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Cover : a figure from "2021 eruption of the Fukutoku-Oka-no-Ba"

Timeseries data from remote observations of the 2021 FOB eruption. a: Eruption plume captured by Himawari-8. b: Change in the diameter (N-S
direction) of the eruption plume captured by Himawari-8 (upper) and infrasound data at 5—15 Hz recorded at Chichijima (bottom). Time is JST.
Inverted triangles indicate infrasound signals confirmed to be from the FOB direction. Blue bars indicate times of development of the sustained
eruption columns. Red arrows indicate signals of a typical Surtseyan eruption occurred at 8:30 on 14 August 2021 [(iv) in figure (a)]. c:
Magnification of the source area. The Himawari-8 images obtained by JMA and processed by NICT.
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Greetings from the Director

LELY & B A

Director Takashi Furumura
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HHARKBELEDLSIERY 2B EE L7222, HEEIC—EOBERIBEIC X 2 B85 hEEICHRZER s LTS ThHY
TWES. HARENE - TRIEE Mg 72 CHARLOMEETIE, KOERBEOFENGR SN TWE T, 2021405
JORECK IR T, < 7 KRARBRICE D SROBAPMB L, FEO b2 AR AL A TIE, 80003 1 i/ HA
WRICKREM (T2 CX2HEIRETL0L, KEOLZRELHELZROCART LI LR L.

HERBUBLRE C B 2 M= - JOUSEERRICH ) M 72018, HIEHFZERT TR B > A 7 2 2 5 L, KB BN 7 —
FH - T —AA T VAT AEREMLUT, EWEY, GHERER, BB MG LRES T — 5 4 T2 AW &
LET. MM ERILFEDEEZ FET L L 010, EZRREAMEED, KHONZAHIIHETE 2R OREICE D
T3, MEREOM SR OMRME T, EHEEIC B2 ANS L &b, HERZEORZEREMFER B LT, Fk%
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ShEd, BROIHRE - SHhEBECELETET.

The Earthquake Research Institute (ERI) was established in 1925 to promote scientific research on earthquakes and volcanic eruptions
and develop methods for mitigating associated disasters. Our research targets not only include the forecasting of earthquakes and volcanic
eruptions and the search for disaster mitigation measures, but also the understanding of the structure and dynamics of the Earth’s interior
that cause these phenomena. In addition, ERI conducts comprehensive research on historical earthquakes in collaboration with the
Historiographical Institute and on disaster information with the Center for Integrated Disaster Information Research, Interfaculty Initiative
in Information Studies. Furthermore, many faculty members participate in joint research organizations at the University of Tokyo to explore
new research fields through academic fusion.

ERI, as a Joint Usage/Research Center of Japanese universities on earthquake and volcano sciences, provides facilities, equipment, data,
and other resources to the research community. ERI also regularly invites applications for joint research projects nationwide and accepts
visiting researchers from Japan and abroad. Based on the proposition of the Council for Science and Technology, ERI plays a central role
in planning and promoting “Earthquake and Volcano Hazards Observation and Research Program™ along with universities and national
research institutes across Japan. To promote public participation and emphasize the importance of societal contribution in research results,
ERI invite applications for joint research projects in collaboration with Disaster Prevention Research Institute, Kyoto University, a center for
comprehensive research on natural disaster prevention.

Though it has been more than a decade since the Great East Japan Earthquake of 2011, its effects of seismic activity and crustal
deformations continue to be noted around Japan. There are also concerns regarding subsequent huge earthquakes in the Japan Trench, Kuril
Islands Trench, Nankai Trough in the near future. The 2021 Ogasawara submarine volcanic eruption ejected large amounts of pumice, and
the Tonga volcanic eruption generated a meteorological tsunami along the coast of Japan 8,000 km away due to the atmospheric (Lamb)
wave.

To address these global-scale issues of earthquake and volcano disaster mitigation, in the coming years, ERI intends to develop advanced
observation systems, establish a large-scale observational data distribution and archiving system, and accelerate leading-edge data science
research that integrates information science, computer science, and geophysics. ERI also aims to lead advanced international collaborative
research and establish an environment that brings together diverse human resources, allowing them to fully demonstrate their abilities. In
addition, ERI intended to focus on public relation activities to increase societal involvement in research results, while working with Graduate
Schools of The University of Tokyo to develop highly skilled human resources for the future.

We look forward to your continued support and cooperation.

‘ Earthquake Research Institute,
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Earthquake Research Institute (ERI) was established on
November 13, 1925, two years after the Great Kanto Earthquakeon
September 1, 1923. At that time, ERI took over the research
project by the government committee which had contributed to
the development of the seismology in Japan for over thirty years.
In June 1928, it officially became an institute of Tokyo Imperial
University.

After World War II, the institute was re-established as one of
the research institutes of the University of Tokyo. As the size of
research expanded, ERI moved to the current location in March
1970.

Following the nationwide cooperative Earthquake Prediction
Program that started in 1965 and the Volcanic Eruption Prediction
Program in 1974, ERI played a core role in bearing the heaviest
responsibilities for their implementation, as well as serving as the
central institute for fundamental geophysical researchers in Japan.

To promote cooperative projects, such as seismic and geophysical
observations on land and in the ocean, ERI was reorganized in
1994 as a shared institute of the University. The reorganized ERI
consisted of four divisions, five centers, andtwo observatories
providing positions for visiting professors, and formulating the
system for cooperative studies.

In April 1997, the Ocean Hemisphere Research Center was
established to develop and operate a global multi-disciplinary
network in the Pacific hemisphere consisting of seismic,
geoelectromagnetic, and geodetic observations.

With the completion of the new base-isolated building (Building
1) in 2006, followed by the anti-seismic reinforcement of the
old building (Building 2), ERI’s capacity to respond to large
earthquakes in Tokyo has increased.

In 2009, the Coordination Center for Prediction Research of
Earthquakes and Volcanic Eruptions was established to promote
collaboration of researches of earthquake predictions and volcanic
eruptions.

In 2010, ERI was re-organized as a joint usage/research center
of Japanese universities for earthquake and volcano researchers
with four research divisions and seven centers including the Center
for High Energy Geophysics Research. The new organization will
enable ERI to provide flexible framework for diverse and multi-
disciplinary observational solid earth sciences.

In 2012, Research Center for Large-Scale Earthquake, Tsunami
and Disaster (renamed as Research Center for Computational
Earth Science in 2019) was established in order to construct the
theory and develop the method of advanced numerical analysis for
conducting the research for forecasting large-scale earthquake and
tsunami.

In 2014, ERI has started to join hands with the Disaster
Prevention Research Institute, Kyoto University, which is the joint
usage/research center for integrated disaster science concerning
natural disasters.

¢h Institute, The University of Tokyo ‘
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M Research Divisions
Division of Theoretical Geoscience

This division engages in theoretical modeling researches based
on fundamental principles of mathematics, physics, chemistry and
geology to understand phenomena related to seismic and volcanic
activities.

Division of Monitoring Geoscience

This division engages in research through measurements and
analyses of various physical quantities to understand seismic,
volcanic and other activities of the Earth’s interior.

Division of Earth and Planetary Materials Science

This division engages in research based on information about
chemical and physical properties of materials to understand the
processes that take place in the Earth and planetary interiors.

Division of Disaster Mitigation Science

This division engages in the investigation and prediction of
strong ground motions and tsunamis caused by earthquakes. It
also carries out basic studies of earthquake engineering, aimed at
mitigating disasters from such phenomena.

M Research Centers
Earthquake Prediction Research Center

This center carries out research projects for comprehensive
understandings of earthquake phenomena and improvement of
forecasting future earthquakes.

Volcano Research Center

This center carries out studies on various phenomena to elucidate
its elementary processes and fundamental principles, aimed to form
the basis for volcanic eruption predictions.

Ocean Hemisphere Research Center

This center studies the Earth’s interior through the ocean
hemisphere, which has been an observational blank area, by using
unique and originally developed instruments. The goal of such
observational studies is to elucidate the movements of the mantle
and the core, which are the origins of various geological phenomena
such as earthquakes and volcanic eruptions, and its driving forces.

Center for High Energy Geophysics Research

This center dedicates efforts to cosmic ray imaging of volcanoes,
faults and global earth with high-energy particles such as muons
and neutrinos.

Research Center for Computational Earth Science

Towards understanding and prediction of earthquake related
phenomena, this center conducts researches such as development
of numerical analysis methods, high-performance computational
methods capable of using observation data, and large-scale
simulation methods.
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Technical Division

B Science Management Centers
Coordination Center for Prediction Research of Earthquakes
and Volcanic Eruptions

This center is responsible for coordination and planning of
national and international research projects on predictions of
earthquakes and volcanic eruptions.

Center for Geophysical Observation and Instrumentation

This center is responsible for maintenance, management
utilization and support for observational, technical and analytical
facilities and analytical instruments belonging to ERI. This
center also engages in intensive researches based on geophysical
observations on land and sea, developing new observational
techniques and instrumentation.

Earthquake and Volcano Information Center

This center is responsible for collecting, organizing, archiving
and sharing seismic and volcanic data, and works on forming
and operating nationwide information and distribution basis.
Research activities include development and technology transfer
of earthquake information system, studies on seismicity and
its forecast, giant earthquakes and tsunamis of present and
past, geothermal and hydrogeological studies of Nankai trough
seismogenic zone.
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Technical Division supports technical aspects of a wide range
of research activities undertaken in ERI according to researchers’
requests. To keep tight communication and exchange on job
information within the technical division, online meeting is held
every day, including a technical staff at a distant observatory. We
hold two to three days workshop every year with many technical
staffs who work on earthquake and volcano field observations,
data analysis, etc., in universities and research institutes in Japan,
in order to improve their technical skill levels by exchanging their
ideas, skills, tips for observations and experiments.

1) Technical Supporting Section for Observational Research:

This subsection provides a wide range of technical support for
installing and maintaining observation systems and instruments
at ERI’s observatories and permanent/temporary field stations
operating in both land and sea areas. When large earthquakes or
volcanic eruptions occur, technical support for emergent field
observations is also provided.

2) Laboratory for Development, Analysis, Experiment, and

Observational Information:

The subsection for research instrument development provides
technical support for observational and experimental research
by manufacturing and developing instrument prototypes, as well
as maintaining and operating experimental instruments. This
subsection also accepts requests related to machining, electronic
circuit assembly, and technical consultations. The chemical analysis
subsection supports the chemical analyses of volcanic rocks and
synthetic samples, and is also responsible for maintaining related
analytical equipment. The experiment subsection provides technical
support for experiments conducted in ERI. The subsection for
observational information maintains a fundamental network for
observation data distribution and the ERI computer system.
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The ERI library specializes in the fields of seismology, physics
of the Earth and the planets, geology, volcanology, and earthquake
engineering. We also archive collections of antiquarian books
and illustrations related to natural disasters, such as Namazu-e
(catfish drawing). Indexes and images related to these collections
are available from the ERI library database on the website. Our
publication, “Bulletin of Earthquake Research Institute” is also
available from the UTokyo Repository website.

B4y FH | ME 22803M WEE 37.2441

Books 22,893 Japanese volumes and 37,244 foreign volumes
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Scientific 1,230 Japanese serial titles and 1,308 foreign serial

journals titles

Geological, topographic, and fundamental bathymetric
Maps maps of Japan, fundamental land utility maps of Japan,
and others: a total of about 20,000 maps

700 titles, including historic Japanese drawings such
as “Namazu-e” and “Kawaraban”

Archives

3,000 photographs of the effects of the Kanto
Photographs | earthquake, the Niigata earthquake, the 1906 San
Francisco (California) earthquake, and others

16 mm films, | 50 titles including the 1914 Sakurajima eruption, the
videos

Kanto earthquake, and others

As of April 1,2022

Opening

Monday-Friday 9:00-17:00 (except 12:00-13:00)
Library website
https://www.eri.u-tokyo.ac.jp/tosho/index-e.html
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Fig.1  Record of Washed-out Villages in Joshu (Gunma) Agatsuma-gori by the Great Eruption of Shinshu Asamayama (1783)

Disaster Picture Map (Hand drawn, colored, copied by Obata Ujihira Nobuatsu) Tenmei 3 (1783)

On 7th month 5-7, Tenmei 3 (1783), Asamayama in Shinshu erupted, which caused unprecedented disaster. In Karuizawa and Oiwake, big stones as large
as one can hardly put arms around fell, and people ran around with tubs and pots on their head. Eruption continued until the 8th, the next day, and the out-
flown lava attacked Agatsuma-gori in Kozuke to the north. The death toll was 2,000 and buried houses were 1,800. Ashes fell over the entire Kanto area
and in Edo, piling up to 3 cm (1-sun) on the ground. Lapilli blocked Agatsuma River and they broke off to cause great flood damage along Tone River. Even
with the great famine from the previous year, the plight of the people continued further.
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MREFIE B & K % m R 9 B Position title Name
e NG TrE g WO | WHHE ZE | MEREEATY Prof. NISHIDA Kiwamu
Division of Theoretical
Geoscience dEBE | P | RIE R Assoc. Prof. | KAME Nobuki
#HoOB | b EA | EBICHED CHERAE T | Prof. NAKATANI Masao
dEHAZ | HAR B |l - HR A s s Assoc. Prof. | AOKI Yosuke
HERET R RBIILE HEHaE | 4W Hhi—- |(EHE=FU VY Assoc. Prof. | IMANISHI Yuichi
Division of Monitoring 8 —
Geoscience dEEgE | WH O RE | etEksy 43I A Assoc. Prof. |WATADA Shingo
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@Research Highlights

2021 Eruption of the Fukutoku-Oka-no-Ba

202147 8 H13H /N HER S - faflilf 2 8 (FOB) T3
ALK, SEL6km ST MM A TR L, Kk
MBAOZRAELE L. 2oL, <7< eibskke o
FEMMHBEAER O 70t AR, SRKOEA IR 3 2
EEOMRE L, WS EE OBIG L — F % B
T2 ETHERFFIL VW T, HENZEI TldZ OBKD
GRS (R, A7y U N), WE - wH
B 7 — %, BEEFY) V7 & DX BB D5 %
fTnE L7z, ZofE%, FOBMBEAITEBHKTHEY, Y= b
AHET 2 22 E T KICE EM A2 B L7z 2 &, iR as
MBERSBER LA, BRI LR RAY 70 AR 700 0
ERVFERE L 22 e b E L. F2, BLEO
HILZEAL & ERR BT O AR I b &0 X W& £0.03-0.1km?
(BEPEAR) LB LT L2 CofEL, Shihs
BIHT D SHEE SN B SOMEH 2 8% b &1 SO % HE
L2 h, HEBICL2HEMERELFELEN
EXba LA ZoZkiE, WIS X B KD ORI
DEWNIBEN 72722 L2 ERL T, S HICv 7 wm
,OWRKRAR, WHEBEOMGE, 1 RCHEEETIVEM
WTHGETL, BEEo~< 7 <mAk X ) HERVEHSECHll s h
oMM TEL LR LE LA 20X ) AR
RIS LD, HETOMATIREKE YIS LMD
DI, KW O - AR R W O HGRFEATRE o
KEFRESBRZDZEDPHLNIIRD T L. ThHOHK
ik, HHRKIEENCAE D) N — FORRZ H#D L Z L12
HEKLE 9.

X 2021%F FOB A DERERIC L 3RTF— 2. a al
VEDHVYBESHNRALEIE b: VEHYBBICLDE
BERZ (FitAE) 0%t (k) ERXBTiERkshi
5-15Hz &N A > T7 597> K (F). BZliEAX
. M=AFIE FOB S5 DEERES THDIZ &N
FEINFDHD. BN — (TGN EEEEDRER
Z1&RYT. FREMIZ20214E 8 B14H 8 B304 IC R4
U8B 2Ly 1 A IUEAD Y IV ERT (Ka
FOiv). ¢ BHEMEDLAR. ZHEGHY LKA
PoTHEAL TV, TRTIPRELLZVEDLY 85
DEf& % NICT (IEHREEHE) PUBLAEZDBOD.

»

nfrasound  Pluma diamatar T
Himawar
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Fig. Timeseries data from remote observations of the
2021 FOB eruption. a: Eruption plume captured by
Himawari-8. b: Change in the diameter (N-S direction)
of the eruption plume captured by Himawari-8 (upper)
and infrasound data at 5-15 Hz recorded at Chichijima
(bottom). Time is JST. Inverted triangles indicate
infrasound signals confirmed to be from the FOB
direction. Blue bars indicate times of development of
the sustained eruption columns. Red arrows indicate
signals of a typical Surtseyan eruption occurred at 8:30
on 14 August 2021 [(iv) in figure (a)]. c: Magnification of
the source area. The Himawari-8 images obtained by
JMA and processed by NICT.

| Earthquake Research Institute,

The 13 August 2021 eruption of the Fukutoku-Oka-no-Ba (FOB)
in Ogasawara Islands formed a 16-km-high plume and produced a
large amount of drifting pumice. This eruption provides a valuable
opportunity for understanding phenomena and hazards unique to
submarine eruptions, such as the process of explosive interaction
between magma and external water and the relationship between
the mixing ratio of external water and the height of the plume.
We analyzed the eruptive phenomena using high-resolution time-
series records (satellite and infrasound), geological and petrological
data, and plume modeling. We found that the FOB eruption
started at the shallow seafloor, that jets penetrated the sea surface
to form a water-rich plume, that drifting pumice ejected from the
eruptive vent, and that a characteristic umbrella-shaped plume and
infrasound occurred during the climactic phase of the eruption.
Based on the approximate topographic change and the distribution
of drifting pumice, we estimated the eruption volume to be 0.03—
0.1 km’ (dense rock equivalence). Using this result and the degassed
SO, content estimated from petrological and mineralogical analysis,
we estimated the amount of SO, emission, which is consistent
with that estimated from satellite observation. This means the
widespread transport of pyroclastic material by the plume was
limited. Furthermore, the relationship between mass discharge rate,
the ratio of mixed seawater, and plume height was examined using
a 1D plume model. The observed plume height can be explained by
a lower mass discharge rate than magmatic eruptions on land. This
study shows that the processes of pyroclast transport, deposition,
and plume formation in shallow-water eruptions significantly differ

from terrestrial eruptions due to the interaction between seawater
and magma. The results contribute to our understanding of the
hazards associated with submarine volcanism.
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Hunga Tonga- Hunga Ha'apai Eruption and Associated Atmospheric Pressure and Tsunami Waves |
~Urgent and Comprehensive Study Supported by Kakenhi -

202241 HI5HIC b v HeblEfED7 v - b oA -7~
o NT A RINTRBBE L DT L F L7, T Ok
1, TR AT RE B O #930km THLA L2132y, K E i
AR @ EE B 2S LE LA S518, %
AL 72X, IER S TR R KREZLE S
F L7z HARRETE, @#EoFEFIRE LD 2 ~ 3R
B, REAWBEE) & I3IZH CEICRZS BN S h, [KEIT
& o THPEESRB L OFERBEINTE L7

Al DOWEK I OS2 AUSHE D REPEBY R EW AT D W T g
572, BHEWIZEE OB RIRERTZE K S E L7z, #iE
e 213 L &9 512K% - 6 FZetB2 5, Kilse,

. BEEE, ALY, KEEEHE R LD
f%\ﬁmMn%%%#m gpfFELTEmML, (1) XK
IR BR O, (2) KINEREFES 2 &1 X 2355
B AR A A = AL O, (3) J#EIC & 2 ROSENG R

DREWA, (4) HargB - s fllimo#Rido 45
DT =IOV THRAEN LR EZFERL F L7

HENFOMZEE XTI (1) & (2) IZ2wT, DTk
) B R T TWET. KIWEFBOKAMFR LR T — %
REBHRT — 5 DN S, BROMERZPS,IZLEL
2o F WMoY IaL—Ya rdiTv, ENERELE
L7z, #ARSHCTREASNIATER (7 20) RLHEOMFHT
5, KPFEZEREL2RGWEIS L o THEE S, 7
BEIDBHRCAELAZEZHLNMILE L.

‘202241 A15H
HRIRE S

2 CNES Airbus

(&) "EXET (2016%F) D7 > H K E2022FE I & B WHELOBE (Planet Labs PBC, CNES (- & 2MEAFi£DEEER D 5#FIR).

HNRIER THRE L 2 RKROEKXE.

On January 15, 2022, a large-scale eruption occurred at the
Hunga Tonga—Hunga Ha’apai volcanos near the Tonga Islands.
The eruption produced plumes that expanded in the stratosphere
at around 30 km altitude, and caused major seafloor topographic
changes and associated tsunami damage. The eruption was
accompanied by rapid changes in atmospheric pressure all around
the world. Sea level changes were observed along the Japanese
coast two to three hours earlier than the expected tsunami arrival
times, about the same time as the atmospheric Lamb waves,
and a tsunami warning and advisory were issued by the Japan
Meteorological Agency.

A Grant-in-Aid for Special Purposes was conducted to investigate
the eruption and the associated atmospheric and tsunami waves.
Twenty-three researchers from 12 universities and 6 research
institutes, including Earthquake Research Institute, participated
in the project to conduct four topics, i.e., (1) volcanic eruption
phenomena, (2) generation and propagation of atmospheric and
tsunami waves, (3) tsunami impacts on Japanese coasts and
(4) social impacts and aspects.

The ERI scientists are mainly engaged in the following studies
on (1) and (2). We clarified eruption transitions by analyzing
water-level and pressure gauge data as well as meteorological
satellite data from around the volcano. We also simulated volcanic
plumes and compared them with actual measurements. Analysis of
atmospheric pressure waves (Lamb waves) and tsunamis recorded
around the world revealed that the tsunamis were excited by
atmospheric waves propagating in the Pacific Ocean and arrived
earlier than expected.
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HhEES)

(H) 7>

(Left) Hunga Tonga and Hunga Ha’apai volcanoes before eruption (2016), and outline of geomorphological changes, interpreted from satellite images of
Planet Labs PBC, CNES. (right) Schematic diagram of various phenomena associated with the 2022 eruption.
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[Slow-to-Fast =]

Science of Slow to Fast Earthquakes

BHF R AR Ze [ A o — s ] <ld, HEkEER
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FHeg L HERY P2 ORAIC X ) 7 — & BRERUENT 2 %47 L,
WY Y 77— 7 1L KA O Slow-to-Fast O & 2
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r=1) ry Z7HoK—N R e [Aa—Er sy s ] O
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T 7 48— =7 V% HK10m MEOMERE LCHAY
% Distributed Acoustic Sensing (DAS) A% K& LT &
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OMBHL OB e B LT, @HEOMELZOLMHE
Wi s ) G2 MF§ 572012, HES - g
5 MERTL A F TRl OSBRI BT SE 2 R L Cw E
R

B 1

In the Grant-in-Aid for Scientific Research on Innovative Areas
“Science of Slow Earthquakes” project, researchers from geoscience
and physics conducted integrative research to gain a basic
understanding to describe slow earthquakes in a systematic manner.
Based on these outcomes, the Grant-in-Aid for Transformative
Research Areas (A) “Science of Slow-to-Fast Earthquakes™ project
began in the fall of 2021. This new project aims to broaden and
deepen our understanding of earthquakes ranging from slow to fast
(ordinary) earthquakes, by further deepening fusion research in the
related fields (fusion maturation) and introducing new knowledge
and technologies from engineering and information science fields
(advanced development). To promote collaborate research more
effectively, six planned research subgroups have been established in
the research area. The information science group centered on ERI
conducts data-driven analysis by integrating information science
and geophysics, and explores the unknown slow-motion hidden in
earthquake big data. Through the detection of to-fast earthquakes
and the clarification of the statistical and geophysical properties that
characterize them, as well as the renewal of monitoring methods on
land and sea, we aim to develop a unified understanding of scaling
laws and to extend the existing slow earthquake catalog (Fig.1). In
recent years, Distributed Acoustic Sensing (DAS) technology, which
uses fiber-optical cables up to 100 km in length as seismometers at
intervals of about 10 m, has become popular. We are working on
the development of analysis techniques for large-scale data from
such ultra-dense observations. We also promote cross-disciplinary
and interdisciplinary research ranging from seismology, geodesy,
and geology to geochemistry to comprehensively understand
various fault-slip modes, including ordinary earthquakes, through
comparative studies among worldwide subduction zones.
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Fig.1 Decadal activity of shallow Very Low-Frequency Earthquakes (VLFEs) along the Nankai Trough. (a) Temporal changes in cumulative moments of the
shallow VLFEs in each region from A to C, (b) spatiotemporal distribution of the shallow VLFEs, color-coded to the moment rate, and (c) map view of
cumulative moments of the shallow VLFEs. Shaded areas in (c) represent the subducted seamounts proposed by Kodaira et al. (2000) and Park et

al. (2004).
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Determination of the Source Parameters
Three-Component Pre-P Gravity Signals

W OB YBIEIE, Wi & RN DM ERE S B B o
FHICHBOZEALZ D0 LFET. THICLVAELLEINRS
NV OZACIZIE I ZBREE I ED B 7200, Pk bR HEEET
MICEDELET. COPEOHICEET L2ENXRY MVES
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W5, BUGEEROEEK IR ON TV E Lz, ZHdkFER
FEOMEE L RV N2 DT

ARIFZEIE, 201 14F AL 5 AR EE (Mw 9.1) 1Sk d
% Hi-net B ESEMEERT7 L A OWFVER 7 — & Z 04T L,
KT GO PRI EIES 2L £ L7z, BIEEN 2 M ERAl v
BFIAIK L CRME Sz 3 R BRI OS5 R E 0 5545
(F1) WD TKREFTREFEERAY v X 7L, MEL
NNV EPABICEZZKFHESEFELE L (K2a). X5
12, Fnet KHISER T VA4 F— s 0EEES (K2b) &
A, BRI A S RF T A =5 2fE L, WEOM
FHyE~ 7 =F 2 — F2ZREN115-153° £ Mw 875-892
OFEPHIZHIF L T L7z (Kimura et al. 2021).
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Fig.1 Distribution of the synthesized three-component pre-P gravity signal from
the 2011 Tohoku-Oki earthquake (contour every 1 nm/s?, a. EW comp.,
b. NS comp., c. Vertical comp.).

ROZNZhHREEEC

of the 2011 Tohoku-Oki Earthquake from"
Recorded by Dense Arrays in Japan

Dynamic earthquake rupture causes a redistribution of mass
around the fault, and the emitted propagating seismic wave is
accompanied by a perturbation of the bulk density. Both processes
cause transient gravity changes prior to the arrival of P-wave. Such
pre-P gravity signals have been detected in previous studies of
several large earthquakes. However, due to the high noise level in
horizontal recordings, detection is limited to vertical signals.

In this study, we analyzed high-density tiltmeter array data in
Japan to detect horizontal gravity signals from the 2011 Mw9.1
Tohoku-Oki earthquake. Based on the synthetic waveforms
calculated for a realistic Earth model, the horizontal records
were stacked, and the signals clearly exceeded the noise level. In
addition, waveform inversion analysis was performed to estimate
the source parameters. By combining the horizontal tiltmeter data
with the vertical component of the broadband seismometer array
data, we were able to constrain the tilt angle and magnitude of the
earthquake in the range of 11.5-15.3 (deg.) and 8.75-8.92 (deg.),
respectively (Kimura et al. 2021).

These results indicate that analysis of the three components
of the pre-P gravity signal avoids the inherent trade-off between
the dip angle and seismic moment in determining the source
mechanism of shallow earthquakes. Pre-P gravity signals open a
new observational window for earthquake source studies.
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Fig.2 Stacked waveforms of the observed (red) and synthetic (black)
data. a. Horizontal comp., b. Vertical comp.
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Synergy Effect Through Human and Artificial Intelligence"
Towards New Era in Seismology (SYNTHA-Sels)
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SYNTHA-Seis F— A=

https://www.eri.u-tokyo.ac.jp/project/SYNTHA-Seis/
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The third artificial intelligence (AI) boom that began at the
beginning of the 21st century is still ongoing. The ability of Al to
detect P- and S-waves from waveform data sometimes surpasses
even the most experienced seismologists. However, Al techniques
for detecting other types of oscillatory phenomena originating from
the Earth’s interior, such as slow slip events and low-frequency
tremors (LFEs), have not been established yet. In addition,
modeling techniques to clarify the spatiotemporal features of
seismic activities and the structure of the Earth’s interior based on
detected phenomena still largely depend on human brains, referred
to here as “natural intelligence” (NI), and Al has not yet surpassed
NI in this area. Therefore, it is important to develop modeling
methods based on Al and to upgrade conventional modeling
techniques based on NI. Continuous cooperation between Al and
NI will facilitate these goals, and lead to new developments in
seismology.

The project “Synergy effect Through Human and Artificial
Intelligence Towards New Era in Seismology” (SYNTHA-Seis),
conducted by ERI as one of the programs in the “Seismology
TowArd Research innovation with data of Earthquake” (STAR-E)
Project of the Ministry of Education, Culture, Sports, Science
and Technology, Japan, deepens earthquake and LFE detection
techniques and hones conventional earthquake modeling methods
through the collaboration of experts in information science
and seismology, thereby contributing to new developments in
earthquake research and disaster prevention (Fig.1). During the
first year of SYNTHA-Seis, a number of information science
methods for earthquake research have been developed, including
a convolutional neural network to extract LFEs from historical
seismograph records from over 50 years ago, in which waveforms
were recorded directly on paper by seismometers (Fig.2), a data
assimilation method to precisely quantify the uncertainty of the
spatial distribution of friction characteristics on faults, and a
method to precisely estimate the temporal variation of aftershock
activities immediately after a main shock based on Gaussian
process regression.

SYNTHA-Seis website:

https://www .eri.u-tokyo.ac.jp/project/SYNTHA-Seis/en/
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Fig.2 Development of a convolutional neural network to extract low-frequency
tremors from historical seismographs.
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Offshore Seismic Observations in the Hikurangi
Subduction Margin off the North Island, New Zealand
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Fig.1 Tectonic setting around the North Island, New Zealand (Left) and the
offshore seismic network for the 2014-2015 observation (Right). Red
line depicts the Hikurangi Trough axis. Orange rectangle shows the
region shown in the right panel. Yellow and red circles are OBSs of ERI
and Lamont-Doherty Earth Observatory of Columbia University. Dotted
lines and numbers show the plate interface depths. Black contours
are slip distribution of the 2014 slow slip event. Gray areas show the
locations of subducted seamounts, and blue and brown areas fluid-rich
plate interface. Orange dotted line is the seismic profile shown in Fig. 2.

The Pacific Plate subducts beneath the Australian Plate at a
rate of ~4.5 cm/year along the Hikurangi Subduction margin
off the North Island, New Zealand (Fig.1), and slow slip events
and tectonic tremors as well as regular earthquakes frequently
occur. The Hikurangi margin is a good research target area for
comparative studies in relation to the Nankai Trough—Hyuga-nada
Subduction margin due to the tectonic resemblance.

We have been leading offshore seismic observations using
ocean bottom seismometers in the Hikurangi Subduction margin
in collaboration with the New Zealand counterparts, GNS
Science and Victoria University of Wellington, and others. In
2012-2013, we conducted the first offshore seismic observation
in the Hikurangi margin off Gisborne. In this region, relationships
between a subducted seamount at ~7 km depth along the plate
interface and the local seismicity have been discussed. During the
2014-2015 observation, we succeeded in observing a large slow
slip event directly beneath our seismic network, identified offshore
tectonic tremors for the first time, and revealed the spatiotemporal
distribution of burst-type repeating earthquakes (Figs.l and 2).
By observing changes in the structure of the overriding crust
and the focal mechanisms of the earthquakes in the oceanic
crust, we propose a model of the slow-slip event cycle that is
regulated by sealing and release along the plate interface of the
accumulated and pressurized fluid in the oceanic crust. From the
2018-19 observation in the same region, we confirmed the same
spatiotemporal pattern of slow-slip event, tectonic tremors and
burst-type repeating earthquakes.
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Fig.2 Seismic reflection profile across the subducted seamount off
Gisborne. Stars are burst-type repeating earthquakes color-coded
by their time of occurrence (color scale at the bottom). Large stars
have a better accuracy of relative hypocenters. The approximate
region of continuous tremor activity is shaded with light green. Red
solid and dotted lines depict thrust faults. HRZ shows a region of
fluid-abundant volume. Our results suggest that the 2014 slow slip
propagates from >8 km depth in a seaward direction (indicated by
blue arrows).
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Structural Exploration of the Whole Oldest Pacific Mantle
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Fig.1 Oceanic plate age and observed seafloor depth (red). The
seafloor depth increases as the age because the plate is
cooled down and becomes heavier. The observed data
is expected to follow a curve like the green line if only a
simple cooling process exists.

1 6 | Earthquake Research Institute,

Oceanic plates are born at ridges and are thought to cool as
the plate age. However, as long as we investigate the currently
available data such as the seafloor depth distribution, this cooling
process is observed only up to a certain age, and it seems that the
cooling is hardly progressing in older oceanic plates (Fig.1). This
has been an enigma for more than 50 years since the birth of the
plate tectonics theory, and it means that even the basic framework
of the plate evolution process has not yet been understood. Previous
studies suggested that oceanic plate evolution is influenced not only
by static cooling processes but also by dynamic mantle motions. In
order to detect these dynamics processes from direct observations,
we are conducting a whole-area structural survey of the oldest
Pacific. As an international joint research project among Japan,
South Korea, and Taiwan, we are deploying broadband ocean
bottom seismometers and ocean bottom electro-magnetometers
in the oceanic region off the east coast of Guam to elucidate the
heterogeneous structure of the oldest Pacific mantle and will infer
what dynamic processes are occurring there. For example, it is
one of the important issues to investigate whether there exists
convection caused by instability of heavier cold plate. We deployed
observational networks and are continuing observations in the
western part of the oldest Pacific (Fig.2). We are considering to
extend the network to the eastern region in the near future and
realize the whole-area survey.
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Fig.2 Stations deployed by this project. Oldest-1 and Oldest-2 are deployed by

collaborations between Japan—Korea and Japan—Taiwan, respectively.
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Seafloor Spatially High-Density Seismic Observation
Using Optical Fiber Sensing Technology
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Fig.1 Example of records of an earthquake by the DAS measurement
using the Sanriku seafloor cable observation system. Distance
is measured from the coast. Blue and red bars indicate manual
readings of arrivals for P-wave and S-wave, respectively.

The seismic observation using optical fiber sensing technologies
is now attracting attention, because of its capability in spatial high-
density data acquisition for a long distance. Since 2019, Earthquake
Research Institute (ERI), the University of Tokyo has repeatedly
carried out seafloor observations using the Distributed Acoustic
Sensing (DAS), using the spare optical fibers of our Sanriku
seafloor cable seismic tsunami observation system installed in 1996.
The recording durations range from a few days to about 1 month for
each observation. It was technically difficult for DAS measurement
to obtain data with a good signal-to-noise ratio at a far distance
from an interrogator. Recently, the performance of interrogators
has increased and we can obtain clear seismic records for small
earthquakes through up to 100 km distance with the data interval
of 2 m. In addition, we confirmed that DAS records corresponded
to records obtained by the seismometer positioned on the Sanriku
seafloor cable system.

Using the observed DAS data, various analyses were conducted.
For example, a detailed S-wave velocity structure of sedimentary
layers and uppermost crust below the cable was estimated using
the interferometric technique for ambient noise observed by DAS.
It had been difficult to estimate the S-wave velocity structure with
high spatial resolution using ordinary ocean bottom seismometers
(OBSs) due to their sparse distribution. Moreover, the DAS records
for only a half day duration was enough to estimate structure.
The duration of DAS data was much shorter than that needed for
conventional OBSs records. Spatial high-density data acquired by
DAS observation using the seafloor cable enable us to make more
sophisticated analyses.
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Fig.2 Two dimensional S-wave velocity structure estimated from seafloor
ambient noises recorded by DAS observation. The velocity structure
was interpreted to consist of four units. White circles indicate
aftershocks of the 2011 Tohoku-oki earthquake.
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Observation of Absolute Gravity in Extreme Field Environments®
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Accurate measurement of gravity on the ground can provide
information on ground uplift/subsidence and subsurface mass
movement. Absolute gravimeters measure the gravity acceleration
itself with an accuracy of 8 to 9 digits, and their observation
results can be used to detect uplift/subsidence of more than a
few millimeters in the ground and changes in subsurface density.
Absolute gravity observations are expected to sense crustal
deformation associated with volcanic activity, movement of
subsurface magma, and earthquake fault slip as well as crustal
fluid that triggers such slip. In addition, if crustal deformation
and ice sheet mass changes that have continued since the Ice Age
in the Antarctic region can be detected by the absolute gravity
observations, it will provide important data for understanding their
mechanisms and the global environment. However, it is difficult
to install a precise absolute gravimeter in a field environment with
poor infrastructure, such as a volcano or the Antarctic region.
Therefore, ERI has been developing a compact absolute gravimeter
for long-term gravity observations in such extreme environments.

Figure (left) shows an observation at Yukidorizawa in
Langhovde, Antarctica, using the developed compact absolute
gravimeter. The absolute gravimeter is installed in a tent on a
benchmark on an outcrop, and is connected to a laser equipment in
a remote hut by a 50-m-long optical fiber. Figure (right) shows the
compact absolute gravimeter in the tent. The upper part is a vacuum
chamber confining a free-mass dropper, and the gravitational
acceleration is measured from the movement of a free-falling
mirror in the chamber. The lower part is a built-in accelerometer for
ground vibration compensation. It was verified that the instrument
can operate normally in cold field environments with temperatures
ranging from O to 10 degrees Celsius.

In the future, we will conduct long-term simultaneous
observations using multiple absolute gravimeters in volcanic
regions and areas where slow earthquakes occur, and advance
developmental research aimed for detecting subsurface fluids.
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Fig. Gravity measurements at Yukidorizawa in Langhovde, Antarctica. (Left) Absolute gravimeter in the tent on a
benchmark of an outcrop. (Right) Absolute gravimeter in the tent.
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Imaging of Water and Magma in the Earth’s Interior
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Liquid phases such as aqueous fluid and magma present within
the solid Earth play crucial roles in various geodynamic processes
including earthquake and volcanic eruption, as well as in the
evolution of our planet. This study aims to improve the subsurface
imaging of the potentially variable types of liquid phase and solid
rock, based on the near-surface observations concerning seismic
velocity and electrical conductivity of the Earth’s interior. We
constructed a quantitative model to predict the physical properties
of liquids and rocks. Then we used the model to perform “inversion”,
which estimates the physical properties of liquid and rock based
on the observed seismic velocity and electrical conductivity. The
inversion test using synthetic data shows the utility of our model.
Applying this model to the actual observations will provide
improved imaging of the subsurface structure and its relation
to earthquake and magmatism, particularly the lithology-liquid
structure in the crust and uppermost mantle under the Japan arc.
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Fig. Imaging method of the material structure
of the Earth’s Interior through integrated
analysis of seismic velocity and electrical
conductivity.
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Research on Historical Earthquakes
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ERI has been collecting historical materials related to earthquakes
and volcanic eruptions. Series of compilation of historical
materials were published. Transcriptions and manuscripts used for
publication of the series is open via Usage of data and Records
of Joint Usage of ERI. Collaborative Research Organization for
Historical Materials on Earthquakes and Volcanoes established in
2017 is increasing research opportunities.

Better understanding of historical earthquakes and seismicity
can be obtained through reexamination of historical materials and
catalogs (Figure). Geographical information system (GIS) data have
been published for several historical earthquakes, such as the 1596
Kinai (Fushimi) earthquake. A database of intensity data points
(IDPs) has also been constructed. We participate the operation of
“Minna de Honkoku” (https://honkoku.org/) which is an online
citizen science project to transcribe a wide variety of historical
documents, including earthquake-related documents.
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Fig. Distribution of seismic intensity in the Kofu Basin estimated from historical material shown in the right.
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Earthquake and Volcano Hazards Observation and Research Program
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Coordinating Committee of Earthquake and Volcanic Eruption Prediction Researches
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The Earthquake and Volcano Hazards Observation and Research
Program (the second program) is a five-year academic research
program involving 19 universities and institutions related to
earthquakes and volcanoes in Japan. It began as the Earthquake
Prediction Program and the Volcanic Eruption Prediction Program
in the 1960s, and has been continued and promoted as a multi-year
five-year plan. In the past, we focused on research related to the
prediction of earthquakes and volcanic eruptions, but after the 1995
Great Hanshin-Awaji Earthquake, the 2011 off the Pacific coast of
Tohoku Earthquake, and the 2014 eruption of Mt. Ontake, we have
recently shifted our policy toward implementing the plan as part of
disaster science. The current plan, which began in 2019, includes
new initiatives to advance research on long-term earthquake
prediction by incorporating physical models of earthquake
occurrence, research on high-risk small volcanic eruptions, and
research on improving disaster prevention literacy.

The Coordinating Committee of Earthquake and Volcanic
Eruption Prediction Researches (CCEVPR) was established at the
Earthquake Research Institute (ERI) to promote collaboration and
cooperation among universities and research institutes across Japan
in order to promote this nation-wide research plan. The importance
of CCEVPR has become even greater since the ERI was recognized
as a “Joint Usage/Collaborative Research Center” for earthquake
and volcano science by the Ministry of Education, Culture, Sports,
Science and Technology (MEXT) in 2010. The Symposium on
Research Results held at the end of each fiscal year is an important
opportunity for participating researchers to share a common
understanding of the progress of the overall research plan and to
further promote research through presentations and discussions
based on the research results by researchers from all over Japan.

So far, we have compiled urgent joint research plans by
researchers from all over Japan on earthquakes and volcanic
activities that cause damage, such as the Noto Peninsula earthquake
swarm that began at the end of 2020 and the great submarine
eruption in Tonga that occurred in January 2022. In addition,
various studies are being conducted to understand and forecast
earthquake and volcanic eruption phenomena, such as the collection
of historical data on past earthquakes and tsunamis (Fig.l) and
the estimation of stress conditions around earthquake faults (Fig.2).
The official website of CCEVPR is https://www .eri.u-tokyo.ac.jp/
YOTIKYO/H31-R5/en/top_en.html.
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Fig.1 Location survey and collection of historical

data on earthquakes, tsunamis, and volcano
eruptions in the Tohoku region.

TR S -rwue,ﬁmme,ﬂ!a Tia#

earch Institute, The University of Tokyo ‘




& Z 5B

& £ It h & i

M2 2016FSMEHBHEFOMBEERDOCNREDCHE (KEDEM
ICEBT 3 2 OWBAILBAREEE (F2K%) RROBELY)

Fig.2 Estimated stress state around the fault prior to the 2016 Tottori-ken
Chubu earthquake.
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ERI-DPRI Joint Research

[KEOFIFIZEHBNT 2 720 O ME X ILBIHWFIZERT | < Making use of the results of seismological and volcanological
FHE - KN ORFZERE % K ERR IR T CA S L A R, research for mitigation of the effects of disastrous earthquakes
- s ~ . _ and volcanic eruptions is the main goal of the Earthquake and
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TES ARG S WFZe T A% E U ¢, HE - KILoWFges & B Center looking into reduction of the effects of natural disasters,
B 2 Tt SR S OFge B A5 ) L CHFZe s % 1 to work with researchers of disaster-related engineering fields
. . . and human and social sciences. ERI and DPRI established the
ELTWET. ARG T ORI L D 5720 Coordinating Committee for Joint Research to plan joint research
2, HUEEWFZERT & B e TN B I R R R B s & and evaluate research proposals. Taking into consideration
AL, WRgREME IR » CHAKW e Wige 7 —~ & . C, 42 uncertainty in seismic slip distribution, stochastic tsunami models
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Fig.3 Tsunami heights along the coast of Osaka Bay estimated
from a stochastic model and the model of the Central Disaster
Management Council for a great earthquake along the Nankai
Trough.

(200 7—R) F15

22 ‘ Earthquake Research Institute, The Uni




iR RIS FLE

Bt R

Collaborative Research Organization for Historical Materials on Earthquakes and Volcanoes
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The Collaborative Research Organization for Historical Materials
on Earthquakes and Volcanoes has been established between the
Earthquake Research Institute (ERI) and the Historiographical
Institute at the University of Tokyo. Researchers join the
organization from ERI. In this interdisciplinary organization,
historians and seismologists work together to collect and compile
information on earthquakes and eruptions from historical materials,
and develop database that can provide long-term information about
seismic and volcanic activities in Japan. Such historical data are
essential for long-term forecasts of future seismic and volcanic
hazards.

We have launched two databases. “Long-term seismic activity
database based on historical diaries” are compilation of earthquake
record written in historical daily widely distributed in Japan.
“Database of materials for the history of Japanese earthquakes” is a
full-text database for a series of earthquake record collections that
have been compiled from earthquake articles, with 35 volumes and
27,000 pages (Figure).

Research on individual historical earthquakes is also in progress.
Temporal change of seismicity in Edo (Tokyo) during Edo period
including the 1855 Edo earthquake as well as historical seismicity
around Miyagi prefecture during 18th century are investigated.
Historical earthquakes and eruptions around southern Kyusyu have
been reexamined. Ideas from digital humanities and open science
are adopted to improve the method of historical earthquake studies.

We have regular seminar for discussion and hold symposium
for the public or for international collaboration. We provide a class
at Junior Division of College of Arts and Sciences (Komaba).
The organization participates Earthquake and Volcano Hazards
Observation and Research Program.

The databases and latest topics are posited on the Web site:
https://www.eri.u-tokyo.ac.jp/project/eri-hi-cro/.
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Fig. Location of documents registered in “Database of materials for the history of Japanese earthquakes.”
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International Muography Cooperative Research Organization

B KFES MR CEIFE LI 24 7T 7 4 135 Fourteen years ago, the University of Tokyo pioneered
CHES B ERT 3 2t v 2 VBN OB A muography, a technique using elementary particles called muons
. . to create the world’s first visualization of the internal structure

— I At z x> 2 P43 K X
A=Y TRTT. D1 109D 4+ el L of volcanoes; since then, muography continues to evolve. The
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and planetary sciences as well as other physical and social sciences
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T LSRR 255 < FoSE & U C Oukmsl, BEapEss g imaging, positioning and navigation in non-GNSS environments
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§. F 7z, FOESE OB, AW REDFERIZ )T 72 R for science, technology and innovation. If muography can be
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DR ST, HF R & Vo 7-9F GNSS B F ol - radiotherapy, underground/space resource exploration, upgrading
5 » o social infrastructure, and investigation of cultural heritage, it can
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International Sakurajima Muography Observatory (SMO) and the signing ceremony introduced by the Ambassadors for muographic
research agreements towards SDGs at the United Nations University.
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International Research Promotion
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Fig.1 Countries from which visiting researchers are invited, and institutions
with academic agreements between ERI.

The International Research Promotion Office was established
in April 2005 to promote international research activities of the
Earthquake Research Institute (ERI). Since the Asian-Pacific
regions are in the area of geological disasters, it is imminent to
understand the mechanisms, toward their forecast and mitigation.
ERI has conducted the cutting-edge research on earthquakes
and volcanoes in the region. The International Office promotes
international research cooperation through exchanges of
researchers/students, holding symposia and conducting urgent
scientific surveys on disastrous earthquakes and volcanic eruptions,
under the cooperation with related domestic and oversea institutes
(Fig.1).

Under our program for visiting researchers, we have invited more
than 290 researchers since 2005. The number of invitees gradually
increases to 20 per year (Fig.2).

The International Office also promotes research/education
collaboration between institutes such as Bandung Institute of
Technology, GFZ German Research Centre for Geosciences and
University of Chinese Academy of Sciences, with which ERI has
updated research agreements. ERI also joined the new international
exchange agreement with University of Guadalajara (Mexico).

In FY 2022, ERI-IPGP workshop was held at ERI. From IPGP,
12 researchers and a technical staff member attended the three-day
presentation/discussion.

ERI has also participated in UTRIP (University of Tokyo
Research Internship Program) and SAKURA SCIENCE Exchange
Program organized by JST (10-13 students each year since 2014)
to invite undergraduate/graduate students from Asian or European
countries. In 2022, the SAKURA Program was held in person
for the first time in three years with nine (including one online)
participants.

Visiting Researchers Invited by International Office:
- 2005 - 2022
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Fig.2 Number of visiting researchers invited by the International Office.
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Outreach and Public Relations
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“ERI brochure” introduces research activity. “ERI Newsletter Plus (NLP)”
has been published to introduce our researches.

Earthquake Research Institute, The U

In viewing the importance of our mission to feedback our
research products to many people, we have been carrying out
various outreach activities. The Public Outreach Office was first
established in 2003 and was renamed as Outreach and Public
Relations Office in 2010. Our main roles are to make the public
outreach more effective and systematic, and to grasp public needs
to research activities and reflect them to our research projects. In
order to accomplish them, the office has been promoting (1)
public relations through the web site, publication, and the media,
and (2) public education through open house and public seminar.
In 2021-2022, in consideration of the expansion of COVID-19, we
continued online lectures, facility tours, and booth exhibitions, but
we also accepted some in-person lab tours.
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Open lectures for media and public are held regularly. Held on-line since April 2020.
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We hold a series of lab-tour for elementary school to experts.
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Mobile AR app that allows users to experience past earthquakes on the spot.



Education and Seminars
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Table Number of Students and Research Fellows
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22 P ey e 2 g | g e Py >
Kbed: KFBemr e ARPrEZEA: FHREERIIGEE | AMEIAWITEE SR
Research . .
Graduate Students of Research SRS Foreign Adjunct
Students of Research Research Research
Students Graduate
ERI Fellows Fellows Fellows
School
SERE254EE 2013 75 2 3 2 74 35
TFR264EEE 2014 75 2 3] 2 77 39
SERC27AERE 2015 81 6 2 7 52 48
FI284EEE 2016 85 3 1 5 51 44
ER294ERE 2017 83 3 2 3 64 46
SERC304EEE 2018 78 2 4 6 53 53
AT 2019 65 2 5 3 70 57
A1 248 2020 60 5) 5) 4 7 50
SHI3 AR 2021 67 1 7 3 25 57
A 4GEEE 2022 61 2 13 6 45 51
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Education and research of graduate students

Faculty members at the Earthquake Research Institute (ERI)
participate in education by teaching classes and supervising
students in the University of Tokyo Graduate School of Sciences
(Earth and Planetary Science), Graduate School of Engineering
(Civil Engineering and Architecture), Graduate School of
Interdisciplinary Information Studies, and Graduate School of
Information Science and Technology (Mathematical Informatics).
Some of the foreign students at ERI also attend the Global Science
Graduate Course (GSGC). ERI also accepts research students of its
own to provide education equivalent to that taken by the graduate
students. Additionally, ERI accepts research fellows under the
Japan Society for Promotion of Science (JSPS) fellowship program,
foreign research fellows, and research students from private or
governmental institutions.

Education at College of Arts and Sciences of University of
Tokyo

ERI faculty members join education at the University of Tokyo
College of Arts and Sciences at the Komaba campus by providing
lectures and seminar-type classes for freshmen and sophomores.
Especially, the faculties provide opportunities for the students to
experience field work and related research on earth science.

“Danwakai” and Friday Seminars

ERI holds a “Danwakai”, a monthly meeting where members
present their most recent academic and technical achievements,
every third Friday of the month. Danwakai is open to the public. On
some other Fridays, researchers from outside ERI are invited to give
lectures on up-to-date academic topics. Because of the COVID-19
pandemic, since April 2020, Danwakai and other seminars have
been held online or hybrid. This situation makes it easier to invite
overseas scientists as speakers and listeners for the seminars.
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Data

TEEEH ($F58F 48 1 HHEE)  Number of Permanent Staff (As of April 1st, 2023)
# %  Professors 23N
HE ¥ ¥ Associate Professors 25N
B # Assistant Professors 22N\
— % Wk B Technical and Administrative Associates ZAUN
& i Total 111A
FH%E  Yearly Expenditure (#4Z : T thousand Yen)
AR N2 Wkt at FHE ZRLI7ESE b4 &t
Scientific Funded
Fiscal Year Personnel Educational Sub total Research Grants Total
Grant Research
SERC244E . 2012FY 1,215,462 1,579,163 2,794,625 314,476 1,651,728 20,959 4,781,788
SERE254EE 2013FY 1,118,043 1,720,312 2,838,355 336,293 1,178,818 6,029 4,359,495
SER264E . 2014FY 1,307,719 1,928,646 3,236,365 304,732 1,116,193 41,589 4,698,879
SER274EE 2015FY 1,378,081 1,978,596 3,356,677 356,207 1,280,115 29,569 5,022,568
SER284EEE 2016FY 1,252,437 1,382,450 2,634,887 478,994 1,406,634 35,190 4,555,705
FRE294EEE 2017FY 1,222,891 1,281,985 2,504,877 377,652 1,172,235 9,780 4,064,544
SERC304EE 2018FY 1,347,333 1,193,588 2,540,921 403,549 1,168,775 28,995 4,142,240
SHUGSERE  2019FY 1,149,013 1,265,047 2,414,060 413924 1,040,839 28,206 3,897,029
SH 248 2020FY 1,268,034 1,154,453 2422487 270,989 660,650 9,686 3,363,812
SHI34ERE 2021FY 1,133,531 1,399,635 2,533,166 270911 502,405 14,326 3,320,808
(F) FEIEZENZNLEAAICL > T0EDT, WEICBWTHF L IE—FE L2V ord ) 7.

HEELICL DHEEEHOHTE  Number of Research Programs by External Funds
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OEFFHS

Grants

0 REFEDHFFR
Joint Studies

OSFEHR

Funded Researches

DiREAEE
Special Coordination Funds For
Promoting Science and
Technology
DRFHRERHBIS
Grant-in-Aid for Scientific
Research (KAKENHI)

OExEHE (ER)

Visiting Researcher (Int'l)

nifzES (EE)
Workshop/Symposium (Int'l)

OHFEHZE (EE)

Joint Research Project (Int'l)
BESHE

Visiting Researcher

nifizEs
Workshop/Symposium

OHFFE R R

Specific Research Project
O—fRHFEFR

General Research Project

OZDfbEH 7

Other Research Project
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Directors of the Earthquake Research Institute
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(KIF14.11.14 ~W3f1 7. 4. 8) T K B (KAN56. 8. 1 ~HRANSS. 7.31)
(I 7. 4. 9 ~IFF0 8. 5. 5) [ Bi = (A58, 8. 1 ~MEAI60. 7.31)
(IBF1 8. 5. 6 ~EAI14. 514) o B (WHI60. 8. 1 ~FI63. 3.31)
Gy 55 T o oS R 1 T 3
117 ~ B T B (P 2 4.1 ~Fk 4 3.
(WAFN19. 4.24 ~W3F120. 2.10) 7 i) B CPE 4 4.1 ~F% 5. 331)
(IF#120. 2.11 ~IFF128. 2.10) wm R OB Ok (PS5 41~ 7331
(IFF128. 2.11 ~WAA135. 3.31) wOR R K CEET7 41~ 9 331D
(WAAN35. 4. 1 ~MWF138. 3.31) wEOJE ik w CPRL 9. 40 1 ~FR1L 331)
EEE?]S& 4, 1~g ?]40 331; ﬁf J;E % gg] géﬁéll 4, 1~§E§13. 3.31%
BAI40. 4. 1 ~WEF142. 331 i Ei13. 4. 1 ~Fk15. 331
(H3F142. 4. 1 ~Wf143.11.13) T OE R (GRS, 4. 1 ~FR17. 3.31)
(W3F143.11.14 ~W3F143.12.10) KA B F CPEEl7. 4.1 ~F19. 3.31)
(IF#143.12.11 ~EF145.11.24) KA B F (P19, 4.1 ~P%21. 3.31)
(I3#145.11.25 ~WF145.12.10) FOH B CPER2l. 4. 1 ~FHi23. 3.31)
(W3F045.12.11 ~W3F146. 9.28) AR R CFR23. 4. 1 ~FHi25. 3.31)
EE §n46 9.29 ~E”iﬂ46 1020; /}\EE ] ’r§ 82%25 4, 1~§g27. 3.31%
1146.10.21 ~1AF146.11.15 AR — K PR27. 4. 1 ~F29. 331
(IFF146.11.16 ~W3#148. 7.21) AN — i CERK29. 4. 1 ~FRE3L. 3.31)
(3148, 7.22 ~WFF148. 7.31) flE M 4 B CPRSL 4.1 ~4F 3. 331)
(W3F048. 8. 1 ~W3#150. 7.31 i M B (A 3041 ~4F 5. 3.31)
(150, 8. 1 ~MAFI52. 7.31 WO FE OE (BS54 1)

)
) S
(4152, 8. 1 ~MEF154. 7.31) (* T RFHIER)
(H3F154. 8. 1 ~W3F156. 7.31)

Chronology

4 Year

RIEL44E 1925

HUESEFT A% E  Establishment of ERI

HA 24F 1927

S TE%1E  Tsukuba Branch

a0 94F 1934

E M S i%iE  Asama Branch

HAI164F 1941

Lo B BT % E  Enoshima Tsunami Observatory

EAN224F 1947

s ik Z B BT E% i  Aburatsubo Geophysical Observatory

HEAN244F 1949

W13 E S By BIH T % Matsuyama Geophysical Observatory

HHAI304E 1955

N R IAB 22BN %S Komoro Volcano-Chemical Observatory

HAI344E 1959

PHE KSR AT % E  Izu-Oshima Geo-electromagnetic Observatory

HAI354E 1960

T K BB E Izu-Oshima Tsunami Observatory

HAI364E 1961

Sl 1L 28 BRI T % & Nokogiriyama Geophysical Observatory

HHAN3S4E 1963

% B KL% Kirishima Volcano Observatory

HAI394FE 1964

LS & el S0 2 SLP MR BT, BT IBLIT (245 4 24 FRZS T K ORI L /N S BRI Pl 1

Rename as Tsukuba Seismological Observatory and Asama Volcano Observatory. Establish Wakayama Seismological Observatory

HAI404FE 1965

EIAR N M e BLI T e OV ERRHBIN & > & — 2 3l

Shiraki Seismological Observatory & Strong Se1smic Motion Observation Center

HEAN414F 1966

SN M 5 28 Bh B T B O i S/ b SR BN Pir
Yahiko Geophysical Observatory & Dodaira Selsmological Observatory

HHAN424F 1967

WETRBNE > 5 —, JLERINOTE - BB BT

Earthquake Prediction and Observation Center, Hokushin Geophysical Observatory

HA1434F 1968

A f/ N HEBIIPT%E  Kashiwazaki Seismological Observatory

MEAI444E 1969

B M sl % Fujigawa Geophysical Observatory

HAN454E 1970

I\ RSB Rk Yatsugatake Geo-electromagnetic Observatory

HHAIS44E 1979

WRETHBIEE L Y ¥ — CbETAEN -~ ¥ —0izif - 375) Earthquake Prediction, Observation & Information Center

MEAI594E 1984

P K EKINENFTRE  1zu-Oshima Volcano Observatory (FF50K B A BT, ek BEpk Bl o Bk - E)

HAIS54E 1980

BB E  Shin'etsu Seismological Observatory (LAEf/NBEE - Mt B BB, AN EBIT OB - HiH)

PR 64F 1994

MEERFTEITSHL L RIFIRBTZE S UoH) B OB it o S

Re-organization of the Institute as 4 divisions, 4 research centers, and 2 observatories

PR 74 1995

=P MR Z BT E  Muroto Geophysical Observatory

FEe 9% 1997

e EERELAEZE £ ~ # —i%iE  Ocean Hemisphere Research Center

PRI 2006

Lo a8l BE 1l Enoshima Tsunami Observatory closed

P21 2009

MR TP R A > & — % WK LT HIBFFEHEAE £~ & — 12, RILBEK P HIF S > & — % KIIER T HIREZE & o~ & — gkl

Research Center for Prediction of Earthquakes and Volcaruc Eruptions

FR224E 2010

FEEFIN - SRR TEM A S, B X U4 - 72 v 7 — gl

Re-orgamzatlon to a Joint Usage/ Research Center with 4 Divisions and 7 Research Centers

PR244E 2012

FORHER R I HE PR E L > & — Rl (ST SRS R AT e L > & —1286H)

Research Center for Large-Scale Earthquake, Tsunami and Disaster (renemed as Research Center for Computational Earth Sciene in 2019)

Al 54E 2023

YRIZ e AR BB, S TR BT BE AL

Yahiko Geophysical Observatory and Dodaira Seismological Observatory closed.

ch Institute, The University of Tokyo
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Observatory Facmtles Operated by ERI Locations of Observatory Facilities

‘ Ob'seﬁ/{ato’ry

&%AM&M%
W
AsamaVolcano Ogger’g 2TV

d\a%i&EAMﬁigﬂ_"ﬁ- . v
Komoro Observatory of Selsmology and Volu,anology
KB KL - “j_/ﬁ ad

-Oshlma Volcano Observatory

r

hima \40Ic§no Ot/)servatory
ﬁﬁﬂﬁ

OIl$1996 F£1 BH5 2011 £ 8 BE TOMENEREZXRT.
BIIBEORSEXRY. FALBEXXLEZTRTY.

Circles indicate epicenters of the earthquakes from Jan
1996 to Aug.2011.

Colors mean depth of the earthquakes. Red triangles
denote positions of active volcanoes.

Earthquake rch Institute, The Unive:
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Seafloor Cabled Observatories operated by ERI

ZREAXET - TIVKBRME - BEBAY X7 4

The seismic and tsunami observation systems using seafloor optical fiber off Sanriku

FOURFEWEIIZEINE, 19964E 1267 — 7 V%2 R L 7z
JEHE - HEEEBN Y AT A%, SHREMICHRELT L %
W, kL CHIEEB K OH T — 7 2 AU L, sdbimihgE
OMBEPCHEBE LB L T LD, ZoRERICLD,
Be LRAasimih L, BU L F L7z, 2ok LR % ik
L, 201444 AH» 51, F—2ORE*HHELTVWEY. &
HIZ, Blllowt - X7 AHHO=DIZ, L r—7
WK HE - BB o A7 2%, 201549 HICREE L F
L7z By AT A%, 7Rk e, TCP/IP & v
T, VAT LOTLRMEDRER, Il BB 12 & 5 /L,
ROV AT LLIY BEIAMTH D ZLHIYERETT.

BRI U= T - TINXBEBE - FEEAS T LOELR (D

A, 2013FICHEINE L.

The landing station for the seismic and tsunami observation system
using seafloor optical fiber off Sanriku (Kamaishi, lwate Prefecture)

reconstructed in 2013.

Rl — K.

FEEERAFLT — TIBEEREER S X7 L
The seismic observation system using seafloor
optical fiber off the east coast of the Izu peninsula

BABREMEMBENE

A seismic and tsunami observation system using seafloor optical
fiber had been installed off Sanriku, northeastern Japan in 1996.
The continuous real-time observation has been carried out since
the installation. In March 2011, the Tohoku earthquake occurred
at the plate boundary near the Japan Trench, and the system
recorded seismic waves and tsunamis by the mainshock. However,
the landing station was damaged by the huge tsunami, and the
observation was suspended. ERI constructed a new landing station
and resumed the observation in April, 2014. In addition, a new
seafloor cabled observation system was deployed in September
2015 to increase observation stations and/or replace the existing
system. The new system has advantages of low-cost, compact using
the latest semiconductor technologies, and a data-transmission
redundancy by TCP/IP technology.

AZREARN T - TIVKBEWME - FEBRAL AT LOME. FALE=AD, 1996F

ICERBE SNBSS SFESTOMNEEZ, ThZhRLEY. BAE, 2015FICKE
LIie#is 27 LOBBAIRMETT.
Position of the seismic and tsunami observation system using seafloor optical fiber off
Sanriku. Red circles and green triangles show positions of seismometers and tsnami-
meters of the first system, respectively. White circles denote positions of observation
nodes in the new system deployed in 2015. Lines show the cable routes.

42015FICEB U =Mt — T RNBRIE - ZEFEAUS X 7LD

Observation nodes for the new seismic and tsunami observation system
using seafloor optical fiber off Sanriku. Each observation node has
seismometers and tsnami-meter.

B X7 L
The seismic observation system using seafloor optical fiber
southwest off Awashima in Japan Sea

arch Institute, The University of Tokyo | 31



PIELAIYD
Access to ERI

Rt A0 RER

o® Nezujinja Iriguchi Junction
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Todaimae Stn., oo® HRZER ) )
Nanboku Line ° 52 Nezu Stn., Chiyoda Line
Not A M
RIEF]
ErED
Kototoi Avenue
gﬁ&

WEREHIE, RAEBF+ U NRCBLTOVETH, ZBERGEDHDF v
INZAPREFFOHXICHY, FHETHIODBNTOET.
BSE

FEOBE, TS0V FBOBAEE (S, B8&E0d) NFRTSEITY,

TR THBLOGEREFEZRS5T, DB ([IEDI—F) ZRBSNS
CEDEDLET.

RFR  wTH  FABR MRE 1880 #5109
iR [RXe1] 1&BHO 55D

10 min. walk from Nezu Station (Exit 1), Subway Chiyoda Line
5 min. walk from Todai-mae Station (Exit 1), Subway Nanboku Line

SH5E (20234) 4 B%ST
meERT RRKXFEMWEWRRFR
" O£ LBPOR)—F=

RRENRXFE1TE1HE1S
&5 (03) 5841—-2498

R—LNX=3 I https://www.eri.u-tokyo.ac.jp/







rrrrakd
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T1130032 HEARSCHIXTRAE 1-1-1
il 0 (03) 5841-5666 (ft#)
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FAX : (03) 5689-4467
https://www.eri.u-tokyo.ac.jp/

Earthquake Research Institute, The University of Tokyo
1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-0032, JAPAN
Phone @ +81-3-5841-5666 (General)
+81-3-5841-2498 (Outreach and Public Relations Office)
FAX @ +81-3-5689-4467
https://www.eri.u-tokyo.ac.jp/en/






