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Greetings from the Director
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Director Kazushige OBARA

WRMFFERTIE, KRIE 124 (1923 4E) OB KER 2L L CZ0 2 ERICHIL ST, #E - KIS0
FHEARI L 2N S IORNT 2 KEOBRM T ROBFT L Mare LTEF Lz, MR TOIFFITHER 2 HAOH
KNG RIE 7L — 1 (2R OARARHES D THY, ThEHRPEOELZEIET 2 & RBICERKEZ
L7256 LFT. o T, FroflidgeR-37-0121F, HFE - KILORFEE L TOMRIKNI YA F3I 7 2AFTHUR
MICHET 5 2 EHBBETH Y, BERMEREI 08I B 5 I LTl - 28k - B 7T 7u—F284a L
SRR MAZITRoTWET.

BN ZE O S B AR E K OMFUEA > T ES. ENT, AN - HHEFERS E LT, SEBRBEO
[ EOBRICETIT 5 720 OWEXKILBINAIZRET ] FORAMIREEICBIT 24 2R 7T0 Y = 7 N & Al
KL, ZHORFRLWREREE & LR 1T o TwET. 72, BiEAI%EOMIET T 5 5URREERE SEF5ERT & DL
FEREEEIC DOV T, RO S EBRZ R ER LI BT, —JF, HEEIKEO™ A ) 7 4 v
ZTHEY V7 =R T T v A ) MiERYPEANITEATSE & A E 2 RS 5513, EIRSHE - KIUFRHEEE 2 i &
LT, I omres - BRSerEE & o LFFZE LRI ED THB Y, HE - KINFEREFOEBMSE 25 2 L % H
BLTWET.

WE - KILBIG ORI & V) kmofiifro b &, WENFRITNILE ICHRREROMFEZITR) L L HIZ, ZOXR
LR LMD HEANTEE L. FlZIE, BT ANVT =R T2 HW2ERETE, EkoERSEZ2Hw
PRI ECRLZLLDOTHY), BICTHEBRI 2 —F Y2 HOKIMECT A% X VISR T 574 &, EEMIZD
EWEi 2B TWET. 72, INE CTHNDSHETS o 2 EIEK TOME - HRZ8Ei iR oMb EOTh
D, SHOMBBAO 7y a— VBN BT 5 2 L if s h v E T

BT, NS DOEHARILMNIIEEZE L THONEREZ LB L, e % L)L TORAR L4
KMEFIIE 5 & & BT, REMBEONIZFATE LT, 1FRE2#H ) RAFZEE B X CHA IR AMERICH
BIICI D) $LA TV E W EZEZTWET. 5D, SO - SHHE2BECHL LIFET.

Since its foundation in 1925, two years after the Great Kanto Earthquake, the mission of the Earthquake Research Institute
(ERI) has been to promote research on earthquakes and volcanic eruptions and to develop methods for mitigating related
disasters. Japan, one of the most seismically and volcanically active countries in the world, was formed as a result of the
subduction of tectonic plates. On the other hand, these forces also have the potential to cause terrible disasters. Therefore, our
mission 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.

The target of our observational research is not only Japan, but also all over the world. As a Joint Usage/Research Center of
Japanese universities, ERI organizes several joint research projects, including a nationwide “Earthquake and Volcano Hazards
Observation and Research Program” involving many universities and research institutes across Japan. In order to better
contribute to the mitigation of earthquake and volcano disasters, ERI has joined hands with the Disaster Prevention Research
Institute of Kyoto University, which is designated as a Joint Usage/Research Center for integrated disaster science related to
natural disasters. ERI has also concluded agreements with the Southern California Earthquake Center of the United States, the
Institut de Physique du Globe de Paris of France, and other foreign organizations 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.

ERI has been pursuing its mission by developing state-of-the-art research methods and observation technologies, such as
radiographic imaging of very large objects using high-energy particles, which is an innovative technology for the study of the
Earth’s interior dynamics. ERI has succeeded in capturing images of movement within a magma head conduit associated with
an eruption. We are also developing seafloor seismic and geodesy observation system for very-deep areas of the ocean where
instruments could not previously be installed. This system is expected to be available for future world-wide observation
projects.

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. Our faculty members are deeply involved in the education of graduate students at the University of Tokyo, in order to
develop the next generation of solid earth science researchers needed by our global society. ERI aspires to become a world-class
research organization, so we welcome your cooperation and suggestions for improvement.
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Established on November 13th 1925, the Earthquake
Research Institute (ERI), took over the research project
which had been run by the government at the time. For over
thirty years, the research activities had contributed to the
development of the seismology in Japan. 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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Magma imaging with the ultra-low noise muography telescope

Muography telescope visualizes the internal structure of gi-
gantic objects by using the strong penetration characteristics
of muons that are produced by high-energy elementary parti-
cles arriving from the universe. Since the peak of Asama vol-
cano was imaged in 2006 for the first time, muography had
drawn worldwide attention as a desirable technique for imag-
ing larger-sized objects than possible with x-rays. However,
it took more than one month to take one muographic image
due to the low sensitivity of conventional muography tele-
scopes. To address this problem the goal was to significantly
reduce the background noise to improve its sensitivity. In
2013, a calorimetric muography telescope was developed at
Center for High Energy Geophysics Research to reduce the
background noise to less than 1% of the conventional tele-
scope. This newly developed muography telescope consisted
of 6 muon detectors (comprising of plastic scintillators and
photomultiplier tubes) and lead plates. Improvements were
achieved by exploiting only linear trajectories in the telescope
to differentiate random events from the muon-like events.
Furthermore, lead plates were installed between each layer
to shield ambient radiation. Test measurements started on
June 14, 2013 in Satsuma-Iwojima in Kagoshima Prefecture.
Satsuma-Iwojima volcano erupted on June 3 and volcanic col-
umn and glow events continued until July 10. During this
eruption episode, muographic images captured the movement
of the magma inside the volcano. These time-sequential imag-
es taken every three days revealed the ascent and descent of
a high-density region (orange to red). After comparing with
the visual observation results conducted by the Japan Meteo-
rological Agency (JMA), it was found that these movements
synchronized with the eruptions. This level of time resolution
had never been achieved in the world.

BEMEEFI 2 AT77 +ZRFOFERE () /RSN AEERRBENBORRIMNI L4757« EREHKR (BL). ET

DFE(3 2013 FrEEHASE K DOHS.

Principle of the ultra-low noise muography telescope (left) and the observed time-sequential muographic images inside
Satsuma-lwojima volcano (top right). The table (bottom right) shows the sequence of the 2013 Satsuma-lwojima eruption.
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Tephra-dispersal simulation of the 2011 Shinmoe-dake eruptions

Several sustained explosive eruptions occurred between
January 26 and 27 in 2011 at Kirishima-Shinmoe-dake volcano
in Kyushu, Japan. For this eruption, the atmospheric condi-
tions and the eruption conditions are well-constrained on the
basis of field observations. In order to comprehensively
explain all these observations, we have developed a numerical
model of eruption column dynamics and tephra dispersal and
carried out a numerical simulation.

Our model is designed to simulate the behavior of eruption
cloud as gas-particle mixture. We have simulated the eruption
cloud dynamics for the 2011 eruptions with the atmospheric
conditions and eruption conditions at the vent (e.g., magma
discharge rate) estimated from the observations. The model
has successfully reproduced the eruption cloud distorted by
the wind. The fine particles are raised up to the cloud top
and transported east-southeasterly by the high-altitude wind
(Fig. 1lab), whereas the coarse particles separate from the
lower part of volcanic plume and travel southward by the
low-altitude wind (Fig. 1c). As a result, the dispersal axis of
the main fall deposits extends toward the southeast (Fig. 1d).
These simulation results are consistent with all the
observations such as the weather radar echo observation, the
satellite images, and the field data of the tephra deposits.

X1 BEWLFME1 B 26, 27 AERICETIEKRS 32— a3 #ER. (a) fAE,S, ) E»5, (© BTFEL»S
HEER 1 FEORFA. (d) RTORIURERS? . FVEENTFHAIPKREL, FLEEMIWVWILE

x7.

Fig.1 The results of 3D numerical simulations for the 2011 Shinmoe-dake eruptions. (a) Side view from the south, (b)
top view, and (c) side view from the east of the distributions of simulated tephra particles. (d) Depositional
pattern of simulated tephra particles. Particle colors represent particle sizes.
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Eruption activity of Nishinoshima

A new volcanic islet has been growing up with lava effusion
and Strombolian activities at Nishinoshima, Ogasawara islands,
since November 2013. Marine eruptions of this type forming a
new volcanic island are infrequent and our understanding is
very limited, so that the eruption at Nishinoshima will give a
good opportunity to study the eruptions in the oceanic
environment with geological and geophysical surveys and
monitoring. Lava effusion and Strombolian activity continues at
the time of March 2015. Since the beginning of the Nishinoshi-
ma eruption, we have characterized the variation of eruptive
styles, morphological evolution of lava flows and craters, based
on airborne observations, aerial photos and satellite images
taken by TerraSAR-X. We have also estimated temporal
variation of area, volume and discharge rates. By the end of
February 2015, the newly formed area and volume reached 2.6
km?® and ~0.1 km®, respectively. The estimated volume sug-
gests that the eruption is the largest one in Japan in the 21st
century. The average discharge rate is estimated to be about 2
x10° m*/day. Moreover, the eruption activity is successfully
captured by infrasound observation at Chichijima, 130 km
away from Nishinoshima. Ocean bottom seismometers have
also been installed in collaboration with other institutions.
Eruptions in the oceanic environment and associated hazards
are inevitable around Japanese islands, but the methodology of
observations and surveys have not been established well.
Studying the erupting volcanoes like Nishinoshima will
improve our knowledge of the marine/submarine eruptions.

4R (@) AV IRATF—=IVI Ty MEfEDEEIFEIOE X (2013 F£ 11 B 21
H, %5 :SHE#HE). b) RRITIHEELIEEZS (2013F12 B 20
B, %5 =68%FH)

Figure. (a) Eruption with cock’s tail jets in initial stage (21 November
2013, cooperated with the Asahi Shimbun). (b) Growing new island
and old Nishinoshima (20 December 2013, cooperated with Mainichi
Newspapers).

AR HFEMREARBBOSHAMHUVNV]
D E, BAZEHLSHI 6km DFERTHELSN /-
PRikEZPHRECER. 130km BENh /- BTH, &
BEFEICHA T 6 2ThT, K<BAZIR
DR TEL.

Figure. The images of an eruption and correlat-

A (a) BZBEDOHICHEK S -BFORFHEZE L. TerraSAR-X (C
L 2EEEG (Bh: XSt/ X)) 2HEIERLTVS. (b) H
BEEOFYEHERE ZOEL. BRI M2 OEEHE REEELD

AT BIEHE

Figure. (a) Temporal change of outline of newly formed part of
Nishinoshima, estimated based on TerraSAR-X images (cooperated
with PASCO Co. Ltd.). (b) Temporal changes of average discharge

rates. Black is for total, and green is for land.
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ed infrasound signals taken on the research
ship 'KAIREI' (JAMSTEC) about 6 km from
Nishinoshima. Similar infrasonic signals were
also observed at Chichijima with a reasonable
time delay for propagation.
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Monitoring of Seismic Activities Using Ocean Bottom Seismometers

The source region of the 2011 off the Pacific coast of Tohoku
earthquake is positioned below the landward slope of the Japan
Trench. To obtain the precise aftershock distribution, we
carried out extensive seafloor aftershock observation using
more than 100 ocean bottom seismometers just after the main-
shock. A precise aftershock distribution in the whole source
area was obtained from the observation. Monitoring of a precise
seismic activity is important for consideration of generation of a
large inter-plate earthquake. In order to monitor the seismic
activity after the mainshock, we are still carrying out seafloor
seismic observations using long-term ocean bottom seismome-
ters. The purpose of the monitoring is to obtain spatiotemporal
changes of seismic activities along the plate boundary, which
should correspond to changes of status on the plate boundary.
Seismic activities in the northern source region have little spatial
variation. High activities in the landward plate were recognized
after 2 years from the mainshock. Seismic activity along the
plate boundary was still low. The low-seismicity region was
recognized at the plate boundary in the off-Fukushima region
just after the mainshock. On the other hand, the seismicity is
estimated to become high in the identical region from the obser-
vation in 2013. These features are estimated to indicate a stress
change at a ruptured plate boundary.

IR 23 ERALH G KFF R ES
LIS, MEWRAPROELEST
WEHACAVWShAETXNTOEEM!
BETOREME (Fi) (20153 A
HE). B3, R EURBRICHEL
X =Fa—R 7 LEOHMEDOER,
Positions of ocean bottom seismom-
eters (red circles) which were de-
ployed at the occurrence of the
mainshock and after the mainshock
by March 2015. The observations
leaded by ERI are shown. Starts
indicate epicenters of large earth-
quakes (M > 7) after the mainshock.

ABAMETHRAZF ORASAEE
EEE

Long-term pop-up type ocean bottom
seismometers on the deck of research
vessel (Hakuho-maru) were waiting
for deployment (October, 2014).

CEEMEST—2ZRAVTR 23 £ A KTE iR RIRERILEIBOERIE
S, eaftRs, RiFmERESE 2011 E3H17H~6HA7H, 2011 £10
B3H~20125F8H23H) OHENEEMEZRT. HOKZIIE, vJ/=
Fa—RFICZHBILTWS. REOMIZ, RiAHMEBRELGIC, FEREBEBRIC
£V, REShZWEOBEMEEZRT HEBDEE, FXEODERZTRT. BY
ZAEBEEMESONREME. FEOIAF—1%, XFEFIL—MEEMTL—F
DERODREEERT. AEOIA4—(3, FEBEOTL—MERTDBYEERT.
Hypocenter distribution (March 17th - June 7th, 2011, October 3rd, 2011 - August
23rd, 2012) by ocean bottom seismometers data with bathymetry. The circles filled
with color indicate the hypocenters. The depth of events is color-coded, and
diameters of the circles are proportional to magnitudes. Inverted triangles denote
positions of ocean bottom seismometers. Grey circles indicate hypocenters from the
previous OBS observations before the mainshock. Yellow star indicates epicenter
of the mainshock. Slip distribution during the mainshock is indicated by yellow
contours. Red contours indicate depths of surface of the subducting Pacific plate.
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Frictional properties of the plate interface inferred from afterslip
following the 2011 Tohoku-oki earthquake

Fault frictional properties are one of the major factors in
determining the spatial and temporal variations in seismic and
aseismic slip on plate boundary faults. Although frictional
properties of rock have been investigated through laboratory
measurements, we have little knowledge of frictional
properties of real faults. In this study, we estimated the spati-
otemporal evolution of afterslip during the first 7 months
following the 2011 Tohoku-oki earthquake using GNSS data.
We then estimated frictional properties of the afterslip area on
the plate interface based on the inferred evolution of afterslip.

The estimated afterslip is concentrated downdip of the area
of large coseismic slip and the locations of areas of large slip do
not change significantly with time (Fig. 1). Previous studies
have shown that the evolution of afterslip following many large
earthquakes can be well explained by models employing the
rate- and state-dependent friction law with a constant value for
the parameter describing the slip-rate dependence of the
steady state friction. In these models, the relation between the
logarithm of slip rate and shear stress changes on the plate
interface due to afterslip is linear. However, the evolution of
afterslip following the Tohoku-oki earthquake cannot be
explained by such models. For the Tohoku-oki afterslip, the
relation between the logarithm of slip rate and shear stress is
nonlinear (Fig. 2a). The slope of the curve in Fig. 2a represents
the slip-rate dependence of the steady state frictional stress,
which denotes the degree of rate strengthening. Therefore, our
result indicates that the Tohoku-oki afterslip area has rate-
strengthening frictional behavior that exhibits less rate-
strengthening with increasing slip rate (Fig. 2b). Although
similar behavior has been identified in laboratory measure-
ments of rock friction, this study reports the first evidence for
slip-rate-dependent frictional properties for real faults based on
geophysical observations.

E2 (@ FL—FEREBLOSE (KA1
DE1-3) ICBFTBZRHBIANYICEK
SEMIENERETNYEREDEH
% b) =1-3ICHF2EEMRE
DIEEERTINTA—2DTANY)
REICLBELL.

Fig.2 (a) Shear stress change due to
afterslip as a function of slip rate
at selected points on the plate
interface (points 1-3 in Fig. 1). (b)
Parameter describing the degree
of rate strengthening as a function
of slip rate at points 1-3.

1 2011 R A RTHESHBERD 20 BBORD TN, KEOHBFREIRET -2 SHE SN HBEFORTAY

BoNEERT.

Fig.1 Cumulative afterslip distribution over consecutive periods of 20 days following the 2011 Tohoku-oki earthquake.
Purple solid line denotes the outer edge of the large slip zone of the earthquake inferred from aftershock data.
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Fig.1 Revised history of the Boso SSEs including
the newly detected SSE in March 2011.
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The Boso slow slip events and associated earthquake swarm activity

Before the 2011 Tohoku-oki earthquake, slow slip events
(SSEs) of Mw 6.5 to 6.6 and a duration of 10-14 days, accompa-
nied by swarm-like seismicity, had repeatedly occurred
offshore of Boso Peninsula with a recurrence interval of 4-7
years. It is well known that slow slip phenomena are highly
sensitive to external stress perturbations. Therefore it is
expected that an unknown Boso SSE could have been induced
by stress changes from the Tohoku-oki earthquake. We thus
detected earthquakes from continuous seismograms recorded
in March 2011. As a result, we found a swarm-like seismicity
sequence that started on 12 March 2011 and continued for 3 to
4 days. Because this seismicity included several small repeat-
ing earthquakes, our results indicate that an SSE occurred
during the seismicity. Taking this SSE and SSEs in October
2011 and December 2013-January 2014 into consideration, we
find that the recurrence interval of the Boso SSEs became sig-
nificantly shorter after the 2011 Tohoku-oki earthquake (Fig. 1).

To examine the spatiotemporal evolution of a Boso SSE and
the interaction between slow slip and swarm-like seismicity,
we estimated the spatiotemporal variation of slow slip during
the 2013-2014 Boso SSE using GNSS data. In addition, we
detected earthquakes from continuous seismograms during the
SSE. Fig. 2 shows the results. Slow slip started in early to mid-
December 2013 and then slowly accelerated until late Decem-
ber with low propagation speeds and no accompanying
seismicity. This slow slip then underwent a rapid acceleration
on 30 December, coincident with a sudden acceleration of the
propagation of slip and the onset of swarm-like seismic activity.
This seismic activity occurred along the downdip edge of the
slow slip area and there were strong correlations between
seismicity rate and slip rate and between the migration of
earthquakes and the propagation of slip. These results suggest
that the swarm activity was triggered by stress loading due to
the slow slip.

2 2013-2014 EEH SSE I T 5L — MERELICH TS
1BBOINYERESH (2013FE12 B 16 H~2014F 1 B
9H). ¥EDHIILZORICEREL-HEODEREZRT.

Fig.2 Daily slip rate distribution along the plate interface for the
2013-2014 Boso slow slip event between 16 December 2013
and 9 January 2014. Purple circles represent earthquake

epicenters which occurred during the indicated day.
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1891 Nobi Earthquake (M8.0)
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Multidisciplinary Project on elucidating generation mechanism of

In order to elucidate the mechanism of inland earthquakes,
we conducted a geophysical observation at the source area of
Nobi earthquake, which occurred in 1891. The earthquake is
located in the Niigata-Kobe Tectonic Zone (NKTZ), which is
an area with large strain rate. The 1891 Nobi earthquake is
one of the maximum size inland earthquakes in Japan (Fig.*-a).

The seismic velocity at the lower crust in the source area
of the earthquake is low compared with those of the sur-
rounding area. The seismic velocity at upper crust of the
Nukumi fault, which suggested the largest slip rate, is high
velocity. The subducting Philippine Sea plate can be traced to
the depth of about 80 km at the east side of the source area
(Fig.*-b). But, the depth of the slab is very shallow at the
source area. We also conducted a seismic experiment with
artificial sources. The profile line length of the experiment
was 280 km. The reflection image figured out the seismic
structure at the area (Fig.*-c). The Philippine Sea slab is
contact with the continental crust beneath the Biwa Lake -
Neodani Fault area. The contact depth is about 28 km. The
unique crustal structure might be related to the mechanism
of the 1891 Nobi earthquake.

In addition, series of the Network-MT surveys in the
vicinity of the Nobi Earthquake Fault were performed to
elucidate regional and deep electrical resistivity structure.
3-D analysis revealed existence of a low resistivity body just
on the top of the Philippine Sea Plate and beneath the rupture
starting area (Fig.*-d). In addition, another deep seated con-
ductive zone was detected along the Fukui-Gifu boundary
(and along the Niigata-Kobe Tectonic (strain accumulating)
Zone). The conductive zone indicates existence of dehydration
also from the Pacific Plate, which was suggested by a past
geo-chemical investigation on fluid inclusions in the volcanic
rocks in this area. These subsurface fluids may cause the
initial rupture, the strain rate accumulation and the back-arc
volcanism.

X* BEMENEESHOMTESE (@) B
RUEHBHOM TSR, (b) L
S—NEBBIRIPSHET T
BE, (o) BEREICL->TKkDS
hBgE, (d) REMREHERTO
HIRIEE.

Fig.* The crust and mantle structure
beneath the 1891 Nobi earthquake.
(a) Schematic figure of the Nobi
earthquake area. (b) Seismic image
obtained from receiver function
analysis. (c) Fine seismic structure
obtained from seismic exploration
using artificial sources. (d) The
resistivity structure beneath the
1891 Nobi earthquake.
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Study for the propagation mechanism of distant tsunamis

Systematic tsunami traveltime delays relative to the
numerically simulated long waves from the 2010 Chilean and
2011 Tohoku-Oki earthquakes were widely observed at deep
ocean tsunami-meters. Enigmatic small negative phases
appearing before the main peak were commonly found only
at trans-oceanic locations. Precise measurements of propaga-
tion speed of distant tsunamis in deep oceans with little
coastal interference revealed that the tsunami phase velocity
with periods beyond 1000 sec becomes slower than the
conventional long-wave tsunami speed by 1-2% depending on
period, ie., long-period tsunami phase velocity is dispersive. A
new tsunami propagation theory with compressible sea-
water, elastic sea bottom, and gravity change associated with
mass motion during tsunami propagation explains the
measured dispersive tsunami phase velocity. A fast computa-
tion method of tsunami waveforms including these three
effects has been developed. Simulated waveforms for real
bathymetry and earthquake fault models accurately repro-
duce the observed waveforms including an initial negative
phase. The traveltime difference between the observed and
simulated waveforms has been remarkably diminished.

With a new simulation method of distant tsunamis, startling
advancement of research on tsunamis sources utilizing
distant tsunami waveforms is foreseen. A significant improve-
ment of distant tsunami forecast is expected as well.

(F=A)

ICERET 23K (B, (B) BBl hARREE EEBEOBERTY CHBHEET VA SFE S FREFO®
B ChETOERMBROSEFEICLZFREN (FR) SN, BEKTYE (B ELTHEL, N8H5=
BEBR->TWVWS, SEFLICHRE SN BELHEFRICL2FREE (FR) TREAKEOENIZIZIFHEEL

NEEEHERHEFRCBRTETVS.

Fig.1 Left: Tsunamis from the 2010 Chile and 2011 Tohoku-Oki earthquakes (yellow stars) across the Pacific Ocean to
the distant tsunami-meters (red triangles) in the deep oceans. Right: Comparison of observed and simulated
tsunami waveforms for real bathymetry and fault models. Observed waveforms (black curves) delay relative to
conventional long-wave simulations (blue curves) and show a negative initial phase. Simulated waveforms (red
curves) by using a newly developed method eliminate traveltime delays and accurately reproduce observed

waveforms including the initial phase reversal.
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Hazard and disaster simulation in mergin area of earth science
and computer/computational science

The first step of reducing and mitigating large-scale
earthquake disaster is to make rational prediction of hazard
and disaster. Utilization of physics-based simulation is an
effective measure for such prediction. Since the target is an
urban area, the simulation needs a supercomputer that
enables us to carry out huge numerical computation. It is
essential to develop a code that is able to take full advantage
of the supercomputer, working in the field of computational
science and computer science.

Hazard and disaster simulation of large-scale earthquake is
allocated in the mergin area of earth science and computational/
computer science. At this moment, developed are seismic
wave propagation, ground motion amplification, seismic
response and walking and driving mass evacuation. The goal
of this simulation is to integrate all the simulations so that the
whole processes of the earthquake hazard and disaster are
predicted.

There are other research elements such as automated
construction of urban area models and execution of hazard
and disaster simulation, besides for the development of
numerical analysis methods. Collaborative research activities
are being made with RIKEN and in the framework of
national collaborative research projects of ERL

WREOBIREN EBYOMBICEREN - k) BYOBREL CHBREA 2T v I AORKEORH, H) BYOBREER

EWMEBEIA T YT ADAF Yy T3y b

Simulation of ground motion amplification and seismic structural response: left) distribution of maximum structural re-
sponse and seismic index; and right) snapshot of structural deformation and seismic index
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Fig.1 Study areas of the NOMan Project. Long-term
observation was conducted in Areas A and B to
NW and SE of the Shatsky Rise in the NW Pacific
Basin.

FRRHEERRE [SO50F %~ MY 7OV b

The Normal Oceanic Mantle (NOMan) Project

The oceanic mantle is an important region to understand
the Earth system, as more than 2/3 of the Earth surface is
covered by oceanic area. The ‘normal oceanic mantle’
between mid oceanic ridge and subduction zone in particular
(Fig. 1) is still an enigmatic region in Earth science where
deep structure is little revealed. The NOMan project has
been conducted for five years since 2010, aiming at studying
the mantle structure below northwestern Pacific Basin
through long-term observations by seafloor seismic and
electromagnetic instruments (Fig. 2).

Plate tectonics is based on a concept that a rigid litho-
sphere moves over a weaker asthenosphere, and thus the
precise knowledge of its lubrication mechanism is fundamental
to understand how our planet works. The cause of astheno-
sphere is still a un-resolved problem, although several
possible mechanisms have been suggested by past works.

The presence of water is one of the physical properties
characterizing the planet Earth. The NOMan project aims to
make an accurate estimate of the amount of water in the
mantle transition zone below normal oceanic mantle, which is
essential to understand the Earth’s total water budget.

A recovery cruise was conducted in September 2014, and
instruments were retrieved from the study areas. Most of
these instruments successfully recorded high-quality seafloor
data as expected.

2 RBEICKRES W -HERLAFEBEMES BBOBS-
NX (E) &EFBUBKREMZEE EFOS (T).

Fig.2 Newly developed broadband ocean bottom
seismometer BBOBS-NX (top) and electric field
observation system EFOS (bottom) installed at
deep seafloor.

17



4

N Z4 N :

Research Highlights

NECESSArray (NorthEast China Extended SeiSmic
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NECESSArray Project and Deep Slab Dynamics

We have conducted, together with Chinese and U.S col-
leagues, a temporal deployment of over 120 broadband seis-
mometers in northeast China (NorthEast China Extended
SeiSmic Array, NECESSArray) from September, 2009 till
August, 2011. NECESSArray covers the area about 600 x
1200 km? and the largest such temporal deployment conduct-
ed by one research group. The purposes of the project are:
(1) elucidating the origin and dynamics of Chinese continent,
(2) resolving the fate and role of Pacific stagnant slab beneath,
(3) probing Earth’s deep interior (CMB, core).

One of the biggest surprises was the finding of a gap (or
absence) of the stagnant slab in the mantle transition zone
beneath NE China, where previous tomographic models
indicated the presence of a horizontally laying slab. Consider-
ing that Changbaishan volcanic region, the largest currently
active magmatic center in northeast China and a puzzling off-
arc intraplate volcano, is located just east of this gap of the
stagnant slab, we proposed their connection. Indeed both P-
and S-wave tomographic models show consistently a slow
region in the transition zone, and particularly the S-wave
model shows a conduit like low-velocity anomaly connecting
the gap and Changbaishan. NECESSArray data are now open
to the scientific community from the OHRC Data Center of
ERL

X1 NECESSArray 8Hl& (FmM
) ERABAATFEKEERT
JHBBOIL 24— (BEiF).

Fig.1 NECESSArray stations (red
squares) and the subducted
Pacific slab depth contour
(yellow lines).
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Fig.2 Results of S- and P-wave
tomographic imaging. Areas
circled by green lines trace
the proposed upwelling.

K3 XRETFRATTORELR
& RBIUZED X EE % BEFR
DI BETINERTERXR.

Fig.3 Cartoon showing a possible
scenario to associate the deep
Pacific slab subduction, the
upwelling, and the off-arc
intraplate volcanism.



4

N Z4 MRR -

VI EZEETDE

Research Highlights

temperatures

1, FEGEIRAECM (CPO) & bk Bk

INET, ki~ b kwf@@gﬂ%ﬂ%&L

RGO, =Y MOl 7 ) =712 Xbh v
I VA O EEEINE N (CPO) & # 2 '3 ?(L"C X7
<Y MVOYE 7 ) =T FTIECPO AL 2%\, 28
W THo7eBTHAH., LHrL, AWFRICELY, Jiit
7)) =7 TFIZBWTHRW CPO BEK SN, TS
A~ vPvov ) F A (RS 0 T,) 3 LT 092°T,
o T, DHEFHNTH 5 2 &HVRENT (Miyazaki et al.
2013 Nature). COMESRMLET, & v 7 Y AISHEREN
BN TAT R RADIEE L, Z ORI T ORI 2 hr
FTRO)APPFEZ V=TT TRELZEDPHFEEZEZ SN
5. ZOmMEFHEEZRPETIY PVICEALE S
HFE D BN C R S 22 MR P S 1k O R BE A

flZ—F, L7z, ZORRIY, VMV TERI AT T
&, k7 ) =7 OF, Za— M VRERNIZIREI L Tw
AT eI NI

2, ik & MR L - JRIE

HAOTFu W E W ERTIE, SHmkoIk
BERERI DSV ) ¥ A (T > 0.93T,,) “Cﬁl%é ns
BHEhEZ LN TD (M2). Zhid, aarxv) sy
ALEEIZ D B B > bV THUEZ IR O R B R S Y
BIRINLZLZ2RIFHNT L. £/, v 57“7\L1T0)
AV b OfEWIRE (T ~093T,) T IEFPERIRIZ
THFRW OMAESE, FIRFEDFEB S 5 W RN D V) z
hif?@)olif‘o})v MO TR E SN TEZ LR~

Y MVIKEE OO ZED LR b H 5. V) 5
EFCBCTIHBEIMRE SN D X 7 = X L DY %2 H
LT, SHITRImEE, R, ALl T IR 2 W
B HIREITo TV 5.
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HaIhi.

Fig.1 Lower-hemispheric projections of the crystallograph-
ic orientations of forsterite grains. Left and right
column correspond to the results from compression
and tensile deformation experiments, respectiviey.
Results from high temperature condition (1300-1350
C) show strong crystallographic preferred orientation.

LiERADIES &

Experimental studies on polycrystalline materials at near solidus

1, Crystallographic-preferred orientation (CPO) and seismic
anisotropy

Crystallographic-preferred orientation (CPO) of olivine
produced during dislocation creep is considered the primary
cause of elastic anisotropy in the upper mantle of Earth. Here
we show the development of CPO of olivine during diffusion
creep. Grain boundary sliding accommodated by diffusion
that occurs preferentially on boundaries that correspond to
specific crystallographic planes contributes to grain rotation
resulting in CPO. Strong radial anisotropy is anticipated at
temperatures from 0.92:7 to T, (7 solidus temperature)
corresponding to depths where melting initiates to depths
where strongly anisotropic and low seismic velocities are
detected 50-100 km deeper. Diffusion creep once predicted
for mantle flow but diminished as the primary flow
mechanism soon after the discovery of mantle anisotropy is
now revived.
2, Anelasticity and seismic velocity & attenuation

We observed a significant enhancement of anelastic
relaxation at near solidus temperatures (T > 093T,, Figure 2).
This explains well the seismic low velocity and high
attenuation in the upper mantle, where temperature is near
the solidus temperature. Moreover, the significant enhance-
ment at a sub-solidus temperature (T~093T,) suggests that
low velocity and high attenuation can occur even without melt.
Although seismic low velocity zones in the upper mantle have
been mostly interpreted by melt, the present result may offer
a new interpretation. In order to clarify the mechanism of such
sub-solidus enhancement, we need more data over a wider
range of temperature, grain size, and chemical composition.

2 BE vs RREREE f/fy GuldT vy VAT ITIVER
#). RBEBET/T, T,V UFR) PEVIE
WEEFE (JL—0/Ny FEDIFFER) TOR
FHKEL LD, (Takeietal (2014) DTF—H L V))

Fig.2 Attenuation versus frequency f normalized to the
Maxwell frequency f,. As normalized temperature
T/T,., (T,=solidus) increases, attenuation in the
seismic range (shaded) increases. Data from Takei
et al (2014).
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Development of Innovative Observational Technologies

- Development of Ocean Bottom Cabled Seismic and

Tsunami Observation System Using ICT

An ocean bottom cabled seismic and tsunami observation
system is the best instrument to observe tsunamis and
seismic activities on the seafloor because data are obtained in
real time. Although the existing cabled system have high
reliability, the number of observation nodes and flexibility of
observations are insufficient. We have developed a new
cabled system with connectivity of many observation nodes
and flexibility of observations. The new system has a data-
transmission redundancy using information and communica-
tion technologies (ICT), UNIX system for a control of each
observation node and introduction of the state-of-the-art
semiconductor technology. In August 2010, the first OBCS
system was deployed off the Awashima Island, Niigata. We
have a plan to deploy the second system off Sanriku.

- Development of a Compact Absolute Gravimeter for Con-
structing a Volcanic Observation Network
Volcanic activities have been monitored using various
methods, and the gravity observation is one of such methods,
enabling effectively to detect the mass movement, such as
magma motion, in the deep underground. Because high
precision was necessary for the gravity observation, the
absolute gravimeters which have been used for such observa-
tion are too massive and expensive to be used in the field
with a number of observation points. Aiming at the construc-
tion of a gravity observation network with multiple absolute
gravimeters around a volcano, a compact absolute gravimeter
prototype has been developed. The prototype shown in the
figure has 2/3 in size of the commercial absolute gravimeter,
and its measurement resolution was estimated to be 1 u Gal
which was similar to that of a commercial one.
The prototype is being improved in the appli-
cability to the volcanic field.

RELAT—TIVXEBERE - FREBS AT L2SHOBHE/ —F (BICRZ
33%H). BEO2813, WEREFKEZEHBL VS, Fairs5 2 20DHA
J—FRBEEORDUIC, BBl Y —DDDERF— MEFD. —&FH

OREMERRG, BET—TIVOEKATHS.

Observation nodes of the second ocean bottom cable observation system (3
cylinders in the back). Two nodes in the back have seismometers and a

tsunami-meter. The second cylinder from the front has an external port for addi-
tional sensors which can be connected on the seafloor. The small cylinder is a

junction box for the seafloor cable.
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Prototype of the compact abso-
lute gravimeter, TAG-1.
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Around the Sea of Japan
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Integrated Research Project on Seismic and Tsunami Hazards

Devastating damages caused by the 2011 Tohoku-oki
earthquake 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.

AR RS EMERETARE R EME
BERELHME.

Seismic lines in FY 2013-4 and a ob-
tained depth converted seismic section.

ABESTEICE>TRO SN /- 1993 FibiF
EEETHEICHESIZFHOBXEFLE DR
KK EFS (A) EBXREBEOUIZT T
TEEEHEHSHICTE-OORIH AR B
EHEEET.

(A) Calculated maximum heights of tsu-
namis associated with the 1993 Hokkaido
Nansei-oki earthquake. (B) Long-term pop-
up type ocean bottom seismometers for
seismic observation to reveal the litho-
spheric structure beneath the Sea of Japan.
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Earthquake Disasters
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Fig.2 Distribution of the seismic intensity in city of Edo.
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Special Project for Reducing Vulnerability in Urban Mega

We have just started the Special Project for Reducing Vul-
nerability in Urban Mega Earthquake Disasters (2012-2016),
which is sponsored by the Japanese Ministry of Education,
Culture, Sports, Science and Technology. This project is com-
posed of three academic disciplines: Earth and physical sci-
ences, 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 ur-
ban areas; (2) develop technology for rapid damage assess-
ment of high-rise office buildings which may be damaged dur-
ing earthquakes, and (3) develop strategies to increase
earthquake social resilience.

1 EHHNEHZERAE (MeSO-net) THBIZh /RIS
SPEAEEMALE BREIXBEST, RIH
160km, ¥J=F1— K62 DHE. ZTEMH, S
WA THEEP RES L HMBIHY, ZDH
BB TEEOXETHDEELZL>NS.

Fig.1 Intensity of the Metropolitan Seismic Observation
network (MeSO-net). Colors indicate the seismic
intensity.

X3 #HEFEEEE (Qp) OREWER (L) SHER
REBE (Vp) ORAWER (). H1PR2IC
HHhhTOW3EEDEWVDY, BEBEXEREBEDE
WICERT3HNDEZEZSH, BB Ial—2 3
ICESTEDOERBEHEZHETH5DPRE5VWTH 5.

Fig.3 Profiles of an attenuation structure (Qp) and the
velocity structure (Vp). Difference in the observed
seismic intensity is caused by the difference
between the Qp and the Vp.
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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.

By advancing numerical analysis methods and taking ad-
vantage of massive numerical simulation, this center seeks to
provide exclusive information about possible disaster that
would be useful for the disaster mitigation.
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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, archiving
and sharing seismic and volcanic data, and works on forming
and operating nationwide information and distribution basis. Re-
search activities include development and technology transfer
of earthquake information system, studies on seismicity and its
forecast, giant earthquakes and tsunamis of present and past.

4

EMBICREBEINTWEEZ2 42D
Monument placed by the main gate

BYHPRIEIhE-EZICESEZEN.

A7V ERBAREBESNE (BIESEOER
)

A monument was placed when the building was
taken down.

It has the seismograhph-looking object on top, and
the moon and the sun on the sides. (Moon on right
side.)

L

1925 FEMEFRATEEIL LD EY.
COEYOEBEICAERBEAA—J LETEY LAY
FHY, AREICIEMESFEEF—TICLELTT
VER XX

Building of ERI when first built in 1925.

Mosaics of the moon and the sun are on the front
wall of the building, and a seismograph-like object
is on the right side of the building.
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International Research Promotion Office

The International Research Promotion Office was estab-
lished in April 2005 to promote international research activities
of the Earthquake Research Institute. Since the Asian-Pacific
regions including the Japanese Islands are in the area of
geological disasters, it is imminent to promote researches on
clarifying the mechanisms, forecasting and mitigating those
disasters. ERI has conducted the cutting-edge researches on
earthquakes and volcanoes in the region. In recent years,
many international collaborative projects supported by
external funding such as “Science and Technology Research
Partnership for Sustainable Development (SATREPS)” are
implemented. The International Office promotes international
research cooperation through exchanges of the researchers,
holding international symposia and deploying urgent scientific
survey teams for disastrous earthquakes and volcanic erup-
tions in the region, under the cooperation with related domes-
tic and oversea institutes.

The program for visiting professors and postdoctoral re-
searchers has two types: long-term (3 months or longer) and
short-term (up to 3 months) visiting programs. Direct applica-
tions from candidates are considered for the long-term
program, while the applications to short-term program must
be submitted by host researchers at ERI Since 2005, more
than 160 foreign researchers have visited ERIL

International Office also promotes active interactions such as
regular research workshops or summer-schools with several
foreign institutes such as Southern California Earthquake
Center, China Earthquake Administration, or Institut de
Physique du Globe de Paris, with which ERI has Memorandum
of Understanding. ERI also holds workshop as a part of Uni-
versity of Tokyo Forum. On the educational aspects, ERI annu-
ally sends lecturers to Graduate University, Chinese Academy
of Sciences, participates to UTRIP (University of Tokyo
Research Internship Program) for undergraduate students, and
invites graduate students as internship students.

dBZE->THHDIE, EERE
DBETOT I LTHRELER
BEUE- %, Fi TR,
WEMEMIPBELZZFATY
2B,

Colored countries are those
ERI has invited researchers
under the invitation program
of International Office. Insti-
tutes that ERI exchanged
agreements with are also
shown with red circles.
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Outreach and Public Relations Office

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
systematic, and 2) to grasp public needs to research activities
and reflect them to our research projects. In order to accom-
plish 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 4) cooperation with national and local governments.

2008 £&L V) Za—AL Z—ZRIF
New quarterly newsletter "ERI Newsletter Plus" since 2008

AR ZE=
[54Y7—]
Lab Tour

RRREZDA -T2 X v 2 NNACEDET, BF, HEMERO—M

AREITV, ARBERFOIRBL TVET.

ERI Open House and Open Lecture are held every summer.

26



4
B

Technical Division
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Ai X-ray fluorescence analyzer (XRF).

Technical Division supports technical aspects of a wide
range of research activities undertaken in ERIL This division
is separated in to three sections.

1) Technical Supporting Section for Observational Research:
Provide technical support for field observations and labora-
tory experiments including management-maintenance for
research facilities and equipments.

2) Laboratory for Development, Analysis, and Experiment
Researches: This section is divided into three subsections,
support for development and maintenance of research in-
struments, support for chemical analyses including mainte-
nance of related analytical instruments, and support for
laboratory experiments.

3) Technical Supporting Section for Information Processing:
Support for information processing, including management
and issue of observational data and research results on
website.

The Management Committee of Technical Division and the
Steering Committee of Technical Division are responsible for
management of this division to provide efficient technical
support for the ERI researchers and promote technical train-
ing and general meeting for improving technicians’ skill.

X&=

Library

HERAFFEAT XIS TR - KNS T 2030 720
OHEMHERETT. HWEHZEIICEEORVKEL 7 —
< & L7:fiefa e E o EE R A R A O BRI B
THHRELRERZZENMELTCVWET. IhH0HGE
WRT — 713 [T F SRR E R T — & N —
AL XL THET. T WEFBEEHSYLTY
AR A ENZEFT R 1, UTokyo Repository (3
WORZEEMBEE Y RY M Y) el cvwEd.

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.

HigrdE 20,220 M HEFEE 34,323 i

ME o RE FVMERE 1,133 1 VRAERE 1164

Hh [ WEK (WEHFAEE), HEXK (E
TS, WA (HFRET),
TR AR A (AR, €
Dl % 20,000 H

T T, LR IR R o TIA, £
BARSE #5600 i

5 H BRI, B g, 1906 47 1)
7 V= 7T HESE DS 3,000

16 mm Wl | KIE 34EDORR X, BIRRERK,

T AV A | fUHE, BHARWEREME, 7o v

vt VATIKRMELZEDL D #50 K

2014 4 4 JJ 1 HBUE

Books 20,220 Japanese volumes and 34,323 foreign
volumes

Scientific 1,133 Japanese serial titles and 1,164 foreign

magazines serial titles

Maps Geological, topographic and fundamental
bathymetric maps around Japan. Fundamen-
tal land utility maps of Japan and others;
Total of about 20,000 sheets

Archives 600 titles, including old Japanese
drawings such as the “Namazu-e” and the
“Kawaraban”

Photographs | 3,000 photos from the Kanto earthquake, the
Niigata earthquake, the 1906 California

16 mm films, |50 titles

videos

As of April 1, 2014
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HEEH~4BEH  9:00-17:00 (12:00-13:00 % <) Monday~ Friday 9:00-17:00 (except 12:00-13:00)
F—24L~X— http//www.erl.u-tokyo.ac.jp/tosho Library Home page

http://www.eri.u-tokyo.ac.jp/tosho/index-e. html

1 X 2

The Great Earthquake of Japan, 1891 by John Milne and W.K. Burton with Plates by K. Ogawa

1892 &£ Yokohama : Lane, Crawford & Co. 28.9 X 40.6 KR 29 &=

1891 (BA/&24) £ 10 B 28 HEE, AADOREMERAMOBEMEIFKEL 2. YFBEASIAEH Y OEREEY OXREY
DELHPEIEL, BHE, KEE—HICEE 7,273 A (FEXREX [AAHEMERE. BWIR]) EXZ2LHFE2H-50LE B
BHEBER, #@ENEABE IV FN— b (BEIRZ)PEEMMI—ES EHICHEXMISHEZ, SHOBETEEZECIOD
AEREEZEHRLE. &b, FREKEHMETE (K2) (AR (E1) ISEFARIATOEAEVS, 2RRICEEEShTVS. C
DRRMEEIEE LT, BHAE25F (1892) ICNHAICEXFHHAETSIREL -

1892 Yokohama : Lane, Crawford & Co. 28.9 x40.6 with 29plates

“Nobi earthquake” one of the biggest inland earthquake in Japanese history, stroke early morning of 28th October, 1891. Most of
the western style buildings using bricks, which was newly introduced at that time, collapsed and ended up with death toll of 7273
in Nagoya and Gifu region. Right after this earthquake, John Milne who was an advisor employed by the Japanese Meiji
government, visited the site together with a photographer Kazumasa Ogawa, and W.K Burton who was also an employed advisor
in sanitary engineering, and published this report with many photos picturing the damaged situation of the local people. The
famous picture of Mizudori fault (fig. 2) was not included in the first edition (fig. 1) but was included in the second edition. Due to
this Nobi earthquake, the “Advisory Committee for Earthquake Prevention” was established in the Ministry of Education in 1892.

X3

EMRREILKRE EMBBIBE A RAN 2258 (1783)

KERHR (FEE¥e, MERTFEES) XHA3E10HA 298 49.8 X 83.

1783 RBA3E7 A7 H, EMOERBUIBEL TREFOXELHLIFLA BHR - BLIETLIC, ZRBRAHODEIEY, A%
BEPHELI>TRIFEE /. BRREVBGHETTHE, RIAHABSEILF LHFEEEMEEY, EF 2000 A, HEERRK
1800 F, BERISEIR—FIChAY, SIFTHHE—F (#93cm) ICRAK. FAXUBEIERIZEEZED, DOTRIRELTH
RINTLICAKKEZBKEL. BIELPSDORANEEE L) AL DEEIZ OV,

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 Nubuatsu) October 29, Tenmei 3 (1783) 49.8 X83cm

On July 7, 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 damages along Tone River. Even with the great famine from the previous
year, the plight of the people continued further.
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Prediction Researches
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Coordinating Committee of Earthquake and Volcanic Eruption

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 sciences. 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 concerning seismology and
volcanology in the universities 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 before and after the
2011 Tohoku earthquake (Fig. 1), detailed propagation process
of earthquake rupture area (Fig. 2), and volcanic scenario
analysis (Fig. 3). The official WEB site of CCEVPR is http://
www.erl.u-tokyo.ac.jp/YOTIKYO/index.htm.

X1 2011 ERACBL K FFAMENROREBIEE). HE]

BESERLALFEEERF, KTUALREEZETRY.
EBEN 2 U ECE - L (RRTEEZhAER)
BEBIANNIGE (REHER) CEEAEERS B,

Fig.1 Seismic activity before and after the 2011 Tohoku

earthquake. Reddish and purplish areas indicate the
areas where seismicity was activated after the
earthquake and the areas where the seismicity was
inactivated, respectively.
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Fig.2 Detailed propagation process of fracture
area ahead of a mining gallery in South
Africa.

K3 1>FKxIT7AIMNIBEDYF
TJoRLOBRSFUF. Zh
FTCOMERRICEDEHEAD
W ZzHEENICEMIT2ED
TEBH LTk

Fig.3 Volcanic scenario analysis for
Sinabung volcano, Indonesia.
Changes of volcanic activity is
evaluated.

ERI-DPRI Joint Research

2014 £ ST o7 [HEOBKIZHIKT 27200
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Making use of scientific results of seismology and volcanolo-
gy for earthquake and volcanic eruption disaster mitigation is
the main goal of Earthquake and Volcano Hazards Observation
and Research Program, which started in 2014 as a five-year na-
tional scientific research program. ERI started cooperative
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. ERT and DPRI established the
Coordinating Committee for Joint Research for planning the
joint researches and evaluating research proposals.
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Educational & Research Activities

Table Number of Students and Research Fellows

A
AR . I
Tl PL [t TIE 7 = T DA =1 g = § E‘EH%‘%E& [0}
KRFPEAE | RFEGFZEAE | ARPThFgE4 WEEa PANES N =N Rl
P o=
(PD - SPD)
Research . .
Graduate Students of Research JSPS Foreign Adjunct
Students of Research Research Research
Students Graduate
ERI Fellows Fellows Fellows
School

SERRITAEE 2005FY 85 2 - 2 24 13
SRR 184 E 2006FY 71 2 2 4 31 16
SERRI94ERE 2007FY 64 3 1 4 26 18
SER% 204 BE 2008FY 58 2 3 2 34 28
SRR 214 2009FY 58 1 2 3 51 36
SER% 224 FE 2010FY 66 2 2 4 56 36
SER% 234 2011FY 71 2 1 3 56 32
SERR244EE 2012FY 65 2 2 2 58 39
SERL254EE 2013FY 75 2 3 2 74 35
SRR 264 E 2014FY 75 2 3 2 77 39
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Education and research of graduate students

The Earthquake Research Institute (ERI) accepts graduate
students and research students of the Graduate School of Sci-
ences (Earth and Planetary Science) and the Graduate School
of Engineering (Civil Engineering and Architecture). Profes-
sors and Associate Professors of ERI belong to these gradu-
ate schools and undertake teaching and supervisions of grad-
uate and research students. ERI also accepts research
students of its own, similarly to those belonging to the gradu-
ate schools, and conducts teaching. Besides them, ERI ac-
cepts special research fellows from Japan Society for Promo-
tion of Science (JSPS) and foreign research fellows, and
research students from private or governmental 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 ad-
dition, lectures in the first-year seminar and the integrated
course are also given by professors of ERIL

“Danwakai” and Friday Seminars

ERI holds a “Danwakai’, a monthly meeting where mem-
bers present their most recent academic and technical
achievements, 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 wil be
held.
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Data
EEEH (FEX27F 4 B 1 HIRE) Number of Permanent Staff (As of April 1st, 2015)
# % Professors 26N
H H = Associate Professots 25\
Bh # Assistant Professors 26\
— % kB Technical and Administrative Associates 45 N
=5 i Total 122\
X% Yearly Budget (B : FF thousand Yen)
AR NS Wikt * &t B ge st | St RR % | B e A& i
Scientific Funded
Fiscal Year Personnel | Educational Sub total Research R unde h Grants Total
Grants esearc
SERCL64EEE 2004FY 1,189,966 1,496,977 2,686,943 411,100 1,077,118 21,873 4,197,034
SERRITAERE  2005FY | 1258522 | 1,604003 | 2,862,525 | 394200 | 1231351 20,850 4,508,926
RRISAEEE  2006FY | 1358553 | 1474502 | 2,833,055 | 387,946 | 1,309,248 18,760 4,549,009
ERRI9AEEE  2007FY | 1267151 | 1454657 | 2721808 | 400,190 | 2,041,608 5,150 5,168,756
SERR204EEE  2008FY 1,388,788 1,619,257 3,008,045 280,656 1,659,122 8,477 4,956,300
SERR2IAEEE  2009FY | 1204446 | 2118425 | 3322871 | 281,453 | 1,500,408 9,411 5,114,143
ERR22MEEE  2010FY | 1201967 | 1,467,670 | 2666637 | 466,586 | 1,471,935 37,864 4,643,022
SERE23MERE 2011FY 1,266,310 1,354,913 2,621,223 358,696 1,971,930 33,944 4,985,793
ERR2AERE  2012FY | 1215462 | 1,579,163 | 2,794,625 314,476 1,651,728 20,959 4,781,788
ERR25EEEE  2013FY | 1,118,043 | 1720312 | 2838355 | 336,293 1,178,818 6,029 4,359,495

HERESIC K D EBEO#TFE  Number of Research Programs by External Funds

HEFIRIFRIREEHOHFE  Number of Joint Research Programs
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Directors of the Earthquake Research Institute
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(IBAN 35, 4. 1 ~NIFF138. 3.31)
(W3F1 38. 4. 1 ~WAF140. 3.31)
(RAF1 40, 4. 1 ~W4F142. 3.31)

(WEF0 42. 4. 1 ~WEF143.11.13)
(RAF1 43.11. 14 ~W4F1 43.12. 10)
(FEFI 43, 12. 11 ~B4F1 45, 11. 24)
(WAF0 45. 11. 25 ~W3F1 45, 12. 10)
(REFN 45.12. 11 ~W4F1 46. 9.28)
(I3 46. 9. 29 ~WEF1 46. 10. 20)
(REFN 46.10. 21 ~W4F1 46.11.15)
(F4FI 46. 11.16 ~H34F1 48. 7.21)
(WAF1 48. 7.22 ~WiF1 48, 7.31)
(IBAN 48, 8. 1 ~WRF150. 7.31)
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1 ~WFf 52, 7.31)
1 ~WEFN54. 7.31)
1 ~W3f 56, 7.31)
1 ~WEF158. 7.31)
1 ~IFF160. 7.31)
1 ~W#163. 3.31)
1~ 2. 3.31)
1 ~FH 4. 3.31)
1~k 5. 3.31)
1 ~FH 7. 3.31)
1~ 9. 3.31)
1 ~FH 11, 3.31)
1 ~FHE 13, 3.31)
1~ 15. 3.31)
1 ~FH 17. 3.31)
1~ 19. 3.31)
1 ~FEE 21, 3.31)
1 ~Fi 23, 3.31)
1~ 25. 3. 31)
1~;4255‘z 27. 3. 31)
(% BT RSB IR

FZFR Chronology

£ Year

KIE144E

1925 |HhERMFZEHTEYE Establishment of ERI

iEFn 24F

1927 |[H% X% & Tsukuba Branch

AEFn 94

1934 |7&RIZFTa% & Asama Branch

RN L64F

1941 VLD B BRI E Enoshima Tsunami Observatory

R Fn224F

1947 /Hﬂgﬁiﬂj i A BB [E  Aburatsubo Geophysical Obsetvatory

AR Fn244F

1949 [f2 1L HZZ BYBUAIFTEX & Matsuyama Geophysical Observatory

[EEIRIES

1955 |/] \u% KB P EX & Komoro Volcano-Chemical Observatory

IR FN344E

1959 |Gt G K I SUBIIFT R [E 1zu-Oshima Geo-electromagnetic Observatory

AP Fn354F

1960 |G K EEE BT 1z2u-Oshima Tsunami Observatory

A FI364E

1961 |98 L1 Z B BLHIPT X & Nokogiriyama Geophysical Observatory

[EEIREES

1963 ?5 7 5 KILBLHIPT A& Kirishima Voleano Observatory

MEFn394FE

1964 |PTRIE

Seismological Observatory

S ST & PRl SCPT 2 S MUERBLIIET, AR ILIBLRIAIT 45 4 4 P28 5K ORI N Rl

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

MEFn404=

Tons | BB R R ORI TR E 7 — B

Shiraki Seismological Observatory & Strong Seismic Motion Observation Center

ARFn414E

To00 | VE BB BRI R O T T HL BRI A

Yahiko Geophysical Observatory & Dodaira Seismological Observatory

R Fn424F

1oy |FUE TABIIIE » 7 —, Tl B - R LT

Earthquake Prediction and Observation Center, Hokushin Geophysical Observatory

AR Fn434F

1968 [frler /)BT & Kashiwazaki Seismological Observatory

AR Fi444F

1969 |& LI HIS B ENIFTEX & Fujigawa Geophysical Observatory

AR FN454E

1970 [\ 4 [ M SUBLHIFTER & Yatsugatake Geo-electromagnetic Observatory

AR FN544E

1979

HUE 7RI # e v & — (MU Pl o ¥ —OisH - J55%)

Harthquake Prediction, Observation & Information Center

B Fn594E

G E K K I BLAIFTER B Tzu-Oshima Volcano Observatory

1984 |” (K o ML S BT, O 0k B BRI OBE I ~ )

AR Fn554E

1980 {5 B EBIIFTAE Shin’etsu Seismological Observato
Clefe i1 M7 - Hs BBV BT, APy A L

IFT DBEIL - Hh)

Rk 64

1094 |FERERTIEHTOCRL CIElr RN e T L) J OXHR I e 0 AL

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

Sk 94 1997 [ N-ERBLAINISEE > ¥ —XiE Ocean Hemisphere Research Center
SEREI84E 2006 VL0 B Pt Bl BE Ik Enoshlma Tsunami Observatory closed

k214

2009 | —% KILUMEK T e o &2 —

HE P T T 2 — %i{ﬁ;ﬁkmﬂﬁk$%ﬂbﬁ et o 2 —

Research Center for Prediction of Earthquakes and Volcanic Eruptions

T, KIUFE KT Rt et & o

FEpR224F

2010 eI + JERTZERLR

ICHGH, 38 KTMER - 78 o F — gl

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

SRR 244F

vory |E RS e PR > & —
Research Center for Large-Scale Earthquake, Tsunami and Disaster
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EMRFANP BRI % B8 8 58 =
Seafloor Cabled Observatories Operated by ERI

SRS — T IVKBIENE - B 2T L

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

dZBESRRF—TIVKXBEME - 2
HEBAS 2T LDOMAE. FHIHE
i, B=EAIEREIOAIEEZTRY.
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,
respectively.

A=FERRT — TIRBERME - FREBR S

2T LOMESEA — 8 (L) &EREEE
B —K (F).
Pressure canisters of seismometer (upper)
and tsunami-meter (lower) for the seismic
and tsunami observation system using
seafloor optical fiber off Sanriku.

42013 F 12 BICHMT U Z@EMr — T IVRBERE - BREAS X7 LOH

LUWEELR (BAT).

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

completed in December 2013.

FEXEEEF AT —TIXBEBEEA S X5 L

The seismic observation system using seafloor optical fiber off the east coast of the Izu peninsula

AFEEERF T - TIVXBEBESRE S X7 LOME. FALPMEHOMLEERT.
Position of the seismic and tsunami observation system using seafloor optical fiber off
the east coast of Izu peninsula. Red circles indicate positions of seismometers. Line

show the cable route.

ICT ZAVW /- BFBREMAABRBEERE S X7 L

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

using Information and Communication Technology

dHABEEEENEREHRAS X7 4

DEE. FIPMESOHAEEZRT.

Position of the seismic observation system
using seafloor optical fiber southwest off
Awashima in Japan Sea. Red circles indi-
cate positions of seismometers. Line show

the cable route.

dEBXBRESEAABEREER
B 2T LDAEOHEETEA
J—=NK

Pressure canisters of seismome-
ters for the seismic observation
system using seafloor optical
fiber southwest off Awashima.

AFBEEREFEEFICHEL AL X T LA
DEELR.

The landing station for the ICT cabled
seismic observation system installed at the
west coast of Awashima, Niigata Prefecture.
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VA PSS
Access to ERI

NO.1
NO.2

NO.2

NO.1

WEMFATIE, RASBF+ U NRICBLTOETD,
ZHEZLGEDH B F v /NAPREFBIOHEXICHY,

ELTH 10 DBNTOET.

EFEHOSE. IS0V FBROBEREE ([ BEEOH) HHBTSET
W CTHBLDHEEFRFE=RBST,

HOBE (RIRDIV—F) ZRBSNDIE=HEHOLET.

]

PAN

RER R TRBR R2R]) 1 BFLO0 FH10H
& b

iR [RXaT) 1 B0 £

)4

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

T2 & (2015 4) 4 A%
mEFAT | RRE KB TR
RE LH7OFU—F=
FRBURXSE1TE1E 1S

&5 (03) 5841—2498
R—LNX=3 I http://www.eri.u-tokyo.ac.jo/




APt EEMEE(R), i XEF 1855F (RHE2%F), IIF
Catfishes from Edo (Tokyo) and Shinshu (Nagano prefecture),
Earthquake print (Namazu-e), Year of Disaster: 1855, in Edo.
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