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Long-baseline laser strainmeter constructed at the KAGRA tunnel in Kamioka (left). Input optics to
introduce laser light into the 1500-m interferometer (top right). Vacuum chamber confining a mirror
and optical components for the strainmeter (bottom right).
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Greetings from the Director
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Director Kazushige OBARA

HWEAIZERTIE, MR - KINBIE 2RI L, ThOISERS 2 KEOBMICEKT 2 2 L2 flife LTwE
¥ oG RT 2o, R - KIWBROA R LS, TOMREE L TOMINEES 1 F I 7 2 TH UM
W55 LBV ETHDL I DS, WRMERF RIS BT Bk 4 2381 LT, BAMEN, N9, Hh -
ATRRFER G L2, ZHN»OREROIZEELZIT 2> TV ET.

W' - KINFFE 2 0 5 T, KBBEZRBI - EBREfr 2 o720, el - ZiR$ 2% L, BN oS &
DFWIF I VAT R TS, MBI, EFEFAH - EEFZERGE LT, EOBRIZHED W [HEOBERICHHK
§ 5 720OMWEKINBINTIZERIH | 2 X L0 LT M4 RMET Y 27 MWy EL, SEO7ES &R
LFEFFEZIT R TOE Y. 204212, BLERD»SBEOHEE - KINEE) 2 Y] 5 720 OCPLEEIF7E S &
INFET. S5, TAUAS, TTUR, A F)T R EORIFEHE & FMnE 2R ST, EESHE - KL
SN, HOEFH LEE 2 HRHER L LTI L, Hiezefn CoREBEFRMEZHEL TB Y, HNsE
BCMRNTE L CoORRZ RO, WE - KIFRICBT 2 FEERETE 252 ZHIEL TV,

WREMZET OFHE, RFEEHFICHOERSCED o T WEHTEI T, EE L V2D B ik Sehn O 7EEE)
Z, GBS EREE L TEET LI ENTE LY. EAMERF A5 IS  ORBIRAEI RS TnE
TOT, 2k FAEHFBEL WIS, WRET -0 okke REREEE, WE - KINZHT 2@ 2RO TVWE 2w
ERWET

BRI, BONTEREZILSRBBL, ke 2 LNV TORAERHBLRAHANERG IR Z 5 & & bIT, K¥EW
EOWZEHT & LT, FR 24 ) AR E B X ORI AME RIS BB ATV E2wEER T
W ki b, ERO IR - CHHEBHCHEL ETET.

The mission of the Earthquake Research Institute (ERI) is to promote research on earthquakes and volcanic eruptions and to
develop methods for mitigating related disasters. It also requires a comprehensive understanding of the dynamics of the Earth’s
interior which drive these phenomena. To achieve this goal, we promote multi-disciplinary research in the field of solid earth
science; integrating field observations, laboratory experiments, and theoretical studies.

To promote research on earthquakes and volcanoes, research collaboration and exchange with many researchers are
essentially required in order to conduct large-scale field observation and experiments. As a Joint Usage/Research Center of
Japanese universities, ERI organizes various joint research projects, including a nationwide “Earthquake and Volcano Hazards
Observation and Research Program” involving many universities and research institutes across Japan. Joint projects includes an
approach of integration of arts and sciences to clarify historical seismic and volcanic activity from historical documents. ERI has
also concluded agreements with many foreign organizations In US, France, Italy, etc. to encourage international collaboration. In
addition, ERI has established an international office for the promotion of earthquake and volcano related research, and
contributes to sponsoring foreign visiting researchers in order to stimulate international scientific cooperation.

Faculty members of ERI are deeply involved in the education of graduate students at the University of Tokyo. Graduate
students at ERI enjoy world-class advanced research through familiar field and laboratory works. There still remains many
unresolved issues in the field of solid earth science. Therefore, we will continue to deepen our understanding of earthquake and
volcano through various discoveries extracting from enormous data with many young students.

ERI is committed to promoting the most advanced, multi-disciplinary research in the field of solid earth science, and
understands the importance of our outreach activities, which make our scientific and engineering achievements accessible to the
public. ERI aspires to become a world-class research organization, so we welcome your cooperation and suggestions for
improvement.



JAE  History

WEMFZERT (LT, AP 13, KIE124E (1923 4) 9
H1HOBBREK®ZMEIC, KIF 14 4 (1925 4E) 11
H13 HIZAlz &Nz, EnE T30 REITHAYVHARDM
BERBICHEM L CRABE T NSO EH
X, ZOEERFHICHIEONIz. IR 34 (1928 4F) 6
I, W ERS: (M) ONIC, RITEHPER
L, RN, MKFEHIBEOWFEITE LT, 0% w7

85 R A SRR R o0 W O IR 2 A% T 24 4 (1949
) 5 H 31 HIZ, FESAREEERDHE S, R
BRRFMIBOMGERT & %o 72, WEOEBL LI, H
WHDIIZEDERIZH O ST L b DAH o7z, KT
bAFZEBLEE OB R IZPE W, HEAT 45 45 (1970 4F) 3 A,
FEEATRBEPIZHT L WIT S (BUAED 2 5 ff) MR S he.

T ESER LA, RPN S - KINFEOSERI 7R %
19 & DI, DHENIBIUF 2 HETH - KINEKTFH
FH & HEAE LT & 22, WA 54 48 (1979 4E) RIS MR
TSl 7 =2 E P MBIE R v ¥ — g s
N, EEORFOMEFMFIII DL BT — 5 0%
FE, BB, RMHEICLAMEDITDNL L) R o7

EEORFD G TR 5 MR TOBIM, 4R
B O 7 — il Z N O IO KM 7 0y = 7 Mk
FED, RBUEHZER %2 H) RFI2DZERY, TR
6 4F (1994 4F) 6 H, APnid, EEILREFEIZEHRE %D,
458, 5ty —, 2K EBNGRICEML, 2512,
HHBAZHER, KO ILFEIEHIE D R S h 7z

PR 94 (1997 4F) 4 HIiE, EWNALogEs & Jkib
L CHEERBUE O BENAFZES 2 HEOT, 72 (23 ER B0
set > ¥ =35 L7

SRR I8 4E (2006 4F) 121, FEMEEE AT A HT A
(1 768) MPRLT2HEEHIT, AR 256 OmE
s b Arbi, ERRRE L TARIFEATEA LT kb
ZRBE - BEJEAST & BRI A3 5 7z

SRR 21 4F (2009 4F), HWEE T A & KWK 3 JaE
RO—RBOMEED2DIZ, 20y —%2UHM LT, #HE
KIS K AR > 7 — &, KU Fge & >~
¥ — %R EET.

PR 22 4 (2010 4F) 12, AP Az L[ R WE SR A
o, ZEZEFEAH - EFEFRRLE 2D, SRV
F-FR DB ANEL Yy -2 GG 4N, T
¥ =YL, BRTE Y 2 B A ERE 2 &
FEEYIY CRAK AR X o THEAET B4R & 72 5 72,

TRK 24 4F (2012 4F), WHAREXOBINZH T 2,
Pop b T b2 HIVE LT, JGvm i Rfie g by % b
V2R 7o EOR R A ST e £ v Y — A3 s L7z

PR 26 4F (2014 4E) A SR L7z [ R EOBIKICH
W9 % 720 O K INBEIIEZERTIE | OHEED 720, Bl
FMRFED LRI T 8 B HHRKAER SMFFERT & O [R] THL AL
HEEDFIR S N7z

Earthquake Research Institute (ERI) was established on
November 13th 1925, two years after the Great Kanto
Earthquake on 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. Following
the nation- wide 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
researches in Japan.

In the last few decades, various cooperative studies, such as
seismic observations in several inland areas, seismic and
geophysical observations in the ocean, application of Global
Positioning System (GPS), seismic observations by a network
covering the whole of the western Pacific under the POSEIDON
Project, and experiments on volcanic structure and magma
supply system, have been planned and conducted as joint
researches among the universities and institutes in Japan. To
promote these projects further, ERI was re-organized in 1994
as a shared institute of the University. The reorganized ERI
consisted of four divisions, five centers, and two 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 multidisciplinary
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 researches
with four research divisions and seven centers including the
Center for High Energy Geophysics Research. The new
organization will enable ERI to provide flexible frame-work for
diverse and multi-disciplinary observational solid earth sciences.

In 2012, Research Center for Large-Scale Earthquake,
Tsunami and Disaster was established in order to construct
the theory and develop the method of advanced numerical
analysis for conducting the research on 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.
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Research Divisions / Research Centers

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 under-
stand the processes that take place in the Earth and plane-
tary 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 comprehen-
sive understandings of earthquake phenomena and improve-
ment of forecasting future earthquakes.

Volcano Research Center

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

Ocean Hemisphere Research Center

This center studies the Earth interior through the ocean
hemisphere, which has been an observational blind zone, by
deploying unique instruments originally developed. The goal
of such observational studies is to elucidate the movements of
the mantle and the core, which are the origins of various geo-
logical phenomena such as earthquakes and volcanic erup-
tions, and its driving forces.

Center for High Energy Geophysics Research

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

Research Center for Large-Scale Earthquake, Tsunami and
Disaster

This center studies large-scale earthquakes and tsunamis
as well as urban area disasters making full use of supercom-
puters. By advancing numerical simulation of earthquake
hazard and disaster, this center seeks to provide exclusive
information about possible earthquake disaster, so that
suitable counter measures will be taken.
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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 analyt-
ical facilities and analytical instruments belonging to ERIL
This center also engages in intensive researches based on
geophysical observations on land and sea, developing new ob-
servational techniques and instrumentation.

Earthquake and Volcano Information Center

This center is responsible for collecting, organizing, archiv-
ing and sharing seismic and volcanic data, and works on
forming and operating nationwide information and distribu-
tion basis. Research activities include development and tech-
nology 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,
morning meeting is held every day. For technicians at distant
observatories, TV communication system is effectively used.
We hold three-day workshop every year with many techni-
cians who work on earthquake and volcano field observations,
data analysis, etc., in universities and research institutes in
Japan, in order to exchange their ideas, skills, tips for obser-
vation and experiments for the purpose of improvement of
technician skill levels.

1) Technical Supporting Section for Observational Research:

Provide technical support for installing and maintaining ob-
servation systems equipped in observatories and instruments
at permanent/temporal field stations in land offshore regions.
Emergent technical supports for field observations at large
earthquakes or volcanic eruptions are also important
activities.

2) Laboratory for Development, Analysis, and Experiment

The subsection for research instrument development
supports observational and experimental research from
technical viewpoints by manufacturing and developing proto-
types, as well as maintaining and operating experimental
instruments. This subdivision also accepts requests related to
machining, electronic circuit assembly, and technical consulta-
tions. The chemical analysis subsection supports the chemical
analyses of volcanic rocks and synthetic samples, and is also
responsible for maintaining related analytical equipment.
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HEMFEAr S I3 R - KILSFIC 3 2 3ED 72
OHEMKFZETT. HENFEINICEEORERVEELE 7 —
< & L7 he e EoM B AR S ORI B
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The ERI library is specialized in fields of seismology,
physics of earth and planets, geology, volcanology, and earth-
quake engineering. We also archive collections of antiquarian
books and illustration related to natural disasters such as
Namazu-e (catfish drawing). Index and images for these col-
lections are available from “ERI library data base” on the
website. Our publication, the “Bulletin of Earthquake Re-
search Institute” is also available from the UTokyo Repository
website.

HigT FiE 21715 M #F 35378 i Books 21,715 Japanese volumes and 35,378 foreign
MRk AMERE 1200 L PEMERE 1254 F volumes
H WG G E R %), W (H Scientific 1,200 Japanese serial titles and 1,254 foreign
) R N - magazines serial titles
ii&l/%h)% @?ﬁzk ((@J“:ﬁkﬁ:)’ Maps Geological, topographic and fundamental
SR M) {iﬁ AT (i Rwmik), < bathymetric maps around Japan. Fundamen-
Ot #3 20,000 ki tal land utility maps of Japan and others;
Iy R, (LR R PIER R OTIA, 4 Total of about 20,000 sheets
HARSE #5600 & Archives 600 titles, including old Japanese drawings such
B A BITE A E2SK, B E 1906 EH Y as the “Namazu-¢” and the “Kawaraban”
) - - Py Photographs | 3,000 photos from the Kanto earthquake, the
VT RSO &
16 T ; % 3 @Z)%E%E?\u%% K{jqu”"ggg JM;,\ Niigata earthquake, the 1906 California earth-
mm £3 X =y A
. o T quake and more
7 AV & | AUBEE, AR, T T 16 mm films, |50 titles
< VAaARMWEREDDLD 50 M videos
2016 -4 H 1 HBAE As of April 1, 2016
I W [ Opening

HEEH~4WEH  9:00-17:00 (12:00-13:00 k<)
F—ALR—=  http//www.erlL.u-tokyo.ac.jp/tosho

Monday~Friday 9:00-17:00 (except 12:00-13:00)
Library website
http://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 3cm (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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o MNED R BELE Prof. KOYAGUCHI Takehiro
BORRBE AL e L I Assoc. Prof.  |[KAME Nobuki
Division of Theoretical Wz VI g8 [HhEREEMAT Assoc. Prof.  |NISHIDA Kiwamu
Geoscience degaz (WS AL |FERUE HhS Y Assoc. Prof.  |HATANO Takahiro

B # SR HEBER |3 2L —3v 3 vkl Assist. Prof.  |SUZUKI Yujiro

H B g Rz [ - MR ERR Prof. KATO Teruyuki
S ERETR AW AEFIE |5 M |EJ) - W Assoc. Prof.  {IMANISHI Yuichi
Division of Monitoring AEHIE | IRA | MR R Assoc. Prof.  [INAKATANI Masao
Geoscience W% |E& WOE | HEKBIURERE % Assist. Prof. | TAKAMORI Akiteru

B % e 3 [RAHHAE Assist. Prof. |TANAKA Yoshiyuki

o | R— I Prof. NAKAI Shunichi

Yoo |RIE BEF | HERNE R Prof. TAKEI Yasuko
LGSR HBdE  |[TPH OEiE |5/ Ay — VEKBEEE | Assoc Prof.  |HIRAGA Takehiko
Division of Earth and i - gt I G el Assoc. Prof.  |YASUDA Atsushi
Planetary Materials Science |3 # ¥t #=  |&01ks: - B0 Assist. Prof.  |ORIHASHI Yuji

B #% = wE (AR R R Assist. Prof.  |MIURA Yayoi

By #% =3 B |EREAY Assist. Prof.  |MIBE Kenji

o BEGTE il |5 Lo Prof. KABEYASAWA Toshimi

B R —RE SRR Prof. KOKETSU Kazuki
JEERLAAAITTLHE BB [N R | ICEN Prof. FURUMURA Takashi
Division of Disaster deHdZ | W IR (RS Assoc. Prof.  |KUSUNOKI Koichi
Mitigation Science ) | =% B [MERHES Assoc. Prof.  |MIYAKE Hiroe

B # |HE BBh R Assist. Prof.  [IIDA  Masahiro

REBVEC R B | 7RI [ Ct A HARADA Tomoya

o |EE AR RS Prof. SATO Hiroshi

o PEE | BIIRESE - MR Prof. HIRATA Naoshi

dEyaZ | Rs B [HERERR Assoc. Prof.  |[UYESHIMA Makoto
WL v 5 — ez |2H AR [EObEY Assoc. Prof.  |MOCHIZUKI Kimihiro

AEHIZ I FEORES | B s A Y B Assoc. Prof.  |KATO Aitaro
Earthquake Prediction B % (Al El | RBEE Assist. Prof.  |ISHIYAMA Tatsuya
Research Center B # T E | 71— Mk Assist. Prof.  |[KURASHIMO Eiji

By % |fmHE E— (HWEREAETN Assist. Prof.  |FUKUDA Junichi

By # |IUHE A bR Assist. Prof.  |[YAMADA Tomoaki

By % | B |RHBREAKILS Assist. Prof.  [NISHIYAMA Akihito

o | FE |HEREsAERE - KIS |Prof. TAKEO Minoru

ES . R KIS Prof. NAKADA Setsuya
KURTABREL > 7 = ge [ 6 | Jalmipsmes Assoc. Prof. | ICHIHARA Mie
Voleano Research Center  [TEEUE K BEME N3 - KIBFES Assoc. Prof.  |OHMINATO Takao
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Fig.1 The light weight, high definition muography obser-
vation system called the multi-wire-proportional-
chamber muography observation system (mMOQOS).
This system consists of 6 detectors and 6 radiation
shields.
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Light-weight high-definition muography observation system

Since the moment that the Earthquake Research Institute
(ERI) of the University of Tokyo imaged the internal structure
of a volcano in 2006, applications of muography have been
rapidly expanding worldwide. Muography is a technique used
to visualize the density distribution inside gigantic volumes
measuring a kilometer and above with highly penetrative
elementary particles called muons. Responding to public
demand, televisions have advanced from black and white
pictures to high definition, full high definition, and 4k screens.
Likewise, the expectations are that as muography continues to
evolve, so will the requirements to offer increasingly higher
levels of imaging resolution. To this end, ERI has exchanged
an academic agreement in 2015 and subsequently an intellectu-
al property agreement in 2016 with the Wigner Research
Centre for Physics of the Hungarian Academy of Sciences. In
these frameworks, a successful implementation of the
Hungarian gas detector technology to work together with ERT’
s low noise muography observation systems, and the high-
resolution muography observation system (the 3" generation
MOS) was created (Figs. 1 and 2). The 3™ generation MOS has
a high-level noise reduction function as well as a high angular
resolution. The applied gas detectors, called the multi wire
proportional chambers (MWPC), have a higher positioning
resolution than the scintillation detectors. The MWPCs have
been conventionally fragile against mechanical shock, however,
it was improved here. Another advantage is that since the
high position resolution makes muon tracking possible with a
reduced radiation shield, the weight of the MOS became one
order of magnitude lighter than the conventional MOS.
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Fig.2 Angular resolution of the light weight, high defini-
tion mMOS (3rd generation MOS). The data points
measured with 2nd generation scincillator MOS
(sMOS) and mMOS are plotted. The horizontal and
vertical axis shows the elevation angle and muon
flux respectively.
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Landing survey at Nishinoshima

A new volcanic islet had been growing up with lava effusion
and Strombolian acitivities at Nishinosima, Izu-Bonin arc, from
November 2013 to November 2015. The morophological
evolution of Nishinoshima had been revealed based on airbone
observtions and satellite images. The eruption activity has
been monitored continuously using ocean bottom seismograph
observation; the number of eruptions had registered a decline
gradually, the eruption having stoped by the end of November
2015. After the volcanic activity falling to a low level, we had
promoted a research survey of volcanology and bionomy at
Nishinoshima from October 16" to 25", 2016, using an academic
investigation ship “Shinsei-maru” managed by AORI, Universi-
ty of Tokyo. The investigation items of the landing team were
geological survey, installation of seismic station, and survey on
nidification of seabirds. OBSs and OBEMs had been installed
around Nishinoshima, pre-installed OBSs having recoverd. A
monitoring system of remote volcanic island using WaveGlider
was operated around Nishinoshima on a trial basis. An analysis
of whole rock chemical composition about the laval and the
fallout locks of 2013-2015 eruption using XRF reveals that all
samples are composed of andesite with SiO, content of 59.5-
59.9wt% which fall on middle content between the eruption
products in 1973-1974 eruption and the laval of the old islet.
During 2013-2015 eruption, the SiO, contents, which cluster in a
narrow range, seems to decrease with time. The telemetric
seismic monitoring system in Nishinoshima is on couse to operate;
the seismic data occasionally include long-lasting high-frequency
tremors which seem to be related with some sort of Nishinoshima
activity. We will make clear the growing process of volcanic islet
together with geological and geophysical knowledges based on
futher analyses of volcanic products and those of OBS and OBEM
data which will be recovered on June 2017.
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Integrated Program for Next Generation Volcano Research and

Integrated program for next generation volcano research
and human resource development has just started in Autumn
2016 and is planned to be continued in 10 years, which is
sponsored by the Ministry of Education, Culture, Sports,
Science and Technology. Most stunning point of this program
is the integration of research project and human resource
development. The target of research project is to develop
new methods for mitigation of volcanic disaster. In it, there
are 4 themes which are divided in several subthemes in each.
Data exchange system is planned to be developed in theme A.
New observation technique and data analyzing methods are
in theme B, prediction methods for volcanic eruptions are in
theme C and provision methods for volcanic disasters are in
theme D. The program for human resource development will
also be conducted in 10 years. Eight universities and four
national institutions cooperatively construct a consortium for
this program and jointly give lectures and practical trainings
concerning on volcano observations and surveys to postgrad-
uate students from all universities in Japan. The research
program collaborates with the consortium for human
resource development. See http://www.kazan-pj.jp in detail.

N

Volcano Research Program for Mitigation of Volcanic Disasters ~

Theme B: Development of volcano
observation technique and data

Theme C: Development of prediction
method for volcanic eruptions

Theme D: Development of provision
methods for volcanic eruptions

analysis methods

B-1: Tomographic images of volcanoes
using cosmic ray

B-2: Remote sensing technology to
measure ground deformation and surface
conditions by raider and optical imager

B-3: On-site chemical and isotope analysis

C-1: Prediction technique of eruption
by analyzing volcanic ejecta

C-2: Prediction of the eruption sequences
using event tree diagrams based on
eruption history with magma evolution

C-3: Volcanic hazard evaluation using
numerical simulations

D-1: Application of unmanned aerial
vehicle for real-time monitoring of
volcanic disaster

D-2: Real-time prediction of volcanic
ash fall hazards

D-3: Mobile information tools for
provision of volcanic disasters

J L J

techniques of volcanic and hot spring gases

to estimate potential of eruptions

B-4: Multi-disciplinary and intense surveys [ Theme A: Development of data exchange system for volcano observation data

k W, Steering function of the whole research project
Q y
Mutual collaboration
Field training, Research assistance,
Post-doctor fellows, Research meetings
Consortium of Human Resource Development
. Kyoto Univ.
Tohoku Univ. Postgraduate : o Postgraduate KV h UIV'
Hokkaido Univ. Intense courses on Practical training yushu LUniv.
OKKkaido - students ) . Students MRI
Yamagata Univ. Volcanology, Fieldworks at inland
Tokvo Univ Geophysics, Geology, volcanoes GSI
\ : Geochemistry, Disaster Field trips to oversea NIED
Tokyo Tech mitigation engineering, volcanoes AIST
N Univ. Lecturers A : Lecturers
agoya Social sciences, ..... (TBA)

1 RERXLUHRE - AMBERTOY 17 MIEX

Fig.1 Schematic Diagram of the Integrated Program for Next Generation Volcano Research and Human

Resource Development
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Fig.1 Newly developed broadband ocean bottom seis-
mometer BBOBS-NX (top) and electric field obser-
vation system EFOS (bottom) installed at deep
seafloor.
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to “Pacific Array”

The oceanic mantle is an important region for understand-
ing of the Earth system, as more than 2/3 of the Earth
surface is covered by the ocean. The “normal oceanic mantle”
between mid-oceanic ridges and subduction zones in
particular is still an enigmatic region in Earth science where
deep structure is little revealed. Aiming at studying the mantle
structure, particularly the lithosphere-asthenosphere system
(LAS), below the northwestern Pacific basin, we have con-
ducted long-term observations by seafloor seismic and elec-
tromagnetic instruments developed at ERI (Fig. 1). One of the
key achievements is that we have enabled to resolve the
regional 1-D structure of the entire LAS, including seismic
anisotropy, with deployments of 10~15 broadband ocean
bottom instruments for 1~2 years. Considering that the
active seismic refraction survey resolves only top ~10 km
below MOHO and that surface wave tomography offers broad
pictures below a depth of 50 km, this may be considered as
an observational breakthrough.

Provided the above achievement, we have proposed a next
generation large-scale array experiment in the ocean named
“Pacific Array”. Having 10~15 seafloor instruments as an
array unit for a 2-year deployment, and repeating such
deployments in a leap-frog way or concurrently (an array of
arrays) for a decade or so would enable us to cover a large
portion of the Pacific basin. Such efforts would drastically
increase our knowledge of how plate tectonics works on this
planet, as well as how it worked for the past 180 million
years. A first step toward such a grand expedition is about to
be initiated in FY 2017 as international collaboration efforts.

Seafloor Age (Ma)
100 150 200

0 500(km) 0 50

K2 KEFE7Z7LAOERXR. 7O0XBLCAHEIE, BXK
OMEEHL T TICEBBELA-BAROHKEEZRY. X
N ZIVROBREI 7L 1 OFIR, HEBIIEXNED
DTHS.

Fig.2 Conceptual image of Pacific Array (neither array
configuration nor their locations are real). Crosses
and small open circles are existing deployments
conducted respectively by Japanese and US scien-
tists.
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Foreshock migration preceding the 2016 Mw 7.0 Kumamoto

We precisely characterized the spatio-temporal evolution of
an earthquake sequence following a series of large shallow
intraplate earthquakes, including a Mw 6.2 foreshock and Mw
7.0 mainshock, in the Kumamoto area of Kyushu, SW Japan.
We applied a matched filter technique to continuous waveform
data, using template events obtained via a double-difference
relocation algorithm. Migrations of seismicity fronts along the
directions of fault strike and dip are clearly seen, starting
immediately after the Mw 6.2 foreshock (Fig. 1a). These
migrations are interpreted to result from aseismic slip trig-
gered by the foreshock, propagating towards the nucleation
point of the subsequent Mw 7.0 mainshock rupture. Indeed,
transient displacements were observed at two GPS stations
close to the foreshock fault after the Mw 6.2 foreshock, which
supports the occurrence of the aseismic slip (Fig. 1b). When
combined with static stress changes induced by the Mw 6.2
foreshock, it is likely that stress transfer from both aseismic
and seismic slip during the foreshock sequence loaded stress
onto the mainshock rupture faults, bringing them closer to
failure (Fig. 1c).
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Fig.1

Foreshock migration during the 2016 Kumamoto earthquake sequence. (a) Spatio-temporal evolution of seismicity

during the period between the foreshock and mainshock ruptures. Plots of the cumulative distribution of epicentral
locations over time, in map view and cross-section, are shown in the top and bottom panels, respectively. Events
are colored according to hypocentral depth. (b) Time-series of displacement recorded at GNSS station 1071
(north-south component). The foreshock origin time is denoted by the dashed line. The logarithmic curve that best
fits the transient deformation following the foreshock rupture is shown by the red line. (c) Perspective view of
foreshock slip and aseismic slip propagation on the mainshock rupture planes.
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Fig.1 Depth profiles of Qp and Vp structure, at 35.7N.
There is low Qp area in eastern of the Philippine
Sea Plate. Amplitude at the western area is larger
than the eastern, because the waveform through
that zone is suffered from the attenuation.
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The research projects which aimed at the hazard reduction of the
earthquake concerned with metropolitan area

We have executed the Special Project for Reducing Vulner-
ability in Urban Mega Earthquake Disasters (2012-2016),
which is sponsored by the Japanese Ministry of Education,
Culture, Sports, Science and Technology. This project is
composed of three academic disciplines: Earth and physical
sciences, engineering, and human social sciences. It seeks to
(1) clarify the earthquake mechanism of southern Kanto
region and develop evaluation technology for seismic damages
in urban areas; (2) develop technology for rapid damage as-
sessment of high-rise office buildings which may be damaged
during earthquakes, and (3) develop strategies to increase
earthquake social resilience. Then, we have just started the
Special Project for Tokyo Metropolitan Resilience.

Hﬂﬁﬁffq

Xgo7L—+

24YEY

K2 RBUIFHEORESR EREHOKREE, HED
BAT 25BN HMTHEEZRELAER,

T4VECEBETL—FAHDWVIE EETREL /-1
EOREMIEI N

Fig.2 Seismological image of the Ansei Edo Earthquake
by the consideration of historical documents. The
hypocenter was located on upper or inside of the
Philippine Sea Plate.
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Fig.3 Wave fields of the long-period ground motion (5-10
sec). They were estimated from the surrounding
observations.
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Around the Sea of Japan

2011 4E 3 A 11 HIZ384E L2z die s ) R b= 12
P9 REEPE, HARYE ORI SRS THR R A
B - W e g2 iz L, Bidfxio Rl Lasngic
o TwWh, —J, HARWIIIZEESCmER 27| Sk
CIIWIRE L A LT A A, £ < ORIz O WT
&, EEREE T VREEEIRE TV ERET 57200
BT — 7 5+ SNT WV, 20X 9 22 HEA
RS H 72912, 2013 4ERE L D [ H AL GE - HEk
HETuT s M) PRBSNZ. IhET, HE~I
FUN DA D S i OB 2 CTOEIRT, JEik
O TN LB 2 @I IR E 7TV R R BT TV %
WS 2720 0BT — 7 OWER, 7L — MEEz2 W
SN2 O O R EB - T2 O Tn5b. £
72, TNHDEFNEHCT, k- mEHS I 2L —
YavEiTwv, BiExEE L 5 EToORMEER 2 R4S
el biz, MERNEMEHRERTOEGS 2 R
fili « SREREYEFAN - HEE AT S § 2 T — & it
HZERABLTWS. AT, #% - BIgeic ko
KB 79 v—om Lz R L T, HBES%Z 75
LT, ATER L WFZRE [ CEE R MR X B K ETHEN
B3 2 il & MR LGB DTV 5.

16

BABHE - BEREZOS 7 b

Integrated Research Project on Seismic and Tsunami Hazards

Devastating damages caused by the 2011 Tohoku-oki earth-
quake posed more tsunami and seismic hazards to other
coastal regions in Japan and urges intense efforts to shed
more light on them. To estimate quantitatively Tsunami and
seismic hazards along the coastal area of the Sea of Japan,
which has been repeatedly damaged by historic large earth-
quakes and tsunamis though distribution and geometries of
offshore active faults remain less understood, a new research
project funded by MEXT, “Integrated Research Project on
Seismic and Tsunami Hazards Around the Sea of Japan” has
begun since FY 2013. This science oriented research project
includes onshore-offshore deep seismic reflection profilings to
obtain geometry and distribution of seismic source faults,
long-term offshore seismic observation by use of ocean bottom
seismometers to reveal lithospheric structure of the Sea of
Japan, and reevaluations of focal mechanisms of the past large
earthquakes and historical documents. Our work suggests the
presence of previously unrecognized faults, and survey results
have contributed to construct faults models and numerical
calculation of Tsunami and seismic hazards of this region. In
addition, outreach program focuses on sharing state-of-the-art
knowledge obtained by this project to local governments and
communities.

K1 MRS EMERETARE
et AR ERERE L BEE

Fig.1 Seismic lines in FY 2013-6
and obtained depth con-
verted seismic section.

X2 HESEICL->TEKDHSN
72 1993 4t i E it
BICHESIFROBARERE
DEIRARKKE LR (A) &
BAREBENDY Y RT7 1 7HEE
ZEHS HICT B -HDRES
BAIRFEMEET.

(A) Calculated maximum
heights of tsunamis asso-
ciated with the 1993 Hok-
kaido Nansei-oki earth-
quake. (B) Long-term pop-
up type ocean bottom
seismometers for seismic
observation to reveal the
lithospheric structure be-
neath the Sea of Japan.
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Science of Slow Earthquakes
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RIARISSE  BEXME  REVIFRUME
wik
FRPAO—ERFR AR R
SRR O—R )T AR (SSE) y’ e
;g%ggg%g(vu) \ \ Shallow VLF and tremor
Megathrust earthquake

Long-term SSE

Z5 ,L")g' e Deep Episodic tremor and slip(ETS)
,?_‘& ? \(\%19 Short-term slow slip event (SSE)
‘o\e‘a\‘ {Deep very-low frequency earthquake (VLF)
o Deep low frequency tremor

Event type Long-term SSE  Short-term SSE  VLF earthquake Low-frequency tremor
Characteristic time 0.5~5 years 2~6 days 10~100 sec 2“8 Hz
Deeper side v v v v
Shallower side ? ? v v

1 BEEAXCHIZZAO0-MESGTOHE. EXHME
EiEHOZS, ROESMICEHEEHORL 2 BEERED
ZO0—-#EHIF L — MERICEEL TV, %1,
RETCIEBAELEZO—-XU y AN MItRE SO
TULEL,

Fig.1 Schematic view for slow earthquakes in southwest
Japan. At deeper and shallower sides of the seis-
mogenic zone of megathrust earthquake, several
types of slow earthquakes are distributed along the
subducting plate interface. However, long- and
short-term SSE has not been detected at the shal-
lower side so far.

Five-year research project of “Science of Slow Earth-
quakes” has been started in 2016 as a Grant-in-Aid for Scien-
tific Research on Innovative Areas supported by MEXT/
JSPS. “Slow earthquake” is a general term for low-speed fault
slip phenomena compared to the ones of ordinary earth-
quakes. It was very difficult to detect slow earthquakes because
they radiate long-period and small amplitude seismic waves
or don't radiate any seismic waves. Since around the end of
the 20th century, slow earthquakes with wide range of
characteristic times have been discovered by densely distrib-
uted seismic and GNSS observation networks in Japan then
detected in many subduction zones along the circum-Pacific.
They are distributed around the seismogenic zone and
different types of slow earthquakes occur simultaneously at
the same or neighboring regions. This suggests a strong
interaction. Frequent occurrence of slow earthquakes might
gradually change the physical conditions of the surrounding
region, potentially connected to the occurrence of ordinary
earthquakes. Therefore, understanding the relationship
between slow and ordinary earthquakes is important. The
objective of this research project is to reconstruct the approach
of earthquake science based on a unified understanding of
slow deformations and fast slips.

The history of slow earthquake study is less than two
decades. Certainly, there are many unknowns, even in the
fundamental modes of occurrence. The occurrence area is deep
underground, where neither materials nor physical conditions
are known. Moreover, the physical laws governing slow
earthquakes apparently differ from those of ordinary earth-
quakes. There are many unknowns in these laws—even quali-
tatively, so we can say little about them at the moment. To
tackle and unravel the mysteries of slow earthquakes, ap-
proaches from traditional seismology and geodesy are insuffi-
cient; a multi-faceted approach combining geophysics, geology,
and physics is necessary. We organize nation-wide multi-faced
research groups centered on the ERI to clarify the modes, en-
vironment, and occurrence mechanisms of slow earthquakes.

2 [ZO-MWEZ| *v 747 —-FT1>JORAE
Fig.2 Group photo for participants at the kick-off meeting
of the project “Science of Slow Earthquakes”.
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Fig.1 Overview of the Japanese Island finite element model
with 10 billion degrees of freedom.
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Enhancement of solid earth science simulations by combining
elements of computational science and computer science

Solid earth science has many problems with behaviour that
is modelled as a dynamic/static and nonlinear/linear response.
With the continual accumulation of data, many sophisticated
heterogeneous models (e.g. crustal structure models) have been
proposed. Extensive usage of numerical simulations is desirable
for estimating the responses of such sophisticated heterogene-
ous models. As the boundary conditions and geometric shape
have strong effects on numerical results, use of finite element
analysis methods is desirable. However, because the domain
size is huge and the required resolution high, degrees of
freedom are in the order of 10°'% it is difficult to conduct finite
element analysis using such large models. Thus, unfortunately,
simplified models are conventionally used.

To realise finite element analysis with such large models,
research enhanced by computational science and computer
science (with respect to both software and hardware) has been
conducted, and fusion of these paradigms with solid earth
science has also been attempted. Our algorithm, developed in
consideration of the hardware characteristics of a supercom-
puter, enhances computational capability and enables us to
conduct nonlinear wave finite element analysis with 1 trillion
degrees of freedom, and static linear finite element analysis
with 2 trillion degrees of freedom. Finally, elastic/viscoelastic
finite element analysis using the Japanese Islands model (Fig. 1)
and 10 billion degrees of freedom has also been realised (Fig. 2).

With the speed-up limitation of conventional CPUs, many
new computer architectures are being proposed. Computa-
tional and computer science research activities are being
pursued to this end, and are expected to yield further ground-
breaking accomplishments (e.g. multiple finite element analy-
sis for huge models, considering the uncertainty of the
model/scenario and conducting data assimilation).

land &
sea:0.5m

130° 140°
X2 FARERECIZM\BITFER. REFRILPMEOKE
TANJICK 2 ARINESOREMES) (KTERD)
Fig.2 Finite element analysis results. Viscoelastic defor-
mation (horizontal) of the Japanese Islands due to
a fictitious Tohoku-Oki earthquake fault slip.
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in Kamioka
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Long-baseline laser strainmeter constructed at the KAGRA tunnel

In collaboration with the KAGRA project, promoted
by Institute for Cosmic Ray Research, a laser strainmeter
was constructed at an underground tunnel in Kamioka
mine, Hida-city, Gifu prefecture (Figs.1). The instrument
with 1500-m baseline length measures strain of the
ground with reference to optical wavelength of a highly-
stabilized laser. In 2003, another laser strainmeter with
100-m baseline length started operation at another
tunnel in the same mine and it proved excellent perfor-
mance by detecting earth tides and crustal deformation
associated with remote earthquakes. The 1500-m system
is expected to have better performance in precision and
reduction of local noise caused by groundwater pressure
that would affect the 100-m system. It is also expected
to observe small ground motion, with longer timescales
than earthquakes, which have been difficult to detect by
conventional instruments.

Two vacuum chambers separated by 1500m confine a
mirror and optical components (Figs.2) and are connect-
ed each other with vacuum pipes; optical paths in the
interferometer are designed in vacuum to avoid distur-
bances of air to the optical path length. Green laser
with wavelength of 532nm is used as a light source
because the wavelength can accurately be stabilized to
an iodine absorption spectrum. Ground strain causes
fringe stripes to move; actually the intensity of the
fringe is electronically detected and is computed to the
strain. The strainmeter can accurately sense both small
seismic waves from a remote earthquake and slow
ground motion caused by earth tides.

X1 EgELOFER (£) & KAGRA h> RILD
A0 (A). £ (FHEH HP BEORCH
E) OROEHL KAGRAENKLEER, F
(48) DDA 1500m L —H — 0§ H&t.

Figs.1 Location of the Kamioka mine (left) and
entrance of the KAGRA tunnel. The left
figure (modified from a figure in ICRR
homepage) shows the KAGRA telescope
(green lines) and the 1500-m laser strain-
meter (red solid line).

2 L—HY—-UFAEORPEZHRIINMSh
TWBEZREH (&) EZ0OARF (A).
Figs.2 Vacuum chamber (left) confining a mirror
and optical components (right) of the laser

strainmeter.
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Fig.1 Sample microstructure (a) just below and (b) just
above the solidus temperature. Although (a) does
not show any sign of partial melting, it shows a
significant change in anelasticity.
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Mechanical property of rock just before partial melting

Seismic low velocity regions are detected around the
volcanic source regions in the upper mantle, where partial
melting is expected to occur. The low velocity has been
considered an indicator of melt. However, geochemical studies
of volcanic rocks have shown that the amount of melt present
during partial melting is no more than 0.1 volume percent.
Previous experimental results on the elastic property of
partially molten rocks showed that such a small amount of
melt is not enough to explain several % velocity reduction
observed in seismology.

Previous experimental studies have been performed by
using ultrasonic waves, whose periods are 6 —8 orders of
magnitude shorter than the seismic waves (1—100s). We,
therefore, investigated the velocity dispersion and attenuation
over a broad frequency range (10™-10*° Hz and 10° Hz). We
found that anelastic relaxation, which reduces the seismic
wave velocity, is significantly enhanced just before partial
melting in the absence of melt (Fig. 1). Our experimental data
explain well the steep reduction of seismic shear wave
velocity just below the peridotite solidus captured in the
Pacific mantle (Fig. 2). The newly recognized effect enables to
understand the seismological and geochemical results
consistently.
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2 BARPHBPBEBHRIIEELY 100CHEBEVEELS
WERDEBEEENABICETLIRDBZ &, 8
FYCPMIOBREBELREBELPSRAONE
(Priestley & McKenzie, 2013, EPSL). AXEBR#ER
IFChzIFFEICECHBEATEZ % (Yamauchi & Takei,
2016, JGR; Takei, 2017, Ann. Rev. EPS).

Fig.2 Steep reduction of Vs just below the peridotite soli-
dus captured in the oceanic mantle can be ex-
plained well by our experimental result.
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Earthquake and Volcano Hazards Observation and Research
Program is one of the national scientific research programs that
are authorized by Council for Science and Technology, Ministry
of Education, Culture, Sports, Science and Technology. We
started this five-year scientific program in 2014 in cooperation
with national universities and institutes for understanding
mechanism of earthquakes and volcanic eruptions. In response
to the devastating 2011 Tohoku earthquake of magnitude 9, the
program enhances the studies on massive earthquakes and
major-scale eruptions that occurred prior to the history of
modern observation with the help of historical science and
geology and advances the earthquake and volcanic eruption
studies to a part of disaster science in collaboration with
disaster-related engineering fields and human and social scienc-
es. The Coordinating Committee of Earthquake and Volcanic
Eruption Prediction Researches (CCEVPR) was established to
collaborate on promoting the scientific program. Member of
CCEVPR consists of the heads of research institutes of national
universities and the representatives of universities and institutes
concerning seismology and volcanology in Japan. In 2010, ERI
was re-organized as the Joint Usage/Research Center for
earthquake and volcano researches, and CCEVPR was required
to play a more important role for collaborating closely with
nationwide researchers. CCEVPR includes the Planning
Committee, Program Promotion Panels and Financial Committee
to promote the researches that are carried out in cooperation
among universities under the national scientific program. The
Planning Committee also holds symposia to discuss the
achievements of the researches. Recent scientific results of the
program include seismic activity and crustal deformation before
and after 2014 earthquake (M6.7) in Northern Nagano Prefecture
(Fig. 1), observed process of volcanic activity in Kuchinoerabuji-
ma island (Fig. 2). The official WEB site of CCEVPR is http://
www.eri.u-tokyo.ac.jp/YOTIKYO/index.htm.

1 2014 FRFENFOMEBEHICEH (T 2EES M &
WEE. ABFTE, XE (M67) P*HEETS4H
BiD 5/ NS BBRMEFE (RAREMI) »EET
Hol-f-, BEEELICEEBHASEREL, &
EREOC2HE»S BB ZEEL . B (RWA
OEEEMA) OMEEERICHIRMERBIRENT
B, £/, BE5kmPHEOFTWVEATRE O -8
BCTREEIIEIEAERELTHEST, ZhidmE
Bz ER L ERICHETEEEZEZSNS.

Fig.1 Distribution of hypocenters and crustal deformation

observed before and after 2014 earthquake of M6.7
in Northern Nagano Prefecture.
A surface earthquake fault appeared on the surface
extension of the fault plane in the area where no
hypocenters existed at shallow depths (marked
with the shallower ellipse in blue). Almost no after-
shocks were observed within the deeper ellipse in
blue at a depth of about 5 km, being considered to
correspond to the area generating strong motion.
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Fig.2 Various kinds of observation monitored volcanic

activities in Kuchinoerabujima island.
After the volcanic eruption in 2014, various kinds of
observation were made by using unmanned heli-
copters and ships. The observation captured many
geophysical phenomena such as activation of
seismicity and blockage of the volcanic vent, prior
to the eruption in 2015. In addition, the process of
volcanic activity observed after the eruption helped
determine the volcanic alert level to be lowered.
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Making use of scientific results of seismology and volcanol-
ogy for earthquake and volcanic eruption disaster mitigation
is the main goal of Earthquake and Volcano Hazards Obser-
vation and Research Program, which started in 2014 as a five-
year national scientific research program. ERI started cooper-
ative researches with the Disaster Prevention Research
Institute (DPRI), Kyoto University, which is the Joint Usage/
Research Center for natural disaster reduction research to
cooperate with researchers of disaster-related engineering
fields and human and social sciences. ERI and DPRI estab-
lished the Coordinating Committee for Joint Research for
planning the joint researches and evaluating research propos-
als. In 2014 the Committee initiated call for application on an
annual basis, and is promoting interdisciplinary, cooperative
research on evaluation of seismic risk for concerned massive
earthquakes in Nankai trough (Fig. 3) as strategically defined
joint research projects.

3 HMAEEEICLZHRFROIY HA HEDU XY
5l - BIRICHT T, AN TEMRIERL,
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UCTCEMfiT 277y bAR—LDBERREHEL TV
3. MRRRICEICEERDEMETINEDIES D
BILEVBEFARRZ2EDLDI ICEFHEShIPEL,
MEEMHITMT 5 EPHINNCHEETH 5.

Fig.3 Cooperative researches by the Coordinating Commit-

tee for Joint Research.
The Committee has been cooperatively advancing
research of developing an integrated simulation
platform for evaluating seismic risk in collaboration of
researchers in interdisciplinary fields of sciences. For
comprehensive evaluation, the platform combines a
series of simulations of earthquake source models,
prediction of strong ground motion in consideration
of surface ground amplification, structure damages
prediction, and human and economic damages.
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Fig.1 Countries from which visiting researchers are invit-
ed, and institutions with which ERI has academic
agreements.

International Research Promotion

The International Research Promotion Office was estab-
lished in April 2005 to promote international research activi-
ties in the Earthquake Research Institute (ERI). Since the
Asia-Pacific regions is in the geological disaster area, it is of
immediate importance to understand their mechanisms for
their forecast and mitigation. ERI has conducted the cutting-
edge researches on earthquakes and volcanoes in the region.
We promote international research cooperation through ex-
changes of researchers/students, holding symposia and
conducting urgent scientific surveys on disastrous earth-
quakes and volcanic eruptions in cooperation with related
domestic and overseas institutes (Fig. 1).

Under our program for visiting researchers, we have invited
more than 190 researchers since 2005. The number of invitees
each year gradually increased to 20, except for the huge drop
in 2011 due to the Tohoku-oki earthquake (Fig. 2).

The International Office also promotes active interactions
such as workshops or summer-schools between institutes, for
example Southern California Earthquake Center (SCEC),
China Earthquake Administration (CEA), or Institut de
Physique du Globe de Paris (IPGP), with which ERI has
research agreements. In 2016 we sent six ERI researchers to
a forum in Chile co-hosted by the University of Tokyo,
Universidad de Chile and Universidad Pontifica Catolica de
Chile as a project of the University of Tokyo Strategic
Partnerships Program. Summer school with SCEC has been
held since 2013 and around 40 students have participated
each year. ERI also participated in UTRIP (University of
Tokyo Research Internship Program) and implemented
SAKURA Exchange Program in Science organized by JST (10
students each year: 2014-2016) to invite undergraduate/
graduate students from Asian or European countries.

Visiting Researchers invited by Int'l Office: 2005-2016
® Long-term 25 25

m Short-term 20

19 19
18 17
14 14
11 11
I I I I 5
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
X2 ERETEELALSNEBATEHRES @ HRE

Fig.2 Number of visiting researchers invited by the Inter-
national Office.
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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 has now been renamed as
Outreach and Public Relations Office in 2010. Our main roles
are 1) to make the public outreach more effective and system-
atic, and 2) 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, 2) public
education through open house and public seminar, 3) educa-
tion for the specialists and technicians of emergency services,
and cooperation with national and local governments.

P lﬂham%vﬁ P I RBISA
2 ALs- o2

m% 3

HROEBAUOHRICHD
BEMERENEHT

i

MEBRREZHLDPURTIBADZ21—ALEZ—TF7X%T
1T. EXEFAT T A MRBERLTVET.

“ERI Newsletter Plus” has been published to introduce
our researches. English digest version is also available
for international outreach.

2015 FELSEALTVBU D
Za—T7IEhiEHMERR
Fiweb D by FR—

An image of the new ERI
World Wide Web which has
been operating since 2015.

4BNES

B3 T—XEE
Exhibitions of ERI in interna-

tional academic meetings.

REKZOA—T X v NREHET, HERRFAO—MAFSLIVOLAMHERFOIEBRL TOET.
ERI Open House and Open Lecture are held during the Open Campus of the University of Tokyo.
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Education and Seminars
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Table Number of Students and Research Fellows
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Research . .
Graduate Students of Research JSPS Foreign Adjunct
Students of Research Research Research
Students Graduate
ERI Fellows Fellows Fellows
School

SER% 194 FE 2007FY 64 3 1 4 26 18
SRR 204 E 2008FY 58 2 3 2 34 28
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SERR234EE 2011FY 71 2 1 3 56 32
SRR 244 2012FY 65 2 2 2 58 39
SER% 254 FE 2013FY 75 2 3 2 74 35
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SERR27TAEE 2016FY 81 6 2 7 55 48
SR 284 2017FY 87 3 1 3 51 44
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Education and research of graduate students

Earthquake Research Institute (ERI) accepts graduate
students and research students of Graduate School of Sciences
(Earth and Planetary Science), Graduate School of Engineering
(Civil Engineering and Architecture), Interfaculty Initiative in
Information Studies, Graduate School of Interdisciplinary
Information Studies, and Graduate School of Information Sci-
ence and Technology (Mathematical Informatics). Professors
of ERI belong to these graduate schools and undertake teach-
ing and supervisions of graduate and research students. ERI
also accepts research students of its own, similarly to those
belonging to the graduate schools, and conducts teaching.
Besides them, ERI accepts special research fellows from
Japan Society for Promotion of Science (JSPS) and foreign
research fellows, and research students from private or gov-
ernmental institutions.

Education at College of Arts and Sciences of University of
Tokyo

Seminars are given to students of College of Arts and Sci-
ences at the Komaba campus by professors of various disci-
plines. ERI faculty members have been participating in this
seminar, and giving lectures including field practices. In
addition, lectures in the first-year seminar and the integrated
course are also given by professors of ERL

“Danwakai” and Friday Seminars

ERI holds a “Danwakai”, a monthly meeting where mem-
bers present their most recent academic and technical achieve-
ments, every third Friday of the month. Danwakai is open to
the public. On Fridays when Danwakai is not held, Friday
Seminars where researchers are invited from outside ERI to
give lectures on up-to-date academic topics are held.
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FZFE Chronology

4 Year

KIE144F

1925 [HUEERFSETEXiE Establishment of ERI

AEFn 24F

1927 |LI 3Pk & Tsukuba Branch

iBFn 94

1934 |k & Asama Branch

HEFN164E

1941 WL EEE BRI E Enoshima Tsunami Observatory

AP Fn224F

1947 |haEs % Z B BLHIPTEX & Aburatsubo Geophysical Observatory

IEFn244

1949 [#A L H ZZ BB FTa% i Matsuyama Geophysical Observatory

IR FN304E

1955 |/ K IL{EAEIAIFTR% [ Komoro Volcano-Chemical Observatory

AR Fn344F

1959 |Gt G K EHIRESBIIFTER S 12u-Oshima Geo-electromagnetic Observatory

AP35

1960 |G K EEEBIIITEXE 12u-Oshima Tsunami Observatory

AR FN364E

1961 |9 L H ZZ BB PTa% I8 Nokogiriyama Geophysical Observatory

Shiraki Seismological Observatory & Strong Seismic Motion Observation Center

HEFN384E 1963 51% Pl K IBIAIFT R [E  Kirishima Volcano Observatory
S SCHT & TRIRI SR 2 SU R BLIIAT, iRk IJJE%{E'JFJT T4 & B PRI B R OV L N AL
BRSO 1964 |DTALE
o Rename as Tsukuba Seismological Observatory and Asama Volcano Observatory. Establish Wakayama
Seismological Observatory _
R0t 1965 | U BIPT R ORI e~ 5 — % R

AEFn414E

Love |PVE TR T BRI K OB - G N H s BT

Yahiko Geophysical Observatory & Dodaira Seismological Observatory

AR Fn424F

Too7 [T TRBIRIE » % —, JLlwhu I - e BBt

Earthquake Prediction and Observation Center, Hokushin Geophysical Observatory

AR F434E

1968 |HAlR fv =B PTER & Kashiwazaki Seismological Observatory

R FD444E

1969 |5 )1 S Z B ERIFTEX & Fujigawa Geophysical Observatory

HEFn454E

1970 [\ o [EHIRESUBLHIFT X @ Yatsugatake Geo-electromagnetic Observatory

HEFn544F

070 T T AVBLAI B L - & — (Hik TAVRLAIE % — DB + 110

Earthquake Prediction, Observation & Information Center

IRFN594

P E RS K ILBLRFTER & Tzu-Oshima Volcano Observatory

1984 | " (G K B R BT, RSB BRI - 5A)

AR FN554F

1980 5B =B FTERE. Shin’etsu Seismological Observato
CEfEM N IR - k28 EhglHleT, ’fﬂmiﬂ'lf(d HiERAELH

WF OB - 52)

Pk 64F

1994

AT FERTECH GEIRIFRDIERTICUGH) R O fi s o il

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

TR T

1995

S MR AR B L ek
Muroto Geophysical Observatory

PRk 9

1997

EEERBLIA St % —3% 1 Ocean Hemisphere Research Center

k184

2006

LD S B I BE I Enoshima Tsunami Observatory closed

SRR 214

2009

R T RS HEE 2 o 2 — %i&ﬁkM"ﬂk%%ﬂﬁﬂ?ﬁ@ﬂZ/& T, KILE KT RTZEHEtE & o
5 — % KUK TR FE T o 2 — 2okl

Research Center for Prediction of Earthquakes and Volcanic Eruptions

Pk 224F

2010

SEFEFIH - SRR, B L O - 78 2 2 — i

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

k244

2012

BN e

Research Center for Large-Scale Earthquake, Tsunami and Disaster
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Observatory Facrlrtres Operated by ERI Locations of Observatory Facilities
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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.
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Seafloor Cabled Observatories operated by ERI

SEERRE S — TIVRIBERE - EREES 25 L

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

REKEHEWTEAE, 1996 FIKT—TIVEFHAUZEERE - ZRBAD X7 L%, ZEAHICKELELS. RiER, Eift
LTHESLIVERT—2EMEL, iit/ﬁﬂiﬂl;ﬁ@i&:ﬁiﬂl’(ﬁ’él&’éﬁlﬁﬂLTL\ibf B, TORFRICEY, EEBIREL, BAEl
WehfLEL. ZORELBEZHEL, 2014 £ 4 Bh5lE, T—20OREZBEEALTOEY. 352, BAID®AIE - S XTFLEHD
=S, FILLWRT—TIVRBEME - BREBBI AT L%, 2015 £9 BICSKELEL. FIP AT ALK, T—2EEEHIEIS,
TCP/IP 2RWT, Y AT LOTURMDOER, RFFEEXZMICLSNEL, REDI AT LLIHEIARNTHEEFFRETT.

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.

: ﬁ s - dZEFRXT—TIVRBERE - BREBA > AT LDME. FILER=AS, 1996 FIC
’ . BREINAWEEFRFDOMAEEZ, ThZThRLET. BAIE, 2015 FICHEL -
AT LOBBELETY.

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.

2015 F 9 BICERE & ht%)?/lj-ixo)'ﬁ‘ TIVEBS. 7—TI> » |
AT LITEEEMICEMATH, TO—imEERITFLT, Z0HE%, o
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Landing of the new cabled observation system (September, 2015).
The system was loaded on a cable ship, and the end of the cable
was landed first. After the landing, system was deployed offshore.

4 2015 FFICEHB L ST — TIVRBEME - FHHEA
AT LDOEB/ — K.
Observation nodes for the new seismic and tsunami
observation system using seafloor optical fiber off Sanriku.
Each observation node has seismometers and tsnami-meter.

PEFERTART - T NVXBEMRBAS 7L 7
The seismic and tsunami observation system using seafloor . '
optical fiber off the east coast of Izu peninsula.

BASEEEAEAEEMERANS X7 L4
The seismic observation system using seafloor optical fiber
southwest off Awashima in Japan Sea.
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Access to ERI
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10 min. walk from Nezu Station (Exit 1), Subway Chiyoda Line
5 min. walk from Todai-mae Station (Exit 1), Subway Nanboku Line
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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
http://www.eri.u-tokyo.ac.jp/eng/



