 AM - 10:00 AM

[S09-11] Detailed tremor activity beneath the eastern Shikoku and Kii Channel,
Japan, revealed by dense seismic observation
OKazuaki Ohta', Katsuhiko Shiomi', Takanori Matsuzawa' (1.National Research Institute for
Earth Science and Disaster Resilience)
10:00 AM -10:15 AM
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Long-term temporal variation of deep low frequency tremor seismicity

*Kazushige Obara’

1. Earthquake Research Institute, the University of Tokyo

FREMEERMENE. EARAAT L — MNEREICE TZTARVRRELTORAO—MEO—HEERTDEEE
(2, HEGEYISEPERIMNEICK 2FRERLE, ANERICH L THRICRB T 2R/HEE2ET 2 &n

5, BETI2EBEICS TR NERREAEOREEILERMTZE=F ) v JEIZEEEZ 5N D (Obara
and Kato, 2016) ., FAEAATIZ. WEDOHFE (Obara, 2002) »SM20FIE > TIFIFHEL KOV P E
LxNTHY (Obaraetal, 2010) . ZORMICH T 2WEEFHOREMNLRELEZDOERICDO VW TR &
707,

RATICIE. PRI RFAOME I S A4 ) v h49 0% (Obaraetal, 2010) AFRA L7z, MENLES
EEHITHEEBEI B QDLW RIEEFEDOHHEZET S (Obaraetal,2011) 2 &AL, HMENEEIDRE
TEZRT H7-OICIE. REFEAZETIVNENDHZ, TOLOH, AEAKXRICEIT2MIDHEETL— b
ERAEOEOIFIFROEEIC, RIBAEESHAICOBI L, BRIBERET DEICIE. HEIO/NNSE—FIL
7249 7% (Obaraetal, 2010) ¥ HEELTWS,

WENOEEICE, TEY T4 v I TR ERMENIRET S, WhWER4—FMARY MAERELTVS
N TN ERC E, —BRIAEHE LT, ZABATIEIRAREBELIEY — RAPPROOBRTCIEY T

Ay OICHKETBHOICH LT, FEHATIIHNMNIBERIEY — NHOEEICKRET S, =720, XEBAIDEE

&, ISICFDORBAITRETZIRANRAO—) vy T4 R~ (SSE) ICHEAZ T, TOHBIERLEEE

NEFE2, HlZIE, E%KETIZ2003, 2010, 2014, 2019FICREAMSSENFEAE L. Z DOEID DRI AIMEN A
ERIELZ, INOOFRMIATEAFMCBRIT L. TORE[EEBRITNFNERL S, 2003FXME

FRERREL A 5 21 KGEBE D50 knDEFE CHENTEINIZIZRABFICR ZHARDDICT L. 2010F TIZE%K
EEE I S MEFAIESICEN > TTEN2 kmEDEWEETEEL TWe, /. 2014FEDFRMENE
HFIRIVSSEDFIEDE WA KILL2010FICLEN/NREETH 205, JFEEIF2010FEDEE L WERAICHIA

RoTHY, SSEOTRYEIRAABICEERR > TWEILETRT S, ZDLDRRIAMSSEIC L 2 HE

&, 2%KEIFEEETIEAWA, FTEBSSE (2003720054, 20134F) . EEHE (2016FLKE) THRS
ns,

BICRIBOZEIEE T 2 &, HWERIROLEWEGEE T2015FLUEISHETHEMETLTEY.,. Thik
BERERMECHENREERE HAMNTHS (Babaetal, 2018) , T DFEEH TIE, 2004-2005F KU
2012-14FE A ICHh$ O RMENEEIDEMHEA R Sh, SRKERAMISSEN S & 5 ICRANCRIABISSEL
WoK WENBZEICLDHELMIMEINT WS (Takagi etal., 2016) A, ZHLUELIES < REABISSEA#2
ETCVWARD>HME LRV, —H, SERKERIMSSEIC L 2IRELMBEEHI IR X 2191 FRiH S RE
BThdMNCHENEEAEML TE Y., LTHRBUNMEL TV I EARML TVLWBAEEMELADH S,
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Full automation for the CMT analysis of deep very low frequency
earthquakes

*Akiko Takeo', Kazushige Obara’
1. Earthquake Research Institute, the University of Tokyo

20—1ED—ETH 2 BEERME IZLTEMEETDOFEE20-50WFIETHAIN S, AEEHADSKKE
HMOEEMIBICA T TO T L — MERICE W TR I H35km TRESBERKMENRE L TH Y., KERM
HEHERBALTVWBIEIONT WS, TOE—AY MY ZF 21— RIFSFIF E NI VWZDEEFED
CMTHEHT (Ito et al. 2009) ICH 1T 2 REBUIEBKSOBETH 5, I OITBEEIRUMEEE) O HIg L MENE
e DREEMEEMETMICERL. L —MNERIEERY OMEBABALNMIT IHICIETDEIFE AR,

ZZT. AMBTIIFHEMBIHAR [ AO—HEZE] (X > TERRH - #HIEFSI N TV 2 EFIHERFER
BC-DENSE (Broadband Campaign for Deep Extent of Nankai Slow Eathquake) 20 D39 52 5% & U'Fh & Rl
ST SRR D L w B AR B -net D3 D B8k & AW CCMTEBHT 21T o 7=, MBI E%KEA SO UER
8 (2018/1-2020/7) & #BFFEEILEER (2020/1-2020/7). HiEHIE (2020/4-2020/7)D3ME TH 5, &
M2 F K IFZGRID MT (Tsuruoka et al. 2009; Takeo et al. 2010) LA L TH 2, LWEL DY T FILEBHH
FICKRE L. D OBRBREEVRCTE2LIREOFEE2BNB LERAL. BT 2 LD ICHERERNI% TERM
50014 Ry ML EDMHBICAEINL 7=,

9. CMTERBEORFEOEAMTIFICDOWTEZ Lz, BREBSIEIABRPERDBICREL TWSZ EP%
SANBEERENCHED /A ADTERICAS, /-, BEFKGBEIBEEOMELEAQVEGMICRELALISR

BYEHAIDHD, £IT. ALK ETHORMSIRIEDFHOEREICK 2EHTE T EFE LHTE
RMSIRIEE L7z, Z D#EERMSHRIEE 2 DEAIRDORMSIRIBOIL 2 EH & LTAWS Z & T, A XY MEH

LTE/AXLARIVIGEWNS R T FIVEREBETE S LD ICR o7,

RIS, BFEDOEZEIL TR 27z, OpenMPIC & B2 FERI/ODIEEEED IR, 11 B DT — 4 B
BIAHI80., 25WiHTIFMADIEE L o7z, 7272 L. TOEMIEZY 7 FHIVEFHICHT 5100807 — kR b
Sy TEEUH, 1RADIT IV TN REDT—YDTUEBIIEERV, FRXEYIZWIGBTH S,

BRIC, BERRTEAEEMNICRETEE-HD07ILT) XLAERTL. REAFEERLR, TADL, A

VR>10%. B:VR>¥MHEVR-3%, C:PEHETE#HND T — MR NS v THEREDM<50E, D: BEOHMETIEA

L. E: MTERIRIISR S & S SEHMTHR & DB KR OMIES0.5. F: FIXIEF2, F1: 31 XY /B

L. F2: 388 & Hi-net 2-8 HzDRMSIRIEDHERI %R #<-0.5, TH 2, T I TCRUEFIBERRBED X H=X A
NTL—BMEAAFHET B LB TIEF—ETHZ I &, FEFTITBERRBENAZRO—-) vy T4 RV b
REBFICBERT A&, FER2GBERBEMENMERRMEESI S AT A2FAL TWS,

T—hZA NSy TEEINEEEIN-Z &, RU. ZUB-FOERBERIREBE TITA S ZEDSRGADRES
BLRELTNIRVTTILEARRBUYRETZIENTEL, R, FUEAEBLTEODI B, &4
A-CEBIETEDDEIGIE LT INI%TH D, £/, RRHREHRETE D LD ICA >, FHA-EEHET
HDDIBEEREFEFHLIABVEDIFHO.TE/ B/ THZ, FEF1%2E-IBHITIEENIOATHE &
No, FREFAFEBELTEDD D ERMREBISFRNIME/ MR EHESI Nz, TNIFA-FEHELZTE2REBDON
1%ThHhY, HyOTDHI%ISEFETEZ I %R,

UEDBRRZTo>/ER. HETEBTIEM2EFTI029E, LFAFBILRMETIIHNFETISEDA XY bk
H L7, R TIREAFRRMEN 27l & & —HOBRARDMBEAMNMEL /2 LR ENSRHA-DEH
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AR NHMI3EED LD o7z, TOBR, REE-FAD £ EATEITHRHEBDOEICA S, 72

L. 134RY MDD BA4ARY NIBRTEBEMSE R L AABEBEKMETHZ EHETE L, SRITS
BERRMEA R NOERBERHZ KD 2 I1EFHN. ARFICKRET Z2EREMAOMELFMIRE LERD
EBVICDWTERLEEVWEEZTWS,
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Detection and evaluation of tremor migration beneath Kii Peninsula

*Takuya Maeda', Kazushige Obara', Akiko Takeo', Takanori Matsuzawa®

1. Earthquake Research Institute, the University of Tokyo, 2. National Research Institute for Earth Science and
Disaster Resilience

7aRg HA P Cascadia’s & TRE T 2 FEEERMENL. BEHEMAO—R Y v T4 RV FSSE) & &£
Episodic Tremor and Slip (ETS ; Rogers and Dragert, 2003) ##m& L. 1B#10 kmDZEE T, 7L — bR
DFER (strike) ABICBET 2 EAHONTWS, ZOLILBETIHEDXA M 70OV MAEEA LK
I, LWBHWNRETESEREOBERKN LIELIEERINTWS, 2. X4>70Y NBEID10720E0D
EE TR AMEICFHEENT B Rapid Tremor Reversal (RTR ; Houston etal,, 2011) ¥ X4/ > 70Oy MBFD S &£
Z100fZEDEE T T L — b DIER (dip) AEICFEENT Sstreak (Ghosh et al., 2010) R ENEIF LN D, T T
E IS DL BBEDOBIRERETA VL —a v ERSR, Y1 7L—2av0R/He LT, ZOBREAH
PREBBEENTA L —2 3 VOBGEBICIKET 22N TWS, flAIE. ARmEATIE, Bk
MEWIA I L—2aviddiphE,. RLDGREBOIZE (Istrike ABICEB T % (Ide, 2012; Obara et al.,
2012), CascadiaTH. BERBRIRL B BICHLV., strike ABICKEITE2IA L —2 a3 VOEENKELLR
B ENMREINTLS (Bletery et al., 2017),

AETIE, MEIVI L —2a v OREE S YEMICEASLSMIT DO, REREIFERDIFERICKY., B
DEBRICEITEZIA 7L —Yaviiitbe, 17— av0BEAR. BEEE., 7ARYT MNLO#E
BiTole TITTARY MNEEF, 12D A 7L —YarvaBRT2BBDEICHITE, BEABORS
EFNEBERTHIAADRIDLEAET, BITICIETARO—748 - ’iENM 7 ) v REICE2HEAH 40O
"% F\\ = (Maeda and Obara, 2009), 2Tt ibig 3 iEEEREH SILEREBICH T TOHESE,. EHTHARE L
2001FE1872020F58 & L, ETSE W TA HRHRICRE L/NREREBSE SO THRITET o=, BIFTIC
FRAWZBEEZRIE1h, 2h, 4h, ShD4EY T, ZO¥HOBER CTHEREZ TS LANSLEBEICOWTHEITT %
ZEICEY, ZOBEBRORI #HGEREE T4 7L —2a Vv OREE1To7-, RESNAEREROAIC
BENZETOMBDY, H2—DODOARICKREI TS EIRELT. TOBEAALZ10ELATELLIE, BEH
MRS L /- BRBE & MBI DO RERZ & DHEBEREITRA LRI AAEZHE L, ZOR., QIFERENMLDRE
N20 = BABWERICOVWTIIANEBEE LTHREL. BB AFRZBEGELL, COORERDIEZ,NS, <
AL —YavoFEEERE LR, £/, TNEFNOBBRICEVWT. ANEERW :TF—IDEIA Y
L—YavDEDERDE, COELABIBEHEOEIRE MERE DEBOELRE’ %EtEL. BE
FAORZ ZRERNTORIER. ZhICEXT2EARADRIZ+30" & LTT7ARY hEaked, &
SR, YA L—Ya v EBRT MBI SEEMICEN-REANEE LTHREL, <17
L—>avoAaeREEZBEE LR, £ 1D0RBRICE T 2HEBHN20BRBEOFERY. BERE
AZS LIEVWT NN WTHEIRN3RRBOEBEE., Y1 J7L—Yarv e LTEERLAVWZ & & L,

H20EROWENFHN 2 X O THEITLABER., 17 L—YaryoBsARAIk. BERORIICES5Idiph
BICE#T 3, —H. BEEEERRNT, 2,4, 8hDEZFICEFNEFNS, 3,2, 1 km/hfhEICE—7 %#
5, BEBIRLADICHE>TET LR, £ 7ARY MEIE, KEBODIA L —Y3 v TI&YKE
., BRBORI L EEHICEMERAICHZ I END, Y47 L—YavDE EBEAAICK L TERXRAAD
EAY ZR>THEITLTWB I ENBHLNCA >, L EDIERZBFMR (Obara et al,, 2012) & LB T %
EWKOMEERDAROND, ZOEWVE, BEEMBRTIE—RITHRBEIZRIIRE LT, ETSAR EDKREE
BHFOYA 7L —2avEHMEBLEDICH L. AR TMNIEREEI 2SO THERTLBALNMIINEZELD
IS, AL —2avDIFEAELPENICETT 2RKTHD I EISERT 2TEELDH S,

© BxEZS - S09-09 -



S09-10 AAMESA22020EEHEAS

Tectonic tremor activity along the Japan trench before the 2011
Tohoku-oki earthquake

*Hidenobu Takahashi', Hino Ryota1, Naoki Uchida’, Ryosuke Azuma', Susumu Kawakubo',
Kazuaki Ohta®, Masanao Shinohara®

1. Tohoku University, 2. National Research Institute for Earth Science and Disaster Resilience, 3. Earthquake
Prediction Research Center, Earthquake Research Institute, University of Tokyo

T, HABMDILAAATEFOIC, BEEMEELLEND Y ELEMBOIRYIRERISFANIND LI

o7 (=& Z2 1, Obara & Kato, 2016). KERME (&) FRO—-HEO—FEELEZONTEY, EE

NS I7%HRATT 17 TlE, BESNZ2ERMEERBOFESS L IR THASINATWS. HENE, =

HERBCRERDOERZBERRME (VLFE) 20— Y v FTARY e, UIEUISEZEREMIEELT
RELTHY, LeBORAO-HERRO—AIEARLTWVWEEEZS5NTWS (& ZIE, Ide, 2008). &)
EBEBREAMERK, L MNERBLOMBOITRYBRRTHI2IABEMENEL, TOFEEORKFEEH AL

HORBIEIEAMEERAETO L — MEREOIARY ORFEFELCEIRADEVIEANSCEETHS.

IHIC, BRBEBRMERFREAME (S-net) &Y, BREBEBAVTEHELLEBREMAINIRELTVWE I L
MBS HMICAR > 7=h (Tanaka et al.,, 2019; Nishikawa et al., 2019) , BB NS 7 EEERY, TOREZRF
SOHEHITNT LERMEEREBORIGEHEBA DT TWEIDIFTIIARL, BHLEELAE L THY EK
RV, —AT, 2011 ERIth AR FPBEUROMEIDEEILZ, COMEORDEBDEEE M SH DI
TZIFTW2TEEEHY, RILAHMEREUROHWEFBOEMRIL, MBEEXRMELOEEELEZ S R
TIBOHTEETH S, VLFEIFHRIHMERNICHEREE L TWEZ EHNBALHITA > TLWS (Matsuzawa et al.,
2015; Baba et al., 2020)Z & A5, FHALHMMEFIICEHEMENIFE L TOWETEELSE VL. £ T, AHFET
i, FAHHEFICHABEAVWTERE L ZEEMERAIOT -9 2BV THEI ZRAML, ZO9HEHSH
129 5.

AL ERRTD2007-2008F IR E S N TWOBEIMEREGESKICH LT, T_O0—71#EB% (e.g, Obara,
2002) %=@EA L THEMEEE» . BAERIZ 2 DI 5N, BI¥(2007F10A16H-2008%6H
22H)1338-40.5°NDASEAIR, %¥(2008%F5H20H-10827H)I1E35-37°'NDASEA RN RAS LT W

7o, TYRO-—THEERGRENICBEEHRECRAKICRELTLI 3D, KITHRESEICHIGREH 2057 LL
ETREEhARY b EBBICRELL. BRREDOKICIK, BEMBIHETOHEBEREICL 5 EMEEEER
ARTEICHE L.

ZOHER, EFEM(E9.5-40.25°N), EHEH(39°N), £ L THESE - TMIEH(35.5-37.0°N) THENEMRE L
= (B) . Zho5BERS%WIENishikawa et al. (2019) &0 — L, BB 550 kmPBEEAIICHH LTV
5. ¥z, BFEHEESHERICEVWTE—ERAUATHRRET 2MEIV A5 6 DAL, ZTNETIhDEE
HOFRT~20 km/day TERABEIL TWR Z L EMRBTE . AH, BE - RBEHTOMEFHNICEAL T
&, BEMEEDRIIGFTRELETHY, HFMARHEBAONCTZEHIC, BBOHBEEEREFTLTWVWSE
ZAT, HOEESHEEENBEDER>TWS.

S-net (2016-185F) & &K UAHFE(2007-085F)IC L 2HMENEFSN A LLE T 2 5 A T, MENE DRAPHIEFTE S
VLFE®D2003-2018F D& #x L 7= 5EEI D28k (Baba et al., 2020) A" 5EIC42 5. HiLHibEDHMER ¢V 5
ATHZEWEARTIE, VLFEXMERIZIy BIC—EREORRTRE L TVWAD, RibHERIEEFHFREL
TW3. —AT, HERITRYBOAMIER2EFHPES - RFATIE, 201 TEOHMERICVLFEDESE
AEFLTWS., ThoaSFEICHENEENICERT % &, SHEHRTOMENERNILVLFEE ARkIC, RitHhitE
BIELSBR>TVWB EEFIND D, EE2016-2018FDHBI TIEERMEHDOMBFEENIIEFEHD0.5 %
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TL— MERBMEDERZRH) SEELRVLFEOZRIEIE SN Z A, Fc OBEMSER OB Z OB ICH
ISLTHY, TNICEIWEFEINRALSNTVWEEEZSNS.

© BxEZS - S09-10 -



S09-10

0°E

41'R

38.5°N

37.5°N[—

© BAMEFRSR

1
|

1'E
177

3

BAMEZR2020EEKERR

142°E

143°E

IIJIIllllIlllIIlIllllIIIIIIJIlIIIIllIIlIllllIlIll

@ ME2007F10A-2008%6A
@ ME2008%5H-2008410A

O W#E20165F8H-2018484
(Nishikawa et al., 2019)

+ BEHES
Q =it B E T A UE

(linuma et al., 2012)

RN

-S09-10 -



S09-11 AAMESA22020EEHEAS

Detailed tremor activity beneath the eastern Shikoku and Kii Channel,
Japan, revealed by dense seismic observation

*Kazuaki Ohta', Katsuhiko Shiomi', Takanori Matsuzawa'

1. National Research Institute for Earth Science and Disaster Resilience

BEBNS 7L AABICEET ZERHEIAO—R) y TR L THEBICENSIHh, BERMEOEEER
BOTREEDRILICER >TWVWS., FIANPBATEKHRSIN TV UEFEIROME & LR TEREDMEN IE
SEENMERATHY, TOERDGICIITHEBEARONZ ., £RMNEERFEEDEICH B RFKEIEHMEID
BAINBRWF vy TEROTVWE—F, MREET—IHSEFREVNRO—RY vy TOEEISRESI A TWL
3. AFRTIE, MNERSBICERLARBHESRRT—9 2BV THEREZR S CICKRFAKETOHEZHD
AR,

MERERICS L ERERE, XHBREEICELD [REMS 7TEEBERKARTOS LI b O—REL
T, 2015F10AN52019F9R L TDAFIIMF TRMAS N, Hi-netDBAMWOERE M & 51215-24R
OEEFEARICEERBTHzO3MA BARMEES AARES W e, AR TIEI OBRKERNT —9 & L CREHE
DED16RDHiI-netBEKY T — 4 IC T XO—71EE%(Obara, 2002) @M L, HBOKRH & RRRE%
T o, BTICIEIde (2010)DBFREI— REAW L.

BoNUERTOBEIDERDHEOHFHIFARSIFREETH 5. MBI LA-FRICHRDOIIZLRT L
FI5DONI S AIDSHERINTHY, KEBOIENSO'-70°WDAEAEE R L. £/, FEER 2 EMEERE
ATRET 2/ NRELFIANSLZ1 7y BE, RELSHFRICHD B RKREREANS L 37 AEBICEI > T
Wz, BEEREOTROERE BRZ2EF/NETORILIHGOMEI V7 7 X4 IEHMILH, HWITINMEERTEIDO—
WMELTRETDIEWEH > THEARBRERERFELIFICEERT 2R TFIIRoNARAN > 1.

RHAKEBICEWTIE, MERBISKEFEEOHEN T2 ETDXFTRCLIAEBREZF OMETENIHER I N
2. MESNTLWBRREEMZAO—R Y vy T4 RY hDETARY OILimtEIC# 7= % (Kobayashi, 2014). &S
IHEKRATH 1Y, LLEHEARAEEIE LT, 4FEOEMIRESGIC3-7BEZE O iRiE Z 75 D /MREQFE N
3EERA SN, IhSIEVWThERFKETHSHABL, REOEARAICERNMEET 2HFNRLN

. £z, INSOFEINE - BFFEEOHWEOWVWThE HEETEY, MU LAFHTH k.

WD EORETIE T L — MEFNICERT 2 EEZAONTEY, DERESFTIHAEREBEND 71 VEVES
L—hDLIAIAMAE RIS 2 ZFEEDEIIIRE SN TWS(Ide, 2010). HERIBOWEIDFIZIFEAL
PRAZY DREDOT L — MEFHOEEIGEL, AR TELERN BW MEaThdEEIOLNDS. £
7=, LIHOWEN I S RAFIETL—MERITARY D—EE L TOEENEIFBEVNEEZSNDD, TDEMA
(up-dipfl) DWENDZE A DEENIFREATH Y, SSRZFAEIVETHSD. KFEKETOTL— MEED
HMEIELLLS DD 2TEST, Ideetal.2010)TIETL— MR L TWBHEMICERLTWS, #BHFEK
EOMILEWINERELIDL I BRERRTL — MEEAERMLTWADHME LA,
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Earthquake swarm detection along the Hikurangi Trench, New
Zealand: insights into the relationship between seismicity and slow
slip events

*Tomoaki Nishikawa', Takuya Nishimura', Yutaro Okada?®
1. Disaster Prevention Research Institute, Kyoto University, 2. Graduate School of Science, Kyoto University

Earthquake swarms, which are anomalous increases in the seismicity rate without a distinguishable
mainshock, often accompany aseismic transients, such as fluid migration and episodic aseismic slip along
faults. Investigations of earthquake swarm activity can provide insights into the causal relationship
between aseismic processes and seismicity. Furthermore, earthquake swarms can be used as potential
indicators of aseismic transients that have previously escaped detection. For example, attempts have
been made to detect offshore SSEs by examining the earthquake swarm activity in subduction zones, such
as the Aleutian and Japan trenches (e.g., Reverso et al., 2015; Nishikawa et al., 2019).

Slow slip events (SSEs) along the plate interface in the Hikurangi Trench, New Zealand, are often
accompanied by intensive earthquake swarms. However, the detailed spatiotemporal distribution of these
earthquake swarms is still unclear. Here we apply the earthquake swarm detection method published in
Nishikawa and Ide (2018) to seismicity along the northern and central Hikurangi Trench and create a new
earthquake swarm catalog. We then compare our new earthquake swarm catalog with Global Navigation
Satellite System (GNSS) time series data, and existing SSE and tectonic tremor catalogs, to both elucidate
the causal relationship between aseismic transients and seismicity and detect new aseismic transients.

We extracted M3.0 or larger earthquakes from the GeoNet earthquake catalog for the 1997-2015
analysis period. We selected the location of our study region to encompass the source regions of shallow
SSEs along the northern and central Hikurangi Trench. We then applied the earthquake swarm detection
method published in Nishikawa and Ide (2018) to the seismicity. This method objectively distinguishes
earthquake swarms from ordinary mainshock-aftershock sequences using the epidemic-type aftershock
sequence model (Ogata, 1988; Zhuang et al., 2002). As a result, we detected 119 earthquake swarm
sequences along the Hikurangi Trench. Most of the detected earthquake swarm sequences were
intraplate events, and their epicenters were mainly distributed along the east coast of the North Island,
with a sparse inland distribution.

We then compared the new earthquake swarm catalog with GNSS time series data, and existing SSE
(Wallace & Beavan, 2010; Wallace et al., 2012; Wallace & Eberhart-Phillips, 2013; Wallace et al., 2016)
and tectonic tremor (Todd & Schwartz, 2016; Todd et al., 2018; Romanet & Ide, 2019) catalogs. We
detected eastward GNSS displacements caused by SSEs following the method published in Nishimura et
al. (2013) and Nishimura (2014). We found that 14 of the detected earthquake swarm sequences
occurred within 14 days of the SSE occurrence periods and were located either within or on the periphery
of the SSE source regions. Furthermore, the detected earthquake swarms often occurred close in time to
transient eastward GNSS displacements potentially due to SSEs that have previously escaped detection.
The earthquake swarms sometimes preceded or succeeded the GNSS displacements by more than a
week, suggesting the earthquake swarm seismicity rate in the Hikurangi Trench is not correlated with SSE
slip or stress loading rates. Similar to earthquake swarms, tectonic tremor bursts were sometimes delayed
by more than a week with respect to the transient GNSS displacements.
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SSE-induced stress loading is not a plausible triggering mechanism for these pre-SSE and post-SSE
earthquake swarms. We instead propose that high fluid pressure within the slab, which accumulated
before the SSEs, may have caused intraplate fluid migration, which in turn triggered the pre-SSE
earthquake swarms (see Figure). Using an earthquake focal mechanism analysis, Warren-Smith et al.
(2019) inferred that there was a build-up of fluid pressure within the subducting slab before SSEs in the
Hikurangi Trench. Such an accumulation of pressurized fluids may break a low-permeability seal, allowing
fluid migration along preexisting intraplate faults prior to an SSE, which reduces the shear strength of the
faults (e.g., Raleigh et al., 1976; Yamashita, 1998) and potentially triggers pre-SSE earthquake swarms.
Furthermore, the occurrence of an SSE along the plate boundary enhances the permeability of the
surrounding rocks via strain-induced fracture opening (Rivet et al., 2011). This may induce fluid
movement/drainage from intraslab faults to the plate boundary and overriding plate after an SSE has
occurred (Warren-Smith et al., 2019). Such post-SSE fluid migration may trigger post-SSE earthquake
swarms and delayed tremor bursts.
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Detection of shallow very low frequency earthquakes and estimation
of energy rate of low frequency tremors in the Costa Rica subduction
zone

*Satoru Baba', Kazushige Obara’, Shunsuke Takemura', Akiko Takeo', Geoffrey A. Abers?

1. Earthquake Research Institute, the University of Tokyo, 2. Cornell University

Slow earthquakes, such as low frequency tremors (LFTs), very low frequency earthquakes (VLFEs), and
slow slip events (SSEs), are fault slip events with slower slip speed than regular earthquakes and occur
mainly in subduction zones. In the Costa Rica subduction zone, thrust type large earthquakes with Mw of
7-8 occur repeatedly. Jiang et al. (2012; 2017) pointed out that large slip areas of SSEs were distributed
in both downdip and updip areas of the coseismic slip of large earthquakes. Outerbridge et al. (2010)
located LFTs in downdip of the coseismic slip area of large earthquakes, whereas Walter et al. (2011;
2013) found LFTs and VLFEs that occur in the updip.

To clarify the relationship between the distributions of slow earthquakes and large regular earthquakes,
we detected VLFEs in the Costa Rica subduction zone by the matched-filter technique. We used
waveforms of a temporary seismic network, Tomography Under Costa Rica and Nicaragua (TUCAN; Abers
and Fischer, 2003), recorded from August 2004 to January 2006. We computed synthetic waveforms at
stations from each virtual source grid using OpenSWPC (Maeda et al., 2017) and a 3D velocity model. The
grids were widely distributed on the plate boundary beneath both onshore and offshore areas. The focal
mechanisms were assumed to be consistent with the geometry of the plate boundary and with plate
motion. After applying a band-pass filter of 0.02-0.05 Hz, we calculated cross-correlation coefficients
between the synthetic and observed seismograms every 1 s, and selected events whose cross-correlation
coefficients exceeded the threshold defined as 9.5 times the median absolute deviation of the
distributions. After removing false detections, we also estimated seismic moments and durations of
detected VLFEs based on the synthetic waveforms.

As a result, we detected 76 VLFEs mostly in September 2004 and August 2005. Most of VLFEs are located
near the trench axis, in the depth range of 5-10 km, updip of the coseismic slip areas of large
earthquakes. Furthermore, we found LFT signals in a frequency range of 2-8 Hz within the same time
windows of VLFEs. We estimated energy rate functions of such LFTs assuming that an LFT occurs in the
same location as the accompanying VLFE. Energy rate functions of LFTs were evaluated based on
envelope waveforms in a frequency range of 2-8 Hz. The range of energy rates of LFTs is 10%°-10°° J/s.
We estimated the scaled energy from the ratio between the seismic energy rate of an LFT and the seismic
moment rate of the corresponding VLFE. The range of scaled energy of slow earthquakes in the Costa Rica
subduction zone is 107°-1 0'8, which is similar to that of shallow slow earthquakes in the Nankai
subduction zone (Yabe et al., 2019).
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Events enduring and scaling in cellular automaton models due to
competing timescales of stress accumulation and rupture propagation

*Kota Fukuda', Takahiro Hatano?, Kimihiro Mochizuki'

1. Earthquake Research Institute, The University of Tokyo, 2. Department of Earth and Space Science Osaka
University

EBOMEDOHWIBEERA T —ILIET L — MEERNC K BISHERBORFBEIR T —ILICLER B & ETEHENSI WA,
EDUIalL—YavilBVWTR, BEGREPOO—FT 41 VI PRISFAREBRINTE 2z, LH L, BGEEEE
PR, AMLZAROY TONSVWARY NTHEIZBENCEWTEZ DMRZFEETERVAREMELH

%5, BRIIZDWMREEENICTEMT 2A0MEB/IRSAY—E LTIHINEKRL — N EBADERBL — MDE"IC
FB LT TONRSAY—IF"HRABEOBERT — L ERIEORBAT—ILD"EE2 22 & TE, WHE
GEEPOO—FT 1 VINRERT, AT —9E2RAVWTIDNRIAY—DF -9 —FH%51T> &, TRDME
ICHEAR T, SSEREBDOMETIEID/INT A Y —(E5~6MTRKEL R o7, LEN>T, BAIIREIVHED
MEMMEGRAICAZANE L KBERIZELTHALNTVWRELA— NI MV ETILTH D
Olami-Frder-Christensen(OFC) EFIVICZ DN A Y —%BA L THLWVWETFILEER Lz, TOHFLWVWE
TIVTIE, EDRTA Y —DEINCH > T, KGHAREREE & HIC, E—X Y MMo& MERIFETICRAT 2 R
=)V BERELTMocTE WIRRAE LN, TDLIRERIE. BIBGREBHEBOBBERT—IL
DFHED, EBOMEL ZERIWEORT—) VBB EFIERBI L TVWSAREEETEBLTWS, £
oo AEKRTIE DN AY —DIREFDHEADHEIZDOWVWTERBNT %,
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Detection of Temporal Change in Seismic Attenuation near
Earthquake Source during Intense Fluid-Driven Seismicity following
2011 Tohoku-Oki earthquake

*Keisuke Yoshida'
1. Research Center for Prediction of Earthquakes and Volcanic Eruptions, Tohoku University

The occurrence of earthquakes may be heavily influenced by increases in pore pressure as it decreases
fault strength (Hasegawa et al., 2005; Hubbert & Rubey, 1959; Nur & Booker, 1972; Sibson, 1992). It is
possible that the seismogenic zone has a larger amount of fluids than the surrounding crust (Mindaleva et
al., 2020); as such, it is crucial to develop a means of monitoring the behaviour of fluid at depth to
understand the mechanisms influencing earthquake occurrence.

This study uses a novel, simple approach to examine near-source attenuation in the focal region of
intense swarm activity in the Yamagata-Fukushima border region, Japan, which is considered to be
triggered by fluid movement following the 2011 Tohoku-Oki earthquake (Terakawa et al., 2013; Yoshida
et al., 2016). Whilst the obtained Q-7 values vary over a wide range, their median values exhibit
characteristic temporal variation; Q-7 was large for the initial "50 days, and significantly decreased,
becoming almost constant after 50 days. These temporal patterns are similar to those independently
obtained for background seismicity rates, b-values, stress drops, and fault strength (Yoshida et al., 2016,
2017, 2019; Yoshida & Hasegawa, 2018). The synchronous change supports the hypothesis that swarm
was triggered by fluid movement following the 2011 Tohoku-Oki earthquake, and suggest that source and
seismicity characteristics and seismic attenuation were altogether affected by pore pressure.

The results from this study suggest that seismic attenuation intensity is higher near the earthquake source
than in the surrounding crust in some situations. Localised higher attenuation near the source produces a
systematic estimation error of earthquake source effects; the attenuation is erroneously estimated as a
part of the earthquake source signal. It is therefore important to examine the intensity and the frequency
dependence of near-source attenuation to accurately estimate earthquake source properties.

The method used in this study successfully detected a high attenuation anomaly in the initial period of the
swarm, predicted by the fluid-diffusion model proposed in previous studies (Yoshida et al., 2016, 2017,
2019; Yoshida & Hasegawa, 2018). The present method would be helpful to monitor Q-7 at seismogenic
depths in various regions and understand the states of potential seismogenic zones and the occurrence
mechanism for earthquakes.
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Relationship between migration diffusivity and the duration of
earthquake swarms

*Yuta Amezawa', Takuto Maeda', Masahiro Kosuga1

1. Graduate school of Science and Technology, Hirosaki University
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XL, Fig. 203 /mICIFFNHY mhH 2 EHICHERA 3.
HRMEOHMGHBEEERYA L —2 3 VOILBRBOBERKIE, BREDHBESICDOWVWTIEWL DO ORBRRATT
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% &, MGHARITRAEDOREN LB L (KEWV) BEIFERLE (REBML) , #BROBKENANT L (K
W) EREME (JEHE) T2 EMIRTES. TAabhL5, BRBILHREDOHMMEPHFRDEKRE KT S &
ZZHN, INLEFHERMEORGHEBZHRET 2ERO—FLEEIONS.

A
ARRATREET—TEBRAYOA/OBRT -9 =FALELE. BLTHBEEZRLET.
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Fig.1 Scatter plot between EVT90 and D value. Orange diamonds denote the points of D value
and EVT90 of each region estimated in this study. Black bars indicate the range of D values in
the top 25% of the smallest order of fitting RMS.
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Fig.2 Scatter plot between the duration and D value previously reported in various environment
worldwide. Each symbol denotes the point of D value and duration (or EVT90). The symbols
indicate the previous studies in the legend. Light gray diamonds are the same as the plotting
points in Fig.1.
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Simulation of inland earthquake activity using Coulomb stress change
during the megathrust earthquake cycle in southwest Japan

*Tsukasa Mitogawa', Takuya Nishimura?

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

FAREEATIHERAICEORVWERLHMEREICE T, BEMNS ZTAVDAHRZ R NEREHIK
100-200FEFEATHEL, ZOHMEDHSOERNST10ERICHIT THRERMMENFRILT Z2MERAIBA S, E
BoTWS., ZOEIBREAIEXAHRZ R MIENHESRICHAZLEE 5T & THEREORERI%
AL TWBEWVWDRERDE &, CFS (Coulomb Failure Stress) I1C& > TEHBAT A2 HEBETILAREINT
7. LHL, HITHEDETIVIKIEEGNSS (Global Navigation Satellite System) &AIIC & > TS &
BRoIBEDHBEENITIZEINT VWAL, KR TIIERNINMRBRLEHEBIRT 57-HICGNSST—4H
SEESINALTOY VEMBORIRE $RYEE (Nishimuraetal, 2018) Z#AAATL. LT, HNEEME
BTORAZEEERBLAECFSEBWVWTAARS A MYEY A I POREMEFEHDSI2L—Yavs
To7-. HEL, BUEBEIA40 kmOEE—FHEBET I XD o )LEEMKE_BEEARE L, STEICIE
Fukahata and Matsu’ ura (2006)(Dd— RA&FRA L7=. NEMBORIRIEA HRZ R MR & NFERTRB D %
NENTOEEFELEY (BE) ICoTohs. HEROEEIK, XARXZZX NFEICIENishimura et al.
(2018)D/Nw U2 ) w TEEESZ, NEMBICIX 7Oy VEENEEIC012RLAEEDAESZ 5. WER
DBEYVIE, AHAZZAMFEBTIX100ER TEAONAENY IRy TELTEBRIDELIITBY AREX
, NENBTIIREMBEIC—HBYD (=2 x10° xBRE) 2527 & T DCFSOMENE A MEBEE &
L, BB A BAZBFICCFSA0ICRD LD ICBY ARESIHES. 2L, AEE TOMENTLICEAL
ICRD &% IT2-DICHBRE IIIEERETS UDOEEFES5 X3, COLOIBEHEDE &, HTFED X
HRAZ X MIEY A JIIFORERB TOMEERNOS I 2L —Ya Vv EITIZETAHARTIRAMNEY (S
VR OREMEDFKERICET 2 —RUAMBEREARL. b, AEEEAORNTOERGHIENRY /NE
WATBEMEA B S T WB 78 (BIZ L, Shikakura et al. 2014; Mitogawa and Nishimura, 2020) , EhM\F
DOEEGEHIF0OE L. I aL—2avoiER, MECESEE, LEHfORERE CREEEICRE SN
& RMBERIRIGERILT 2ERSEONE. —AT, UMNCEBRILETIEAARS R MEY 1 V7 ILHA
FEMEDFEHRFAANS Z 2HENNS L, HEBRIEIF—EDE A TREMENFEET . RIS, WEELL
2, IEEOMWBEME IR L THsE ICHEMEORERFAA AN, MNEOHNERME TIEX AR F R MEER
12EDSREMENFEE LIAD D H, MEESOEEX TICRET MBI OIMBOSMEDN3 %IBER
V. HERKSOENSHM70ERICHI TIEEOREZSITIFICEML, ZORROMEL TR ICREL
AN 5. F/z, ILEMBOREMB TIEIA AT A MIEZ20FE XL HEIREHRT, ZORELIC
HEEMENRE L, SOFEZRUMTREIENIZIE—TEERZINRNI—UMNELN. —F, EHORREME Tl
LREMED D 520 DA TR ZZ MIEERARFICHERENRES 20, BEHHMETREON S LD LME
BIOEDOBTORRLOERIZRShAW., 2720, KETITRE L -EERIHOPHEMEBE 40 km7i
EDINTA—4 —RFEENRED TRV, TNODNRIA—YDHEIIDVWTHRFTTIHENH 3.
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Master event location estimation method using seismic amplitude:
application to volcanic tremors occurred at Meakandake volcano

*Masashi Ogiso1, Kiyoshi Yomogida2
1. Meteorological Research Institute, Japan Meteorological Agency, 2. Hokkaido Univ.

HhENIRIED A % FIF L 7= BB R E % (Amplitude source location: ASL)i&, XNILM#MEN &L LH & LIHEBDOEE
BEFALEERRENHRERARY NOBRBEICESHEVWSONTWS, ASUETIEY A NMEEATo 8

ARBOEE AN SERMBAMET 570, Y1 MIEOHEREINERMBEDOEEICZALRTEELSEX

%, I T, AHRTIE. REBELEAVWTY A MEEEBREL. BEEARY NOBRICH T 2R AE %

METDEWVWDHERFEERET %,

EXEDOBEILRDEY TH B, A—EHRICEWVWT, ERABOEELREZTRY—A XY NOEHAIRIE &
HTARY NOBAIRIBOLIZ, SRY—ARY NEHTARY NOERIRIBIEDL & EERR R VCAIBER
HOLLDBETRIETE D, ZOR, TRY—ARY MNRUOYTARY NOERIEBMOZEN TN EFNOERIES
ICHEARTIKCNEVNE WS ELZEITVL, £, MIOFHENS I &ICL> T, ERIREOLLRCENEED
MEGCKD)DIND AR E TIREOARIXIFOLNE, LN >T, 42U LOBBT—9 D HNITE
ENRRN_FEZEAVTHEHREROMBAHETE 2, AMROENEIFERFEAWVLIRI—A XY NE
(B Z IXAoki, 1974, JPE) L ABDEZ FICEOVWTEY., RIEEAWVZITRAYI—ARY NEERRZENTE
%,

ZORBEAVETRY—ARY MNEEAWT, 2008F118168 ICILEERIO M EE CHRAE L/ ALt
WEOERMEE1T o7, H)ICEIREFEETRT., O XLUMEMENILOgiso and Yomogida (2012, JVGR)IZ

L > TASLETERMEE SN, phasel ~3ICHIFTIEREN/ELR>TWB I & HH>TWS, Ogiso and
Yomogida (2012) £ 272 1 RTDEE - BRBEZEA L TASLE%#EHA L& T %, Ogiso and Yomogida
(2012) L AKRDERI B LN (Kb), AR TRET 2HENBRRELITo>7/2& T 5. KphaseDERFZD F
EFYMNASLEDERLWVEMLEL, £, BRIBOTHDITORFHIVASLOBEREFELRZ I &M bh o7
(Bc), T DENIETakahashi et al. (2018, JVGR)IC & 2 ELLIBTMBEHTHEL, £/ /5y /ORO%Z TR
THMBLEEHANESR L T &M h > TWB(Aoyama and Oshima, 2015, EPS), Ogiso and Yomogida
(2012)TlEphase1 Sphase2i H T THENBRIRNREICEE L. ZDEphase3ICMF TIRARICEE L
ERREINZD, ARROBERICED < &phasel DHMENANMELLIBIIBOBERIHETHE L., ZDE. phase2&
SOREIFEERD S HREABE L2 EBREN D, Phase2ldELIKHEOFESR TEMAL L7 MILMERAS A AR ZE
%52 LDDLEAT2EOMEIE. phase3ld LR LERAENETB THRESIELBBZ TN ETNERALL
EWDETIHNBETE S,
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Estimating Earthquake Rupture Process Using Second Degree
Moments

“Application to a swarm-like seismicity in the northern Ibaraki and
Iwaki areas”

*Naoto Yokotani', Aitaro Kato', Kazushige Obara', Shin'ichi Sakai', Takashi lidaka', Tetsuya
Takeda®

1. Earthquake Research Institute, The University of Tokyo., 2. National Research Institute for Earth Science and
Disaster Resilience

201 FRILHMEBOREER LS., RBR-EESRERELIOMIE THEFBMNERLL L, TOMEBEDE L
DEMEBOXA N =_XLEBLTHY., RiLHHEODS DHEEKS% KM L TL 3 (Kato at al. 2013),

AR TIE. COMEFEOERCZOMBOMET I = RSN E7HIC. ZOMEFINEHEK
T MBEDIRIEEREZ. second degree moment#EE (e.g., McGuire 2004) ZRWTEH L7, BRIFHE
BHO—RE—AV M EY MOAS REZHTHY, ZOEBPHEO—RE—AV MDY bOA ROMNETH
%5, TNICRH LT, TREFhOoEE o8 D second degree momentTéH 5, TN 5 DIRE & FFEHIRE T
B, MEHOBREHNRS 1B, 2L THREFOEY NOA ROBEEEE LTHRETZIE T, BIEDEGES
BPHRIBEOGERRFAMET 5 2 &M TE % (McGuire 2004; McGuire and Kaneko 2018; Meng et al.
2020).

fEMTE R & LB IEFnet1 4 O J(NIED, 2019)IC#EH T T W5 201158F-2017%58 DMw3.5-4.9D
176 DA XY N THD, iz, EREEEHERDZ7-DICRBRNS ) —VEH (EGF) EExBAW ., S8
FAYO7ICBEINTWSEMSE - HEBOA XY N%EGFE LTRIBA Lz, £/REGFET B4 Ry IR
RRERBARYMNEWERFYTZF 12— RT172EL., ERBEEED2 kmURTHZED AR

U, deconvolution?'% < ODEBIRTEE L TRO LN DEFRMICEGFE L TW3, Deconvolutionic
. Projected Landweber Method(PLD;%) % U 7= (e.g. Betero et al., 1997; Lanza et al., 1997; Vallée

2004),
Hi-net(NIED, 2019) - [RT - KFEOEBHMEERMTICINA T, ZOHMBICREIN TV AR MEERDE
(Kato et al., 2013) CEREFK I NAMERFICNY RN T 4 LY —% M. FERIRTO RN OERISHEER

(ASTF) & K7z, 7 1)L 9 —DEKHHEIE. 0.5—0.6x (EGFOI—F+—FFEH) THY. EGFOEREER
B#ELN T B E L GEUAER Y IIDFE%Z IR L 7= (Yoshida 2019) .
BEASTEONIASTFOOMAEAESL LT, EREEEHOSE - ERFEEROZEIHONE - Th
5DHSETH Bsecond degree moment DEE Zinversion THET 5, HE S 17zsecond degree
momentDR/EMN S, FFHBMERRE ¢ . REOKHHNRSL - FERW,., BERPOEY O RBEEE
Voo IWHRETEA 0. REFRAZRTHRE KD,

176DMEBED S BRELALBERIMEBONEZEDICTDOVT, THENDR, |v,|, A cDEESFmICIA

T. directivity D AEDSEELMICOVWTEET % &, MEFREEOAEE Cunilateral R BEIE & R L 72 hEH
%<, —7A, EEMEAITIE, bilateral RIIEARLAMENSZWVWE WS ERANIRE SNz, 7. unilaterali
FEWRIERR 2R LAAHEDS < 1, directivity " IBESFEBIORBINEL £HICRZ %,

A DOMEFHORE IS LT, HRFREFEOESHIEFINLTEH Y (Kato et al., 2013; Umeda et al.

2014). SEIDOHERMN L. HMHEBTIEIBBRENEET 2HRAICAD > THRIEMEEL. —ARAITIF R
KA HZREEHEICOBLTWSE I L THEAIGEWVVERGEZ R L BRI N5,
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Relationship between the subducting plate boundary and fault
geometry of the 2016 Mw7.8 Kaikoura Earthquake, New Zealand,
based on high precision aftershock distribution

*Yuta Kawamura', Satoshi Matsumoto', Tomomi Okada?, Miu Matsuno?, Yoshihisa lio®, Tadashi
Sato?, Stephen Bannister®, John Ristau®, Martha Savages, Clifford Thurber®, Richard H Sibson’

1. Kyushu University, 2. Tohoku University, 3. Kyoto University, 4. GNS Science, 5. Victoria University of Wellington, 6.
University of Wisconsin - Madison, 7. University of Otago

On November 14, 2016, the Kaikoura earthquake (Mw. 7.8) occurred in northeastern South Island, New
Zealand. The main characteristic of this earthquake is that the co-seismic rupture process of the main
shock was composed of slip on many faults. Clark et al. (2017) pointed out that the aftershocks of both
strike-slip and reverse fault types frequently occurred and more than 20 faults were ruptured during the
main shock. Moreover, Cesca et al. (2017) proposed a simple model that the complex rupture proceeded
on three major faults in the northern, central and southern areas based on the aftershock distribution,
focal mechanisms, geodetic and seismic waveform inversion. Two previous studies have relocated
aftershocks using double-difference techniques (Mouslopoulou et al., 2019; Lanza et al., 2019). However,
in these studies, it was difficult to determine the fault geometry in detail because of the sparse seismic
station density within about 50 km. In this research, we added phase data from seismic stations that we
deployed before the main shock in order to improve the accuracy of hypocenter location. Furthermore,
we apply the double-difference earthquake relocation algorithm (Waldhauser and Ellsworth, 2000) and
time-domain waveform cross-correlation (Poupinet et al., 1984), which further enhance the precision of
the hypocenter locations.

As a result, the variance of the hypocenter distribution is reduced and the depth is also concentrated to
15 km or less. There are 10-kilometer long clusters that mainly show a north-south-southwest orientation.
Nine fault planes were found from the relocated aftershock distribution through a principal component
analysis and bootstrap resampling method. The bottom of the aftershock distribution reveals a curved
surface deepening in the southwest direction, which is parallel to the slab determined by Williams et al.
(2013).
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Faults geometry of outer-rise normal-faulting earthquakes in the
central Japan trench based on the ocean bottom seismograph
observations

*Koichiro Obana’, Tsutomu Takahashi’, Yojiro Yamamoto', Yasuyuki Nakamura', Gou Fujie1,
Seiichi Miura1, Shuichi Kodaira'

1.JAMSTEC

20113 B ICHRA LA-RILAELRE, BREBEOEBEMI SBRAIOT V9 —F4 TRICTHWTIE, RibiHit
EDAEDHIODNEICKRELIMT.6DMEAIEILHETEIAEETSL — NASOEMBHEDFEIHAERL
LTHY., RIRELQMEDREE., ZNRICHED BROBEIBEINT W S(e.g. Layetal, 2011), 72
Y—ZA BB T BT L — NANEMBHETIE. BEOMBAES L THIE L gEEI BRI Ty

%, flZIEUchida et al. (2016)l&. 1933FMBIM=[EMEDRENHDOBHMTPIRRIHEI 5. 2WOIERA
BOERLZEMBOEAKEAERLTVWS, TOMBDT I -4 XBOMEICEVWTE, 2HOEZRIE
BB LT NMEBICZ > TRENDH L TWBHEF (Hino etal, 2009, Obana et al,, 2013) . EHDEST
RERBHEWER L TWBHF (Obanaetal,2014) MEZ 6N TWE, —AT. 79— 1 ABDOKRE
RMEOAREY., EROREFE 2 EREEOERB TRALAKXITE A ERV, JAMSTECTIE., 2017494
H52018F7HICHT T, BAREBEDIOEBME DL S CISEEENICSVWT, BERERASTE4580DE
E#EST (OBS) ZRAVW/HMBESRAAEEREL -, ZOSRAHRH, M67 5 RADEMBRMEMNEH (2017F
9A21BM6.3. 10B6HM6.3. 11H13EM6.0) 4 L7, OBSERIEZHFD@BHMN S, TNODHMEDERE
DWIERIB =Y. REDH. ERANZXLERELE, 3DOM6ISADHEDSE, OBSHRERD I K
IEETHREL2017F10B DMEMGE.3)Tld, WIERBRZREICEIETERAADODERSZRELFNRELN
Too WERERIZZORAMEICAEBELTEY., AEEERIOAADELTRENMRELTWS, T BR
HEDBEMF TIL, BEE#HICIZIFETREILAN - F7—RUBEFATERICARD EEHIC, FT7—RVIC
RLXITZ2EEERATWS, OBSEAITEONIZERA DX LIE, EMBICMA, 75 —RVICRIRT 51
BISA BT NEOAAZILEBONTWS, D2 DDMETE, ERAVENOELZEY, BELE
T5—RUIA->-HEFRED, KREER I IIMEBEURICREL TVLWAHRFNMMEAONE, TR 5DEH
BERIZ. M6V ZRADT 09 —F4ABDOT L — NAEMEBWETH>TEH., EHOMBHIEE L TEET S
ZEERLTWVWS, JWKBEBERTII—FA XWMEICE > TELZEROEEICEWVWT, EHOMBOES
HAIIEIC L 2B AMBETMREER T 2 EHNBETH D,
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Relative hypocenter determination using wave correlation around
P-wave first motion with sampling frequency of 10 kHz

*Yuki Noda', Yoshihisa lio?
1. Kyoto University Graduate School of Science, 2. Kyoto University Disaster Prevention Research Institute

REEHEIMMIE TIZ1995F6 AN 5 10kHzY > 7 Y FIC L 2HEERNMTTbNTWS, ERSRIX1984ER
HEADSMEOREFORBAFDICHRKESINTS Y., OB TIX1976FESAURMEZTEHINERTH

%, LZOMETIE, BRSRCESHIAEZVIELNZ W, SBHIHE CE FFREBERIVNI L, EEIR
DEBAIENT/ A ZLRILBNENWE WS RFEIH Y., FFEFEICHESRICELZREI,E>TWE, ZOD
OZEOBMNMEET -9 BN, VY TIVIREAIERTE S, £/, 2008FE8ANSIEHRY AT AIC
£ B250HzH Y T v OBRAIE T TWS,

COMRTIEABRELVZDRIREZ YT =F 21— N, REROFIKRER, BRIEES S UNBERED, SREM
HICEZL. AIEENETNICOWVWTEARBICN T 2ENERZRE L.

ZDMETHVWTWEEHKT — 9 IE10kHZRE R DERER D TH 5, HEBNICEERZ L ZAES LURIER
FORFIE. AILEASRICEWVWT, BEDEWEIH > THEPRIMEDILE LAY DI MBI OHIKRL & <L

TWe, TITAEBEZORIENLKDRTICDOWVWT, HHERRICH T ZPEMEDED1I0I Y MIEEDE
WA Y RoEAVWTHERBREARZRKICRZEEEEZRD., ThahrBARICEIT2 2 D0MEDPK

FERRDEE LTH2 7, ZOLIREBEAVTAEBICHTZ2ZORIEZNTNOENERAE. LT,

S, AUERREDEBEEAMA—MLETEDLEI ATERABRDOKATILEFMICHEL, preslipETIL
YcascadeETFI CHAEINZ LD L—EDREFEOREBIEAHFHAL TULE L,
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[SO9]PM-2
chairperson:Hideo Aochi(BRGM), chairperson:Makoto Matsubara(NIED)
Fri. Oct 30, 2020 2:30 PM - 3:30 PM ROOM B

[S09-23] Characterization of deep lower limit of seismogenic zone (D90) in the
region of low heat flow region beneath Japanese Islands
OMakoto Matsubara', Tomoko Elizabeth Yano', Hiroshi Sato® (1.National Research Institute for
Earth Science and Disaster Resilience, 2.Earthquake Research Institute, the University of Tokyo)
2:30 PM - 2:45 PM

[S09-24] The diveristy of source parameters in deep earthquakes with waveform
similarity
OAyako Tsuchiyama1, Junichi Nakajima1 (1.Earth and Planetary Sciences, Tokyo Institute of
Technology)
2:45 PM - 3:00 PM

[S09-25] Method to Evaluate the Probability of Earthquake Occurrence Using
Information of Small Events
OHiroki Tanaka', Ken Umeno' (1.Kyoto University)
3:00 PM - 3:15PM

[S09-26] Detection of rate change of induced seismicity using ETAS model
OHideo Aochi', Julie Maury', Thomas Le Guenan' (1.BRGM)
3:15PM- 3:30PM
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Characterization of deep lower limit of seismogenic zone (D90) in the
region of low heat flow region beneath Japanese Islands

*Makoto Matsubara’', Tomoko Elizabeth Yano', Hiroshi Sato®

1. National Research Institute for Earth Science and Disaster Resilience, 2. Earthquake Research Institute, the
University of Tokyo

ARG EHBOEHEXTETL— MR 71 YEVBT L — NDLARAHICHED MEEHCHBOEW IR
#oIoNnsd, FL—MEROEAMEICMA T, EBTL— MhOMEBEEIEE LA MEOERERTH
%2, tBTL—MATRIZMEOERAREZHEST 2EELERTHHMBEFREED TRR(DIO)E, R
S5DI0X TORICEWVWTZDMHEIFE T TOMEDIONIEEL TVWE I LETRT, AFRTIFZRTHESICEY
BRESNEEBRAIOITEHAWTDIOEHE L .

2000 E10A N 52017F12B £ TICEKE129.27146.3°, db#&30746°, EX0"100kmTHRLE L /=561,611{&
DME % =R T EREEEE (Matsubara et al,, 2019)ZFAWVWTERE LTz, TNOHDMED > B, JFHEIC
BETZIHEE LT, EBI25kmEUROMEAEV, HZaH5+0.1°(%10km)D 105 H20kmDIEFHICH
TBHMEOHMIULDZIHZEICDODWVWTDIOEER L, BEHOEHMAADIOEHMET DHFEICIE. PREWV
+0.25°(¥925km) D 13 HHI50kmDIEFRICE 1T 2 HEOHE M SEWE L 7=,

Fx DIERIZELFE DT (Omuralieva et al.,, 2012) & (FIF— L 7=, ZLDI0OD s ISR BT E N B
W, DI0OD /% — > (F & ET & (Matsumoto, 2007) % HI3EAY300C DR X T4 5D300deg® /8% — > (Yano
et al, 2020) & AT TH %,

BAFSDDIOIEWL DO DIFHBHREBEDE Z2E2BRWVWTRERIMNIGkmTH %, FXLUOTIFHEBELT
8kmLUE & WS X WDIOTHH DT 5N 5, DIOIRINEL Y EIMAIAEL., —ATHELBEVWKEESL—K
DEFRAHICEY ., FEIEPHRILEAR, FE - NERMEFOFIMTIEDIOAEL, TIN5 DMEFTOKRIEFE
TL— M EEEROFEIZ25kmMEGETHZ DS T L — MERDOMEASATLWREWVWZ EH S, EBAIT
L— MADHMEFREAFEVWE ZBETHERAIERILTVWS, HREWURPCFEARE DERS TIEDIOHE

<. EFREDZRERS LRV (Matsubara et al., 2017), FERMAREEBPRIEBI A DKIEFRFE TIEDIOAFEWA, Z
DEEBICEWTIX 74 VEVES L — N EEBERAN25kmMLEZD O T L — MERDOMEAEATWS, FEF
IC, 58 - BFE-RARECELD)ICIOMBREDL S ICT L — MERD SEHENICHEEEI A WL T UL S48
THEH 5,

REFHEICES 1T ARBILKICHEV, ANIEBOEIMAITE) 7 MRS WD, ZOBRXEETL— DR
HRAMHED EfEHmE LY, )T bDOFRIIZIE LT (fE8k, 2014), ZOHHE) 7 hDTTIZDI0IZEE & Y
EHR<20kmMELRE TEL TWS, HiE) 7 bOFER - TEMBROEAIETEHKEICEC D, ZOHEMRDEWN
IC& WDIOMELS > T W3, —A T, ZOBEBOEFR@IZL. Bt 7 b ORI TIHHERBIFICHRHIE
CERMELGRY, SHICEHEKBICECY Y MUVPBENAKEMTRICERAT 2 Z &ICK Y FEtRAEEREL L
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EOBWHENEET S EICAY, EEBICEVWTEROBEWEGICS T EFEIEHUNEIND EEX
5N % (fkik 2014), ARBXRICE W TIEFRBERDOEADDION-10kmTH %, BEREICHD > HMIH T
IEDI0IF IR IR, HBBREI NS Wit & —H T B,

AFTICEWESNALEETL — bDDI0IFHFRBAFRED300deg & AMMBERIE SN, AETOD
D90IF., & L THRE20Ma(R000FF)ICHRKELLT IV My IREBRICKYFEHRINZRAL S—LAPL 40O
IR ENTWB I EARET S,
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The diveristy of source parameters in deep earthquakes with waveform
similarity

*Ayako Tsuchiyama', Junichi Nakajima'

1. Earth and Planetary Sciences, Tokyo Institute of Technology

EED SHBCREBICAN > TEAAT R Z T OFH THRET 2RFEMEIL. TORKERBOBBEHINEETNTL
%, ZTITEMRETIE. KEER T TAD200 kmEURICH 1T 2ELUREDRFENT 21T o7, SFHEICHL
T. PR, SEZETIOMULOREARTEMEREZFEL. RAKRUETIE—L Y REHN0.9%ZBA DR
TEMBELMERHE LTESR L, ZTOHER. FHREAXRBHOI252EDOHED > 5. 11EDHEAEGETS5D DIE
BIhE I —T%BER L TWz, JRIC. hypoDD (Waldhauser and Ellsworth, 2000)% AW T ERDBERE &
TR BV —TREENThHBOMBEAZTKT 20, JIL—TAHROE~DHMEIR—HETmLOR
RBGBRTERELTWR I ED Do, I5IC, BE4DOHELMEICH L TARY MULEES S VRERAIE%
AWTHABRTE. #HEFRNIRILY— BERRNNEREHE L. ZOBR. EESNAGOBRTEIX
ZBIN—THTRIZIZALCETH 272D, JI—T2ETIE10-100 MPaDZ A FEEL TW =, — A, &
MLE—AY MDY OMERBF I RILF—EHERRAMEDOEEIR—TIV—THTELKRTH >, AR
ICE > TRSINAHBORZ TICHIFTHHELUMEOERR NI A —S DZHMEIX. R F7T2EOHELY EBAT
H7RE~ DB DEWC L > TEHATE 2 EEZ LN, > T BRAKRIGICHED REDERKED LF TH
mARE Y, BEERICHD BHNBRTALREREICE > THRZEMERT 2 & WO ERORERIBEZRA WS Z & Tt
BACZ 3 a[REMEN D 2,
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Method to Evaluate the Probability of Earthquake Occurrence Using
Information of Small Events

*Hiroki Tanaka1, Ken Umeno'

1. Kyoto University

REWAOHMERE ) R 7 ABRNICTMT 2 LT, hEDOREBLOBRICO W TOREIMEIXEETHS. it
EORBEERSMIE, M-TRICY Y ZF 21— RBHEMET3)2—DRELTELNDIRBRICBVWT, BiET 3
RED LOERF#EERER ©,, TRT)DORDMHEtE LTH/LNS. ZORERBRIBOMENH S O T@ITICE
DERRONTEL. BN TEYI ZF 21— NOBEEZZ A BEORRBEERI A OMEE 2 BARHRIE, ZT—IL
DEBZANY NOREBROM D HEHHEEORBICEENRERIAH S I & 2TRB L TWS[1,2]. Th oD
Rk, MEOREFERORETHEEZ ZDREBEICEFE L TRARLEDTH 2D, TN DOBEEREZESH
E-MEICOWTKHFYEBRINTI AL L.

ZO LEBEERZREL T 2ICIE, BRR2 Y/ =F1— FEMEICE T 2RERBROBORMF EHELZR WS
FEDNBEMTH B3] COFRGMEHEL, 22207 =F 21— FEEBEMBELUTMEm)ET3)ICHF5
RrEEROEfRZ, K& WBHEM)ICE T 2ERER(T,)DRICEFND VWD REDD & T, MEVEIHEM)T
DOFFERER(T O/ FHEEBEVWIMHEATERAS. CORMHN ESHEEICIIFBN R T—ILRIN NS O T
MMALREHESNTEY, ZOME L VEREBRIBOLHREZEL I ENTES.

— AT, B3 7 )V =F1— FEEOHBREREFESDIFZ2AEE LTE, MNEVEEBEBMICBVWTHEIRTD
FREFMIRESINEZEVWIREDE ET, TNZFVKRE VEEM) TOERORS NV 5ICRBHD, EWHFE
FEAVWDIEEEAOND. CORER, LTHRRAREMERRERSI IOERICEYREVDIENZED
T, BEMB L UmTORREBRICEIT 52— 0—DFBRE5EZX255DTHS. EHICIDONM XDERICED W
T, BEmcBVWTRAICENZEBRER(c ", c @, )8 L TR XEHETI>ENTES. ZHLTE
T > TRONDLER, REMICESIT5KERRARIC, ZNEU/NS VEHEM)ICE WTHIRY SR E
ROBHRERYVAALEDTH 3.

RRTIE, TV =Fa1— RORRINCH T ENA XDEE, 5L UNRAS XBHOBAFE%RLILT, ETASE
TIVATERLEFRERINCTH LTI ORS XEFH AT > BRICOVTRRNS. RIEZD LS REFHOHITH
%. ROBEIEATEOME EDRED A XY h S ORBIFR, HBInEEH L2 E ZORE (P, (Tl T,
o T O, A S —NA—REHFER(NEERL TS, BRI EFEHN=0ET, BEERIGAERT. LE
BREFHEKIOE T &ICRENT WS, KIRD ARG Z DEHEH X TORIBEME, AiklEERISROMEU LD A
Ry MNFEEL-BEORBRE(EAICHIETRRINTWVWE) AR L TWS. ZOFITI, EUVWRBEETMEL
EDARY NBRELLGE (HPEROR) &REBZAZARY MOIRE LGS (RIFERIOEE) 1IZD
WTC, EFRMNECICONTREDOEAZELL L TWE, ZEEICMZBA 51Ny M RELLRRIOMETE—7
ERTBFNRTENSG. 2L, XA XEHOOMBUEH SN LORE>TWEDIFTIEARL, BUISRLAEED
REVWTFHAVNDTHTAZDITTIEAL. BRRTIE, MUEDA Ry NOREBUNEEDE— 7 MEICEN
BERHEICOVTERT 3.

[1] A. Corral, Phys. Rev. Lett. 92, 108501 (2004).

[2] Y. Aizawa, T. Hasumi, and S. Tsugawa, Nonlinear Phenom. Complex Syst. 16, 116 (2013).
[3] H. Tanaka and Y. Aizawa, J. Phys. Soc. Jpn. 86, 024004 (2017).

[4] Y. Ogata, J. Am. Stat. Assoc. 83, 9 (1988).
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Detection of rate change of induced seismicity using ETAS model

*Hideo Aochi’, Julie Maury1, Thomas Le Guenan'
1. BRGM

ETAS (Epidemic-Type Aftershock Sequence) model (e.g. Ogata, 1983, 1988) is widely used for natural
seismicity, mostly supporting the stationarity of the background seismicity rate caused by tectonics. On
the other hand, induced seismicity rate evolves with on-going operation (fluid injection, etc.) and the
assessment of non-stationary seismicity is important. In this study, we apply the ETAS model to detect the
seismicity change and aim to characterize the obtained ETAS parameters with the operation information
such as injected fluid volume.

A standard, stationary ETAS model consists of five parameters (&, K, «, ¢, p). The first parameter u«
(number of earthquakes par day) is usually considered stationary. The other four concern the cumulative
effect of the triggered events. The ratio between «and K tells that the importance of the “induced”
events with respect to “triggered” ones in a sequence. However no explicit formulation of variable w«is
known for non-stationary seismicity. Therefore, we are going to decluster the observed seismicity into «
(hereafter called “declustered seismicity rate” ) and the triggered part.

We have applied ETAS model on different data sets: 2000 Soultz-sous-Forét, France (stimulation test at
deep geothermal site), 2010-2013 Rousse, France (CO, storage experiment in depleted gas reservoir) and
2010-2018 Oklahoma, USA (waste water injection, principally). In particular, the seismicity in Oklahoma
expands in space and time due to massive injection from multiple wells. We carry out a systematic
regression on Oklahoma data (Oklahoma Geological Survey). Spatially, we select each area with a radius
of 20 km to have a sufficient number of earthquakes. Temporally, we fix a time window of 200 events,
shifting by 50 events, such that the regression is stable enough. After some trials, we determine two
variables of interest («, K) by fixing the three other parameters. Figure 1 shows the regression result on
the declustered seismicity rate w«and the total injected volume on the same area based on the data
reported by Oklahoma Corporation Commission, Oil and Gas Division. The variable K does not change
significantly. In Figure 1, total volume injected in Arbuckle layers is calculated for each area, and wis
calculated at the 53 areas where there are more than 250 earthquakes recorded of magnitude larger than
and equal to 2.3 between 2010 and 2018. The peaks of w«appears from the end of 2014 to 2015. We find
that the appearance of high «does not always corresponds to the high injected volume area

We then analyze among the parameters. The acceleration of wcan be fitted through an exponential
function of normalized total injected volume with a ceiling («, ). After the peak, the attenuation phase
can be fitted with an exponential decay of time passed. The values of «__ (about 3-4 eq/day at maximum
among them) are not related to the injection itself so that this should be an intrinsic seismic potential at
each area. The acceleration and attenuation rates show certain tendency with the other parameters. For

example, xmay not increase rapidly for a high «__ . At average, a coefficient of 0.83 (yr') is found for an

max

exponential equation of decay. This is much slower (by a factor of 10 and more) than the one we found in
the Rousse case. This is because the injection continues anyway in the Oklahoma case.

In conclusion, our statistical analysis allows to follow (forecast) the seismicity evolution with the injection

once it begins. However, it is hard to precise the turning points (beginning of the seismicity increase and
its peak). The parameters (seismic potential) should be information to learn from the field and

© BxEZS - S09-26 -
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understanding the turning points needs mechanical insights within a fracture system.

Acknowledgement: This work benefits the fundings through GEODENERGIES Miss-CO2 (”
10-IEED-0810-03) and the European Union’ s Horizon 2020 research and innovation programme under
grant agreement number ENER/H2020/764531/SECURe.
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Low-SNR Microseismic Detection Using Direct P-Wave Arrival
Polarization

*Yusuke Mukuhira', Oleg V. Poliannikov?, Michael C. Fehler?, Hirokazu Moriya3

1. Institute of Fluid Science, Tohoku University, 2. Earth Resources Laboratory, Department of Earth, Atmospheric and
Planetary Sciences, Massachusetts Institute of Technology, 3. School of Engineering, Tohoku University, Sendai,
Japan

Detection and analysis of small magnitude events are valuable for better characterization and
understanding of reservoirs in addition to developing strategies for mitigating induced seismicity.
Three-component (3C) receivers, which are now widely used, are commonly deployed in boreholes to
provide continuous seismic data amenable to novel and powerful analysis. Using multicomponent
continuous records of ground motion, we utilize two principal features of the direct P-wave arrival: (1)
linearity and (2) polarization in the direction along the ray path to the source region to detect small
magnitude events undetectable by conventional methods. We evaluate the linearity of polarization and
direction of arrival in the time and frequency domains by introducing the spectral matrix analysis method
and combine them into a scalar characteristic function that is thresholded for event detection purposes.
We boost the signal-to-noise ratio by stacking characteristic functions obtained at different 3C receivers
along an empirical moveout of a master event known to have occurred in an area of interest. This allows
us to detect smaller events and spatially tie them to a relatively small area around the large event. We
apply our method to field data recorded at the Groningen gas field in the Netherlands. Our method
detects all catalog events as well as several previously undetected events.
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Replay and digitization of analog hydrophone data of the old cabled
observatory on deep seafloor off Hatsushima Island in Sagami Bay

*Ryoichi Iwase'
1. JAMSTEC

TR REAFEMEBUAMSTEC) MY 1993 F ICHE B EmEAKEI175mDBEICERE LI BET — 7 )V EE
VAT L DEBEMKABHNRAT—av] (WEHRT—r3av) &, FEREOZENLGENEZBEME LT
BY, MEBEHDIEN, N ROT#Y, ETFTHAS, CTD CBKOELRGEE - K& - FE) V¥ P B
RERRFFOLZEREOE VY EBH L TV, ABHRT—aviE, 1999F 7R ISEBEYSY — 7L OHhigkE
BICLW—ERAUEEFEILEL, TOK2000FICEHRFINTWS.

BRICRBEINNA ROT7+ VDESKE, BEF—7ILERBLNBELRICEVWTTZFOJESE LTHD
Th, BRELDHS1999F7ADELFTOHRBIZ, Ry LIA—FICRBFINDEEHICT7FATT—4L
-4 ICEHKRHEIN TV, LHALAEDDS, TNETYUXT —YIIEARNICESE - #BifshTui

Dofe. N ROT7#iE, WEBEICHEITREEZIZLS, KhAaEHRT 252ES42RETEIENTRETH
3. B#(2017)TlE, ETFAATICLDBEARDE, ETAT—TOFEII v 7ICHHFI N/ RO
7 VESHS, FEFERAHMERORBRICHEIBOERZTLHESNZIESTYEIA N/ 1 XWRES
ERELTWS., ESFTAASICEDBRII[RMICEFEINTWSELD, ETATHASICEL DR ROEN
&, BHEIRELEZIBD—EIESNTWS. ZDLeD, KBEED/NA ROT+ VT —49 DEITILERVE
BROMIPFICELET 5AREMENDH S.

N RO7 # VESOIERICIE, TEACE Aty hF—4% L 3—% XR-5000WBAEA SNz, HZLI—%
&, 14F vy XIVOF7FOJEBANA VYT —R%&HFL, VHSET AT — TRk E L TRKEBEZRA
A TREHET 2. BEEAOWBEELBICTHEBEICT—720NT 570, £2F v XILICA—ESE AN
L, —7 (VHS 160957 —7) OETEE#.20.6cm/s& L, T—7DIEABETRIIFHF ¥ XILIC, ¥H
BETEIXERTF v+ XIVDOESEIEREHETIREICLY, HEBREOERSZHFAETRE LTW., ET—7
IEHB00ARIC KRR, BZIINYTRESNTHY, RY Y DOFEFTIC L YW BCD(Binary-coded decimal)&RIED
B - BRIBEEBAEBINZ I EICMA, BEREERH30DICIKZENETN2EE 1EORER /L ZAHEIE
SICHFMNICEESINTWE., BEFRIIYFZLI—FICESNSED, I LUBNICEERTER>TS

Y, SEIRPEFKICERLTW L I—492AWVWTT—7428B4% L, HAES%E) Z7PCML I—%
(OLYMPUS LS-100) (CIR$% L7=. B&ER, 7—JETRELZIERFEEL0.6cm/s&T5&, T—TEMT
DELEVREREHEEIND /A XDKEV. BEWXREZERL T, 7—TETEEZIURFDO8E5D4.76
cm/s& LizE T3, B/ 14 XDERNESN. b, YKL I—YDEHRTIK, T—TEITEEO0.6
cm/sBEDUNER AT RE R B 15130.977 kHZUU T & 2> TW3A. B11E, 1997F3H3H23:09ICHKE LR ¥
ERAHMEMS.5)AER L/ EEAITHS.

5%, IEXBEEED TV FETHDD, YFHLI—FDEENELL, ETFIPFRRETHD I &I

Z, BRAVT VP ZORIOERDBEFOMELREL, RBICE@MLTWS. FHATELTEACE
T—% L 3—% XR-5000WBIZ DWW T DEBRAHNIESMOBTEITZ EFEVWTH .

SE X
EH, 2017FHEFEMFAZERTRE, S11-01, 2017.
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Off Hatsushima—1 Hydrophone 1997,/03/03
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Channel ID number expansion in WIN format

*Kenji Uehira', Shigeki Nakagawa®, Hiroshi Tsuruoka®, Taku Urabe®

1. National Research Institute for Earth Science and Disaster Resilience, 2. Earthquake Research Institute, The
University of Tokyo, 3. Telemetra

WINY 254 (MER - 3R, 199274:E) IFHED 7 t —XORBIPERRESORENT, K2 - SRT - BER
BRI RS OB DT — 9 RBICEL FEHONTWEEF v Y RILOMERET -9 EZRMYEKS -HD
WIBY 27 LT, UNIXETEMEST 2707 S L8THD. WINVRTATIEWINT #—< v b &EMEENS
T—=H 7A=Y PEERZELTWVWS. WINZ#—< v MIBEWTTFT—YDRBETI6EY NROF ¥V RILES
(channel ID) IC& > THT>THY, H’KA65536F ¥V RILETIRD T EIHES.

NER (F—4 @7 —2o>avy, 2013) TERMNH>72EY, JDXnetTHEL TLWBDIX10000F ¥ >~ %
IWETHY, 85BRBEIFEVTVEY, ZLARBVRETHY XERTOY ZIFE>TWRL., —AT, B
EXBETODA 754 VERTEONLERNT —49 2IDXnetDFBT — 49 EBE L THIT 2T Y, EHI%
Acor—9H#HE, SREHMEFUAOHBES - AL - BEFOSEBHAUT —92RA— X7 LTRY R
IMENMBZITHY, FyURILEEOHEBINERER>TWE., 22T, Fy VRILBSOMEE=IRITO
16y RERALBLI2EY NRABINT S Z &ICLE.

WINZ # =< v MIBAIR TOINEED S, mEREHE NRRICETRALASFEASIATVWS., Fv Y RIVEH
DILRICHI=>TEFLWI =< v MR BER D, ERFFOESIEDERMEY, CThETIEINTEE
BET—4YEDHBERMEEZDE, XY NT—IEX T 7MY RTALETHIBE 7 + —< v MHSEIER
BETHDIEDEFLW., FAYVIMNIDITIIDOWTEAE 74—y MEBELAREZRZADIENEEL
W, 22T, BITOWINZ #—< v MRS B2 & & LT,

WINTZ #—<v MZT1ROT Oy I PEREBAICA>TWS (FEER) . E£FEIC6/N1 MROBEZIERL H
Y, ZTORICEHOF vy T7Oy IDREL->TWS, EF v o370y 7 DEEICIFANS MRD
Fr o RIAYIDBDOVWTEY (HFREOFEE/NY FI) , TZORBICT—YIDEREI L. Fr oI
ANy S22 RROF v~ XILES (channel ID) "&FEN 3 (HPEH¥E) . WIT7+—< v hT

&, Fv¥ Y RILES (channel ID) & L TOx0000H 50xFFFFE TODIEAENS Z EHHES. OXFFXXD

F v XIIESIEF3I2EY MEEAELTFHEINTWEDY, ThiaflAT32 & & L. BB, K£ENA MY
OXFFCH 7= BIER 7+ —< v N THB Z & %KL, BICHEL 2,34 M BHOx00DEF (B FEEF#)IE, Bl it
{32y b (ATFEKFR) PFELF v+ RILES (channel ID) 2 RTEEERLE. &H, Frox
Ny S DFEE2/NA N HOXFFOT1 ~OXFFFFDIBSIFIRIERESZTH Y, BROMERAE TR &IC L.

Lk, SEHERLIF v RIVESORIVIRY FZ2EEHD L,

1. 0x0000~O0xFEFF (0x0000 0000~0x0000 FEFF)IZFIBEL LD T #—< v N THERREEKZ F v x
. =L, EREF16Ey MRTHERK.

2. OxFFOOLARE (0xO0000 FFOO~OXFFFF FFFF)IZHER 7 # —< v R TDHKRIKWTE B F v R,

ERB. BB, FrrrIAYSICIE, 4096HZUL EDT—9 A5 /ABdEH YT VI L—NEDODN—Va Y
EHDH, FyYRILBEOIRICDOWTIE ETHRARI=AETHIGEEETH 5.

BE, FvrrILBES32E Y MEEIEICDWTIE, WINVATFLADERS A TS YORIGNZET L, IE
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R, @20V 7T zT7DORIGEEDHTWS. §%, EERBERPCPIERROT A MRIED T CTRIEZ1TD.

YR F v > RIVIDOWIN I A —<w b (rawfzzt)

Time stamp 1st channel 2nd channel n-th channel
One-second block &5 (BCD) -~ -~ —
___-—""CH ID: OXABCD
"2 | sampling 1st diff. o (st-1)-th diff. or
) CEE @ | 1st Sample (4B) Ind Sample er-th Sample
TR Z07 T35 | cp (1 - 4005HD) Data size Data size
Charnel header (4B) Data block (var.)
CH ID: 0x12345678
| Sampling Ist &fF. or (1) th diff. or
F LRI T Chaonl D (5B) o5 | rate (15B) Lst Sample (4B) 2nd Sample sr-th Sample
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Seismological Society of Japan HAMEZR2020FEMRERE

Room B | Regular session | S19. Seismology, general contribution

[ST9]AM-1
chairperson:Satoko Murotani(National Museum of Nature and Science)
Sat. Oct 31, 2020 9:45 AM - 10:00 AM ROOM B

[S19-01] A database of digitized seismic records and seismogram image copies for
major historical earthquakes in Japan
OSatoko Murotani’, Kenji Satake?, Hiroshi Tsuruoka?, Hiroe Miyakez, Toshiaki Sato®, Tetsuo
Hashimoto®, Hiroo Kanamori® (1.National Museum of Nature and Science, 2.Earthquake
Research Institute, the University of Tokyo, 3.0hsaki Research Institute, Inc., 4.National Research
Institute for Earth Science and Disaster Resilience, 5.Seismological Laboratory, California
Institute of Technology)
9:45 AM - 10:00 AM

©Seismological Society of Japan



S19-01 AAMESA22020EEHEAS

A database of digitized seismic records and seismogram image copies
for major historical earthquakes in Japan

*Satoko Murotani’, Kenji Satake?, Hiroshi Tsuruoka?, Hiroe Miyakez, Toshiaki Sato®, Tetsuo
Hashimoto4, Hiroo Kanamori®

1. National Museum of Nature and Science, 2. Earthquake Research Institute, the University of Tokyo, 3. Ohsaki
Research Institute, Inc., 4. National Research Institute for Earth Science and Disaster Resilience, 5. Seismological
Laboratory, California Institute of Technology

BAOEICIEBARI1B0FELU LICSEZ MEET - REEICL2HME - ZRENOELIH Y, BAREHEIFES
NTW3., SIRFPREEBELREDERBREIZBAICL > TEBINTEAME - BREFICETZ 7058
gxiE, FIERY A R PERODT—IR— & LTAKRSN, #HEA/FALPTIVLIBREINTETVWS

(Furumura et al., 2020, SRL; Matsu’ ura et al., 2020, SRL; Satake et al., 2020, SRL) . LD LZFD—FA
T, AR TEONAET TOVREEBELLL, NENABITICMA D 279 T—9 T 2EHICIEH
BY OREREEFNDIVETH D7D, BEEHEI/BELLINZT—IR—2EBHTHRV (BRI, H
B EE R ERCEMBAR Y 9 —IC & 2 [RRT1EREFEHZFORELCLT -9 LR R T L] BH D) . &
F, WEOBTFEOEELPEEROSHEIENES, REBEZFOHLVWANREELNTEY, EERE
ST EAVTCREOHEEMEICOWTERN T2 &ICLY, HEPEREOREA D= XLPREKIC
WY BHEBHAREENEAHINZE I EDNPRFINDE. 22T, 19208 ~1940FRDOELHICEERE
EHE - BE (BIAIE, 1923FERMENC1944FEREE, 1946F/mEHE) ICEAT 2EHOERE - HE
EETV, MERENMBIINZIAMEBICHT BK - BEREAO—BIERD LD EMT—IRXN—ADIEE
EEDTWBEIEHTHS.

IDT—IR—RASMEBELPHRARGBRETRRTEELIICLTSHY, THEARY KIRIED KR O M E
ZiEL, MESTOHMELHETRET 2. KRMBDIHFE, PRIARE LA MANRAT DS IC IXHEST DR
BN—HICEINTWVWBE I EAE L. LA L, RRAFMEMAMICHK 2 FTERZFAD S DEHMICITFFEIR
EMNTHELT, RFAKRREEZSRIIVENHY, HHRICI>TRHEICIESDEERLNS. WOODIF
BEDNEWDI T LD, TEZLRINETILENDHSZ. NRABHRFERZBELTSY, BUMNFEMELR
RAEMEMRATART 2 I E2EELTVWS. BHETORRIBALS —RDA IS, RAMEFH TOLRIE
MREICE>-THERTHZS. HEFSFICEVWTIE, BEOHEDERNS A —SFDOHERPP, SMTOE
EvRERBESORIEFADHA, HETE, HIBHXELEOPETIE, ARSNIERY VIERREY
DOIED, EYBEYMFICRHET 2MERACPRFE TOREHKARFICHASIND I LTSNS, F
BREBPEYEIFICEVTIE, BELSNET -9 2RHBMITDIEICEY, EMWNLANHCHERSEEZLE
EHFICRBICEFT -9 =FAT 2 ENTE, HERICEHAT Z2BTPHE DL R OF BMEEA, Y H W
ERDOND. SHICIE, BROFBCPHXABTOLHFTHLANATESTHSS.

HARIGEEWQGEARZEZENARTEL TWAHDLRVWHEKRETHY, BENICEEELHMRNRTH 2. EHRER
BT —Y9REEFROEERIIERMICERF INTEY, KT —IXR—RIEELEREHUT—9 2= BIEHN
ICIRET 2L B0, TEEEZRELART 2 ZE THROBERMEBRYT—9DONY I Ty TERDIZERELH
3. BAOHREN SHAMEFICEAVEHLENZ VDI, BATRELAARKMEERNBOMESTCREELE
BEROMBICOWTTHD. BETOR—IJEERFETHEHDT, BATEHE LBAOKMER E DR
LHELETENE, JUZSKDBAOHBEICE >TOMNEEHLEES2. YEIE1920FER~1940F K
ICHABLTRE LE-FELRERMELEROMEILZ1TO A, FERNICIE, 1950FLEDEEER B Ttk

INFERBEFKICOWTEBEE TCENREEZITWS., KTFT—9RXR—I(ZEAL TIX, Murotani et al., (2020),
Seismol. Res. Lett., doi: 10.1785/0220190287ICE W THBNL TW3.
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B AT —IR—ADERIK, ENMRFEEYEICSITZ2017TEEERTIERE, JISPSHHE
JP18HP8037, JP18H01289, R AZMEMIEALREFIA (2020-G-16) ICL > TEEINTWVWET.
L CRESEWALET.
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Seismological Society of Japan HAMEZR2020FEMRERE

Room B | Regular session | S18. Education and history of seismology

[ST18]AM-1
chairperson:Satoko Murotani(National Museum of Nature and Science)
Sat. Oct 31, 2020 10:00 AM - 10:15 AM ROOM B

[S18-01] Effectiveness in raising awareness of disaster prevention through
numerical evacuation simulations for junior high school students.
OShota Takeichi', Toshitaka Baba', Naoyuki Nakayama2 (1.Tokushima University, 2.Tsuda
Junior High School)
10:00 AM - 10:15 AM
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Effectiveness in raising awareness of disaster prevention through
numerical evacuation simulations for junior high school students.

*Shota Takeichi', Toshitaka Baba', Naoyuki Nakayama?

1. Tokushima University, 2. Tsuda Junior High School

NEPFHBICE T MU BBFRFROKXEERICHEFARTHY . W OIDERTIIHIEEREEHED
BHTEMMICITODNATWS, fIAIE, HERRETEARFERTIEBL S 5 TE2EK L. PEREDMIHD
ERTEREFEOFERZ LTV, —A. AICARRSI NS FERBEXRMOERIEZEL K. & BRIFICEL
THEXEELREERIITTHSEIEEAOND, AMATR, ZOEIBBERHDSIA V21— L TREEH
YXal—YavERREECERLTELWV, THICLZBRODEREZE > T, AWRHXEHEALHROWV
THELEZDOTHRET %,

OIS, BEE#E I 2L —2aVvOMEAHAT 5, FREH O IaL—2aVIIIILFI—VIVRE
T )LD CrowdWalk% LMz, CrowdWalkliZz— RITZEETFIL &2 AW KEBEERBIHCETIGLIZTILF
I—VzVIMETEYIaAL—9THY. REDREANREVEIZ TOREINGE CHRBEORIENTTHOI TV
%, BB S T0EESIZ. ERANMRADERICH LT, EEEH#LE: LCHNRETIB#IGREZIET
ORBOAEEERE L, (BRAIC. FRELT LERERKEFE > TREY OBEBTICHEY 2 & IXR
510, ) FAEEEH &I, RESHPBELERLABE Y I L —Y 3V ETIVG, I—Y oy NOB#RK%E
BREL., YIalb—YaviaTok, TORR. TERERTHECORME (5% PRET DAREIRE
INhi, BT TREIE21120TH o7, Tz, BICKRTY OBBIGAICRERIR CTRET 21580
Tal—YaviEREL. ZOHEIE. B TEREIISS2W TH o7z, BES I 2L —Ya VETILOERK
RS, YIal—YavERETET, 8LZF2hBhh o7k, TOHBICEWTIZ, X —ILETHRE
BT B TR, B S TOEENICKEEM L T, EEEFEIT L,

£ESIC, SEHOEFEFCODWTCET Y VIREAT >, YIal—YavERWIET, BEHEICEMED,
ERIBIGIADPOMN 2 EPREDA XA =V DHDP T B EREDAELNH >/, INBLHE, EiEk
BICEST, WL IaAL—2avOERIIMHIEEHNCEMERFTEEZEZ D LTEMGY —ILERD RN
NHdZENDh o7, —A. SEFIEL=CrowdWalkiZEFAM ALY —IL T, SRBAZEHEHRBERITICEHINT
WBDIFTTIERWEZD, YIalb—Y a3 VOERBIEBEYEOYR— M REL >/, LHAL. BEREZDOH0DE
ANEEDFEEIE—KICEN o7, Thid, BERY—ILEFEDS Z&ICHVWI BH 5B, BEKEALIEVHL D
EEZD,
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Room B | Regular session | SO3. Crustal deformation, GNSS, and gravity

[SO3]AM-2

chairperson:Kosuke Heki(Dept. Earth Planet. Sci., Hokkaido University), chairperson:Yuta Mitsui(Faculty of
Science, Shizuoka University)

Sat. Oct 31, 2020 10:30 AM - 12:00 PM ROOM B

[SO03-01] Interseismic plate coupling on the Main Himalayan Thrust in Nepal
estimated from GNSS displacement rate field
OTakao Tabei1, Mako thonoz, Bishow R. Silwal3, Rajendra Bhandari3, Janak B. Chand3, Soma N.
Sapkota3, Hiroe Miyake*, Kazuki Koketsu® (1.Faculty of Science and Technology, Kochi
University, 2.Graduate School of Science, Hokkaido University, 3.Department of Mines and
Geology, Nepal, 4.Earthquake Research Institute, University of Tokyo)
10:30 AM - 10:45 AM

[S03-02] Continuous estimation of coseismic and early postseismic slip of the 2011
Tohoku-Oki sequence using PTS analysis
OYusuke Tanaka', Yusaku Ohta’', Shin'ichi Miyazaki® (1.Tohoku University, 2.Kyoto University)
10:45 AM - 11:00 AM

[S03-03] Estimation of coupling slip distributions in a subduction zone by a trans-
dimensional inversion approach
OFumiaki Tomita', Takeshi linuma’, Ryoichiro Agata', Takane Hori' (1.Japan Agency for Marine-
Earth Science and Technology)
11:00 AM -11:15 AM

[S03-04] Slow event between large intraslab earthquakes at the Tonga Trench
OYuta Mitsui1, Hinako Muramatsuz, Yusaku Tanaka® (1 .Faculty of Science, Shizuoka University,
2.Formerly at Faculty of Science, Shizuoka University, 3.Earthquake Research Institute, the
University of Tokyo)
11:15AM - 11:30 AM

[S03-05] Crustal deformation by a heavy rain episode
OKosuke Heki1, Syachrul Arief1, Wei Zhan® (1 .Dept. Earth Planet. Sci., Hokkaido University,
2.The First Monitoring and Application Center, China Earthquake Administration)
11:30 AM - 11:45 AM

[S03-06] Duration of Transient Deformation in Northeast Japan as Observed by
Geodetic Data from 1890 to 2010
OAngela Meneses-Gutierrez'?, Paul Segall®, Takeshi Sagiya®* (1.Institute for Advanced
Research, Nagoya University, 2.Disaster Mitigation Research Center, Nagoya University,
3.Stanford University, 4.Graduate School of Environmental Studies, Nagoya University)
11:45 AM - 12:00 PM
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Interseismic plate coupling on the Main Himalayan Thrust in Nepal
estimated from GNSS displacement rate field

*Takao Tabei', Mako Ohzono?, Bishow R. Silwal®, Rajendra Bhandari®, Janak B. Chand®, Soma N.
Sapkota3, Hiroe Miyake4, Kazuki Koketsu®

1. Faculty of Science and Technology, Kochi University, 2. Graduate School of Science, Hokkaido University, 3.
Department of Mines and Geology, Nepal, 4. Earthquake Research Institute, University of Tokyo

FNR—IVDOELTOREBREA Y RTL—bE21—F2 7L — FOIRERBO ERAIICHEBEL, ETFTHRE
THUMMBRMEIEENREZR THD. ETIH2015FGorkhattE (Mw 7.8) NERIBICEHT L LAY, T Dith
EOERBOAEAICIE, BEHNEFERBICHZ > THEELRMENIREL TOVARVWAKRARMEZAEAL, > TW
3. 2016FICHA S N - ERERBERN SEERZRMBATOTZ L [R—ILVEIXTVYERMEEZD
KEEBDOMREMER] BFFNERDIM)O—IRE LT, HAER/N—)LHER - FaERICEH 10 DGNSSE Rl
RAERE L. BaOBAMRIE, R/ANA—IVERICEEEROGNSSEREE®mEL AN S, MERABICSITZE
At aBiELTWS., BRRIMICIE, BREAMOT—9EE8DTRA—ILETOHMALTEELRE VT H
BESZEEHL, AMZEHNAEAIASEY S VYEEMBTOMERT Y vILFMAETO> 2 & &#BEELTYL
%.

UNAVCOREHTT — 9 AFTHREA R/S—)LEIRNDGNSSER S DMEIZ50ICE WD, BE L TEAM TSN
TWBEDIFEHITE =AW, SEIE, GIPSY/OASIS Il ver.6.4MPPP-AR%E A AW, NERDIMERRIR & 1A 7=
2004-2019FDHEAD I RTDT—4 & W B~ DEZEREZEH L, SAREOREICEL S TERARDIEHE
MEEERDR. I5IC, BEMNEES*ZEFERL, 0FH»BEHEEV:L. BRE2ENTDE, 1—5V7
KT 24 RTL—hDILEERIEL T, X/AN—)LERNTIEEILAREDI0-15 mm/yrOEREEFR N S d
3. O HREICHBREL THO.1 ppm/yrEid. $4bHL, 41V R-2—F 7 OHEMEEERE (36-37
mm/yr, DeMets et al., 2010) D#30-40% At ¥ T VRFIHDEHEEFICEP I TLW 5. NERDIMER A
&, EICM Y REBIGEWI L — NERBEIOEEOBEOR LICKE<ERL TV,

GNSSEHZERFEEIZERAW, 1V K - 1—-5Y 77— NEREICB T3 hEBOBEEImAHME L. it
RkOHETIE, FFFEABEIEAAN > TIOCEREDECH RAETCHETHIZETILIAVLATE
7= (B Z IXStevens and Avouac, 2015). Fhic & B &, RN SFET20 kmBE X TIEIF—HRABUVEBZHI K
HLNTWS. —F, 20155 Gorkhatt EREDEBEMEZMERN S, B TEICRMBENOERI XV b
ERBEROEITAY MRBEICDRA >TTL— MNEREAENT 2 ETILHRIBS N TS (Hubbard et

al., 2016). SOlE, ZDHRBOETIEHFKALL. BET 2L — MEREOTFREZREI3ISkmEREL, F
I5kmT & DFERIRITA > T30-40 kmfEfRIC / — R%&5%%E L7=. TDEFNODE (McCaffrey, 2009) B\, &
J—RIZBIIDTRYREEEZHELL. 7L — MEFHEEIRE THRIEE LAEZBEERIZ, L — MEREOD
R EBWBREEZED. 45, BIEROEI XY METIREBICRVEEZSZ, RENOEI AV NETR
FREEOIGEVWEWVWEEZEETRY. SO0BERIEFHENABBITICEZ2EDTHDN, BiATL— MERERK
ERAWEREOHEREIEKECERS. TL— NEEBENFEREEROAHESINZ EONE DD, SOF
BLEETIDEBEOLEOEBEEXELLRMLAEEDHNED D, IOSRIBIEIVBETHS.
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Continuous estimation of coseismic and early postseismic slip of the
2011 Tohoku-Oki sequence using PTS analysis

*Yusuke Tanaka', Yusaku Ohta’, Shin'ichi Miyazaki?

1. Tohoku University, 2. Kyoto University

WMERES A ZIILO—EDBRICHEIMBITARYIRRIFBAEAVEERA T —ILTRET 20, TOHB—HLRE
BRO=OIISETEAERNFERNNELRARTHS. LH LAY SEHEDOGNSSRIMENTIL, TRE, SHEETRE
EORBFHETRENIAESETTS. TNIEFEICHREME, KQEBEFOMOKRIM/N AT X —9 EDHBD
REEMICK D, ZITHAEFALRBRFEE LT, GNSSIRERMBELZENLCBERBEINY AHET 2FE (M
[EPTS (Phase To Slip)) # AW LHEMB I RY E=4 Y VI EMORERICER Y HA TWS, PTSTILEZH#H
EETHT, WERMBEZTLES) —VEREBRAANDOEAENEREN L TEEMBTRYICKEU DI
5. ZL T, IBTRY ERF[EEZFDORBNIA—4D, DHEZLISDERNELE—FETHETS. 0D
28, KENRTA—9DNBREEDTMENBICEFTHDEEZONS.

AR TIEETIHBEE T RYHEEFERE L TOPTSOMEEMAZ BN E LT, AFEICL22011FRIA
KEEHMEOHMERT Y - MHARKMTANY OBEGHRHEEEH A7, HETIIERBEADEIDGEONETAD
WX 1T —4&FERAL, SATTEHD14EA 51685 (JST, AEREIZ1485469) D285 ICD WTHEFTL
7. TOWER, AEERBPTRELAEERREICDOWVWT, BEDRIMEBHRABRWEAHEE LS —HT BTN
WRHPIITZFa—RKHHESINE. BONAEIRYDHELSHEINZIMREMBICOWVTS, BIHIICE
IHMEERIFIC—BTZEE R >/, ILICEFHTRELEKREDITRYEREINEZ., ThS5DERL
5, EEEICERLTRETIHMERIRYAEPTSTREL THETESZENREINE

—ATARROBEFTICEET 2L, HESNAMBINYERIICIE EERO3DDMBER$RY & (E5]

12, oY LB R DBMARSh . BNERdDREICEARTRES IR >LBHICHET S
BEF Y DRWVIDNTETHY, EFHOXBETORRMEICEBDIANYEMMEES N, IN5DTAR
VIEZNENERZ2HEREZTRL, AERDO3IIPETRAROEMDIRY M #HES N, TALLEHDE
ETTIIM, 7.60 % & o7, Zh5EMitsui and Heki (2013) EDEITHRE LR THALMIAER/METH
20, PHORMINY ZRZAEDTHDEEZILND.

LUEDRERN DS, PTSZAWHERASMBROTNY OFHGHLHEDOATEEN RSN, HRTIE
PTSOREBCHERROFMEMAL, TNODZYUMICOWVWTHERT 2.
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Estimation of coupling slip distributions in a subduction zone by a
trans-dimensional inversion approach

*Fumiaki Tomita', Takeshi linuma’, Ryoichiro Agata1, Takane Hori'

1. Japan Agency for Marine-Earth Science and Technology

R EHERB T — Y EFAVEZMBETARY DHEOHEICIE, —RBICTRY OEBERGEBLARN_FTEZD
Thh, ZOEEWERABTEZINANR=—NRSX—95MBICPLA—TEOREEICLYRETS. LHL, BD
BEALRAREE GEAMRE) 28R LARNZFEZITOIHE, ABICHEMMICELLFETEZAWVWI &
P, BOBERERASGOIEAVALICHBETERVAEDBERICRBT 278, JILA7EEEYTHILO
(MCMC) EDFERANE FN S [Fukuda & Johnson, 2008]. EIZ, REDFETIEITARNY DFBIERMEE L
T, BT ZEET—HRABHRFEEFEIBAENIFEAETHY, HBIARYDENY DIFE—FRMEICHIETETW
BV, e, BASASTOEBNAHEEDEVEICLY, MIBIARYDETIVERENEBEMICKECER
U, 4 NRN=UaViEROEHIS LE - BRI LW [Kimuraetal,, 2019] & W RBBENEITF SN S.

LEROREDRRRDI-D, Fxld, Reversible-jump MCMCi% [Green, 1995] IZ & 5 Trans-dimensional
inversion (TDI) FEDRFICEYHA TWS [e.g., Tomita et al., 2020, JpGU-AGU]. AFETIX, Bodin &
Sambridge [2009] & El#kIZVoronoi cell ZRESEIC L WEBEARXEIY, celBEOXRM/INTA—% (FRY)
2) ccellBARDE (RE/IFA—4%) #RAFICIERT S. ZhickY, BAT—9hokDE 2 EHEAEER
ELITRNYDHEROEBRT—IVICELELZZEPEN BRI, RIMRORMNIA—SHTHEIANY S
mHAKDOENDEEEIC, F—HRAMBIRYDENYDKRIRETREE RS, £, KAFEXIIMCMCEDO—FE
THdD, BOEENLHREHEBRT I EPROERBELSGTDIEAVAMERIETZIEEHEARTH
%. Tomita etal. [2020, JoGU-AGU] TlE, ZDTDLEEAEAIMT —4 2B WA I B TOERMER TR
WOWEISERL, E—HRABEBIRY DENY PROEEZERIHDIEAVAMORENTETHZ I &%
LD,

AR TIE, LRDOTDERAEREAAAH TOEELHDHEICER L. BEOGOHE TIREARMERITA
YELBLTEAT—YDSNEDNNS LK BRUDNETH B0, £ LEEFHETCOTDIEDOEE) % HRT 5
EEHIT, WRDABICICE Y TRY DEBEIR%E R#EL L-&x/N_%FE (ABIC-LSM) ICEDKHERBRE
DOLLBEMNS, BEXPHOHEICTDEENEL TOWENEINERIELZ. ZOLIAFEDERAUEHRT S
7=, SyntheticT—4% ZRAWVWTRE LZBEBEX2HMOBRES VDRI %{T > 7. SyntheticT—4% 1%, HE¥
MR M E [Okada, 1992] #IREL7=/NY 2R ) w I T 2B & LTKDHE, hIFAAETL— MNER
Wi % L /BRI A 15 - 18300 km - RE500 kmDiEFBIE A RE L, 20 km x20 kmD/N¥fE % ELE L
f=. 12®, TDEETI, Z D/ % Voronoicelllc & WZERBEMICTIL—T D35 ETRIMNRS A -9 8%
AT B EICAD. BASRERBE, BEHN 5200 kmDIEE# A EERE LT, D1508E LEAIS+ 258K
B, O150BELEBmDH, D2NIY—VERAEL, BELPHOEEE ZTNENITo>7%. SyntheticT—%
IZ, HEDOELSHREEZ/ Y FEBBEIAD T3 DUNALEMAEEL T OHEINAMREEAMICT L
T, EEHRRICA S HBRREAEZ 22 THER LK. TDEEDRTICH > TIE, #ERELE L T20E
MDVoronoi cellzfREL, TN EDIHEIIEROZN_FEICLDEERBREZTICKRET 52 & T,
NRERDDIAREE >, Tz, VHHEOHEEZRR LGEREEZERYT 2720, BEEOLEIEFEEZITL
(S EIZ2000FIEETEIE) , B TIX106H Y TILDT Vv H Y TV W HEET o 7-.

ABIC-LSMIC & 5EER R OMERRIL, EE5DRURDPTTCERELLLEEDHLY EBLILDTER
L. 2hid, RARSmOMI PERT —49 OSNEEDEE NS, +9AZEBRRENIFONT, EMWFEEL
HRAVBENLHBRTH2EEZIOND. —AT, TDUEICK 2HERRIE, ABIC-LSMODFERICLENT, £4k
BICEVRELEEEZEDHBISGEVELSHSDAH/MNELNL. RIS, BAURIHEIETETIVREEI GV E
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ZZON2BEOREOLHININLCERIN, HICETVREENMEVWEEZ ONDEETYPYRE LZEES
GLUEBOIRDAEIPHESINL., CTNIFERRSTOHEEICL 2 EBBREICEHLE T, Voronoi celld
LAY (EBEEAWV) NAEINLLHEEZIONDS. 25 LB, ZREMIC—KRAEBLREE2EL
BRWIDLBEICL 2FIRTHDEEZAOND. iz, BARIHEIERBEEHTIE, BOBEERSMHIEAVR
HICRBERANTONDRE, MCMCEICK 2HEDHREHRT DI ENTEL. IOV 2FHICE
Y, TDEETIBRT —YDREDETINSA—IADREALVED LB TR THZEEZONS.

RRTIE, &YFFMASyntheticT — 49 ODEBITERDIREEITD. T, SBRBBISTITOERT—FY2AVE
fRMEEEL, TOBREBEIATRETIRAATHS.
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Slow event between large intraslab earthquakes at the Tonga Trench

*Yuta Mitsui', Hinako Muramatsu?, Yusaku Tanaka®

1. Faculty of Science, Shizuoka University, 2. Formerly at Faculty of Science, Shizuoka University, 3. Earthquake
Research Institute, the University of Tokyo

AR TIE, HRTREFRMENFHNR N Y ABELAAATICE TS, HREE S MEREIFET
%, T—% & LTI, GNSSZEfIFERTI(Blewitt et al.,, 2018) & ANSSHEH S OV EH WS, MV HD
GNSST—#ICIE. 2006F5H3RISEBEEETRELIEME.ON AT TAMEIC L Z2EREN & KRMEHH
BAREICERSHR SN T WS, ZD7HD. ThLURIDT— 92 EEZEERELTT MLV RETV., FEREEOD
WEATo, INELET 270, HEAY OT D SEIAHTDRIB~FEICHIT TOERMMETER
(ETAS model; Ogata, 1988)A 1E T & ICHEL. ZOBEEELEZES K,

HBald, NVADKNYASYTE - T7 77 VEDGNSSERISICEWT, 2009F9829H ICHBEKkmIL DY E
THEEHTRELEMSIDR S THHMEERD) SIERZE(~BcmPRELTVWEIEERKRELE, 2D
FEELTELBEEAAEAWVTS Y., 2009FH ET7HEDRWEE(Hanet al, 2019)ZDEDEWVDI &LV
I, BIFEDOMIILAZRO—A RV MH2009FHETHEICL > THEHRINLEEZILOND, TODARV B

&, TL—MNBEROHBWBIARY(RO—RYy TARY NELTERIRTESD, 2006 ER S THEDR
DEHHPBMELIZEVWIRAETRETH D, ZOFEEEHIHEMRFEL. 2013F5H23BD R T TRHE
(M7.4)DFEERFHICIIINERE L TWe, —A., HWEFEIORTMNSIE. 2009FEH ETHEN52013FDRZ T
R EDBERICH T T, BB OBEE Y £ FZ400kmLEOE SHEEFBRIKRTRETLTWEZ EAD
N7,

UEDZ EDDE~IE, 2009FEHEFHEMS. )N S52013FR S THHEM7.4)ICHF T, by HBELH
ABFDDRCEEHE—ET, XHHOSFERBICETHELASZD"AO0—ARYMNDPRERELTWEZEERD, £
DREEIF, TL—PFERTORO—ZAN vy TARY NPT L — MNEFAHFD—EHIERE, thOBRATRE
SINTELERREFEOEDTHEME LNBVD, EAHAAAFICHEITEHRVHE S ROMEDREEEICDOW
TEHERANRES5ZA%EDTHS,
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Crustal deformation by a heavy rain episode

*Kosuke Heki', Syachrul Arief', Wei Zhan?

1. Dept. Earth Planet. Sci., Hokkaido University, 2. The First Monitoring and Application Center, China Earthquake
Administration

WMRICEMMNATEIIEFRMIKOEEZER Z2E7-5F, <DV ONDBEBFIITEERICMA. KK
B, BEWE. FHIVEBERTE. Y LDREKEDN, EEREEMES AT AL(GNSS)TLIELIEFH 5N % FEM
MBREEDOERE L TEREIN. GRACEFEICL 2ENFHEILE B EEMICRBIFLNTWS, KFRT
I$2019F10/12ICEKRIE X B > /- S TTEARE 195 (Hagibis, Category 5) #EICER Y EiFf, AL ES
LB RBREKEEICK 2EGRBIROER 2EBHRT D, MEIET XY RABEMREHCMA, L—¥—2HAVEZE
BOMREEDBITREA A L7z, GEONETAIMI T — 4 IFE LB DFSE A2 AW, 2ENLRALNERD
EEZHAVWTERRZL15HEOHRELN S DREZHR/NIT 5 & D GHelmertZE#N\S A —4 (FT#H

gy, [O#x. AR) #BEA#HELL, ThOHDERAZGEONETRMEICHE L. SAMIASEICHERRHRE X U
PRV, ZORRERADERICH PR, BEERY. EFAFBALETI-2cmDLENER LER ICHER
SNtz, FREBEBHICIFIFIFEEL. MAKMEEISHRET 2BEHRNT-2BTHZ Z DDA S, RIC
Farrell (1972)DRE YY) — VB8 (BIERIZ30 GPas L) ZFHWTGNSSEDEEE ANT—F &L

T. BKEESHZR/N_FETHELL, AROERIEICERT 280FEIHBOEEEZSLO5TH,. %
NORTATAKESTDT—9DSEBELZAFHRELAVWTHIE L, BEHagibish 675 L2 RMRER
DOREREIL. BTNEZRE[EMICES T2 EHM336tE s, —A, R ETEENSHEINLFTER
TNEEZNICEZAD40GHIEEE RS, REDHEIZ. BMRENS—HORHIEZELEIWZEDIZARSIE
TTHY., MELBAZWENEETZILEFEZAONAL, ZOFEDORERICIE, (1) GNSSEM LT i
B O S ADOBIEEABHAICEL. (2) GNSSEAMMICEIRMICEES N TW S OMKI’BHRICEH
L. gk ) REAEEAE/Z5 SNz, OZONEZ 651D, GNSSEDES%. GNSSEEHLE
$25—3020 kmDEAFDOFDEY T EE(ETOPOTETILASEE)ELERD &, GNSSEDOANEY L TH
BmEWVWZ Ebhh o7z, o TEAMETIHQ)NERREEZTWS, RRTIES SICAR155(Faxai,
Category 4)%°. BRAMRMFAIED LD ICELSITHEAADEMICOVWTE, AKGBR ETEHEBTRES
&y %,

Figure: (left) Average time series of 7 GNSS stations around 2019 Oct. 12 from each of the 5 regions,
Ise-Shima, Izu, Eastern Nagano, Eastern Fukushima, and Iwate-Aomori, along the path of the typhoon
Hagibis (#19 in 2019). We can see significant subsidence on the day of the landfall and recovery on the
next day. (right) Subsidence of GNSS stations on 2019 Oct. 12 relative to their median position of the
period shown in the left figure. Spatially smoothed with the averaging radius of 20 km. We used the GSI F5
solutions and removed common mode errors by performing daily Helmert transformation to adjust the
daily positions to the median positions.
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Duration of Transient Deformation in Northeast Japan as Observed by
Geodetic Data from 1890 to 2010

*Angela Meneses-Gutierrez'?, Paul Segall®, Takeshi Sagiya®*

1. Institute for Advanced Research, Nagoya University, 2. Disaster Mitigation Research Center, Nagoya University, 3.
Stanford University, 4. Graduate School of Environmental Studies, Nagoya University

Crustal deformation has been transformed in the past decades by the availability of continuous GPS data.
Time series analysis of GPS data often assumes strain accumulation at a steady rate. In the case of NE
Japan, analysis of horizontal GPS data from 1996-2010 revealed a decrease in trench perpendicular
strain-rate in the decade prior to the 2011 Tohoku-oki earthquake (Mavrommatis et al., 2014). However,
the limited duration of the observations makes it difficult to assess how these transients relate to the full
interseismic period. Importantly, we do not know whether the strain-rate at the beginning of the GPS era
(1996-1998) is typical of the preceding decades or not. It could be that strain-rate during this period was
anomalously high.

Conventional geodetic data (triangulation and trilateration) are available in Japan since the end of the
19th century. The data consist of two first-order triangulation surveys (1883-1901; 1946-1972) and two
trilateration campaigns in the latter half of the 20th century (1973-1985; 1977-1994), including
second-order surveys. Examination of historical data in combination with GPS data can provide a way to
evaluate the velocity and strain distributions in the last 100 years and elucidate whether the acceleration
observed prior to the 2011 Tohoku-oki earthquake represents a short-term transient deformation or not.
Thus, we analyze horizontal deformation in NE Japan utilizing all the geodetic sets available.

We estimate horizontal displacement fields in NE Japan for the conventional geodetic data using the
method developed by Yu and Segall (1996). In this, a denuisancing procedure is performed so that the
dependency of the data on station coordinates is projected out of the system of equations and the
horizontal displacement fields can be estimated directly. We solve for the inner coordinate or minimum
norm estimate, representing the essential displacement after removing rigid motion and scale factor (in
the case of triangulation) which fall in the null space of the observations. These results are transformed
into average velocities by assuming steady deformation over the survey period and average shear strain
rates are calculated for the region. The null space inherent in trilateration and triangulation data is
constrained by GPS velocities in either the early GPS period or the period prior to the 2011 Tohoku-oki
earthquake.

We found that the maximum shear strain rate in South-Central Tohoku from 1884-1984 was not higher
than those observed during the GPS era. Thus, suggesting that the transient deformation described by
Mavrommatis et al. (2014) did not begin prior to 1996. Furthermore, the maximum shear strain rates from
conventional geodetic data are consistent with those prior to the 2011 Tohoku-oki earthquake, while the
shear strain rate in the early stage of the GPS data may represent an anomalously high strain rate from the
average interseismic situation, having geophysical implications related to precursory phenomena of the
giant earthquake.
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Limitation of the interplate coupling estimation at Kuril Trench around
Nemuro-oki, eastern Hokkaido, Japan deduced from GEONET, and the
possible contribution of newly constructed GNSS-A sites

*Hiroki Aota', Mako Ohzono'?, Hiroaki Takahashi', Yusaku Ohta®

1. Graduate School of Science, Hokkaido University, 2. Earthquake Research Institute, The University of Tokyo, 3.
Graduate School of Science, Tohoku University

FEBEAWVICH ZIEEREHIL, BEHOGNSST — 9 BTN L RKERTARY RIBRELAIHESINTS
Y (21X, Hashimoto et al., 2009), XD 7L — MERBKMEANKE T Z2HREEIBWGATE L TEESM
TWBETH B, Fiz, TOHMBORROERE,SIE, 17HZBICHEDN SBRDICHAZLREETHBEKX
MEAREL, 201 TERIMARTERIMEDL S ICT L — MNERXRTOMBN I Ro - AREENRE I N
TW23(loki and Tanioka, 2016). Z®D7=&®, ZDLIWBEBEEK DT L — MERXEOEBREEZHET S
s, BIYWDSMEOHRBEAFRTE-OICEEETHSN, HBEISBENESOER DA S DHEICIE
[RANHSD. D=, 2019F7HICILBEKRE - RILKZE - RAMEMOHBEMRICLY, READBEEKIC
3RDOGNSS-AERBImMNRESN, 1OHOHAROEZEHE,SERSNA (KA -, 2019HE2

£) . 2020F10AIC2OIEDIBENFEINTS Y, IERICTIHESERICRUOMBRESRENTOND &
HfFSn 3.

INICHEIEAMRTIE, FEHOCGNSSEAIRICL 2EELHDMRHERAERANDZ & EEIC, FEInik
GNSS-AZR Bl =AY, FEHOGNSSEA R TCIERE TCEAVWHBOBESSAMEICEDL S ICEIL D 201 EE
EMICHRETT 5. FTIXEHOCNSSERAIRD, BEFEPHDEWVCE >TEDREZILT 20052, K
MRTIE, SYRENLTL—MURERET 270, 7OV IHBETILO1DTHS
TDEFNODE(McCaffrey, 2009) % FHWTE& =D / — Rillwasaki et al. (2015)D 7L — " EREE X T, HiTHE
BT 47— REtEISHEEAIT o>, 7Oy 70NN ABKEEEIE L — MEEIETIL
GSRMv2(Kreemer et al., 2014) TEZEL, 70v VERELIMBICKRARBY RIBEDHES A, FERHEE
MR A RTE L 7=Okada (1992)IC & » TEETDELIYG, FEIHGERDT .

HTMREISEBFDTREZ60 kmEREL TENLUROEEZE%Z 1 & LD, BEHOBASRNOZRWVES
0-10 km, 0-20 km®D 7L — MEREDEEFE%0.5%0.0D LD ICELI BB EE, FES0-60 kmIZHEWT
TINAY ) VI LBEDEEEELERT 5 &, BI0-10kmDEEZEREZ(L S THEEDGNSSE B =
DREEBZBICKERELIFELCHAVZ EDDA 7. FRI0-20kmICDWVWTIE, BFEFRZ0LICELIETERS
0-10kmDIFE L ARICKEZREIERA 72D, BEEX%E0.0& LIFEIFREROGNSSERI A THRA
1.5em/yiF EDENELK. BEEKDOTL — MNERXMOBEBRELZZ(L I ETHEROBAPEDO AL S
EZDVTFHIVDBRBEDMMETT B EDHEINTWLWS K S IZ(Yokota et al.,, 2016), AATRICHEWVWTHEKF
ISREIT10kME W EXRVWE ZAICDVWTIIBEFEDADERETIIEBR R AHET 2 ENEL W & 2R
L7z. —AT, AROZELLESEZTTL — MEFRXEISEVLGNSS-ABR SO FRIEE RS &, F=0-10
kmDFEIE T, 0.5FREDEEZERDODEI TGS, ZTNICHIGL TKERD TIE3cm/yehE, ETFHRSD Tl
KO.8cm/yRREDEWHNEL 2. BRMBREZEOHUBE L, MOMIBOEITHERLEHD SKERD T
2-3cm/yBREEEZOLNTWVWEYD, COREZZEL CHHIARAIOEEXRZRHATEEEAONS. £
TROICDWTIHE, KESRDLYEHERENKRECABZEH, BEROMIAWVEWVIDOWTIIERIEL VLD
LhAans, SEOBYIRLERICKZBERLICEY, KERDDEREYR— NI 2BERIB LN D THE
MHHB. BE, TL—MERICA>DT—RABEEZESHE2SATHINAFELZT>TWEY, 51, 171
B DBEAME (loki and Tanioka., 2016)ICH 135 7L — MNERKXBOBEBELS T AR EL CHET ALY, &
TABICEERT ZEEDHICT L TONNS-ABBSNED L S REEAFONMRETL, TL— MERXRED
BEE DM ZDREBICDOVWTHRETZ1TD.
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A decade of GNSS/Acoustic measurements on the back-arc spreading
in the southwestern end of the Okinawa Trough

*Ryoya lkuta’, Horng-Yue Chen?, Kiyomichi Takemoto®, Takeru Kohmi', Masataka Ando’

1. Shizuoka Univ., 2. Academia Sinica, 3. Nagoya Univ.

The sustained seafloor geodetic measurement is crucial, even yet sparse in time and space, to constrain
the undersea crustal deformation near the plate boundaries versus time. We present an integrated
analysis of a decade of GNSS/Acoustic data collected at the site 60 km to the east of the northeast coast
of Taiwan near the opening axis of the Okinawa trough back-arc basin. As a result, we obtained the
horizontal and vertical positioning time series of the benchmark by the eighteen measurements from
2009 to 2019. The positioning time series of the benchmark shows a southeastward movement at a rate
of 44+3 mm/yr, with respect to the Yangtze plate, following the potential offset in 2012. The horizontal
motion can be explained by the clockwise block rotation of the Yonaguni block united with the northern
part of the Central Range. In addition, the vertical displacement of the transponder array shows the rapid
subsidence of 207 mm/yr from 2012 to 2019. The fast subsidence rate and the negative free-air gravity
anomaly in this region indicate that the crustal thinning is compensated mainly by the surface
deformation instead of the upward migration of the Moho. Considering the offset in 2012 due to the
change of transponder array, the horizontal positioning time series of our site is best explained by two
linear lines with a slope change in August 2013. The timing of the velocity change roughly coincides with
the change of the periphery seismicity rate and the dike intrusion 150 km away from the site. The results
show the potential of our seafloor geodesy site in accessing the temporal variation in the deformation rate
near the spreading center of the Okinawa Trough, which is not accessible by on-land GNSS stations.

Time series of the OILN benchmark position relative to the stable part of Yangtze plate. (a) Same with
Figures 3a and 3b. North-south (solid circles) and east-west (open circles) components. The coordinates
for the revived data before 2012 are shifted assuming an offset at 2012. The original north-south and
east-west coordinates are shown by black and gray crosses. Each time series is fitted by linear lines with a
break at August 7, 2013 (vertical line) which is determined by AIC which is shown by the imposed
diagram. The data for the middle eight campaigns are common with Chen et al. 2018 but solved by our
new procedure. (b) Cumulative seismicity larger than M2.0 detected within the corresponding colored
rectangular shown in Figures 6¢ and 6d. The red dashed line fits the seismicity during the period from
January 2009 to July 2013. (c) Horizontal velocity vectors and seismicity larger than M3.0 during the
period from Jan 1, 2009 to August 7, 2013. D1 and D2 show the location of dike intrusion modeled by
Nakamura & Kinjo (2018) which occurred in the end of 2002 and April 2013, respectively. (d) Horizontal
velocity vectors and seismicity during the period from August 8, 2013 to September 30, 2019.
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GNSS-Acoustic Observation Using the Wave Glider to Detect the
Seafloor Crustal Deformation (2)

*Takeshi linuma’, Motoyuki Kido®?, Tatsuya Fukuda', Yusaku Ohta®?, Fumiaki Tomita', Ryota
Hino*?

1. Japan Agency for Marine-Earth Science and Technology (JAMSTEC), 2. International Research Institute of Disaster
Science, Tohoku University, 3. Graduate School of Science, Tohoku University

GNSS-ZZAIPEFEAARDBEMBZZEER (LT, GNSS-AFHR) IC&>T, 7L— FNEOEZFPHERT
RNYICLBMBEE ZBETIRADIENTE, ZLOEERAREIFONTE . LHLAd

5, GNSS-ABAIDERMEICIEELETSY N7+ —LADXTIRTHZ I EN AR NADOEBEEEATWS. BL
TSy N T742—LELTDEARBPREIT X, TOERICZEDEANII S0, RENLMBRLHE
RET27-00EEEERNY, ZLOBIREKEL TCORYEERETZ2DOICRENHD. CORERRL
T, 2HOBRRUCE T 25EECNSS-AER AT 712, BEMERREBERILAZTIE, EAEERV
T=RIABENGNSS-ASAA#EET 2 7/-HDHMEARICKRE TERYEATWS., 2019F7AICEREI N
KS-19-12fBICBWT, VT —T 45544 —%BW/-GNSS-ABA A2 RBRMICIT o ERICDWTIE, EED
HMEFARMERRTRELALEY, BEMBEHEASC02ICEWVWT, T—9DINERCEERDESICHESE
B L7z, £, REEOBFICE ST, MMERAVWEISALEREDES DETEBERT7 L1 ABDHEN
AEETH D I & HRIN[EMA - fh, 2019, BARAIMF A E1320OEES; linuma et al., 2019, AGU 2019
Fall Meeting].

EEDRROBERAEE A, SEELEHICSVWTE, 1HBREYI—TJTI/S54 5 —6EBEHTERL

T, BRBEAVICHRESIN TV 2 BERMBEZEHF A2 KO L, SEARTOCNSS-ABAAXERYT 2, R
HERSRRET . EEEDYRATLE—ERBLT, RS—VEHEZFIRLBEMEEE

L, V=754 —ICEH LAHEEBICELNSERTESLIICLE. ThIC&>T, —8HOFT—%4
OEEBIRAEEELZY, BEMLEEAFETOT Y RAZZEELEZYTESZLDICE o7z, HHIE, 2020F
5BIC, HALEFERRAEMTEM (FHEL OEREFRAME (KS-20-7) IKBWT, Vx—T7514 45 —%#%
AL, 12BRYVBICEBBICK >TEIINTB3FETH 70, FRHIAOF IA IV ADRBPEIEKRIC & DHE
PR EMAZIEICE o T, KS-20-7fiiEIEF v I ER>TLE 2. TDhodH, 6B20EL 523 ICHIF
THRIEKRENEFELZ [E=FFER] ZAVERMETOH/RAICTYER TEREEFEEEZTV, 6A21HIC
GOABRIR T I T —T U545 —%%AL7/. 3SHEDER%ET, 7B28HIC TFEN\FEN] #FEHMLTD
fiE%EEME L CRMZ DX L 7.

RIcy T —7 05445 —DOmiiaTrd. RILAFEHN2012FICHEB L, GOT~G20X TOEAEDI D
138, RU2019FICERE LG40 148 R A KE L, GNSS-AEAIZERMEL 7. RhXEFEICEENDL
BrHERA DY, KBH/ARIICEBRENTR LD, GISEASTOSRAUES L. BBLET—9 DRE
WIZIRAERERTIEH ZD, FBEARCBITIBERTLADMBEROZDICHLRE - EDT—FIEES
nTdY, XReYHIBTEROFMICOVWTOBN T2 RAATHS.
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Evaluation of sound speed structure for each GNSS-A seafloor
geodetic observation epoch using GARPOS

*Yusuke Yokota', Tadashi Ishikawa?, Shun-ichi Watanabe?, Yuto Nakamura?®

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

GNSS-A BAITIE, BHREREGIBEEICERLGTELEE5Z 5. LML, TOFEIZIOWT, HF - FHHICEK
ZE VORI EEMNATEME+OIChREINTIAb o7k, EE - AHE [2016, IRRE] Tk, ThEhDE
ERICESITZ2ERBICEASNEAEZTEE IO 71/ LD ZEITWV, BZEDIXSDEDR/NEFHE L

7z. LD L, GNSS-A B TIEZREZBEDKEMER PEEBEEIERABEICEBHEST D, TOPELEE
BLT, SBAEICHLT, Bl#s, SRUARIEICELRIBEREDREENEZIONEZERETHD. TDI
Eld, GNSS-ABRERIOBETMDARLT, BFRIBITZEETZ2LTELETHY, FREEAL->TV

3. AT, BARICEONIEHEOREEHLERL, TOEEBATUNODEEMICHETEZZHL
WY 7 h9T7 GARPOS #AWVT, FEY I 2L —Ya VRS EDHBAETS.

EEEBELEEI’BHT Z2FEEFEA L GNSS-ASRITIE, BLREOMABOEVWHHLMEINSBFEIEEER
1t g EBERDUMEDEWVCL > THEINEEEERL g, M ENENEY HE N3 [Yokota et al., 2019,
MGR; Yokota & Ishikawa, 2019, SNAS]. Zh 5 2 DDNRS XA —49 2 EFRFELICEEB L. g, +ig, GEER
T2)2ERET DL THARKDOBHIEREMMBEDOEMMNDRENMBETEZS. ERBNEZT2EZT
EIRET D E, I&AIE, GDRA argG ~ 0 £ 2GE, ERNEBERBEMN DXRBAICTE > TWBEHET
3. argG~ n/2 DIFE, 2EN ODBEVWHFRZDOHENEZF > TWBEHEINS. argG~ n,31/2
DHEIF argG~0, /2 DIGFELABTHZIHIEENREL TWS. G OMIHE |G| IZIEMRIZDEREERL
TW3. GIKE2 AEICIYHIN, MENLSEERIT S, G, BAROHLWZI(4 IV I THES
nan, BLEHIBET ZHBOTRA EICHTEN, RIRTIE 1500 m FEDOERFE T 1 BREAREEDY R
LW eEEZ 5N 3 [Yokota et al., 2020, Frontiers in ES].

BHAE G D% W DONMEN T 5. KLREKEDHEICAET %2 MRT2 Tld, 2017 FLIEOREKIBITRE Z
NLLBTCTIEBA S MMCEGRIBFE AR D arg G OIEHWEIEIL L TWDB. 7z, BB NS 7AITIE arg G OFEHED
BB IS OMTRELTVWRDICH LT, BRBEATHRIESDENKREL, ARSI EDEE
BORERBREFHHIEBINLTWVS.

BERBOBATCEAIRIEICK 2 GOEIE, BIEOERAURFOEFZOREBEZRALTHY, SEHRFOEA
BEASBRTDILETEETHD. H-ICHEHRFEINT GARPOS [Watanabe et al., submitted] #FHW3 Z &

T, ZOEHIBERIICERYHEZLSICRY, EV I a2l —2avEEfBALAAEEZBEIODESREICITD

ZENTERELDILR 7. ARBTE, 74T —ILVABRRICE DWW BHEEGEOHEY I 2L —Y 3y

WREDOHEBREZBL T, LEDERBOKREICDWTEENICERT 5.
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A development of submarine geodetic monitoring system by
calibration of the DONET pressure gauge network

*Yuya Machida', Shuhei Nishida', Toshinori Kimura', Hiroyuki Matsumoto', Eiichiro Araki'

1. Japan Agency for Marine-Earth Science and Technology

EENSVHMERERTIE, BEL—MOLAFRAALY FEBIcmZBEDBEERE L THBREZENFEINS. B
AIWEREEICH I BENREEAIRAZ I, FL— I NEOBRSFREST, BEAMEORLEBRE, &
VZFOHBAIER T2 LTHEICEEREFRTHS. COLOIRBREEBECIRADELDICEEBENS TICE
RN TWBHE - ZREVAER S X7 4 (DONET: Dence Oceanfloor Network system for Earthquake and
Tsunamis, Kaneda et al., 2015; Kawaguchi et al., 2015) IC#EHEI N KEEHC LY, REMAZTHERZ
22 ENH/FINDD, ThThOKEFHZEBRZRKA10hPa (=10cm) OEBEDRKY 7 hEFE>THY, HBE
BRDER) 7 MEDEYIY DT BZDICIEKESTORENVETHS. ZITREBIFBERICRELTWS
KEEZREL, KEEICEERRY 7 NP EIBIET 2-HOOBERNKEREREZRAFZEL TEL
(Machida et al., 2019) . BBXKEREREITAEDKEFDOEHHOFRENSDEERTHIEN LR T
VR, BERMYE, ZRORXBEHNMNITHLIICHKGAEINTEY, ERIFICBVWTHBRICEVWTH
ThPa (Tcmi) UTORETCEANEEHAIT I &N TE S, RIFICH T DRERFICIEDONETKEET & DK
HEABTBIENTE, TOKEBEZALET S & TDONETKESICH L THENENEEMITT R E
NTE2. BFMAAREEBCRBIRNKEREREDOEETM% 1T /2%, DONET1, DONET2ICHEWT %
NZENIRART D (KMBO8, MRC10) DRIE%#WIRLIT>T&E 7. MRCIOBAIRICE W TIF2018%
108, 2019%2H, 2019%5H, 2020F2RICRIE%ZITo7=. FDIHERMRCTOE A R DIKEETDOHEIFIR K
1) 7 MR E7.3hPa/year& 72 V), 201 5FLRED 5 D REAMAERIKET — 4 12D W TIRMBICHHIE L 7=
R, MRC10&8 AR TI30.48hPa/year (GEIRME) DILEEZRL. F7z, 2020FLAE, SABODILK, LT
fAEEBrE L CDONETKEETORIEEAREIERILARA L TWD., REBEETIEINE TODONETKEED
REFER, BLUSBROBEIIODVWTRBNEZT.

XDONETIZHEERKR TR D2016F48 18 & WiBFMRAMAREEDL SHARERMARMICBE S N, BERE
HEERALERH (MOWLAS: Monitoring of Waves on Land and Seafloor) O—& L THEINEEL T
BA - RTFET>TWVWS,
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