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The mission of the Earthquake Research Ingtitute (ERI)
has been to investigate earthquakes and volcanic
eruptions and to develop methods mitigating disasters
caused by earthquakes. ERI played a leading role in the
establishment of modern seismology in its long history
exceeding 75 years. Recently new research plans have
been made to extend the frontiers of earth sciences
through deep discussion in the institute. These research
plans were evaluated as being innovative in the externa
review that was made in 1999. We are directing our
efforts to promote these research plans in order to play a
leading role in the production of new ideas about
earthquakes and volcanic eruptions.

A global view about the Earth is required for the
fundamental understanding of phenomena related to
earthquakes and volcanic eruptions. Such studies could be
efficiently carried out in close cooperation with many
researchers. As a "Shared Institute of Japanese
Universities’, ERI is making an effort to promote close
collaboration among researchers. ERI is also recognized
as a core institute for the research of earthquake
prediction and volcanic eruption prediction, and we are
promoting the prediction research cooperatively with
related researchers over the nation. We will continue to
contribute to the development of earth sciences in
collaboration with researchers throughout the nation.

Faculty members of ERI are actively involved in the
education of graduate students at the University of Tokyo.
ERI is characterized by advanced field and laboratory
researches. Graduate students at ERI could feel a"breath”
of the Earth, joining such research programs. We will
continue to promote education characterized by the above
features in collaboration with graduate schools of the
University of Tokyo.
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Earthquake Research Institute was established on
November 13th, 1925, as a part of Tokyo Imperial
University. The decade and a half since the
establishment of ERI was a period that witnessed the rise
of modern seismology in Japan. After World War 11, the
institute was re-established as one of the research
institutes of the University of Tokyo. Following the
nation wide cooperative Earthquake Prediction Program
started in 1965 and Volcanic Eruption Prediction
Program in 1974, ERI played a core role in bearing the
heaviest responsibility 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 Plan, and
experiments on volcanic structure and magma supply
system, have been planned and conducted as joint
researches of universities and institutes in Japan. To
further promote these projects, ERI was re-organized in
1994 as a shared institute of the University.

The re-organization of ERI formed four divisions and
centers, provided positions for visiting professors, and
formulated a system of cooperative studies.

In April 1997, 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.
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Fig.1. Map of 1997-1998 experiments. Stars and solid lines
indicate shot points and profile lines of seismic survey,

respectively.

5-1. Researches for Earthquake Prediction

5-1-1. Research on the deformation process and
heterogeneous structure of the island arc crust

The physical mechanism of the occurrence of intra-
earthquakes is controlled by a series of processes
including stress accumulation by plate motion, stress
concentration at fault zones, rupture nucleation and
dynamic rupture propagation. ERI has been conducting a
project of proposed "the deformation process of the island
arc crust” in the earthquake prediction program.

The research of this project consists of the following
three items covering broad fields in geology and
geophysics.

(1) Determine heterogeneous structure of island arc crust
and its physical properties with seismic expeditions

(2) Elucidate processes of crustal evolution and
development of major fault systems by synthesizing
seismic crustal structure and other geological/
petrological implications

(3) Examine detailed seismic activity in relation to major
heterogeneous structure and fault system

In 1997-1998, an extensive seismic expedition was
undertaken in Northern Honshu Arc (Fig.1). This
expedition was composed of well organized experiments
involving a seismic refraction/wide-angle reflection
survey, a seismic reflection survey and a microearthquake
observation by a dense seismic network. The profile line
of the refraction/wide-angle reflection experiment was set
about 500 km in length from the Japan Trench to the Sea
of Japan to investigate large-scale structural variations in
this island arc system. The seismic reflection line was
undertaken in the backbone range in Northern Honshu to
map the deep crustal inhomogeneities involving major
faults and crustal reflectors. The microearthquake
observation was aimed at delineating precise seismic
activities and their relation with the structural
inhomogeneity.

The crustal section of Northern Honshu Arc from
the refraction/wide-angle reflection experiment
shows clear structural variations in EW direction
(Fig. 2). The structure west of the backbone range
has remarkable deformations by the Miocene back
arc spreading. The upper crustal velocity is 5.8-5.9
km/s, clearly lower than in the eastern part of the
profile (the Kitakami Mts.). The Moho is located at
27 km in the western edge of the profile, and 32-
35km benesath the backbone range. This indicates the
crustal thinning associated with the backarc
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Fig.2. Crustal model from the seismic refraction experiment. Yellow circles indicate
hypocenters determined from the dense seismic network.

spreading. The structure in the Kitakami Mts. is rather
simple, characterized by a number of reflectors within its
middle/lower crust.

The seismic reflection experiment clearly imaged the
geometry of major faults of Senya and Uwandaira
developing under the backbone ranges. These faults show
listric geometry, and become almost flat at a depth of 12
km beneath which a number of reflectors are situated.
Probably, this reflects the difference in rheological
properties within the crust.

5-1-2. Comparison between the rupture processes
of the 1968 Tokachi-oki earthquake and the

1994 Sanriku-Haruka-oki earthquake
Using teleseismic data and strong motion data, we
derived large slip areas (asperities) for the two large
earthquakes: the 1968 Tokachi-oki earthquake and the

Kitakami Lowland

> 0
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00000o0ooo0ooooooooooo
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Fig.3. Crustal section from the seismic reflection
experiment and its interpretations.
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Fig.4. Comparison between the rupture processes of the 1968
Tokachi-oki earthquake and the 1994 Sanriku-Haruka-

oki earthquake.

1994 Sanriku-Haruka-oki earthquake. It is shown that one
of asperities of the Tokachi event coincides with that of the
Sanriku event, and the seismic coupling there is nearly
100%(Fig.4).

5-1-3. Measurement on Coseismic Slip for Paleoearth-
quakes due to Strike-Slip Faulting

The key parameters to estimate the size of
paleoearthquakes are rupture length and amount of
displacement. However, typical Japanese-style trenching
which consists of a degp trench with gently doping wallsis
not suitable for reconstructing lateral offsets associated
with earthquakes in the past. Thus, we have designed a new
technique that combines three-dimensional trenching and
soil sampling by Geodlicer. The new technique can restore
3D geological structure effectively without widespread
destruction of the surface. We have applied this technique
to the Tanna fault that ruptured during the M7.3 Kita-lzu
earthquake of 1930(Fig.5). We then found that right-
stepping en echelon faults, striking 10° to 40° CCW from
the overal trend of the Tannafaults. From the evidence for
offset buried channels, we could almost the same amounts
of offsets 40+ 10 cm caused by the most recent 1930 Kita-
Izu earthquake and penultimate event in the sediments.
Thus, we would estimate magnitude of the penultimate
event by the Tannafault is the same as the Kita-lzu shock.

5-1-4. Research on the generation mechanism of
electric signals accompanied by fractures
An attempt to clarify the interaction between the
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would be one of the purpose of investigation of seismogenic

Frésting process. Such an interaction may have a significant

| ; : \ | contribution not only to the fracture process but aso to its
preparatory process. At ERI, laboratory experiments have
been performed to study the generation mechanism of
electric signalsin collaboration with RIKEN, with the focus
on the effects of pore water movement during rupture
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Fig.1. ARGOS geomagnetic observation system at
Miyakejima volcano.

5-2. Researches to Predict Volcano Eruptions

Intense, modern monitoring of volcanoes has
brought advances in volcanology, allowing some
precursors to be identified prior to eruptions.
However, precise prediction of eruption still
cannot be achieved scientifically. The following
researches are being carried out to understand
volcanic processes and magma supply systems
under volcanoes.

5-2-1. Joint Experiment on Volcano Structure
and Magma Supply System
Since 1994, joint experiments have been
conducted in several volcanoes in Japan to reveal
the structure and magma supply system by a
group of scientists from national universities under
the National Research Project for Prediction of
Volcanic Eruptions. Anomalous zones were found
beneath some volcanoes by electromagnetic
surveys and seismic exploration experiments (see,
6-8 Joint experiment on volcano structure). At lzu-
Oshima volcano, we could detect magma bodies at
depths of 5 and 8-10km beneath the caldera with a
new technique of seismic waveform tomography
(see, 8-8 Volcano Research Center).

5-2-2. Observations with ARGOS System and
Drilling Project in a Caldera

We have developed the telemetry system using
ARGOS satellite to obtain safely precise data of
geomagnetic field and fumarolic temperature
variations from the area closest to active craters.
We deployed the
observation system at the southwestern slope of
Miyakejima volcano just after the eruption on
August 29, 2000, to detect geomagnetic total force
variations caused by temperature change beneath
the summit crater (Fig.l) (see, 7-3 Miyakejima
eruption). To detect small changes associated with
the ascent of magma and volcanic gas, a 1km-deep
hole was drilled within the summit caldera of 1zu-

ARGOS geomagnetic

Oshima volcano. Since 1999, we have started a 3D-
array observation by installing seismometers, a
hydrophone and an electrical conductivity-
temperature meter in it (Fig.2). Borehole
geophysical measurements and analysis of rock
samples collected during drilling yielded a new
insight into the structure and origin of the caldera
and the eruption history of the volcano.



Summit crater

H-array Caldera rim
—
earthquakes, tremors
(Varmay) I = domagnetization éi‘.‘_‘n}
o reslstivity change Aquifer —
5
R
I Conduit
@ Saisrmomelers
7 Water level and lemperalure meters
O Hydrophone 1Lm
Objectives: (1) 3-D array selsmic observation and siructure exploration
ground water

(2) Magma/ga
(3) Caldara structure, growth history, and magma plumbing system

googoobooboobooboboobg
Fig.2. Scientific drilling within the caldera of 1zu-Oshima
volcano.

oooboooooooooooooooooooo
oooooooooooor3poooooom
O0O00O0o0o0o0o0ooOobDOobDOoboOonDOgl km
cboooobooobooooooboooooooo
coobooooobooooooooobooooooo
cbooboboobobooobo1euobonooooon
gboz2moooooooooooboooooooao
cooboooooooooooboooobooooo
cooboooooooooooboobcoooboooo
cooboooooOoooooooboooobooooo
coooboooooooooooooooooooo
cooboooooooooooboooobooooo
cooboooooooooooooooooooo
ooboobooooooooobboobooooo

5-2-30 00000000000

gogbooobooobooboboobboon
goboooboobobuoobbooboboooboobg
ooobooooeseooogooooooonon
goboobobuoobbuoobboobboobo
gbobooooooo3smoooooooooon
goooooboboboobobbbbbbbooogogg
0006026000000 OODOODOODODODOODO
gboboboboooooooooooooooon
gobooepPsOOobooboobooor73 gon
googm

oboboboboboboboboooooo
gboboobooboooooooooooooooon
oboobooboooooooooooooooogon
gbobobooooooooooooooooon
gooooooboboobbbbbbboboboooooo
goboobboobboobboobobooobo
goboobboobbooboboobooobobo
gobooooobobbooobobboouo4monon
gobooboboobboobboobooobobog
goboooobooooboooobboooobn
gobooboboobbuoobboobboobo
gobooboboobbuoobboobboobo
ooo

5-2-3. Researches on Mid- to Long-term Predictions

In 1zu-Oshima, which recently erupted every
several tens of years, a continuous inflation of the
volcanic body, indicating the steady storing of
magma at a depth of 6 to 9km, has been detected
by repeated EDM and GPS observations (Fig.3).
We also detected a continuous inflation of
Miyakejima volcano before the beginning of its
activity on June 26, 2000 (see, 7-3 Miyakejima
eruption). Even without any historic eruption
records, a geological analysis of the volcano can
sufficiently help us with long-term predictions of
eruptions (Fig.4). As the modes of eruption may
reflect magma compositions, analyzing products
erupted in the earlier stage is also important to
know the mode of successive eruptions.
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Fig.3. Distance changes of base lines across the caldera

and northern slope after the 1986 eruption of lzu-
Oshima volcano.
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Fig.4. Cumulative volume-time diagram for eruption
products at Fugen-dake in Unzen volcano.
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Fig.1. Self pop-up type long-term broadband ocean
bottom seismometer (BBOBS).

5-30 Ocean Hemisphere network Project
(OHP)

The purpose of this project is to establish geophysical
observation networks centered on the western Pecific for
seismology, geo-electromagnetism, and geodesy, and to
look directly into the Earth through the ocean bottoms
where the density of geophysical observations had been
sparse. OHP started as a five-year project in 1996. The
Ocean Hemisphere Research Center, which was
inaugurated as one of research centers in the Earthquake
Research Ingtitute in 1997, acts as the center to promote
OHP as collaborative nationwide research activities.
Originaly, this project was scheduled to end in the year
of FY 2000, but the program committe has approved to
extend this project up to FY2001. We report what
progress the project shows for [ and half years.

5-3-1. Network Construction

The OHP network consists of seismic, electromagnetic,
and geodetic networks. Up to the present, land stations
have been established on schedule or even with the
number exceeding the original plan. Ocean bottom
stations will be completed in the next fiscal year.

5-3-2. Observational system development
The various types of system development required for
constructing the observational networks are important

)
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Fig.2. Location map of BBOBSs (stars) and borehole stations

(circles). Triangles indicate land stations.
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issues. In the following we report the current status of
system development, (@) standard seismic observational
system for oceanic idands, (b) mobile broadband seismic
observation system, (c) standard electromagnetic
observation system for oceanic islands, (d) ocean bottom
borehole geophysical observation system, (€) mobile
ocean bottom seismic observation system, (f) ocean
bottom electromagnetic observatory, (g) ocean bottom
crustal movement observation system, and (h) ocean
bottom heat flow monitoring system. The system, (d), is
explained in the next section.

The standard seismic observation system for ocean
islands was aready completed four years ago, and were
improved for solving the Y 2K problemsin thisyear.

We developed the mobile broadband seismic
observation system. It has characteristics of high
mobility, easy operation, and low power consumption,
and is suitable for observation in foreign countries. We
installed four systems in China on Oct. 1998 (the details
are described in 5-3-7). It is our first project of the
temporally installed seismic observation in a foreign
country. This project is still continued, now.

We developed the standard electromagnetic
observation system for oceanic islands and have been
carrying out long-term continuous observations at seven
sites in the Pacific area. System design aimed a high
sensitivity and long-term stability. In order to examineits
stability, long-term test was performed for three years
since 1998 by using one of the instruments. Result
indicated that baseline drift in each component does not
exceed 5 nT/year, which is better than our expectation.

For the ocean bottom broadband seismic observation
by several locations, a self pop-up type broadband ocean
bottom seismometer (BBOBS) has been developed and
deployed in 1999 (Fig. 1, 2 and 3). We have a plan to
start new observations at 2 new locations during 2001.

Instruments for long-term monitoring of temperature
profiles and pore-pressure gradients in seafloor sediments
have been developed for purposes of detecting possible
temporal variations of pore fluid flow and heat flow
measurements in shallow sea areas. With the temperature
monitoring instrument, we could obtain one-month record
of good quality and are conducting measurements for a
longer period. The pore-pressure instrument has been
almost completed and will be deployed for a long-term
monitoring test in 2001.

5-3-3. Ocean bottom geophysical observation

It is becoming clearer that emplacement of
seismometers inside a borehole can provide low noise
environments in the ocean. In addition, the strainmeter
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Fig.5. Seismic noise spectra from the borehole
seismometers at JT-1. Z and H1,H2 denote the
noise spectra estimated from the vertical
component and the horizontal components
respectively. HNM and LHN indicate typical
noise spectra from the land observatories. The
noise spectra at JT-1 show that JT-1 can provide
good quality data.
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Fig.4. Schematic of equipments used in the borehole
installation at JT-1. Other stations have
fundamentally the same configuration.

and tiltmeter, because of their principles of operation,
need to be grouted inside boreholes ideally to behave
completely the same as the surrounding rocks. Ocean
Hemisphere Project (OHP) planned to install four ocean
floor borehole geophysical observatories in three areas of
the western Pacific. The main objective of installation of
borehole stations is to obtain high quality data for a high-
resolution image beneath the western Pacific. Two
borehole geophysical observatories (JT-1 and JT-2) on
the landward slope of the Japan Trench were successfully
installed in July and August 1999 during ODP Leg 186.
In August 2000, the installation of a seismic observatory
(WP-2) in the northwestern Pacific Basin was completed
by ODP Leg 191. The observatories were activated by a
ROV.

Fig. 4 shows the arrangement of the sensor and the
seafloor packages for JT-1. Sensors were placed near the
bottom of the hole and were grouted by cement. The
signals from the sensors are sent to the sea floor packages
by the cables. The seafloor packages consist of the
recorder and the Sea Water Batteries. For JT-1 and JT-2,
the sensors consist of a strainmeter, a tiltmeter, and two
broadband seismometers. Two same seismometers are
used at WP-2. The maintenance of the observatories is
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performed by a ROV. Because the seafloor packages are
connected using the Under Water Mateable Connectors,
each unit can be recovered by a ROV for the
maintenance. From the preliminary data of JT-1 and WP-
2, we found that boreholes at the sea floor provide quiet
environments for seismic observation (Fig. 5). For
completion of the network construction, installation of a
seismic station in the western Philippine Basin is
scheduled in April, 2001 during ODP Leg 195.

5-3-4. GPS observations in the western Pacific

Regiona permanent GPS array has been established in
the western Pacific and eastern Asia since around 1995
and was named as WING (Western Pacific Integrated
Network of GPS). The newly established sites are more
than ten until the end of 2000. Together with otherwise
establushed sites, more than 40 GPS sites have been
routinely analysed.

Fig. 6 shows a summary of thus estimated GPS
velocity field in the area. The figure includes results from
repeated survey conducted mainly by ERI group.
Established GPS array has been able to delineate overall
displacement rate field in the area as well as used as
reference sites for local arrays of repeated surveys. Fig. 6
indicates rigid motions of Pacific and Philippine Sea
plates that moves toward west. In addition, back-arc
spreading and other plate boundary deformations along
the converging plate boundaries in the western Pacific are
readily visible. On the other hand, Chinese continent
shows areal deformations due to collision of Indian
continent toward north.

In order to further investigate tectonics and dynamics
of the crust and the upper mantle in the area, the network
is still planned to augment in the future. This network
shall be used not only for solid earth physics but also used
for meteorology, climatology, hydrology and ionospheric
researches.
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Fig.6. Western Pacific Integrated Network of GPS
(WING) and velocity vectors referred to stable
Eurasia. Black arrows: velocities at permanent
sites, White arrows: velocities by repeated
surveys, Yellow arrows: estimated velocities from
plate motion models. Sites of short history and
those without sufficient data are not included.
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5-3-5. Data Center

Ocean Hemisphere Project Data Management Center
(OHPDMC) constructed the data distribution system for
interdisciplinary OHP network data and began to open
them to the public. OHPDMC also contributed to the
further promotion of seismic waveform data circulation
viathe following activities:

a) Construction of Network Data Center

Various broadband seismograph networks are being
operated by Japanese institutes, but their data are
distributed from various data centers in various data
format with various user interfaces. To solve this
inconvenience we developed networked data distribution
system providing various networks data with a unified
user interface in international standard data format (Fig.
7). We aso set up the system so asto be able to integrate
not only OHP network data but also various international
and domestic networks data. We made CD-ROM (Fig. 8)
of this integration software and distributed it to
researchersin the world.

b) Data Report to Federation of Digital Broadband

Seismograph Networks (FDSN)

We converted Japanese broadband seismic networks
data to the international standard format, and reported
them to the international union for data exchange (FDSN)
as arepresentative of Japan.

5-3-6. Data analysis

The first objective of OHP is to complete the Ocean
Hemisphere networks. Besides, the major science target
is to extract new information related to the Earth's interior
by analyses of data from being constructed and existing
networks. Outcome of such researches includes: (@)
development of a new efficient data analysis method, (b)
study of electrical conductivity structure of the mantle

——

oooo0o0ooooooooooooooooooon
000000000 CDb-ROMO

Fig.8. CD-ROM of the software integrating data via
the networked data distribution system.
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(Top) Electric observation sites in NE China.
(Bottom) The inferred 1-D electrical conductivity
models beneath S05. Two different models are
shown; one with smoothness constraints and the
other expressed by delta functions of
conductance.

Fig.9.

beneath NE China, (c) elucidation of plate motions in the
western pacific region, (d) detailed study of the mantle
transition zone in the western Pacific region, (€) discovery
of the Earth's background free oscillations (cf. 5-5), (f)
improvement of the resolution of seismic tomography.
For example, in (b), observation of long-baseline
telluric field variations is carried out by
using telephone lines in northeastern
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China (Fig. 9). Data obtained from this
experiment were analyzed to study

g | 5

\Q 0 3 electrical conductivity structure of the
3 mantle beneath this area. Two different
J methods were applied and both
indicated a similar model with a sudden

conductivity increase at the depth of
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Fig.10. Density and S-wave velocity jumps at the mantle transition zone

discontinuities.
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600-800 km (Fig. 9). In (d), by
analyzing data from the high density

6 8 10

broadband seismic networks in Japan,
first in situ seismological estimation of
the density jump across the transition
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Fig.11. Seismic velocity structure beneath Hawaii. (top)
old model with direct P wave data only. (middle)
new model with P+PP wave data. (bottom) cross
sections above are along the red line in this map.
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zone discontinuities, which is known to be very difficult,
is performed beneath Japanese islands, and density jumps
significantly smaller than the reference earth models are
obtained (Fig. 10). In (f), PP wave travel time data are
newly obtained from broadband waveforms to improve
existing P wave tomography model, especially in the
upper mantle. The new model, for example, shows a
slow velocity region beneath Hawaii, which appears
localized in the upper mantle (Fig. 11).

5-3-7. Seismic and electromagnetic array observation
along the Philippine Sea-China profile

As apart of the Ocean Hemisphere network Project, we
performed long term seismic and electromagnetic (EM)
array observation aong the Philippine Sea-China profile
(Fig. 12) to reveal more detailed image of inhomogeneous
mantle structure of so-called the zone of down-going
mantle flow.

Ocean bottom seismic observation was carried out for
eight months from Nov. 1999 until July 2000 by using 15
semi-broad band ocean bottom seismometers (LTOBS)
aong a profile of about 2800 km length. The LTOBS
contains a semi broad-band sensor (WB2023LP, PMD) in
apressure case made of titanium sphere (D=50cm), which
enables us long-term observations up to one year. The
data quality was preliminarily examined using PDE
catalog. Events with Mb 5.5 or larger within epicentral
distances of 70 degrees are well recorded with adequately
high S/N. We found that several deep events in Japan,
Izu-Mariana and Fiji and some events in Alaska are well
recorded.

Along the same profile and during the same period,
ocean bottom EM observation was also carried by using 6
ocean bottom electro-magnetometers (OBEM). Each
OBEM measures variations of three components of the
geomagnetic field and two components of the electric
field every minute. All the instruments were safely
recovered, and good records were obtained.

On-land broad-band seismic observation was started at
four stations in China by a collaboration with the
Analysis and Prediction Center, China Seismological
Bureau. The observation was originally planned to have
16 sites, which had to be reduced due to several
difficulties. However, thiswill not cause serious problem
because data from the network in China (CDSN) became
available.

In Jilin Province of northeast China, we have
performed observation of electric field variations by using
telephone lines (Network-MT) by collaborating with
Institute of Geology, China Seismological Bureau. The
observation area is known to its recent active volcanism,
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and its relation to deep structure is one of the most
interesting targets. This project will be continued for the
coming several yearsto extend the study area.

Our new data set from seismic and EM observations
will provide unique opportunity to investigate the upper
mantle structure in the western Pacific region in more
details.
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Fig.12. Locations of ocean bottom sites in the Philippine Sea and on-land seismic sites
in China.
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5-4. Semi Realtime Ocean Bottom Observation
System

For the research of off shore "stages' where many
earthquakes have occurred around Japan, we have
developed pop-up ocean bottom seismometers (OBS)
with high mobility for temporal dense observations and
ocean bottom cable systems for stationary geophysical
observations. But, it is necessary to have an observation
system with mobility and realtime data acquisition for
precise research of transitions of aftershock or
earthquake swarm activities. In these points, two
observation systems mentioned above are not adeguate.
For this reason, the Earthquake Observation Center has
started a development of the semi realtime ocean bottom
seismic and geodetic observation system by using
technology of an underwater acoustic communication
and a satellite telemetry from 1996. After the field test
which was performed in 1998, this system was deployed
for the swarm observation off Niijima-Kozu islands in
the summer of 2000.

The construction of this system (Fig. 1) contains, 1)
the ocean bottom unit (OBU) that acquires and records
seismic signals, 2) the moored buoy unit (MBU) that
performs underwater acoustic communication with the
OBU and the satellite telemetry, and 3) the land control
unit (LCU) that receives the acquired data and controls
the OBU and the MBU. Measured values from the
broadband precision 3-component accelerometer and the
pressure gauge of the OBU are continuously stored in
hard disks (16GB) with a high resolution digitizing
(100Hz, 24bit). Thetime accuracy of the OBU is kept as

0ooooOooooobooOooooono
Fig.2. The MBU of this system deployed off
Niijima island.
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better than 10ms by the combination of the DTCXO and
the time difference measurement between the GPS on the
MBU and the OBU Clock. As it is impossible to use
electric waves in the deep sea, the high-speed underwater
acoustic communication system (~13200bps) is used
between the OBU and the MBU. The NTT satellite
phone system (N-STAR) and the GPS for location and
time are equipped on the MBU, which also has a two
axes gimba mechanism for the tracking antenna of the
satellite phone due to large sway of the buoy. Both the
OBU and the MBU have large capacity lithium cells for
the power source. The speed of satellite data
communication is 4800bps (maximum). The LCU can
control ailmost all parameters of the OBU and the MBU.
The received data is analyzed with the land seismic
network data immediately. It is still impossible to
perform a true realtime (continuous) ocean bottom
observation, because of the limited speed of the
communication and the capacity of the power source. So
that only the data of preset time windows is received in
usual operations.

The field test was performed at the northeast part of
the Suruga Bay in December of 1998. In this test, a
satellite phone on the ship was used instead of the LCU,
and the ability of the underwater acoustic communication
system was examined by measuring of the noise level
and variation of the output acoustic power. Astheresult,
this system is operative up to the depth of 4000m with
enough signal to noiseratio.

Short term and repeated observations by using many
pop-up OBSs were performed during the swarm off
Niijima-Kozu islands after the eruption of the Miyake
island since June of 2000. This system was deployed in
the center of this area to detect changes of the swarm
activity in August (Fig. 2). True, shallow distribution of
epicenters were revealed in semi realtime, those were
uncertain only by the data of observatories on near
islands (Fig. 3). Usefulness of this system is clearly
indicated by this observation.

00o0o0o0o0o0ooooooOOoOoOoooOooooooo
oo@o)yoooooooooooooooo
0oo0ooooooooooooooooooo
ooooooooo

Fig.3. Improved epicenter distribution and map of
observatories (lower right). Locations are
indicated as triangles (land) and a star (this
system). Epicenters are changed from circles
(almost initial depths) to triangles.
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Figure 1. Schematic figure showing our idea of the
excitation mechanism of acoustic coupling.

5-5. Resonant oscillations between the earth
and the atmosphere

Earth's background free oscillations have now been
firmly established. They comprise the fundamental
spheroidal modes with amplitudes on the order of 0.5
ngal. The cumulative effects of many small earthquakes
are too small to explain the modal amplitudes. The
statistical examination of the excited normal modes
suggests that atmospheric disturbance may be an
excitation source. Here we report (1) evidence of the
annual variation of this phenomenon and (2) evidence of
acoustic resonance of these seismic free oscillations.

Preferential excitation of the seismic modes that can
couple atmospheric acoustic modes has been reported.
For example, Rayleigh waves with particular periods of
about 225 and 270 s were observed to be associated with
the volcanic eruption of Mount Pinatubo. Thus, some
excess excitations at these frequencies are expected if
atmospheric phenomena excite the oscillations (Figure
1). From the analysis of seismic records we found the
evidence for greater amplitudes of the two acoustic
coupled modes than the other modes (Figure 2). The
resonant amplitudes suggest that the excitation source is
at or just above the Earth's surface.

A dimensional analysis by Kobayashi and Nishida
[1998] indicates that atmospheric disturbance can
generate Earth's free oscillations at a ngal-level with a
possible annual variation of intensities on the order of
10% (Figure 2).

The phenomenon can be understood only if the two
systems of the solid Earth and atmosphere are viewed as
acoupled system.

R B (mHz)
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Figure 2. A spectrogram on seismically quiet days.
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Fig.1. Broadband seismograms (vertical component) of a
phreatic eruption observed at a station 1.4km away
from the active crater. (top) raw velocity seismogram;
(middle) velocity seismogram bandpass filtered
between 10s and 30s; (bottom) displacement
obtained by integrating the top record. The vertical
broken line indicates the time of the eruption.

5-6. Broadband Seismometry at Active
Volcanoes

Seismic wavefields observed near active volcanoes
contain plenty of information about volcanic activities in
the frequency range between 0.01 Hz and 1.0 Hz, where,
until recently, conventional geophysical monitoring of
volcanoes had not paid much attention except for a few
rare cases. The physics operating in a volcano is
extremely complex; in different frequency bands,
different physical processes dominate the wavefield,
which makes broadband seismic observations essential to
unravel the physical processes of volcanic activity using
selsmic data.

Since 1991, we have been conducting a series of
observations in two active volcanoes in Japan:
Sakurajima and Aso. A series of deployments of
broadband instruments in Sakurajima not only convinced
us of the importance of broadband seismic observations at
volcanoes, but also led us to another volcano by
observing strange long period 10s wave trains apparently
generated near the Aso volcano located 150km away

Aso Long Period Tremor

15sec

chain of craters

131.08 131.09 131.10

00Moo0oOO0ODOo0oDOO0o0moboOooooooon
O0o00o0o0ooooooooooDmooooono
oooooooooooooooom

Fig.2. (top) A typical long period tremor (in velocity);
(middle) the inferred crack-like conduit; (bottom) the
observed and the model-predicted amplitudes of LPT
are respectively represented as red and blue circles
whose radii are proportional to LPT amplitudes.
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from Sakurajima. Deployment of a dense network of
broadband seismometers in Aso revealed a hydrothermal
reservoir 1 to 1.5 kilometers beneath the crater that is
continually resonating with periods as long as 15s, even
when there is no apparent surface activity at the crater.
When phreatic eruptions are observed, broadband
seismograms elucidate vividly the whole eruption
process: gradual pressurization and long-period (about
20s) pulsations of the reservoir during the 100-200s
before the initiation of the discharge, followed by gradual
deflation of the reservoir concurrent with the discharging
flow. The observed spatial variation of the signal
amplitudes reveals that the source of 15s long period
tremors (LPTs) consists of an isotropic expansion
(contraction) and an inflation (deflation) of an inclined
tensile crack with a strike almost paralel to the chain of
craters. The extension of the buried crack plane meets the
crater chain, including the active fumarole at the surface,
suggesting that the crack has played an important role in
transporting steam (gasses) and/or lavato the craters from
below. This work also demonstrates a powerful usage of
broadband seismometers as geodetic instruments to
constrain subsurface structures at active volcanoes.

Our results so far demonstrate the high potentia for
broadband seismic observation near active volcanoes to
add essential information which has been missed by
conventional seismometry. There is now much evidence
from volcanoes of the world indicating the presence of
long-period volcanic signals. We feel that volcanology
should embrace state-of-the-art developments, and
broadband seismometers as well as other instruments,
such as infra-sonic microphones, should be installed as
standard equipment for monitoring volcanic activities.

usu2000:

Mt. Usu erupted at ~13:10 (JST) on March 31, 2000
after twenty-some years of quiescence (cf. 7-2). We
(with a team from Hokkaido Univ.) were able to install a
broadband seismometer just 10 minutes (!) before the
eruption ~3.5km from the eruption site. Broadband
seismograms of this eruption (magma-phreatic) indicate
that no precursorly slow deformation, which was
observed in Aso, exists for this eruption. On the other
hand, we were able to observe 12sec long period tremors
apparently emitted from the observed pressure source
region at about 4km depth (Fig. 3).

Long period tremors first observed in Aso appear to be
a common feature of many active volcanoes, which
proves importance of broadband seismometry at active
volcanoes (see also 7-3 for the Miyake eruption).

goooozoeoonOODOoOoOoOOOoOoOoOOOOOODO
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Fig.3. One-month spectrogram of the broadband records of

the Usu2000 eruption.
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5-7. Propagation of Seismic Ground Motion

Since seismic ground motion propagates from an
earthquake through subsurface structures, its propagation
should be complex in a complex subsurface structure.
The large-scale Kanto basin has such complex structures
that firm basement is exposed in the west and thick
sediments are distributed to the Tokyo bay.

Several ingtitutions including ERI have installed more
than 600 strong motion instruments in the basin and its
surroundings, recently (Fig. 1). An M5.7 earthquake at a
depth of 3km off the I1zu peninsula was observed by 384
out of them in May, 1998. Such a shallow earthquake
often generates long-period surface Love waves, and
these waves are seen in the Kanto basin with periods of
about 8s. The 384 observations enabled us to visualize
the propagation of the ground motion associated with
these Love waves.

To emphasize these waves we first converted the
records to velocity seismograms and applied a low-pass
filter with a period of 5s (Fig. 2A). Then we plotted the
trajectories of ground motion in the horizontal plane for
10s intervals after the earthgauke on a map (Fig. 2A-D).
The Love wave generates ground motion parallel to its
wavefront (perpendicular to its ray), and so the
trajectories can help us identify the wavefront and ray.
We normalized each trajectory to the maximum
amplitude for the recording duration, to make small
ground motions in the west visible.

We identified wavefronts by noting abrupt changesin
the amplitude and trajectory. The wavefront to the west
travels with a speed of 3.5 - 4 km/s, while that in the
center of the basin propagates as slow as 1.0 km/s (Fig. 2
A -B-C-D). The difference between the speeds
causes a discontinuity between the wavefronts, and a part
of the Love wave in the west is refracted into the basin in
order to heal the wavefront discontinuity (Fig. 2B-C).
The process is analogous to the generation of a head
wave at an interface. The refracted surface wave is
dominant around the basin edge and appears to propagate
from there rather than from the epicenter.

Numerical simulations and localized array analyses
suggest the presence of such surface waves which do not
come directly from the epicenter, but here it is verified
by actual records for the first time. The physical

Oo0oooooooooooooogoggeoconoon
[ Koketsu and Kikuchi, Copyright 2000 by SciencelT]
Fig.1. Topography of the Kanto basin and the distribution
of about 600 strong motion stations (Koketsu and
Kikuchi, Copyright 2000 by Science).
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Fig.2. Trajectories of ground motion in the horizontal plane for 10s intervals
(A) 20s, (B) 30s, (C) 40s and (D) 50s after the earthquake (Koketsu
and Kikuchi, Copyright 2000 by Science).

mechanism of their generation is also interpreted as
refraction to compensate for a wavefront discontinuity.

To confirm the above ground motion pattern, ray
tracing has been carried out for the Love waves. The S-
wave velocities are estimated from the results of
geophysical explorations, and horizontally layered
models are retrieved at grid points. The phase velocities
of the fundamental mode of the Love wave are then
calculated at a period of 8s using the local-mode
approximation. Rays are traced in their distribution to
40s (Fig. 2C). The wavefronts connecting the tips of the
rays agree well with the observed wavefronts.

Love wave
|o-2emis Fitered
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6-1. Deformation processes of island arc

Research on the crustal structure using an explosion
seismic technique in Japan was started in 1950 as an
important cooperative research in geoscience. The
cooperative research of many universities and institutes
was arranged by ERI. Results of investigations
conducted in many regions of the Japanese Islands have
been referred as basic geophysical information by
scientistsin various fields of geosciences.

Since 1993, ERI has been aso conducted intensive
seismic observations under nationwide cooperation with
other universities and institutions to investigate physical
mechanism of earthquake occurrence. In 1993, we
installed a dense seismic array in the Nikko area; in
1995, the Hyogo-ken Nanbu earthquake region was
surveyed; and, in 1996, we surveyed the Japan Alps
region. Through these studies, we have revealed
important structural features involving mid-crustal
reflectors probably related by fluid or magma within the
crust.

Based on the projects mentioned above, we started a
new project of "Deformation processes of island arc
crust” in 1997 to elucidate the crustal inhomogeneities
from multidisciplinary experiments and observations,
and investigate the mechanisms for crustal activities in
relation to the inhomogeneous structures. In 1997-1998,
an extensive seismic expedition was undertaken in
Northern Honshu Arc. From seismic refraction/reflection
surveys, a detailed crustal section of this arc was
presented (See Recent Research Highlights ). In the
microearthquake observation, we used a sophisticated
telemety system using satellite communication, The data
for 2-year observation revealed a precise
microearthquake distribution and 3D images of crustal
inhomogeneity. Fig. 1 shows the result from the
tomography study. In this figure, we see a trend of low
velocity material along the backbone range (the
Quaternary volcanoes). The eastern part of the surveyed
area is characterized by a high velocity body, which is
consistent with the result from the seismic refraction
study.

In 1999-2000, an extensive seismic expedition was
undertaken in Hidaka region, Hokkaido, where the Kuril
Forearc is colliding against the Northern Honshu Arc. A
227-km long seismic refraction/wide-angle reflection
survey revealed a eastward dipping plane within the
Kuril Forarc and the velocity inversion occurring west of
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the Hidaka Mts. A seismic reflection survey clearly
imaged eastward dipping planes within the Kuril
Forearc, which strongly suggests the westward obduction
of the Kuril Forearc.
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Fig.1. Result from tomopgaphic imaging in
Northern Honshu. (a) Surveyed area. (b)
Horizontal section at a depth of 10km.

(c) Vertical section along a-b in (b).
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6-2. Imaging of active faults by seismic
reflection profiling

Knowledge of the subsurface geometry of active
faults, especially the geometry of seismogenic faults, is
key to understanding active tectonic processes and
assessing the future's destructive earthquakes. To revea
the relationship between surface active-faults and deep
seismogenic faults, a seismic reflection profiling system
was introduced to the Earthquake Research Institute after
the Hyogo-ken Nanbu earthquake of 1995. Since 1996
seismic reflection profiling across active faults has been
carried out under cooperation with groups of Japanese
universities and government research institutions (Fig.
1). The active faults in Northern Honshu and Hokkaido
have been focused as one of the programs of
multidisciplinary investigations on deformation
processes of island arc crust. Seismic reflection profiles
were also acquired from active faults which show the
higher dlip rate, such as Itoigawa-Shizuoka Tectonic line
and Median Tectonic line active fault systems. Through
seismic reflection profiling, subsurface geometry of
active faults has been revealed, such as a flat and ramp
structure in the upper most crust (Fig. 2) and active
growth fold by blind thrust (Fig.3).

SENYA FAULT

East
| SENYA HILLS MAHIRU RANGE
|

oooooooooooooooooog
ooo0ooooooooooooo
goooooooooooooo

Fig.1. Location of shallow reflection seismic
profiles acquired by cooperative
projects.

east YUFUTSU ANTICLINE

2km

— 34—

2 km

West oooooooooooooooooooo

Fig.2. Seismic reflection profile across the
Senya fault, northern Honshu, Japan.

Depth in km
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Fig.3. Seismic reflection profiles across the
Yufutsu anticline, eastern Tomakomai,
Hokkaido, Japan.
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6-3. Seismic observations at the plate
boundaries around Japanese islands

The plate boundaries at the subdution zones around
Japanese islands have generated destructive earthquakes
in past. To study the earthquake generation mechanism
in viewpoints of physical properties and role of water at
the plate boundaries, we have carried out seismic
experiments using ocean bottom seismometers since
1995. At the Nankai Trough, we found the structural
discontinuity between the 1944-Tonankai and the 1946-
Nanka earthquakes. At the Japan Trench, we observed
strong seismic reflections from the plate boundary at
38°40" and 39°N for the aseismic region (Fig. 1). This
observation can be interpreted by existence of fluid,
which might release strains at the plate boundary. By the
experiment at the Izu-Bonin Trench, we estimated the
sepentinized mantle wedge (Fig. 2). The serpentine at
the plate boundary reduces occurrence of large
earthquakes. By the experiment at 39-41°N of the forearc
slope of the Japan Trench, we found the structural
discontinuity at the lower crust at 40°N, where coincides
to the major moment release regions for the 1968-
Tokachi- Oki and the 1994- Sanriku-Haruka- OKki
earthquakes.
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Fig.1. Seismic reflections were intense for the
aseimic zone located at 38°40"-39°N.
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Fig.2. Serpentinized materials with low seismic velocities seem to exist
at the 1zu-Bonin subducting plate boundary of 31°N.
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Figure 1. 'Geoslicer' survey of the Tanna fault (by Hisao
Kondo, Hiroshima Univ).

6-4. Paleoearthquake Studies

Understanding of recurrence behavior of large
earthquakes is essential for long-term earthquake
forecast and also important for studies on earthquake
generating mechanism, especially on its steady-state
nature and various disturbances affecting it. Repeat time
of large earthquakes ranges from hundred years to
several thousand years or more and cooperative
researches among university researchers on active faults,
paleotsunamis, and historical earthquakes are carried out.
Our findings are aso helpful to estimate properties of a
seismic fault such as static and dynamic parameters,
mode of rupture propagation, and spatial distribution of

asperities.

Geomorphological, Geological, and Geophysical
Survey of Active Faults

Not only occurrence time of paleoearthquake, but also
co-seismic slip and its spatial variation will be estimated
for examination of recurrence models and constructing
seismic fault models for strong motion prediction.

Geological Paleotsunami Studies
Historical and prehistoric Tokai and Nankai

& 3 L
oooo0o0o0oooooooooooooooooon
Oooooo oooooood
Figure 2. Vibro-coring survey of tsunami deposit at
Lake Hamana (by Hiromi Matsuoka, Kochi Univ).
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Figure 3. Tsunami deposit[] rip-up clast) of the 17th
century tsunami attacking the coastal area of
Tokachi (by Kazuomi Hirakawa, Hokkaido Univ)
A mass of frozen ground was overturned by the
tsunami and later covered by volcanic ash
identified as Ta-b (the 1667 eruption of the
Tarumae volcano).

earthquakes and Tokachi-Oki earthquakes are studied by
examining geological paleotsunami evidence for better
understanding of the recurrence of interplate great
earthquakes.

Fault Model of Historical Earthquakes Estimated
from Historical Documents

Exact location of each reported feature is identified
and database is constructed for the 1854 Iga-Ueno and
the 1848 Zenkoji earthquakes. Comparison of the data
with surface geology improves our understanding of
faulting mechanism.
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6-5. Application of the Global Positioning
System

The Global Positioning System (GPS) is a space
geodetic technique to estimate accurate ground
coordinates and their temporal changes. The GPS
research team in ERI established a nationwide research
group called Japanese University Consortium for GPS
Research (JUNCO) among related GPS researcheres in
1988. The group has promoted and conducted a variety
of GPS projects of different scale of crustal
deformations. Local dense array project in the Izu
peninsula and the deformation monitoring project after
the 1995 Hyogoken-Nanbu earthquake are the examples.
In addition JUNCO has established an international
permanent GPS network in the western Pacific area (see
the part of the Ocean Hemisphere Project, 5-3).
Numerical analysis based on the observed geodetic data
is of specia interest of the ERI group. Figure 1 shows
the crustal deformations due to a swarm activity off Ito
that occurred in March 1997, and Figure 2 shows the
estimated temporal evolution of open crack on the source
plane based on the geodetic data. This approach may be
important for help understanding crustal process as well
as for providing basic database for forcasting crustal
activity. Other basic researches include applications of
kinematic GPS for detecting sea-floor crustal
deformations and to GPS buoy and applications to
meteorology, climatology.

godobboobboobuoobobuoobuooboboooboooo
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Figure 1. Crustal deformation observed at a swarm activity that
occurred in March, 1997 off Ito area. Arrows are the
horizontal displacements by GPS and dotted curve in the
above inset are the levelling results (Aoki et al., 1999).
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Figure 2. Daily evolution of open crack velocity distribution on the source area of the swarm that runs
WNW-ESE. Upward migration of the cenroid open crack is visible, which may indicate the

upward dike intrusion (Aoki et al., 1999).
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6-6. NETWORK-MT Project

NETWORK-MT is one of the mgor components of
the Earthquake Prediction Program. This experiment
aims to reveal the mean nation-wide distribution of
electrical conductivity in the Earth. Major experimental
efforts focus on measuring electric field variations over
10-30 km distances using commercial telephone lines.
Scientists from eleven universities and institutions in

Japan are collaborating in this project.
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Cumulative plots of the sites in which NETWORK-
MT observations were made since 1994 under the
Earthquake Prediction Research program (in red
circles). Green circles indicate the sites of
continuous monitoring of the telluric voltage
differences. Measurements in other areas were
taken in 1989-1993 in other projects.
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Spatial distribution of phase of Network-MT impedances
in NE-Japan (period: 64 minutes). Impedances, whose
electric and magnetic field directions are respectively EW
and NS, are shown here. Larger phase value indicates
the existence of lower resistivity bodies in the deeper
portion. Such high phase values are detected in the
backarc side of Tohoku district along the strike of the
Tohoku arc.
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6-7. Study on Crustal Resistivity Structure

The crustal resistivity structure is investigated in areas
of high seismic and volcanic activities. The results from
seismically active areas indicate a relation between
distribution of microearthquakes and/or deap seated
active faults and crustal resistivity. In volcanic areas,
investigations aim to clarify the relations between ground
water distribution and precursory signal generation,
depth to magma source and features of volcanic eruption.
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Fig.1. Sites of resistivity structure investigations
performed by research group for resistivity
structure.
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6-8. Joint volcanological experiment on volcanic
structure and magma supply system

Since 1994, joint experiment has been conducted in
severa volcanoes in Japan to reveal the structure and the
magma supply system by the scientist group of national
universities under the National Research Project for
Prediction of Volcanic Eruptions (Fig.1). Volcano
Research Center conducts and promotes this experiment.
The experiment was carried out by seismological,
€electromagnetic and other geophysical methods.

Seismic explosion experiments succeed to determine a
precise velocity structure up to 3km in depth by high-
density observation network and newly developed
seismic tracing method. In recent years, new method,
which combines teleseismic and gravity data, succeeded
in detecting some anomal ous regions related to magmatic
activity in 1zu-OshimaVolcano (Fig.2).

Electromagnetic survey found that the deep low
resistivity region about 10 km below the surface, and the
shallow low resistivity region about 1 km below the
surface. Shallow low resistivity region, which is
interpreted as a water-saturated porous layer, plays an
important role in controlling types of eruption and in
generating precursory phenomena of volcanic eruptions.

ooooooooooooooo
Fig.1. Joint volcanological experiment on volcanic structure
and magma supply system in Japan.
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Fig.1. The Tachia River in Fengyuan was cut by an 8 m

displacement that created a new water fall and

destroyed a bridge.
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7-1. The 1999 Chi-Chi, Taiwan, Earthquake

In the early morning of September 21, 1999, the
destructive earthquake of Mw7.7 struck central Taiwan
near the small town of Chi-Chi. There were 2297 deaths
and about 6800 buildings destroyed. It was accompanied
by extensive faulting, which trends about north-south
and was traced for about 80 km along the Chelungpu
fault. The principal surface expression of faulting
appeared on the riverbed and it created a new waterfall
(Fig. 1).

Taiwan is located in a collision zone between the
Asian continent and the Luzon Arc on the Philippine Sea
plate. The Tertiary sediments on the continental margin
have been off-scraped and sliced by thrusts due to the
collision, forming the uplifted mountain range. One of
the thrusts is the Chelungpu fault on which the Chi-Chi
earthquake occurred (Fig.2). Because the collision is
young, the geological structure is close to that of the
subduction zone.

In order to help understand tectonic background of the
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Fig.2. Geological cross-section of central Taiwan. The
Longitudinal Valley is the suture zone of the
collision, but the relative plate motion is also
consumed at the thrusts and the decollement
beneath the Western Foothills. The ChiChi
earthquake occurred on one of such thrusts.

1999 Chichi, Taiwan earthquake, ERI analyzed data
from the repeated GPS surveys conducted during a
period of 1990-1995 in Taiwan. Figure 3 shows obtained
pattern of maximum shear strain in the period. Shallow
earthquakes in the same period are also shown. The
figure indicates that the 1999 earthquake occurred in the
area of relatively low strain rates between the eastern
Coastal range and the southwestern area of high strain
rates.
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Soon after the earthquake, ERI set up the special page
on the web site, and tried to provide information about
relevant researches and surveys on the Chi-Chi
earthquake. A preliminary result of the source process
was obtained on the following days from teleseismic
data, notifying that the major moment release occurred
about 40 km north of the epicenter. Figure 4 shows a
spatial distribution of the fault slip obtained from the
joint analysis of teleseismic data and strong motion data.
The maximum slip amounts to about 9 m near the end of
seismic fault.

In the strong motion data, we find very large long-
period ground velocities around the northern part of the
Chelungpu fault, but they did not cause very severe
damage. Damaging ground motions with large velocities
and accelerations happened in the epicentral area and the
east of it, which are 10 to 20 km or more away from the
fault. ERI investigated the damage to the buildings close
to observation stations, and derived the relation between
the actual damage and strong ground motion by carrying
out earthquake response analyses with strong motion
records as inputs.

The surface ruptures with a large displacement,
associated with the Chi-Chi earthquake, appeared along
the Chelungpu fault, which is an out-of-sequence thrust
in the fold-and-thrust belt in the western Taiwan. To
determine the exact amount of net-slip and direction, ERI
carried out field survey in October 1999. The maximum
amount of net-slip obtained was 10.1 m in the northern
part of the fault. The slip directions are concordant with
those from GPS measurements. The surface ruptures
occurred along the pre-existing active faults determined
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Fig.4. Spatial distribution of the fault slip obtained from
teleseismic data and strong motion data. Star
indicates the epicenter and solid curve indicates
the Chelungpu fault
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by tectonic geomorphology, except for the short segment
in the northern part of the fault. The survey of tectonic
geomorphology across the Chelungpu fault in 2000,
revealed the vertical crustal movement last 100 ka,
suggesting that the amount of slip along the frontal thrust
(Changhua fault) is as large as one of the out-of-
sequence thrust (Chelungpu fault).

ERI have conducted an aftershock observation of the
1999 Chi-Chi, Taiwan, Earthquake. We deployed 20
seismographs in and around the focal area. For two
months observation we recorded a large number of
aftershocks. Taking the lateral heterogeneity in the
crustal structure into account, we have a clear
distribution of aftershocks (Fig.5). There are three
particular trends in an east-west cross section: an east
dipping distribution, a very low angle distribution, and a
deeper distribution. They correspond to the fault plane of
the main shock, the supposed decollement between the
accretionary wedge and the upper boundary of the
Eurasian Plate, and activities in the Eurasian plate.

A plausible range of the number of major aftershocks
of the 1999 Chi-Chi, Taiwan earthquake was tried to
predict. Based on the modified Omori formula, the
number expected in a certain time period was estimated.
Among 13 trials of prediction, 11 cases were successful
during 2 months after the main shock. Such an attempt
will contribute to the temporary planning of disaster
prevention and elimination of over-anxiety among the
peoplein the epicentral area.

In order to observe postseismic deformation, ERI
deployed eight single frequency and two dual frequency
GPS receivers about three weeks after the Chi-Chi
Earthquake. The single frequency receiver is devel oped
in ERI. Ten GPS receivers formed the linear array
perpendicular to the strike of the earthquake fault. This
GPS line array crosses the fault trace on the surface from
Taichung City to central mountain area because the
surface projection of the maximum slip area on the fault
is about 40 km east of Taichung City. We detected the
movement to the west at the sites on the hanging wall in
the eastern area, while no movement on the footwall in
the western area. The displacement rates are 1 to 1.5
cm/month, suggesting heterogeneous postseismic
deformation.

00019990 000000000000 oooooooog
gbooooboboooooboboooooobo
oboboobooboooobooobog

Fig.5. Aftershock distribution with a station correction.
Epicenters (upper) and a depth distribution (lower) are
shown. A star and inverse triangles indicate the main
shock and observation stations, respectively.
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Figure 1. Phreatic eruptions at the western flank of Usu
volcano. Craters locate at west Nishiyama (in
front) and Kompirayama. Background is Lake
Toya and the hot spring resort. Taken from a
helicopter of Ground Self-Defense Force on April
10, 2000.
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7-2. Usu 2000 eruption

A commencement of eruption at Usu in 2000 was
predicted successively, empirically using the eruptive
behavior of this volcano. This was an epoch making
event in the history of university researches on volcanic
eruptions. Seismic activity had become high in level at
Usu volcano four days before eruption. Following
inflation of the summit area, eruption started with
phreatomagmatic eruption at the northwestern flank of
the volcano (west Nishiyama) on March 31, 2000. The
next day eruption also began in Kompirayama north of
the first eruption. The scale of eruption had decreased
with time, changing from issuing cock's tail jet (Fig. 1) to
explosion of mud just above the craters. Multiple craters
appeared by repeating phreatic explosions. Uplifting of
west Nishiyama became clear on April 3, being
accompanied with many faults, though the rate of
uplifting decreased with time. It is considered that the
eruption started, following the northwestward migration
of magma that once intruded just beneath the summit.
Tempora change of the eruption mode is likely to have
reflected gradual decreasing in water inflow into the
vent. The scenario of this eruption was close to the 1910
eruption that formed a cryptodome being associated with
phreatic eruptions.

ERI supported the national university's emergent
research project on this eruption, serving observation
equipment, securing travel expenses for researchers,
establishing emergent observation system, making
applications for observation researches to the Ministry of
Education, and so on. ERI itself organized the
examination committee for maintaining its functions in
emergent events, and set the steering office for the Usu
eruption on March 30, a day before the eruption. The
office gathered information related to the eruptive
activity and provided it inside and outside the institute,
and, as the cooperative research center of national
universities, made communication and negotiation with
the outside. Homepage of Usu eruption in the ERI server
functioned effectively to distribute information on the
research activity outside. Apart from the researches, ERI
loaned four satellite telemetry systems to Japan
Meteorological Agency for monitoring the eruptive
activity, and dispatched technicians to install them.

Seismic and tilt observation: We have conducted
broadband seismic observation at Usu volcano since just
before the first eruption on March 31, 2000 in
cooperation with other universities. In the broadband
seismic observations, 13 broadband sensors were
installed with continuous recording mode. Spectral
analysis of the broadband data revealed the existence of
very-long-period seismic tremor with dominant period
longer than 10 sec, which cannot be detected by
conventional short-period seismometer (for details, see
5-6 Broadband seismic observation of volcanoes). We
also installed 3 tiltmeters in April 14-17 around Usu
volcano. Recording and analysis of tilt data have been
conducted at Usu Volcano Observatory, Hokkaido
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University.

GPS: To observe the deformation in and around the
Usu Volcano dual frequency GPS receivers were
deployed at six sites whose averaged baseline length is
about 5km. Our institute collaborated with Hokkaido
University, Tohoku University, Nagoya University and
Kyushu University in this operation. To detect
deformation of the volcano every day we construct the
automatic analysis system of the GPS data with
Hokkaido University. This system get the GPS data
every 6 hours using a mobile phone, then calculate the
deformation with Bernese GPS software Ver. 4.0 BPE.
Finaly, the figures of the time-series are upload on the
Home Page of the Hokkaido University. We can detect
about 20cm/month at the nearest site to the crater until
the begging of May 2000 and deformation rate is
decrease in middle May. It became possible that the
position of the sites could get every several hours by this
system.

Gravity: After the eruption of 2000 Usu volcano, we
carried out an absolute gravity measurement in
conjunction with Hokkaido University for more than 1
month since 14 May, 2000; the site is only 2 km away
from the eruption vent. Figure 2 clearly illustrates a
gravity decrease until around 22 May, followed by an
increasing trend; such a small but significant gravity
change could never be detected until we used a high
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Year 2000
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Figure 2. Absolute gravity change (unit in microgal=10"°
cm/s?) at Usu Volcano Observatory, Hokkaido
University, which is only 2 km away from the
eruption vent; mean absolute gravity is
980423007.7microgal. Gravity continued to
decrease until around 22 May, when it begins to
increase. This probably reflects a commencement
of subsidence after the preceding uplift of nearby
ground surface.
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2500

precision absolute gravimeter. The detected absolute
gravity change is consistent with the changes in ground
deformation measured around the Usu volcano.

Geothermal observation: Heat discharge rate from
the newly opened craters on the northwestern part of Usu
Volcano is estimated by analyzing video images of the
volcanic smoke as a part of the joint observation. The
heat discharge rate was rather small at the beginning
stage of the eruption, which has intermittent explosions,
but increased rapidly on about April 7, which has
continuous eruptions, and decreased gradually within one
month. The amount of the heat discharge for 1-month
from the beginning of the eruption is estimated about
2GW in average, which is 10 times of the discharge rate
in the last eruption in 1977-78. The large discharge rate
caused by the intense interaction of ground water and
magma may make eruptions to finish in a short time. The
fundamental research of analyzing the infrared imagery
of the volcanic smoke was also done.

Time-differential stereoscopy observation:
Volcanic deformation was tried to detect by digital
photographs taken exactly at the same location. At
Toyoura town about 15-16km west of the Nishiyama
craters, it was possible to observe a part of the craters.
Using a pair of photographs taken at this point after April
3, 2000, remarkable uplift more than 1 m per day was
proved on April 4 around the craters by a time-
differential stereoscopy. The uplift attained more than 10
m in total with gradual decrease in rate. Considering the
direction of the uplift with southward shift of the ground
surface, a certain amount of magma was suggested to
intrude at a shallow depth beneath the middle of the
Nishiyama craters.
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7-3. 2000 Volcanic Activity of Miyake-jima

<<Organizations>>

0 Immediate Response of ERI

On the evening of June 26, 2000, Japan
Meteorological Agency (JMA) issued a caution of the
Miyake-jima volcanic activity. A few hours later, ERI
organized the steering office to support various kinds of
geological and geophysical observations. The office
gathered information on the eruptive activity as well as
earthquake swarm which was induced probably by the
migration of magma. Special page was set up on the ERI
web site, where research activity and relevant
information were provided in and outside ERI. The
office also arranged temporal meetings for data
examination and interpretation.

0 University Consortium for the Integrated
Volcanological Observation

Before the 2000 eruption of Miyake-Jima Volcano,
many volcanologists thought that the next eruption
would occur in the beginning of the next century.
Therefore, various investigation researches have been
done vigorously. After the beginning of the present
volcanic activity, volcanologists started precise
observations and contributed individually to IMA which
has a responsibility to watch the volcanic activity by
reporting the observations and advising on the
interpretations. However since the activities of Miyake-
Jima became high, University Consortium for the
Integrated Volcanological Observation on the Miyake-
jima has been organized. It consists of Head, coordinator,
and six observation units (seismology, crustal movement,
gravity, geothermal and electromagnetic research,
volcanic gas, geology, and material science). ERI
fulfilled a bureau function of this observation group. The
purpose of this group is to observe the whole volcanic
activities and to construct and verify a physical model of
the Miyake-Jima eruption to predict the future activity.

BAERCETS
ARTEDME-Hi

Adjustment of the observation
with the JMA

BA-WRAHOME-RE

Decision of the policy of the
observation

BEERSOLETER

Planning of budget
requirement

EA-BEFHORRILEE
BE-LR

Public information on the
observation group

01 00oOoOoooooogo
Fig.1. Bureau function of the University Consortium for the
Integrated Volcanological Observation
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Fig.2. Collapsed crater at the summit of Miyake-jima
volcano that appeared on July 8, 2000. Taken
from an aircraft of Japan Coast Guard on the July
9 morning.
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The bureau of the observation group decides the policy
of the research and a budget requirement, and makes the
adjustment of the observation with the IMA. The activity
of this group is leading the research for the similar
volcanic activity in Japan and in the world, and widely
supports the IMA by the advanced observations and
interpretation of the data. The activity of the observation
group and the aim of the research are presented on the
homepage. These pages get high evaluation not only
from the community but also from Miyake-Jima islander
and the citizen.

<< Research reports >>

0 Sequence of the Summit Collapse and Eruptions

The eruption started with a small submarine eruption
on 27 June 2000. A sudden collapse of the summit area
on July 8 developed into intermittent eruptions from the
summit (Fig. 2). Geologist group inspected products of
each event, studied their petrology, and kept monitoring
the eruptive activity from the air. The lava of the
submarine eruption is close to that of the 1983 eruption.
The dimension of the summit collapsed crater increased
until mid-August; its final dimension is about 1.6 km
across, 0.5 km deep and 0.5 km®. The total volume of
eruptives is 0.01 km®, much smaller than the former.
These strongly indicate the formation of large open space
under the volcano prior to and during the eruptions. The
products are fine volcanic ash, and unlikely contain
essentials of this eruption, but have compositions
showing strong contribution of hydrothermal fluid. The
largest eruption whose ash cloud rose about 15 km above
the summit took place on August 18. Volcanic ash of it
fell over the whole Miyake-jima and stones were
showered on the residential area. Ash clouds moved
slowly such as pyroclastic flows, and enveloped houses
in the northern coast on August 29 (Fig. 3). Though the
eruptive activity itself had declined in September, strong
degassing had continued since then.

0 Earthquake swarm started under the Miyake Island

Earthquake activity spread toward the northwestern
oceanic region. It includes five large earthquakes with
the magnitude larger than 6.0 and a huge number of
earthquakes. To get better resolution for the spatial and
temporal changes in the activity, we conducted a series
of pop-up and buoy telemetering ocean bottom
seismometer observations. The epicenter distribution
obtained strongly indicates a northwest-southeastern
lineament. The vertical cross-section shows two trends;
the deeper (7-13km) distribution forms a very thin zone
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Fig. 3. Deposition of eruption products of the August 18 eruption. Left: volcanic ash. Right: ballistics and cinders.
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and the shallower (< 7km) distribution is much thicker
(Figs. 4, 5). This feature is important for understanding
the behavior of the magma migration.

Several strong motion seismometers were also
installed at the Izu-islands in the early stage of the
earthquake swarm. The tomography of Q”* obtained
from these data clearly indicates high attenuation area in
the straight between Miyake-jima and Kouzu-shima
(orange areain Fig. 6).
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Fig. 4b. Time-space distribution (Jun. 26 - Sep. 30).
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Fig. 4a. Epicenter distribution (Jun. 26 - Dec. 31) and focal
mechanisms.
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Fig.7. Example of 50s-seismic pulses (2:10 July 14th). KAS:
broadband seismometer in the Miyake-jima, JIZ and
FUJ (NIED): broadband seismometer in Honshu.
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Fig.6. Tomography image obtained from strong motion data.

0 Source Process of the long-period seismic pulses
Very-long-period seismic pulses (VLP pulses) were
observed a few times a day from July 8 to Aug 18, 2000,
synchronized with the step-like tilt increase (Fig. 7). The
pulse width is 40 to 50 sec and is almost constant
regardless their amplitude. The occurrence of VLP
pulses completely ceased after the summit eruption on
Aug 18. Waveform analyses of these signals show that
the source mechanism of these pulses is characterized by
large volume expansion of 10’ m®. Severa models have
been proposed. One is an intermittent subsidence of a
piston in the volcanic conduit (Fig. 8). Another is an
underground vapor expansion model (Fig. 9).
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Fig. 8. "Piston drop model". Step 1: Pressure in the
magma reservoir gradually decreases with steady
magma flow from the reservoir. Piston has not yet
started descending due to reservoir pressure and
friction. Step 2: As reservoir pressure decreases
down to some threshold, side friction is not
enough to stop the piston from sliding down. The
piston slammed into the magma causing reservoir
pressure increase which generates a very-long-
period seismic pulse.
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Fig.9. "Underground vapor expansion model". Step 1:
The groundwater gradually permeates the cracks
under the summit and approaches high-
temperature region. Micro earthquakes are
triggered at this stage. Step 2: The groundwater
is heated into a state of overheating inflation,
which causes very-long-period pulse. Step 3:
While the expanded steam passes through the

cracks, it is cooled into water. Accordingly Mt.
Oyama is slowly contracted.

0 Magma Intrusion inferred from a dense GPS network
To observe crustal deformation in the Miyake Island,
GPS observations have been extensively carried out
since 1995. Total number of observation points is about
45. Three permanent stations were deployed and the data
are collected through public telephone lines every
morning and store on a hard-disk of a Unix machine. On
June 26, 2000 we can detect the magma intrusion in Ako
region in the Miyake Island accompanied with the
earthquake swarm using GPS data (Fig.10). The crustal
deformation accompanied with the summit collapse was
observed in July (Fig.11). To check how crustal
deformation occur automatic GPS analysis system was
constructed. On this system GPS RINEX data are gotten
from the Unix machine and then are analyzed by Bernese
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Fig.10. Crustal deformation detected by GPS observation
on June 26, 2000. Arrows show horizontal
displacements. Vertical displacements are indicated
by contour lines and color.
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Fig.11. Crustal deformation detected by GPS observation in
July, 2000. Arrows show harizontal displacements.
Vertical displacements are indicated by contour lines
and color.

GPS Software Ver.4.2 BPE. Then the result of the
analysis are upload on the Home page of our institute.

0 Spatio-temporal Gravity Variation associated

with Volcanic Activity

Since the onset of volcanic activity of the Miyake-jima
volcano, Japan in June 2000, we have been carrying out
frequent (once per 10 days) gravity measurements
around the volcano. Combined use of an absolute
gravimeter FG5 with two LaCoste-Romberg gravimeters
enables us to trace the accurate and high-resolution
spatio-tempora gravity variation caused by the event. It
exhibits a peculiar and informative spatial pattern for
each volcanic phase.
<Phase 1> (intrusion and pre-collapse): Dyke intrusion
associated with deflation of a deep magma chamber
clearly left gravity increase exceeding 100 microgals
around the supposed dyke. We aso find 150 microgals
decrease on the caldera floor that was destined to
collapse in two days after our measurement (Fig.12a).
The signal can be well modeled in terms of a cavity
created at 2 km beneath the caldera.
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Fig. 12. (a) Telltale gravity decrease originates from the cavity growing beneath the caldera.
(b) Extraordinary gravity change exceeding 1000 microgal suggested ever growing caldera collapse since July to

Aug. 2000.
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<Phase 2> (implosion): The summit caldera steadily
continued to collapse in 2 months (from July 8) to have a
diameter of 1500 meter or more with depth of 450 meter
in September 2000. The loss of mass (exceeding 1.200
billion tons) caused systematic gravity decrease
exceeding 1100 microgals (Fig. 12b).

<Phase 3/4> (explosion/degassing): The gravity
measurement continued to provide information on
volcanic activity since September 2000, when crustal
deformation observations suffered from problems of
power supply and telecommunication systems; the
Miyake-jima island was evacuated in early September
2000.

0 Electromagnetic observations

1) The geomagnetic total intensity observation revealed a
paired anomalous change, at OYM and TRK since
mid-1996 (Fig. 13). This was ascribed to thermal
demagnetization at a depth of 700 m beneath around
the southern rim of the summit caldera.

2) Totdl intensity data indicated that the initial sinkhole
was formed within 4 minutes at the time of the steam
explosion on July 8. Magnetic data suggest that a non-
magnetic area (i.e. vacancy) was generated initialy at
adepth of 2 km and moved toward the summit.

3) SPvariations very similar to the velocity waveform of
VLP pulses were observed, together with step-like
changes in the total intensity. SP changes are
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Fig.13. Changes in the geomagnetic total intensity in
Miyake-jima volcano (Oct., 1996 - May, 2000). 5-
day means of simple differences relative to KAK
are plotted. OYM is located in the summit
caldera, while TRK on the southern slope of the

central cone Mt Oyama.

4)

attributed to the movement of water, while the
magnetic field to the piezomagnetic effect. SP
variations strongly suggest that the forced injection of
vapor and/or water should take place into the
surrounding rocks around the source of the VLP
pulses.

Since July 8, the total intensity showed a large amount
of changes at several stations and it became flat after
the largest eruption on August 18 (Fig. 14). The model
estimate by approximating the hole as a demagnetized
disk cannot fully explain the observations: Thermal
demagnetization at depth should have proceeded until
August 18 and then it weakened. A large-scale
hydrothermal system might have collapsed by the
Aug. 18 eruption, as inferred from changes in SP
during the eruption.
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Fig.14. Changes in the total intensity at representative

stations on Miyake-jima island (June - Dec.,
2000). Daily means of simple differences relative
to YAT are plotted. KNS, RES and TJM are
located on the east and west sides, while KMU,
TRK and TAR along the central N-S line of the
volcano.
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7-4. 2000 Tottoriken-Seibu earthquake

The 2000 Tottoriken-Seibu earthquake (M7.3,
temporally determined) occurred on October 6. Figure 1
shows an aftershock distribution from Oct. 6 to Jan. 16,
2000, located by the combined DPRI's data(KYT) with
Hi-net. The aftershock distribution was about 30 km long
in the direction of NNE-SSW, and shallower than 15 km.
The mainshock hypocenter was determined at a depth of
about 5 km. Yellow circles indicate the temporal
microseismic observation stations installed by the
Japanese university group of the urgent joint observation
for the 2000 Tottoriken-seibu Earthquake in order to
investigate precise crustal structure and focal
mechanisms and etc..

The rupture process of the Tottoriken-Seibu
earthquake is revealed using strong motion seismograms
installed around the source region. The spatial
distribution of final slip is shown in Fig. 2. The fault
plane on the south side of the epicenter has 14 km long
and 13 km wide with the strike of N142°E, and that on
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Fig.1. Aftershock distribution of an earthquake of October 6, 2000 in the Western Part of Tottori Prefecture (Oct. 2000 -
Jan. 2001). The aftershocks were located in shallower than 15 km by the combined DPRI's data(KYT) with Hi-net.
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the north side has 16 km long and 13 km wide with the
strike of N158°E. The large slip area lies around the
hypocenter with the depth of 2 km to 6 km deep. The
largest slip and the seismic moment are 4m and 1.2 x 10"
Nm, respectively.

To observe the postseismic deformation we deployed
newly developed one frequency GPS receivers from
October 11 to December 27, 2000. The linear GPS array
was constructed around the epicenter and it is
perpendicular to the aftershock distribution. Figure 3
shows the average horizontal displacement from October
11 to November 2, 2000. The postseismic deformation
was observed.
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Fig.2. Rupture process of the Tottoriken-Seibu 35718'N
earthquake viewing from the west. 1cm/30days —
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Fig.3. Average horizontal deformation vector between
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8-1. Division of Earth Mechanics

This division performs integrated studies on
earthquakes and volcanoes with the view that earthquake
and volcanic processes are flow and fracture phenomena
in the Earth. Recent projects are outlined below.

Mechanical Properties of Solid-liquid Composites

Mechanical behaviors of solid-liquid composites are
studied both theoretically and experimentally. Special
attention is paid to the partially molten rocks and rock
plus fluid systems kept at elevated temperatures, which
are characterized by the reaction rate rapid enough to
achieve textural equilibrium. Experimental studies on the
acoustic wave propagation and the development of
stress-induced anisotropy in partially molten media were
performed using an analog sample (a binary eutectic
system of organic compounds), which partially melts
near room temperature.

Noble gas Geo-/cosmo-chemistry

Noble gases are useful tracers of physical processes
because they are little influenced by chemical processes.
Isotopic compositions of noble gases in terrestrial and
extra-terrestrial materials are analyzed to study their
origins, mechanism of magmatic differentiation
processes, thermal histories, and surface erosion rates.
Chronological studies using K-Ar and Pu-Xe methods
have aso been carried out for clarifying volcanism and
planetary formation.

Seismic Risk Assessments for Large Active Fault
Systems

To evauate the seismic risk caused by a large active
fault system, such as the Itoigawa-Shizuoka Tectonic
Line, we study fault
paleoseismological data, and propose the new evaluation
method. For example, the 1999 Izmit and Duzce
earthquakes, which occurred on the north Anatolian fault
system, give us the opportunity to examine if the fault
system has behaved simply or complicatedly through the
seismic cycle. We thus perform trench excavations

segmentation using

across the north Anatolian fault system to reveal the
paleoseismic behavior.

Recurrence of Large Earthquakes
To estimate magnitude of large pal eoearthquakes, we
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need to know the amount of displacement due to the
surface faulting by an earthquake. We have designed a
new excavation technique which combines three-
dimensional archaeological trenching and soil sampling
by Geoslicer. Using this technique on the Tanna fault,
central Japan, we have found the offsets caused by the
most recent 1930 Kita-Izu earthquake and penultimate
event in the sediments. Further, we compared the size of a
historical earthquake which took place on an active fault
with the length of the fault for forecasting the size of a
future earthquake which will take place on an active fault.

Surface Earthquake Fault Problem

The formation of surface earthquake faults is a fatal
hazard to nearby structures. For a reliable prediction of
such surface faults, we are developing a numerical

#12 » BRCER AR (R AR N BT (-
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Fig.2. Calculated shear stressing rate due to a dike
inflation and observed seismicity during the 2000
Izu Islands swarm events (June 26- August 23).
Most of the strike-slip shocks have been
triggered by the sudden jump of the loading rate.
We found that the seismicity rate proportionally
increased with the shear stressing rate.
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Fig.3. Superposition model of strain accumulation at a
collision zone. Removal of excess mass is
necessary to maintain a rigid plate motion, which
is compensated by a tensile crack dislocation.

simulation tool that is based on the mechanisms that is
clarified in model experiments. The simulation uses a
stochastic finite element method to account for the
uncertainty of underground structures and the variability
of the fault.

Fault Evolution Problem

New non-destructive, no-contact measuring method
for 3D stress field in materials is being developed. This
method is intended to serve as a tool for revealing the
governing mechanism of the fault behavior. Unstable,
three dimensional evolution of the fault surface can be
analyzed by this method. Currently, experimental setup
has been completed and analysis method for
identification of the 3D stress field using experimental
datais being developed.

Development of Earthquake Forecast System for
Swarm and Aftershock Activity

Seismicity succeeding to a significant volcanic event
or large earthquake corresponds to the static stress
changes due to the event. We intend to implement the
relationship between stress change and seismicity rate
change into the long-term probabilistic earthquake
forecast. To test our method, we have calculated the
stress changes and evaluated seismicity rates after or
during the 1999 Izmit and Duzce shocks, 2000 Tottori-
ken-seibu earthquake, and 2000 Izu Islands earthquake
swarms.

Prediction of Seismic and Volcanic Activities with
Crustal Deformation Survey

On the mechanical and probabilistic viewpoints,
seismic and volcanic activities are analyzed to find
available methods for prediction: e.g. the activity of the
2000 Izu Islands earthquakes and the frequency of the
aftershocks of the 2000 western Tottori Prefecture
earthquake. Also we tried to obtain crustal movements
using time-differential stereoscopy. At Usu volcano,
remarkable uplift was detected in the western foot of the
mountain within several days after the commencement of
the eruption in 2000.

Dislocation Model for Strain Accumulation at a
Plate Collision Zone

Strain accumulation process taking place in a zone of
plate collision is formulated with dislocation models.
The theoretically calculated result reproduces well the
result of GPS observation in a central part of Honshu,

Japan.
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Crustal Deformation Monitor

The crustal deformation monitor is to examine the
strain and stress state over the Japanese Islands which
change daily and yearly. The monitor calculates regional
average strain and estimate regional stress applying new
inverse analysis methods. The data provided by the
monitor will be used to construct a reliable model of
Japan, as well as to simulate future crustal deformation
and earthquake events.

Strong Motion Simulator for Metropolis

The prediction of strong motion is essential for the
hazard mitigation and the emergency control. We are
developing a new analysis tool of the strong motion with
the aid of multi-scale analysis theory. The tool is to
simulate the whole processes of an earthquake, i.e., from
a source fault to a target point. Data measured at
Y okohama City are well reproduced by the analysis tool,
with sufficient spatial and time resolution.
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8-2. Division of Global Dynamics

In this division, we are investigating the mechanism of
phenomena related to earthquakes and volcanism on a
global scale based on theoretical, observational, and
experimental studies, including data analyses and
laboratory work.

In the Global Tectonics Group, the aim is to revea
origins of various types of tectonics on the Earth's surface
from the viewpoint of the global dynamics of the Earth's
interior. Tectonics is the surface expression of the
mechanical work done in association with the evacuation
of the heat generated within the Earth's mantle. It is
believed that the tectonics of the present Earth has aform
of plate tectonics. Plate tectonics is characterized by weak
plate boundaries, and in this case, the form of the mantle
convection with platesis close to the convection of afluid
with uniform viscosity. However, the actual states of
stresses within plates indicate that this is not the case; in
many cases, the convection style deviates from the
uniform viscosity one. Active tectonics, such as the
continental drifts and back-arc spreading, is seen in such
cases. This indicates that the deviation from plate
tectonics is rather the cause of the various active tectonics
seen on the Earth's surface (Fig.1). The following themes
are currently investigated: (1) Plate motions around the
Japanese idands, (2) stresses within plates and dabs, (3)
driving forces of plates, (4) mechanisms of slab
earthquakes, and (5) Archean tectonics and evolution of
environment.

In the Magma Research Group, various studies on
magmas have been conducted based on field studies and
high pressure experiments (Fig.2). Temporal variations
in magmatic composition of several active volcanoes
have been studied to understand the mode of their future
eruptions. Studies on the genesis of primary magmas have
been conducted to understand the thermal condition and
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Fig.1. Three categories of tectonics (a) and (') Slab pull
force is dominant and balanced with the collision
force. (b) Negative slab pull force is balanced with
the mantle drag force beneath the oceanic plate.
(c) Plate recycles in a smooth way along with the
mantle convection, and normal island arc
tectonism occurs in the upper plate. Non-trivial
tectonics occurs in the cases other than case (c).
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Fig.2. Ultra-high pressure apparatus (PREM). By assembling

eight anvils made of WC, it can generate pressure up to
25 GPa and temperature up to 2500°C in the octahedral
volume of 2-10 cubic milimeters at the central part.

the chemical composition of upper mantle. Experimental
studies on magmas at high pressures have also targeted to
understand the crystallization process of the magma
ocean in the early stage of the Earth. As we recently
found agueous fluids behave like magma at high pressure,
aqueous fluids in mantle condition became our research
targets. Our recent research themes are as follows. (1)
Study on Deccan flood basalts, (2) Experimental study
on the genesis of continental flood basalt magma, (3)
Experimental study of the composition and the behavior
of aqueous fluid in the mantle, (4) Temporal variations of
magmatic compositions of Izu-Oshima, Asama, and
Mlyake-jima volcanoes, (5) Role of water in the
crystallization of island-arc magmas, (6) Petrological
study of Miyakejima 2000 eruption.

In the Group Researching the Evolution of Terrestrial
Materials, the aim is to reveal the evolution of the Earth
through the study of volcanism on a global scale and the
role of volatile elements in the Earth's interior. Since the
presence of volatile elements in the mantle will affect the
characteristics of mantle materials seriously, it is
important to examine the present and the past states of
volatile elements in the Earth's interior, which has not
well been studied. To revea such points, chemica and
isotope (noble gases, 1°Be/°Be) compositions, radiometric

0000000Db0000D000D0OO0D0VvVG540007
Fig.3. Noble gas mass spectrometer (VG5400).



coobooooooooooooboocoooooo
coobooooooooooooooobooooo
cooooooooooooooboocoooooo
coOooobooobOooobooobooooboooo
cooboooooooooooboooobooooo
coooboooooooooooooocoooooo
coooboooooooooooooooooooo
oobooooboobooboooboobooozssonod
oooboooooooooooboooobooooo
oooboooooboooooooooooooooo
ooobooooooooooooooobooooo
ooobooooooooooooooobooooo
oboooooooboooooboboooooon
238-0 0002300 00000000000O0ODOO
oooboooooooooogoooooobooooo
oooboooooooooogoooooobooooo
goiicpOonoonoobooooooooon2ss-d
goobz0booooooboboooocooood
coobooooooooooooooobooooon
cooboooooooooooboooobooooo
gice-MSOOOO0OO0OO0OO0OO0OO0OOOOOO0O0DOO0
cooboooooooooooboooobooooo
coooboooooooooooooocoooooo
cooboooooooooooboooobooooo
ooooboooooOoooooooboooobooooo
coobooooooooooobooooobooooo
coobooooooooooobooooooooo
oboooooooboooboooboooboon
Lu-HfOODOOOOOO0o0ooOo0o0ooo- 0oo
ooobooooooooooooooobooooo
ooboboooooobooobboonooooo

JO0oO000oOgicPOO D OO0 Micromass IsoProbe O O
O00oO0oOoodTh Ph L, SrOCO0OOOOO
O00o0o0oOoOoOoicPOo0O0oOOOOlongd OO
00000000o0ooo0o0oooooooo

Fig.4. lon source of Inductively Coupled Plasma Mass
Spectrometer (Micromass IsoProbe). This mass-
spectrometer produces precise isotopic data for
Th, Pb, Li, Sr and other elements.

The ICP ion source of this mass spectrometer
enabled isotopic analysis for small amount of
thorium (10ng).

(K-Ar, Ar-Ar, ¥C) ages, and mineral compositions have
been investigated for mantle-derived rocks and minerals,
in addition to extra-terrestrial materials (Fig.3). The
following themes are being investigated at present: (1)
Present state of volatile elements in the Earth's interior,
(2) Origin of volatile elements in kimbelites, (3)
Relationship between a hotspot volcano and a mantle
plume, (4) Recycled materials in the Earth's interior and
the chemical structure of the Earth, (5) Relationship
between plateau formation and mantle plumes and
formation ages of plateaus, (6) Material transfer and
chemical characteristics at a spreading system, (7)
Verification for the contribution of sediments to the arc
magma under the Japanese Islands based on °Be.

In the Geochemistry Group, we investigate the
geochemical evolution of the earth and material transfer
including phenomena related to volcanic activity. Our
current main topics are 1) to put geochronological
congtraints on the time scale of volcanisms in subduction
zones, and 2) to reconstruct the course of the chemical
evolution of a magma, during production, as well as the
transportation, and the eruption of magma by micro-
analytical techniques to read geochemical records in
volcanic products. We will tackle the first target by
uranium radioactivity disequilibrium method. It is
considered that magmatism in subduction zones is
triggered by addition of fluid expelled from a subducting
dab. The addition of uranium by the dehydration events
forms radioactivity disequilibrium between #*®U and
#0Th, Taking advantage of the phenomenon, we can put
constraints on the time scale of magma movements from
magma formation to eruption. We have established a
procedure to analyze the radioactivity disequilibrium by
using an multi-collector Inductively Coupled Mass
Spectrometer (MC-ICP-MS) installed in ERI (Fig.4). We
just started to apply this method to 1zu arc as a test field.
For the second target, we have established analytical
protocols for trace elements by a Laser Ablation system
coupled with an ICP-MS. We also established a micro-
drilling technique for Sr isotopic analysis in a plagioclase
phenocryst. We applied the two techniques to plagioclase
samples extracted from volcanic products from Unzen.
Apart from the two projects, we established analytical
schemes for Li and Pb isotopic analysis. Two elements
will work as powerful tracers to investigate material
transfer in subduction areas. In addition, we have
undertaken the developments of analytical procedures for
Hf isotopic analysis to investigate genesis of Archean
komatiites and of Platinum Group Elements analysis to
investigate core-mantle interaction.
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Fig.1. Wideband short-period seismometer using a
Michelson laser interferometer.
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8-3. Division of Monitoring and Computational
Geoscience

Development of Brand-new Geo-monitoring
Instruments

(1) Laser Interferometers

A new instrument with high performance or high
reliability often opens up new fields of geophysics. With
this belief, we developed new instruments. Shown in
Fig.1 is a wideband short-period seismometer using a
Michelson laser interferometer. To detect short-period
vibrations down to 1ms, the frequency response of the
output signal has a flat performance up to 1kHz (Fig.2).
We are also trying to develop other types of instruments,
such as a laser strainmeter, an ocean-borehole tiltmeter,
and a seismometer which can sense six degrees of
vibration components.
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Fig.2. Frequency response of the seismometer.

(2) ACROSS (Accurately Controlled Rotary Seismic

Source) Tomography

We are developing a tomography based on accurately
harmonic elastic wave. This system is composed of a
phased array of artificial seismic sources and an array of
seismographs. The source is an oscillator in which an
eccentric mass is driven by a servomotor and is installed
under the ground. We maintain the frequency of the
sources constant. We also deploy sensors in a dense
array. Recorded data are stacked immediately and the SN
ratio of the datais augmented.

The mathematical feature of the ACROSS tomography
is an inversion of the harmonic wave field. Thisis a
young subject and a lot have to be exploited. But we can
transform it mathematically to a conventional velocity
tomography. Another approach is a phased array
operation of many sources in which resolution is expected
to be significantly improved. In this approach, the
scattering structureisidentified directly.
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The source undoubtedly is the center of concern. High-
speed rotation of an eccentric mass with accurately
constant velocity for a long time is an unexplored
technology and many inventions have been needed. We
made the first model in 1998 and have been examining it
in the laboratory (Fig.3). We also completed improved
and stronger sources, installed them in a deep tunnel of
Kazunogawa Power Station, eastern part of Yamanashi
prefecture, of Tokyo Electric Power Company and
currently conducting experiments.

Theoretical and Observational Studies on
Temporal and Spatial Variations of the Gravity
Field

Minute gravity chages occur when crustal deformation
and/or transport of underground materials occurs. ascent
of magma, co-seismic uplift/subsidence, pre-seismic
groundwater migration. We try retrieving information on
the subsurface deformation from observed surface
gravity.

(1) Gravity field monitoring at tectonically active regions.
We repeat gravity measurements several times a year
at the Tokai subduction area, Asama Volcano, lzu
Peninsula and other locations. The combination of an
absolute gravity measurement (FG5 gravimeter in
Fig.4) and arelative one (LaCoste & Romberg
gravimeter) enables us to determine spatio-temporal
gravity changes with an accuracy and a precision of
1-5 microgals. We apply the elastic/viscoelastic
dislocation theory to the observed gravity change to
estimate the underground deformation process.

(2) Physical interpretation of gravity anomaly around

ooorGSO0OOOOODOODOO
Fig.4. The FG5 high-precision absolute gravimeter.
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Fig.5. Gravity anomaly around the Northern Izu Fault
System. (left) Gravity anomaly expected from the
accumulation hypothesis. (right) Observed gravity
anomaly after removing the regional trend.
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active faults. A peculiar gravity anomaly pattern
often occurs around active faults. We postulate the
hypothesis that the current gravity anomaly manifests
as a result of an accumulation of repeated co-seismic
gravity changesin the past. In particular, the gravity
anomaly around the Northern lzu Fault System is
explained well by geomorphologically determined
offset and seismic fault parameters of the 1930 Kita-
Izu earthquake (Fig.5).

Theoretical Study of Earthquake Ruptures

(1) Theoretical Study of Earthquake Faulting

It is well known that the shallow part of the Earth's
crust, where a large mgjority of earthquakes occur, is
permeated by a number of pre-existing cracks of various
sizes. In general, densely distributed cracks interact
mechanically with each other. We have theoretically and
numerically studied the effects of crack interactions on
various aspects of earthquake ruptures. We also have
developed mathematical methods of analysis forming the
basis of such studies. It has been revealed that crack
interactions can be a key element characterizing
earthquake ruptures; we can understand in a unified way
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Fig.6. Snapshot of rupture growth in a fault zone (-
100<X<100, -15<Y<15), where T is non-
dimensional time. All the cracks have the same
length at T=0. The red line segments denote
propagation-experienced cracks.
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not only an earthquake rupture process from its nucleation
to arresting, but also from the statistical properties of
earthquake activity from the concept of the interaction.

A fracture zone called a fault zone is formed where
shallow earthquakes occur repeatedly. It is known that
crack distribution density is very high there. Rupture
growth in such afault zone is simulated, and an example
of the result isillustrated in Fig.6. This figure shows that
the earthquake rupture begins growth by exciting some
subsidiary ruptures because of intense crack interactions.
It is also shown that the overall rupture velocity is quite
slow at the stage of dynamic rupture nucleation, which is
also due to the crack interactions. This explains recent
seismological observations quite well.

(2) Development of Method to Estimate the

Mechanical Properties of a Fault Zone

Our study of earthquake rupture suggests that it is
crucia to estimate crack distributions in a fault zone for
predicting an earthquake. It would be most effective to
investigate the response of afault zone to incident seismic
waves. A series of theoretical studies has been carried
out on the scattering property of a fault zone, and the
possibility has been suggested that the mechanical
property of a fault zone can be estimated by precise
seismologica observations of seismic waves propagating
in the fault zone.

Simulation of Seismic Source Processes and
Applications to Design of Structures

(1) Computer Simulation of Rupture Process

and Generation of Strong Motion

An inversion of seismic waveforms has been used to
infer distributions of kinematic parameters, e.g., slips or
moment release or rupture time on the fault. It is based
on kinematic fault models that include some arbitrary
assumptions. We have proposed an efficient method to
reconstruct physically a reasonable dynamic rupture
process with the constraint of kinematic inversion results
and applied it to several earthquakes. The heterogeneous
distributions of stress drop and fault strength excess have
been revedled. In the method, ground motions near the
fault are also calculated. Fig.7 shows snapshots of slip
velocity on the fault and ground motions generated for the
1984 Naganoken-seibu earthquake.

goboles4000000ooOb0oOooob0ooooobooooD

ooooom

Fig.7. The slip velocity on the fault and the ground velocity at

each time step for the 1984 Naganoken-seibu
earthquake.
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(2) New Design Methodology of Structures against

Strong Near Earthquakes

The concept of L2 design seismic load, which was
introduced into the design of civil engineering structures,
has not been thoroughly investigated, and serious
confusion exists among engineers. Our basic idea to
establish a rational design method is 1. to develop a
highly reliable structura analysis based on the integration
of earthquake sciences and structural mechanics, and 2. to
control vibration and damage. Following this strategy, we
are designing new large structures located in the
neighborhoods of active faults and are accumulating and
analyzing detailed data.
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8-4. Division of Disaster Mitigation Science

Earthquake Engineering

The objective of earthquake engineering is to prevent
or mitigate disasters, especially damage to structures,
caused by earthquakes. Academic or practical methods of
simulating or evaluating 1) design earthquake motion, 2)
response, 3) seismic performance, 4) damage, or 5) risk,
are developed and improved through observation,
experiment ( Fig. 1 and Fig. 2), analysis, and theory, for
application to seismic design, repair and strengthening of
structures and ground.
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Shaking table test of 6-story one-third scale
reinforced concrete wall-frame building structure
with soft first story, July 2000. (a) Test specimen
before test. (b) Response of overall and first story
drift angles to the maximum input motion of
equivalent Takatori 135 kine.
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Performance verification test on a simple and
economical method of strengthening reinforced
concrete columns against axial load collapse during
major earthquake, August 2000. (a) Reinforced
concrete specimen strengthened with sheet after cyclic
column specimen without strengthening failed in shear
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lateral load test. (b) Hysteresis of reinforced concrete
and axial load collapse. (c) Hysteresis of the column

specimen strengthened with sheet maintaining axial load capacity until amazingly high drift.
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Fig.3. Relation between index of representing
damageability and area damage level

Damageability of strong ground

In order to mitigate earthquake disaster, we have to
investigate damageability of strong ground motions in
addition to investigation of strong ground motions and
structures. Damagesbility of strong ground motions, i.e.,
structural damage, is determined by the relationship
between intensity of strong ground motions and strength
of structures, therefore, we have to grasp characteristics
of both strong ground motions and structures. The result
of the investigation leads to index of representing
damageability of strong ground motions, such as JM.A.
(Japan Meteorological Agency) seismic intensity. Such
index is essential to grasp actual structural damage
rapidly and accurately for quick post-disaster response.
Slow post-disaster response enlarged human damage in
the 1995 Hyogoken-Nanbu Earthquake. However, many
strong ground motions records are need to be obtained
under the same structural condition for such investigation.
In the 1999 Chi-Chi earthquake, Taiwan, many strong
ground motions records were obtained under the same
structural condition. This made it possible to investigate
index of representing damageability of strong ground
motions from actual structural damage for the first time.
The relationship between often used index and proposed
index (elastic response with a 5% damping factor around
1.0 sec) and actual damage (area damage level) is shown
in Figs. 3 and 4, respectively. Almost no correlation was
found for PGA and a weak correlation for PGV, Sl and
JMA intensity whereas, there is good correlation for
proposed index with area damage level.

Applied Seismology
Seismologists are responsible for mitigating earthquake
disasters, so precisely estimating seismic ground motions
is one of our most important tasks. We are working on
any problems related to this task, and our recent research
subjects are as follows:
1) Modeling earthquake faults and their rupture processes
as sources of seismic ground motions (e.g. Rupture
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Fig.4. Relation between elastic response (5% damping for
period 1s (left) and 0.8s (right)) and area damage
level.
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Fig.5. Fault model (lower) and its slip distribution
(upper) for the 1995 Kobe earthquake (after
Yoshida, Koketsu et al. 1996).
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Fig.6. Numerical simulation of seismic ground motion
caused by the 1995 Kobe earthquake. The
upper and lower diagrams represent the
distribution of peak ground velocities and their
temporal snapshots, respectively (after Furumura
and Koketsu, 1998).

process of the 1995 Kobe earthquake, Fig. 5).

2) Exploring detailed images of underground structures,
which should influence seismic ground mations (e.g.
three dimensional ray tracing in a subduction zone and
tomographic analysis of explosion data).

3) Numerical simulation of seismic ground motion caused
by fault rupture in a three dimensiona heterogeneous
structure (e.g. simulation of strong ground motion
caused by the 1995 Kobe earthquake, Fig. 6).

Strong Motion Seismology

The major objectives of our research group are to
understand the nature of near-field strong ground motions
and to quantitatively estimate the effects of complex
surface geology on strong motions by mainly
observational approaches. Strong ground motions at the
near-field contain high frequencies in the accelerogram
(Fig. 7, the first trace) as well as quasi-static movements
due to near field terms before the S-wave arriva in the
displacement, as shown in Fig.7 (the third trace). On the
other hand, events that are supposed to be simple rupture
have also been observed. Figure8 shows the example of
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simple and similar accelerograms, however,
their high frequency spectra and the
waveform at later parts of pulses are
significantly different. This difference can be
interpreted by introducing a rupture

can be interpreted as that the rupture stops suddenly (event A)

and its velocity decelerates during 30m (event B).
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deceleration model (Nakamura and Kudo,
1997).

Surface geology affects very much on strong ground
motions. Figures 9 and 10 shows the relative intensity of
1-2 seconds ground motions in Ashigara valley referring
to arock site. Areas showing high intensity are found in
the central and in the south-west of the valley and they
are correspond to a deepness of sedimentary basin.

Strong Motion Estimates

Strong ground motion depends upon the causal
earthquake fault, the propagation path, and a variety of
local sites near the ground surface. We need to understand
strong motion characteristics for earthquake-resistant
structure design and urban earthquake-disaster prevention.
Structure-soil interaction effects must be taken into
account in a soft soil areawith ahigh seismicrisk. Fig. 11
shows the acceleration amplification of seismic wave (-
86m, -30m, Om) due to very soft surficial layers.
Numerical simulation of strong ground motion

glo0000oooo00o0oooo0ooooooooooooo
000000000 000O0O0000oo0oo0O0O0O0O1998M

Fig.10. Underground structure models estimated by refraction
surveys and array microtremor measurements (Kanno et al.,
1998)
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Fig.11. Acceleration amplification due to very soft
surficial layers.
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Fig.12. Schematic illustration of the PSM/FDM hybrid

calculation. The hybrid method offers fairly good
speed up rate even using large number of processors
(Furumura, Koketsu and Takenaka, 2000).

The seismic wavefield is significantly affected by 3D
variations in crustal structure both in the source zone
itself and in propagation to some distance. Such effects
can be modeled in large-scale numerical 3D simulation of
seismic wave propagation by using parallel computers.
We developed a hybrid simulation code with
pseudospectral representation for horizontal coordinates
and finite-difference in depth. This arrangement improves
parallel efficiency with high speed-up rate using large
number of processors (Fig. 12). Numerical modeling of
strong ground motion with a realistic 3D model for
structure in western Japan (Fig. 13) provide a good
understanding of seismic wave propagation from a
subduction zone event such as the 1946 Nankai
earthquake.

Tsunamis

A tsunami is a sea wave generated by a submarine
earthquake. It has been clarified that the magnitude of
tsunamis in the sea regions of Indonesia and Philippines
exceed by one to two grades larger than those generated
by earthquakes of the same magnitude of the searegion of
the Japanese Islands (Fig. 14).

At midnight on June 3, 1994 an earthquake with a
magnitude of 7.6 occurs in the sea region of East Java,
and the inhabitants of Pancer village felt a small tremor,
but a huge wave with a height of 9 meters washed away

gi1i30ooobooobooboobooooooobooboobooono

000000000000 0D00O0Kennett and
Furumurald 2000CT]

Fig.13. Snapshots of horizontal ground motion from 3D

simulation of wave propagation from a Nankai
subduction earthquake (Kennett and Furumura, 2000).
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Fig.14. Almost all of the houses were washed away in
Pancer village by the tsunami generated by the
1994 East Java earthquake.

amost all of the housesin the village.

Historical Seismology

We started the historical study on earthquakesin 1975.
The documents collected, which contain descriptions of
earthquakes and tsunamis, were published as a series of
books, "Shinto-Nihon Jishin Shiryo (New collection of
materials for the study of historical earthquakes in
Japan)", which consists of 21 volumes, amounting to 16,
812 pages atogether. The materials collected are used in
the long-range prediction of earthquakes and the
mitigation of disasters caused by large earthquakes and
tsunamis (Fig. 15).
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Fig.15. The tsunami records in "Tanabe-cho Daicho" (The official diary of the mayor of Tanabe City).
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Fig.1. New organization of Universities for an earth-
quake prediction research.
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8-5. Earthquake Prediction Research Center

The Earthquake Prediction Research Center (EPRC)
was established in 1994 as a core facility to promote
national or international research projects on earthquake
prediction. To establish a scientific method for predicting
a large earthquake, we still need basic researches for
which university scientists bear responsibility. A major
role of EPRC is to coordinate individual large-scale
research projects on earthquake prediction so that they
are carried out effectively. In 2000, the coordinating
committee of the Earthquake Prediction Research
Committee was established at EPRC.

e Earthquake Prediction Research Committee
and Coordinating Committee

In 1998, the Japanese Geodesy Council submitted a
recommendation titled as* Promotion for the new
Program of the Study and Observation for Earthquake
Prediction” to the Ministry of Education, Culture,
Sports, and other related ministries. This is the 5-year
national program since 1999. Following the
recommendation, Japanese universities established a new
structure toward the earthquake forecast study (Fig.1). In
September 1999, the Earthquake Prediction Research
Committee was established in the Earthquake Research
Institute of the University of Tokyo, which is a shared
institute of Japanese universities. The EPRC promotes
the earthquake prediction researches in Japanese
universities to plan, conduct, and evaluate the research
programs (Fig.2). The EPRC includes a coordinating
committee and seven standing panels (Program
Promotion Panels) for promotion of individual programs.
The coordinating committee has both full-time and part-
time researchers proposes basic research plans. The
committee allows representatives from academic
institutes outside ERI to coordinate earthquake forecast
research efforts among them. The ERRC also has an
external evaluation committee to evaluate the scientific
merit of the university programs.
(http://www.eri.u-tokyo.ac.jp/Y OTIKY Ofindex.htm)

e Cooperative Researches

1. Laboratory Experiment on Earthquake Generation
Process
For physical modeling of a large earthquake for
predictive purposes, it is critical to understand in terms
of the underlying physics how and under what conditions
a large-scale earthquake rupture is nucleated in a
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Fig.2. Study and observation of the processes in the
earth's crust leading to earthquakes.

seismogenic environment at the final stage where enough
elastic strain energy has been stored, what factors
determine the size of the nucleation zone and its
timescale for mgjor earthquakes, and whether or not
there are any precursory phenomena necessarily
associated with the nucleation process. One of the
current research projects focuses on establishing the
constitutive law that governs earthquake generation
processes, and thereby modeling the earthquake
generation process in a lithospheric environment. To this
end, a unique, state-of-the-art testing apparatus with a
high-pressure and temperature spherical cell was
constructed (Fig.3) to investigate constitutive properties
of shear failure of rock in the brittle to brittle-plastic
transition regimes under lithospheric conditions.

2. Deformation Process of Island Arc Crust

The EPRC and EOC have been a responsible
organization for multi-disciplinary project of
"Deformation process of island arc crust”. This project is

0o0oo0o00oooooooooooooooon
0o0oooooooobooooooono
oo

Fig.3. Testing apparatus constructed to
reveal constitutive properties of shear
failure of rock in the brittle to brittle-plastic
transition regimes under lithospheric
conditions.
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aiming at elucidating various scale structural
inhomogeneity from well-organized seismic expeditions
using active and passive seismic sources. The 1997-1998
expeditions provided a new image of crustal structure
across Northern Honshu Arc. Particularly, in the western
part of Honshu, crust has been highly deformed by the
Miocene back-arc spreading. In 1999-2000, an extensive
seismic expedition was undertaken in central Hokkaido
to investigate the deformation process associated with
arc-arc collision. Refraction and reflection surveys
succeeded in imaging obducting Kuril Forearc to a depth
range of 10-15 km.

3. Active Fault Researches

EPRC has conducted active fault researches since
1997. Since destructive inland earthquakes tend to occur
near the base of the seismogenic layer, revealing the
entire fault structure from a shallow depth to the depth of
the base of seismogenic layer is crucial to elucidate a
possible mechanism of destructive earthquake
generation, and thereby to infer damage from a
destructive earthquake. Hence, the entire structures of
active faults have been studied using very shallow to
crustal-scale seismic reflection profiling. The deep to
shallow seismic reflection profiling, conducted in 1997
and 1998 across the Ou Backbone Range in northern
Honshu, revealed the geometry and the connectivity of
an entire active fault system. In 1999-200 seismic
reflection profiling was carried out across the Hokkaido
axial zone and its western fold and thrust belt. Seismic
profiles revealed an entire geometry of active thrust
system in seismogenic layer, including shallow blind
thrust at the front. Joint research projects on shallow
seismic reflection profiling were undertaken with several
universities. EPRC has also performed researches on the
surface earthquake faults associated with destructive
earthquakes, such as 1999 Chi-Chi earthquake in Taiwan
and 2000 Tottori-ken-seibu earthquake in SW Japan.

4. Study on Electric Resistivity Structure

EPRC plays an important role in cooperative projects
to study the electric resistivity structure in and around
Japan. The NETWORK-MT experiment, which was
developed in the Earthquake Research Institute, aims to
study the relation between mean resistivity structure and
features of crustal activity in Japan. A detailed survey is
also carried out in a tectonically active area. Basic
studies are also being undertaken to develop instruments
for surveys, methods of field observations, and methods
of analysis and modeling. The generating mechanisms of
earthquakes, volcanic eruptions, and slow crustal
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Fig.4. Proton precession magnetometer (Miyake-jima
Volcano).

deformations have been studied through various
electromagnetic observations. In particular, our major
targets of observations are intermittent swarm
earthquakes and anomalous crustal uplift in the eastern
part of the Izu Peninsula and some active volcanoes in
the lzu-Bonin Arc. EPRC has also conducted
observations of geomagnetic total intensity with proton
precession magnetometers (Fig.4), ground resistivity
using natural and controlled sources, and self electric
potential (SP) with long-distance telephone cables.

For the period 1999 - 2000, we carried out the
following work: 1) Network MT observations in the
north-central Hokkaido, western Chugoku and western
Shikoku districts, 2) To have clarified the resistivity
structure of a most typical active fault, Sen-ya fault and
its western vicinity, 3) Investigation of the anomalous
geomagnetic total intensity changes in arather local area
in eastern Izu Peninsula, 4) Resistivity soundings in two
active earthquake swarm region by TDEM method, i.e.
the eastern lzu and litaka-Town, Mie Prefecture, 5) To
have observed remarkable changes in the total intensity
and self potential prior to and associated with the 2000
eruption of Miyake-jima volcano, which contributed to
realize the eruption processes.

5. GPS Researches on Crustal Deformation Process
The Global Positioning System (GPS), a space
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Fig.5. Global positioning system.
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geodetic technique to measure crustal deformation
accurately, has been widely deployed in Japan, and GPS
is a powerful tool to monitor crustal deformations of a
variety of scales (Fig.5). EPRC serves as the
headquarters of the Japanese University Consortium for
GPS Research (JUNCO), not only to promote various
cooperative GPS projects in Japan, but also to establish
an international GPS network in the western Pacific area
to monitor plate motions (see 6-5 Application of GPS).
The deformation process of the Japanese islands has
been studied based on dense GPS arrays; for instance,
post-seismic recovery of the 1995 Kaobe earthquake was
monitored with a dense GPS array by JUNCO, and a
GPS array was deployed in the Ito area under the
supervision of JUNCO. A new type of tsunami-meter
using GPS has been developed. EPRC has joined a new
project called "GPS meteorology”, which started in 1997
as aproject run by the Science and Technology Agency.
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8-6. Earthquake Observation Center

The Earthquake Observation Center was established
by integrating the observation divisions, the earthquake
prediction observation center and the observatories when
the Earthquake Research Institute was reorganized in
1994. At present, the center is composed of the four
observational research groups for earthquakes, crustal
movements, and strong motions. The center has ten
observatories and the large-scale regional observation
networks covering the districts of Kanto-koshin'etsu, Kii
Peninsula, Shikoku, and the western Seto inland sea
regions. The center, in order to approach earthquake
prediction and disaster mitigation, has been actively
conducting observational researches to clarify the
mechanisms and the processes of earthquake generation,
and has been developing observational techniques and
instruments. The Earthquake Observation Center has
been also conducting the collaborative observational
researches with universities and other related institutions
to promote earthquake-prediction program.

Earthquake Research Group

Seismic activities, rupture processes of earthquakes and
heterogeneous crustal structures have been investigated
using the high-sensitivity seismic networks of more than
one hundred stations covering the areas of Kanto-
koshin'etsu, Kii Peninsula, and western Seto inland. A
data telemeter system utilizing a satellite has been
developed and has been in operation since 1996, which
has ensured to establish a real-time transfer of a huge

EOC, ERI Seismic Stations
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@D Short-period (high dynamic range) 0 Other universities
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Fig.1. Map of the seismic stations of
the Earthquake Observation

Center.
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amount of earthquake waveform data. The data telemeter
system has been also effectively utilized in mobile
seismic observations. The Earthquake Observation Center
is responsible for the cooperative researches using the
satellite-telemeter system.

Earthquake swarms, having repeatedly occurred off
the East coast of the Izu Peninsula, have been intensively
studied to clarify the mechanisms using the dense
network of land stations and the optic-cable linked
ocean-bottom seismometer network system that was
deployed in 1994.

The Earthquake Observation Center has been the
responsible organization since 1999 for the extensive
researches composed of the well-organized seismic
refraction/reflection profiling and the seismic studies
with an off-line dense array in Hokkaido area.

Marine Earthquake Research Group

Seismic activities and tsunami off Sanriku, Tohoku
district, where tsunami earthquakes have historically and
repetitively occurred, have been studied using the optic-
cable linked ocean-bottom seismic stations and tsunami
stations and pop-up ocean-bottom seismometers.
Moreover, seismic activities and geodynamics at the
plate boundaries around Japan have been studied with
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using a pop-up ocean-bottom seismometer array.

For the long-term seismic observations, the high-
quality pop-up ocean-bottom seismometers with the life
of >1-year continuous recording have been developed.
For the marine quasi-real-time observations, the
telemeter buoy system utilizing the satellite- and
acoustic-communication links has been developed,
which were temporarily deployed off Kozu-shima, Izu-
islands, Tokyo in 2000 for observing the earthquake
swarms associated with the magma activities of the
Miyake-jima eruptions.

The ocean-bottom instruments measuring crustal
movements such as strain and tilts have been developed
and installed in the Nokogiriyama examination wells for
marine crustal movements observation tools.

Crustal Movements Research Group

Crustal dynamics and relationship between crustal
movements and earthquake occurrence have been
investigated by using data obtained from observation
stations monitoring continuous crustal movements, and
EDM and GPS array stations, together with groundwater
measurements. Multi-component borehole observation
instruments have been developed and enabled us to
record six components of strain, two components of tilt,
temperature, and three components of seismic waves.
They are equipped with a newly developed gyro for
positioning the instruments when installed in deep
boreholes. They have been deployed at areas where
earthquake swarms occur and next destructive
earthquakes may occur in the future as Kanto-Tokai and
Nankai areas, being installed in deep boreholes at depths
from 150 m to 800 m.

Strong Motion Research Group

Major objectives are: (1) to understand the generation
and the propagation of strong ground motions from large
earthquakes through strong motion observations at rock
sites surrounding Suruga Bay where a large earthquake
of M8 isanticipated and I1zu Peninsularegions, and (2) to
evaluate the effects of surface geology on strong motions
using the array observation data at Ashigara valey. A
quasi real-time information system for strong ground
motions is under development. This system will focus
on dispatching additional data that will allow a local
government or other organization to respond quickly.
The group collaborates with the Division of Disaster
Mitigation Science.
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Fig.3. Strong motion observation network of the Earthquake
Observation Center in the Kanto-Tokai area plotted on the

geological map by the Geological Survey of Japan.
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Fig.5. Local seismic observation network in the Kii
peninsula operated by the Wakayama
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Fig.4. Array strong motion observation in
Ashigara valley.
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Fig.6. Hypocentral distributions between the Miyake-
jima Island and the Kozu-shima Island.
The hypocenters are the relocated ones using
the station corrections determined by the ocean
bottom seismometer observations. The deeper
distributions (>7 km) of the hypocenters look like
almost-vertically standing thin-plates of the width
of about 2 km.
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Fig.7. Nokogiriyama Geophysical Observatory: Watertube
tiltmeter and extensometer (center), the inside view
of the observation vault (right lower), and the
entrance of the observation vault (left upper).
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8-7. Earthquake Information Center (EIC)

Earthquake Information Center (EIC) has a central role
of Japan University Network for the Earthquake
Prediction Program, making archives of al seismic data
observed in Japan. EIC also creates a database and
develops software to analyze the database.

To utilize this database, EIC coordinates various
collaborative projects among domestic and international
researchers, concerning the source process of earthquakes
and tsunamis, real-time seismology, and the
communication system for earthquake information.

<<Earthquake Information Network>>

0 Japan University Network Earthquake Catalog
(JUNEC)
The data obtained from the observation networks of the
earthquake prediction information have been combined
for alignment by the newly inaugurated Japan University

JUNEC 1985/07-1896/12

130 195"

145"

Oooooooooooooooo
(QUNEC)D DO OOOooDOO
0 O CD-ROMO

Fig.1. Distribution of earthquakes
determined by JUNEC(1985-
1996) and CD-ROM.
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Fig.2. J-array broadband waveform data of the 1999
Taiwan earthquake.

Network Earthquake catalogue (JUNEC). The data are
made available by CD-ROM since 1999 (Fig.1).

0 Communication Network of Seismic Data (http:

[ljarray .eri.u-tokyo.ac.jp/)

EIC has been engaged in devel oping access systems for
awaveform database to provide every researcher with the
seismic waveform database via the Internet. Using this
system, data gathered by the center are publicized as new
Jarray seismic waveform data, and are available via the
WWW (Fig. 2).

Taking account of the fact that a satellite telemetry
system started operation to make data available to every
researcher, all of the new J-array waveform data have
been compiled in EIC since March 1998.

0 Parallel computer (http://wwweic.eri.u-tokyo.ac.
jp/computer/)

Parallel computer SGI Origin 2000 System that
consists of 64 CPU's was introduced in March 1999. The
capacity is drastically improved by this system, and it is
possible to calculate the large-scale simulation. Now the
CPU working rate in the monthly is daily utilized to the
limit to the capacity with 80-90% (Fig. 3). It is required
urgently to increase the capacity.
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0 EIC newsletter (http://wwweic.eri.u-tokyo.ac.jp/

NEWSLETTER/)

To support smooth notification of the users of the
center, the EIC newdletter has been published almost once
per two months since December 1997. Edition No.20 was
issued in January 2001. The edition contains information
concerning usable resources such as software and
database, users activity, and seismological information.

<< Real-time Seismology >>

Quick information about earthquake source and strong
ground motion is obtained by analyzing quasi rea-time
seismic data, which can support a prompt emergency
response to mitigate earthquake hazards.

0 Special Home Page for large earthquakes

For large and damage earthquakes or volcanic eruption,
our analytical results have been published on Special HP
(Fig. 4). CMT solutions ("ERI Auto CMT solutions") by
automatically using waveform data from IRIS-DMC are
also published on Special HP.

0 EIC Seismological Note (http://wwweic.eri.u-
tokyo.ac.jp/EIC/EIC_News/)

For interesting earthquakes such as those with the
magnitude greater than seven or those believed to be
important regardless of their magnitude, the rupture
process of the earthquake source is analyzed using
teleseismic body waves. The results are edited for
publication with thetitle "EIC Seismological Note".
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Fig.4. Special Event Page (Nov.16, 2000 Papua New
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2000/06/03 CHIBA Earthguake (Mj5.8)

0 Seismic Kanto Strong Motion Network
After the 1995 Kobe Earthquake, local

e .

N

s

355

governments
seismometers and seismic intensity meters in
metropolitan area. EIC constructed the system
"Seismic Kanto Strong Motion Network" which
collects these strong motion waveform data by

installed strong motion

getting cooperation with local governments.
The network covers a wide area (the Kanto
area) with high density (450 observation

ooooooooooooo
Fig.5. Seismic Kanto Strong Motion Network..
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Fig.6. Northern Izu Earthquake of Nov. 26,1930 recorded
at Hongo, Tokyo.

stations) (Fig. 5).

<<0ld Seismographs and Seismological
Bulletins>>

EIC preserves many historical seismograms recorded at
Hongo, Tokyo, from 1899 to 1942. The preserved
seismograms reach the 200,000 sheets. The seismograms
were copied on microfilms. Database retrieval system of
these seismograms has also been constructed. EIC also
preserves records of the World-Wide Standardized
Seismograph Network (WWSSN) from 1978 to 1988 in
the form of 35mm films and microfiches. In addition,
many old seismological bulletins such as the International
Seismological Center and other foreign observatories, are
maintained by the Earthquake Information Center and the
Earthquake Prediction Research Center.
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Fig.1. Permanent stations and hypocenter distribution
at Fuji volcano. Solid circles show hypocenters
of low-frequency earthquakes.

8-8. Volcano Research Center

Our Research Center is promoting a wide range of
scientific research, with a view to elucidating the
elementary processes and fundamental principles of
various phenomena going on in and beneath volcanoes,
and thereby forming a basis for the prediction of volcanic
eruptions. Our research subjects include the formation
processes of volcanoes, eruption generation mechanisms,
motion of magma, and physico-chemical phenomena
related to magma migration and accumulation, while our
approaches range from measurements and surveys,
through theoretical and numerical simulations, to fluid
experiments.

Volcano observatories at Asama, Kirishima and |zu-
Oshima are permanent facilities attached to our Research
Center, while we dispose of permanent measurement
networks at Fuji, Kusatsu-Shirane and Miyakejima. At
these volcanoes, data on seismic motion (at all
volcanoes), ground deformation (at Asama, Kirishima,
1zu-Oshima, Fuji and Miyakejima) and electromagnetism
(at Kirishima, 1zu-Oshima and Miyakejima) are
registered on a permanent basis. In addition to permanent
measurements, we carry out special sessions of seismic,
ground deformation, gravity, geomagnetic and
geothermal measurements and volcanic ejecta surveys,
according to our research subjects and the level of
volcanic activity. For the recent eruptions of Usu and
Miyakejima volcanoes in 2000, see 7-2 Eruption of Usu
volcano, and 7-3 Eruption of Miyakejima volcano. We
are also promoting joint observational research including
volcanic structure explorations and intensive
observations at selected volcanoes, which are defined as
key subjects for basic research in the National Program
for the Prediction of Volcanic Eruptions. Data from these

ooo0o0o0o0ooooooOo0oooooooooooo
00o000oooooooooo

Fig.2. Permanent stations and hypocenter distribution at
Kusatsu-Shirane volcano. Open circles represent
hypocenters for earthquakes while others for
volcanic tremor.



observations are providing basic

UNZEN KILAUEA 12U-OSHIMA data for volcanological research in
and out of the Earthquake

Research Institute (ERI), and they

are also made full use of in the

2 DAYS 20 DAYS 1 HOUR evaluation of individual volcanoes
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Fig.3. Observed (above) and theoretical (below) deformations associated with

cyclic magma effusions.
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Fig.4. Chemical composition change of the mid-ocean ridge
basalt compared with the theoretical result due to

magma migration.

AN N

Eruptions (CCPVE) and other
organs.

To achieve further progress on
several problems in the basic
research on the volcanic activity
and eruption prediction, we have
drilled an 1km-deep observation
well within the caldera of Izu-
Oshima volcano (see, 5-2
Researches to Predict Volcano Eruptions), and have been
promoting the international scientific drilling project at
Unzen volcano.

We also operate, with a view to exchanging opinions
and information on eruptions home and abroad, an
electronic mailing list "funka" consisting of
volcanologists all over the nation, and we publish a
prompt report "Current Volcanic Eruptions in Japan” in
English in our official homepage. This Web site is
providing valuable information on Japan's volcanic
eruptions for the worldwide eruption database "Global
Volcanism Network" operated by the U.S. National
Museum of Natural History, Smithsonian Institution.

Progress was also made in the theoretical study on the
mechanisms governing magma generation and ascent as
well as volcanic eruptions. We proposed a model of
magma plumbing mechanism, comprising an elasticaly
responding magma chamber and a vent opening and
closing with viscosity, to account for ground deformation
data obtained during periodic recurrence of eruptions
(Fig.3). A basic theoretical framework was also formed
on the influence which relative motion of magma within
rock may have on its own chemical composition (Fig.4).
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Oshima volcano.
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Fig.10. Distribution of seismic-wave scattering intensity
in the east-west cross-section across the central
caldera area of Izu-Oshima volcano.
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8-9. Ocean Hemisphere Research Center

The Ocean Hemisphere Research Center (OHRC) is
the newest component of the Earthquake Research
Institute. This center carries out a five-year project

* Ocean Hemisphere Network" to develop and operate a

global multidisciplinary network in the Pacific
hemisphere consisting of seismic, geoel ectromagnetic,
and geodetic observations. Research on the Earth's
interior is intensively carried out using the observation
network, not only by the staff of this center but also
scientists from other institutes and departments both of
University of Tokyo and of other Universities. This
center also serves as a data center that distributes data in
the international science community and makes as
complete a database as possible through data exchanges
with other geophysical networks.

In the recent years, the dynamic nature of the Earth's
interior has been recognized as a result of various
interactions. It is necessary to have an observation
network of a global scale in order to fully understand
physical phenomena on and within the Earth. From this
viewpoint, ocean, which covers about 70% of the Earth's
surface, can be regarded as a window to look into the
Earth's interior without disturbance from complicated
geologica noises of the continental crust. At the same
time, oceans, especialy the Pacific, which is the largest
on the globe, prevents us from building geophysical
observation stations. In fact there have been few attempts
to construct a geophysical network in the Pacific due to
various difficulties. In the "Ocean Hemisphere
Network", great efforts will be made to build a well-
spread seismic, geomagnetic and geodetic networks in
the Pacific to investigate the structure and the dynamics
of the mantle and the core, and to revea the physics of
the Earth's activities.

There are four major activities of this center.
(1) Observation and maintenance of the seismic,
geomagnetic and geodetic networks,

Because most long-term observation stations are built
on islands in the Pacific, their maintenance require
collaboration between institutions. A temporal array
study, either on land or on the ocean bottom, will be
done to support network observations.

(2) Development of new instruments and sensors.

It is obvious that stations on islands are not sufficient
to build a network with the ideal configuration. Long-
term sea floor stations for seismic and magnetic
measurements are going to be developed to overcome
this problem. A borehole seismic sensor will be
developed to make a high-quality seismic observations
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on the seafloor.

(3) Data analysis and study on the structure and
dynamics of the Earth'sinterior,

(4) Data distribution and exchange,

The data center is committed to distributing data to as
many scientists as possible, not only in Japan but also in
other countries, to make a sufficient contribution to the
international scientific community.

Present Status of the OHP Network (December, 2000)
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Fig.1 (Top) Ocean hemisphere seismic observation network. (Middle) Ocean hemisphere geomagnetic and
geoelectric observation network. (Bottom) Ocean hemisphere geodetic observation network.



O1 oHPOOODOOOODO (2000030 00)

Station Location Code Lat Lon Type Remarks Operation
Baguio Philippines BAG 16.4 120.6 VBB, 24-hit 1998/3-
Inuyama Japan INU S515 137.0 VBB,24-bit | GEOSCOPE/OHP | 1998-
Ishigaki Japan 1SG 244 124.2 VBB, 24-hit 1995/3-
Jayapura Indonesia JAY -2.5 140.7 VBB, 24-bit 1997/12-
Kamenskoe Russia KMS 62.5 166.2 VBB, 24-hit 1995/9-1996/2
Minamitorishima | Japan MCSJ 24.3 154.0 BB,16-hit IJMA/OHP 1996/12-
Chichijima Japan OGS 27.1 142.2 VBB, 24-hit 1992/7-
Palau Palau PALU 7.3 1345 VBB,24-hit 1996/4-1997/5
Ponpei Micronesia PATS 6.8 158.3 VBB,24-hit 1995/6-
Pohan Korea PHN 36.0 129.4 VBB,22-hit 1991/3-1996/8
Port Moresby Papua New Guinea | PMG -9.4 147.1 VBB,24-bit | IRISSOHP 1993/9-
Parapat Indonesia PSI 2.7 98.9 VBB, 24-hit 1993/3-
Syowa Station Antarctica SYO -69.0 39.6 VBB,24-bit 1990/1-
Tagaytai Philippines TGY 141 120.9 VBB,24-hit 1992/2-1995/5
Tagjon Korea TIN 36.4 127.4 VBB,22-bit | Event only 1997/12-
Tsukuba Japan TSK 36.2 140.1 VBB,22-hit 1989/10-

02 O0O0OOocGepsOOO

Site name Country Lat Lon Operation
Ishigaki Japan 244 124.2 1995/11-
Taejeon Korea 36.4 1274 1995/4-
Marcus Japan 243 154.0 1995/7-
Manila Philippines 146 1210 1995/8-
Chuuk Micronesia 74 151.9 1995/11-
Vladivostok Russia 432 131.9 1996/2-
Palau Palau 73 1345 1996/5-
Okha Russia 53.6 142.1 1995/7-
Yuzhno-Sakhalinsk Russia 470 1422 1995/7-
Port Moresby Papua New Guinea 94 147.2 1996/4-
Jayapura Indonesia 25 140.7 1997/3-
Khabarovsk Russia 48.5 135.1 1997/3-
Kota Kinabalu Malaysia 6.0 116.1 1997/11-
Uglegorsk Russia 49.1 142.0 1997/4-
Kamenskoe Russia 625 166.1 1996/10-
Kluch Russia 56.3 160.9 1996/8-
Essa Russia 55.9 158.7 1996/8-
Kortberg Russia 56.3 162.7 1996/8-
Tigili Russia 57.8 158.6 1997/8-
Komandorskiye Island Russia 55.2 165.8 1997/8-
Petropavlovsk-Kamchatkiy | Russia 53.1 158.6 1996/8-
Khabarovsk Russia 482 135.1 1996/4-




03

oHPOOOOOODODOO

Site name Country Lat Lon Instrument Operation
Syowa Base Antarctica -69.0 395 SG016 1993/3-
Canberra Australia -35.5 149.0 CTO031 1997/1-
Bandung Indonesia -6.9 107.5 SG008 1997/12-
Spitzbergen Norway 78.9 11.9 CTO031 1999/9-
04 oHPOODOOOO
Station Name Code Geographic Geomagnetic Associ. Inst. Observ. Period
Lat, Lon Lat, Lon
Ponape PON 7.00, 158.33 -0.24, -131.26 PATS 1997/3-
Kiritimati KTM 2.05, -157.50 2.66, -87.05 NASDA 1997/8-
Huancayo HUA -12.06, -75.20 -1.07, -4.20 IGP 1997/7-
Changchun CHC 43.91, 125.30 33.26, -166.09 SBC,China 1998/7-
Tonga TNG -21.10, -175.10 -23.40, -99.77 MLSNR, Tonga 1999/9-
Marcus MRQ 24.18, 153.58 16.12, -138.29 JMA planned
Majuro MJIR 7.10, 171.20 1.87, -118.66 - planned
Biak BAK -1.20, -122.20 5.68, -166.60 - plaaned
05 0DO00Dooooooooood
alafsfals nooo DSDD'DDDDM DDDDD’DDDDZD oDooo nooo
gooooo ooag 13.6, 144.9 35.3,139.3 og 1991/12-
ogoooooooo ooo 13.6, 144.9 15.8,121.6 oo 1993/9-
gooooooooo (oodg 13.6, 144.9 28.2,-17.4 ogd 1995/3-
goooono oo 26.1,127.8 13.8, 143.9 oo 1996/3-
ooboooooo oooo 42.8,132.8 37.7,138.0 oo 1996/4-
oooogd ogd 26.1,127.8 35.3,139.3 oooao 1997/2-
ooooo oad 325, 130.1 30.2,128.2 oooao 1998/11-
06 OHPOOODOODOODOO
ooo goooo ooo ooo ooo goooo
Jr-1 gooooooooo 39.18 143.33 27000 1999/11
Jr-2 gobooobooboooon 38.75 143.35 21231 1999/11
WP-1 00000000 O00ooooo 19.30 135.10 564001 0va00Mmpooo
WP-2 gobooooo 41.08 159.96 5548[] 2000/7
goooHPOODOODODOODOOOO
ooo ooo ooo ooo good
NWPAC1 41.12 159.93 559901 1999/8-2000/5
SRK1 38.75 143.33 218001 1999/9-1999/10
NWPAC2 41.12 159.93 558901 2000/5-2000/10
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Fig.1. Satellite electric and magnetic stations (SHN,
Fujimiya-Shinosaka; TAW, Tawaramine; HRN,
Haruno; SAG, Sagara) and a resistivity station
(OKN, Okuno) in Tokai and lzu regions.

O

8-10. Yatsugatake Geo-Electromagnetic
Observatory

This is the former Y atsugatake Geomagnetic
Observatory, which had been a standard magnetic
observatory in the central part of Japan since 1970. The
observatory changed its name to the Geo-Electromagnetic
Observatory in 1994, recognizing the great importance of
electric measurements, as well as magnetic ones, in
earthquake prediction research. Accurate observations of
electric and magnetic fields are taken continuously at the
eastern foot of Mt. Yatsugatake in Nagano Prefecture.
The observatory acts as a reference station for various
kinds of electromagnetic research in Japan. Meanwhile,
magnetic and electric field variations are continuously
monitored at a number of satellite stations in the Tokai
and 1zu regions to study crustal activities.
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Fig.1. Testing of sea bottom tide gauge.

8-11. Enoshima Tsunami Observatory

To obtain good tsunami records without coastal noise,
Miyagi-Enoshima Island, 14 kilometers off the Sanriku
coast, Onagawa town, Miyagi Prefecture, about 60 km
north east of Sendai, was selected as a tsunami
observation point in 1941. In 1966, a building with a
tide gauge well was established, and various
oceanographical and meteorological observations were
started. Several types of tide gauges were designed,
improved, and tested. Finally, the “ ERI-V type sensor"
was invented in 1974, with which micro-tsunamis
generated by nuclear explosions were observed. Tests of
sea bottom tide gauges began in 1985.

The Sanriku coast was hit by two huge tsunamis in
1896 and in 1933, which killed 22,000 and 3,000
persons, respectively. A tsunami detection network was
planned as a joint project with municipalities on the
Sanriku coast in 1992. At the beginning of February
1995, the first tsunami detection system using an ultra-
sonic type tide gauge was installed in Fudai village,
Iwate prefecture. Up to February 1997, tsunami
detection systems employing the same type of sensor
were equipped at eight municipalities, including Miyako
city, where the sensor is set up at Chikei fishing port, 2
km SW from the Cape of Todo, the most easterly point
of Honshu.
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Fig.2. The tsunami detection system installed in Fudai
village.
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8-12. Library

The ERI library has the collection of publications
listed below and supports research in all fields of
seismology, physics of earth and planets, geology,
volcanology, and earthquake engineering. The collection
includes additional fields of mathematics, physics and
engineering. Asof April 1, 2000 Library possesses;

[J Books: 18,224 Japanese volumes and 29,107 foreign
ones,

0 Scientific magazines: 855 Japanese serid titles and 815
foreign ones,

0 Maps: Geological, topographic and fundamental
bathymetric maps around Japan. Fundamental land
utility maps of Japan and others. Total of about
20,000 sheets,

0 Tsuboi collection: 10,000 reprints of Prof. Chuji
Tsuboi.

[0 16 mm films, videos: 50 titles,

0 Archives (Including old Japanese drawings like
Namazu-e and Kawaraban): 600 titles,

0 Photographs (Kanto earthquake, Niigata earthquake,
1906 California earthquake): 300 photos.

Please use our Web homepage, which has user's guide to
the ERI library and information of newly accepted books
regulary.
http://www.eri.u-tokyo.ac.jp/"http/TOSHO/lib-e.html

We have also published "Bulletin of Earthquake
Research Institute" quarterly since 1926, and distribute it
to other libraries of a great number of institutes in Japan
and oversess.

Open hours
Monday ~ Friday  9:00am-5:00pm (except 12:00am-
1:00pm)
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Photo 1. Machining Center "HITOTUBO-KUN".

8-13. Laboratory for Technical Support and
Development (LTSD)

LTSD comprises mechanical machining group,
woodworking group, and electronics group. The main tasks
areasfollows.

1. Maintenance of machine tools and electronic apparatusin
the workshop for users.

2. Keeping standard parts such as screws and resistors for
USers.

3. Manufacturing partsto order from users.

4. Technica consultation with users.

5. Hosting short training courses on using machine tools and
designing and building electronic circuits.

6. Development of observational and experimental
gpparatus with other divisonsand / or by ourselves.

The developments of observational and experimental
instruments such as seismometers are now proceeding as an
inter divison and center research project at ERI. To play
vita roles in these developments and to improve services
for users, the following machine tools and electrical
equipment are maintained.

Machine tools: one machining center, four lathes (with
two digital scales), four milling machines (with one
digital scale), three band saws (with one inverter
control), one shearing machine, five drill presses,
one digital drillpress, one portable welder, one
compact electro-discharge machine tool, one
automatic coil-winding machine, one high-precision
weight scale.

Electronic equipment: six oscilloscopes, five function
generators, six digital multi-meters, five dc power
supplies, one standard dc power supply, two signal
generators, one frequency counter, one FFT
analyzer, one LCR meter, two magnetic fluxmeters,
one NC milling machine for circuit boards, one laser
interferometer system for displacement calibration,
one optical power meter, one GP-I1B data processing
unit.

The machining center and a scene from the short training
courses for using machine tools are shown in the
photographs below.

oooooooooooo
Photo 2. A scene from the short training courses for using
machine tools.
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Table. Number of Graduate Students

EII:J.IZI oooo ooooooo \oooooo (oooooao ooooo oooooo
Academic Y ear MC+DC JSPS-PD FR/IRS RS ERI-RS
199801 O 89 9 12 2 6 1
19990 O 84 9 20 2 9 3
200000 O 93 14 12 0 3 0
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Fig.1. Classroom scene: a student is making a report
after a field observation.
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Education of graduate students:

The Earthquake Research Institute (ERI) accepts
graduate students and research students of the Graduate
School of Sciences (Earth & Planetary Science) and the
Graduate School of Engineering (Civil Engineering and
Architecture). Professors and associate professors of our
institute belong to one of the above graduate schools and
undertake teaching 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 of them. Besides them,
ERI accepts JSPS (Japan Society for Promotion of
Sciences) special researchers, COE researchers, foreign
research students and researchers, and research students
from private or governmental institutions.

Education at College of Arts and Sciences of
University of Tokyo:

A "free seminar" is given to students of College of
Arts and Sciences at the Komaba campus by professors
of various disciplines. ERI faculty members have been
participating in this seminar, and giving lectures. From
1999, we started a new type of free seminar, which will
be conducted in the field away from Tokyo, where
students can practice geophysical and geological
observations in electrical conductivity measurement,
seismometry, GPS, and so on. In addition, from 2000 we
have started an introductory course in the solid earth
science at Komaba campus, which is conducted by a few
professors.

"Danwakai", Friday Seminar:

ERI holds "Danwakai", a monthly meeting where its
members present their most recent academic and
technical achievements, on the last Friday of every
month. Danwakai is open to the public, with its program
announced via e-mail, fax, and surface mail in advance.
On Fridays (except when Danwakai is held), ERI holds
aweekly "Friday Seminar" where researchers are invited
from outside ERI to give lectures on up-to-date
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academic topics. In addition, visiting scientists

sometimes give "colloquium” when possible.
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Fig.2. Field trip in Oshima for undergraduate students of College of Arts and Sciences.
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Open Lectures held by ERI

The pyroclastic flow at Mt. Unzen in 1991 and the
Hyogo-ken Nanbu earthquake in 1995 remind the
Japanese people that there have been many natural
disasters caused by large earthquakes and volcanic
eruptions. In 1992, the ERI began "Open lectures' as well
as "Open house", for public people who are interested in
on seismology, volcanology and Earth science. The open
lectures are held once a year, and the ninth one was held
on July 27, 2000. The program of the lecture is
advertised through newspapers, posters, web-site and
direct mail to public offices, organizations concerned and
high schools.

Every time, audience of more than several hundreds
attend the open lecture not only from Tokyo and its
neighboring prefectures (Chiba, Kanagawa, and Saitama),
but aso from prefectures of Kinki and Kyushu areas. The
ages of participants varies from 10's through 80's, mostly
in 40's. Occupations of the participants are students in
college, high school or junior high school, teachers,
especially in earth science, public servants and
researchers, for example in charge of disaster prevention,
and others. We hope that some of the student audience
will be interested and join in the field of research
activitiesin our Institute.

Most of the audience was satisfied with the open
lecture, although some requested that the contents of the
lecture be more detailed and more systematic. We are
going to make efforts to improve the contents of the open
lectures.
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Open House

The Earthquake Research Institute holds an "Open
House" every year. Thisisfor the public announcement of
various activitiesin al fields of earthquake researches that
have been carried out in the institute. The 9-th Open
House was held July 27-28th, with the main theme of
"Read Beats of the Earth." About five hundred people
visited the ingtitute and exchange questions-and answers
with staff and students of ERI. A humber of visitors aso
indicated their specia interest in volcanic eruptions and
seismic activities of Mt. Usu and Miyake Island occurring
in 2000. The cooperative program of staff and students for
model experiments attracted visitors of all generations.
Their scientific interest was also stimulated by other
events. The programs and displays used in "Open House"
are put on the web site of the ingtitute. The "Open House"
is contributing to upgrading the contents of the web site.

000 Bulletins and Reports

gobooooooooobooon oo
oobooooooooooooboono oo
gobooooooooooooboono oo
gobooooboos3sgooioooon g
goobooooo o
goboooboboooobooo od

19260 O
19340 0
19430 0
19920 0
19930 0
19960 O

— 107 —

gooogv7shoooon2ooo0d
oobooooo19920
oobOo0oo04n0oi19740
000003820 020010 30
oobOoO0o0obo2o01040
oobDooooo2oood



NMOoO0oDo000o0o0Oo0ooOoOooooon
Lists of Cooperative Researches and Researches Supported by Scientific Grant-in-
Aid from the Ministry of Education, Science, Sports and Culture (Monbusho)

001200000000 O List of Cooperative Researches in 2000

000000 Visiting Professors0 00000

goodg

googn

goog

goboooo

gobooboobboobooboooboobbooboobbooboobbooboobboo

goboooo

goboooo

ooooood
0 GAO Yuan
ooooooo

0 ZHENG Si-huall

0000000 (A)

gopoooobod
gopoooood
ggno

oooobpoooo
ooooooooo
ooooogo
oooooooon
ooooocooo
ooooocooo
ooooocooo

goooooo

goooooo

coooogo

coooooo

Determination of detained 3-D P and S velocity and
Poisson's ratio structure under Japan Islands and its
implications for seismic and volcanic dynamics
goooobodoooboooooooooooo
ooooo

gobooooooobooocoooboogoo

oboooooooboooooooOooon
oobooooood

Joint Researches of Universities and Institutes for Predictions of Earthquakes and Volcanic Eruptions
ool obbobobobbbbbobbobo0UuUuu g

goog
goboooo

goboooo
goboooo
goboooo
goboooo
gobgoooo
goooogo
goooogo

ooooood
ooooood
ooooooo
ooooooo
ooooooo
ooooooo
ooooooo

0oooooo (B)

gogodg
ggo

ggo
ggno
ggno
ggno
ggno
god
god

oo
ooo
ooo
ooo
ooo
ooo
ooo

gooo
goboogoo

gogooooo
goooooo
goooooo
goooooo
goooooo
gobobooo
goobooboo

ooooogo
ooooogo
ooooooo
ooooooo
ooooooo
ooooooo
ooooooo

ooooooo
oobobooooooooobboobooooooon
ooooooo
ooooooMTDO
oopoooooooog
ooo
Oooooooboooooooooo
ooooooooooooon
ooooogooo
cooboooooooooobobooooooooon
oooo
goobooooboooboood
cGpSUOnoooooon
gooboocoooooooooooooo
oooooooooocoooo
ooooood
ooobooooooon
oobobobooobooooboooooon

Joint Researches of Universities and Institutes for Developing Studies
gooooooooobbodooobbobooooobb bbb b oo bbouoog

oo
goboooo
gooboooo

gooodo
ogno

goooooo
gooooon

gogboobobooboobobobobobobob
goboobooboboobooobooboon
gooooo

— 108 —



gooo
ooooooo

ooooooo

ooooooo

goboooo

goboooo

gobooobo

goobgoooo

gooo
oooood
od
oooood
ooo
oooo

goood
goood
googd

oooo
ooooooo

ooooooo

ooooooo

gooooon

goooaooo
goooooo

Joint Researches by Small Groups
gooooodoobodooboooobooooooooooooobooo

googoooo

ooooood

coooood
ooooooo

ooooooo

ooooooo

goboooo

gobooobo
goobooobo

gooboooo

goobgoooo

gobgoooo

ooooood

ooooood
ooooood

ooooooo

ooooooo

ooooooo

goboooo

goboogobo

gooboooo

gooboooo

goobgoooo

gooo

ooooo

oooooogo
oooogo
oooo
oooo

ooooooo
oooooo
oooo

goood
goood

goood

gooo
ggoo
gooood

oooood
ooooo

oooood
od
oooooono
oooo
ooooooo

gooo
ggoo
ggoo

ggoo

ooooogo
ooooogo
ooooogo

oooooogo
ooooooo

ooooooo

ooooooo

ooooooo

goooaoon

goooooob
goooooo

gogooooo

goooooo

goooooo

ooooogo

ooooooo
ooooooo

ooooooo

ooooooo

ooooooo

gooooon

gooogoo

goooooo

goooooo

goooooo

ooooooo
gobooobooooooooobooooo

gobobooobooooooooobboOoooboooo
O
oobobobooobooooooooooboooooo

gbooooboobobboooooboboooo
gboboobogbobooboooboon
Ob00O0OSAROODODOOOOOOoOoOOonDoOon

ooooooobbooobooooboooooo
ooooooobooono
gooboooobooooooooooboooooo
cobooooooooboooobooooon
coooboooobooobooooboooooa
cooboooooooooobocOobobooOoooon
ooo
cobobooooooooobobocoboobooooon
ooooooo
cooboooooooooboOooobobooooon
od
oooooepPSsOOOOOOOOOOOOOODO
ooo
oobobooooooooobooboboooooon
oobobooooooooobbooboboooooon
oooooogoo
ooobooooooooobboooooooooon
ooooooo

OO0OInsituRb-SrO0 00O
s00ooooooooooobooon
coobooooooooooooooooooon
ooooo
voooooooooooobooOooOooboonooo
coboboooooooooboocooooOoooon
ooo

O0rFe0DOOO0OO0OOOODOOO

GpPSsOOnOoooooooobooboboooog
gobooobooooboobobooobbgooooon
ETASOOOD0OO0O0OO0OODOODOODOOOOOOOn
goboobooboboobd
goboobooboboobboobooboo
gobolrai0bgobogooooboooooon
gobooboobobooboobbooboon
goog
0000000000 Insitu0 0000000000

— 109 —



googn

Scientific Meetings
0000000000000 oooooooooooDoooooooooooon

oooo
ooooooo
ooooooo
ooooooo

gboboooo
gobooobo
gobooobo
goboooo

gobgoooo

goboooo

ooooood

ooooood

ooooood

gooo
oooo
ooo
oooo

gooo
gooo
goood
gooo

ggo

ggoo

oooo

ooo

ooooo

oooo
ooooooo
ooooooo
ooooooo
ooooooo
ooooooo
ooooooo
ooooooo
ooooogo

goooooo
ggooooo
goooooo
gboobooo
gbooboobo

ooooogo

gooogoo
goooooogo
goobooboboboooooboooo
gboooooobooboboboooooooog
gbooooooooboboboooo
gbobooboobboobooboo
gbobooboobobooboooboon
goboobooboobboobdg
gobogoooobooboooobbgoooooon
gobooboobbooboobbooboon
googno
ooooogsoobooooooooon

oooooooooooooboooo
200000000000
goboooooooooooobooooboood
gooooooooooooo
cobobooooooooobooobooooooon

coooooooooooon

00120 000000000000 List of Researches Supported by*ientific Grant-in-aid in 2000

opooo
ogoooooo

goooooo
ooomsO
goog
oooAd

oooAd

OdoAd
OodoAd
OodoAbd
OooAd
OooArd
OooArd
ooosO

ooosO

gobosO

goosBO
gooBO

gooo

EEN

od
od
od
od
og
og
od

od

g

g
g

gooogo
goobooaoon

goooagoon
gooogoon
goooooo
goooooo

goooooo

ooooogo
ooooogo
ooooogo
ooooooo
ooooooo
ooooooo
ooooooo

ooooooo

gobooaon

goooagon
goooooo

goobooboo
gobooboobbooboooboobooboboobon
gooo
gobooboobbooboobbooboobboo
goboobogoood
cGpSUUOODOO0O0ODOOO0ODOOODbOOOOODODO
gobooboobbooboooboobbooobooobo
googon
gooboobboobboobooobooboboooboooboo
goooooooogo
gbooooooboboboboooooooboobobob
RTK-GPSOD OO UODODUOODOOODODODO
gbooooooobooboboboooooooog
gboooooobooboboboooooooooobooDo
gboooooobooboboboooon
gbooooooooboboboboooog
gbooooooooboboboooooooooboboo
gboooooon
gbooooooobooboboboooooooooboboo
gboboobooboo
gbobooboobbooboobobooboobboobo
googno
cGpSsUOOO0OOOOoooooooooooooboboOoon
gobooboobboobooobooboobboobo
gobooboooo

— 110—



gooo gooo
goosBO ood
goosO oo
goosBO oo
goosBO oo
goosBO oo
goboosO g
gooBO g
gooBO g
gooBO g
gooBO g
gooco oo
googco oo
gooco oo
gooco oo
gooco oo
gooco oo
gooco oo
gooco g
oo

oooAd
oooAd
oooAd
oAbl
gooAD
gooADl

gooo oooooo
gbobooboon
oo
goboobogo
gooogo
goboooo
gooboooo
gooboooo
goobgoooo
goobgoooo

gooogo oooooogo

goooooo cooobooooooooooocOoOooboOoOoboooooao

goooooo coooboocoooooooooooooo

ooooooo coooOoooboooobooOoooooooOooOooooooa

goooooo cooboooobOArArO0000C000O0O0OO0O0O0DOO00O00
ooobooooooon

ooooooo cooooooboboobobooooboooooo

goooooo ooooooooooboooooooooboobocoonono
OACTIVEOOODO

goooooo oooobooooooooooooooobooooboooooo

goobooobo OooooooooooooboooOoboboAcrROSSOOOOOO
ooo

ooooooo ooooooooobooboobooboobooboOooDboboDOoo

ooooooo ooobooooooooooooooboooooboboooon

ooooooo ooobooooooooooooooboooooboboooon

goooogo cooboboooboooooooooooooboooooon
oooooooooo

goooooo cooooooooooo

goooooo coooboooooooobobocoooooo

gobooooo cooboboooboooobooOoooOooOooOoOoboboOoobooOoo
coooooooo

goooooo coooboboooobooooooOoooOooOoboOoOobboOoobooOono
ooooooo

goooooo gOoloeo0O0OO0OOCOCOOO0ODbOOOOOOODbOOObOOOOn
oooo

goooooo coobooooboooobooooooooooboboooobooon
oooooooooog

ooooooo cobobobooobooooooboooooooooboboooobooono
ooo

goooooo oooboobooooooooobooooobobooobbooooooo
ooo

ooooooo oooooooooooooboooooooobbooooooo
ooooooooboooo

ooooooo Oo0ooOooooooooooOoooboOoooobooooo

goooooo coooooobooobooooboooooan

goooooo coobobooobooooooooooooobooooogon
ooooooooood

goooooo coboboboooboooooooooooOoobboOooobooOoo
cooooooo

ooooooo ooooocoooooooon

ooooooo ooooboooobbooobooooboooooo

ooooooo

HzOOODoODOoooooooboooboooboooboo
gogbooooboobooobooboooboon
goboobboobooboobobooboobobooboo
gobodbobooobuooboobobooboobboobuoobbooboo
gobooooodgn

— 111—



oooood coooooo

oo00ooooo 00000000D00O00O0DbOO0bOoOoOooODOoooooDOo
ooooooo 0b00O000oO0oDOooooobDOobooooog

ooooooo 0000000000000 0DO00DbO0000D0DO0D0D0DOO0ODOOoOOOooOoDon
ooooooo 000000000 0DoD0oO0obOO0booooDoooog
ooooooo 000000000 00o0oO0bO0bOoooooDooooooboOooDooooo
ooooooo 00000000D0Do0oO0obOO0bOoooooooooog
ooooooo 0oo0oOooooopooooooobooooog

0 El-Fiky, G. S.0O

oooboooo GPS/SARODODODODODODODODOOOOOOO

0 Reddy, C. D.OO

ooooooo doo0ooooooooooooooooooooog

[J Kostrov, N. P.0J

ooooooo 0o00oo0oooooooooooooooooooon

0 Martcehnkov, A.00

oo00ooooo 000000000000 O0obOO0oboboooooon

0 Sahoo, Y.OO

00120000000 O 0O List of Research Cooperation between Universities and Industry in 2000

ooooo
ooooooo

ooooooo

gboboooo

gobgoooo

gobgoooo

gobgoooo

ooooood

ooooood

ooooood

ooooood

ooooooo

ooooooo

goboooo

gooogo
obooboboooooobooooboobo
ooobooboon
obobobooooboooobooo
goooaon
goboobobooboobboobd
goboobobgooobo
goboobobooboobbooog
gogbooobooboooooboo
gogoooooboo
gobooooboobooboboooodg
goooooogn
gogbooboboooboobooboo
gboboooooobooobobon
gbobooooooogoog

oooooooooooboooo

oobooooooooooooo

oboboboooooboooooboobo
ood
gepsbgpoGepPSOObOOnOoOOonOO
gogboobbooboobboobd
goboobbooboobboobg
egpsCoOonooOong
cGpsCOOO0O0OOOOO

goboobodg bbooboobbobbooobo

— 112 —

ooo
oooood

oooood

oomoooo
gobooobo

oomoooo
gooogo

oooooono
ooo
ooooooo
ooo
ooooogo
ooo
ooooao

ooooo

coooooo
od
ooo

goooooo
g
goooooo
gug

gooo
12410
13331
12.6.160
13331
12.7.250
13331
12.8.30
13331

12.10.130
13331
12.10.130
13331
12.10.130
13331
12.8.240
13.3.30
129.10
13321
12.10.2600
13323
12.10.160
13.3.30

12.10.10
13323
12.10.10
13.3.23

ooomoo

19,059,600

11,185,000

1,296,000

3,121,000

4,295,000

1,190,000

315,000

10,235,000

9,467,000

3,679,000

3,274,000

7,560,000

18,182,000



ooooo gooooo ooo gooo ooomao

oooboooobo ooobocooobooo coooooo 12.10.260 3,642,000
od 13323
ooooocoob Oooocoooocoobooboooobooooo ooooo 12.12.40 7,623,000
ooboooooooooooooood 13.3.28
oooooo
ooooocooo 104,123,600

00O 00 O List of International Scientific Cooperation

ooooooooo

oooboooooooooboooobooobbooooooo
oooboOoooooobOoooooooooOobo0ooDboOoOoooooooon

ooobooooboooooooooooooooo
oooooooooooboooooooooboooobooooo

coooodooobooooobooooocooooooon

gobobobooobooooooooooooobooooooOoooooOoooboOooon
oooboooooboodoobodoobooooooooooooooOooO0obbo0obooOoOooon

coobobooobooooooooooOobooobooboooo
oobooooooooobooobooOoobooooooOooOoOooDooo

cooboboooooooooooOoobooooOoooOoOoOoOoOoOoOOOoObObOO0OobOOoOoOoOooOoO
coooObooooooooooOoOooOooOoOooOoboOoOobOOoOoOoOoOoOoOoOooDooo

gbooooooogobogoil2ogn
gbobooboobobooboooboob
00000 MalcoimJOHNSTONO OOODOOOODOOOO
gobooboobobooboobooobooboooboobbooboboobo
obdbO0OLarry BROWNODO ODOODOOODODOODODOOOOO
goboobooboboboboobooobooba
OO000O0Alan CHAVED OO OODOOOODOOODOOOOO

gobooboobbooboobooobooboobbooboobboon

O00oooO0oOooboOooooooooon
gobobobooobooooboooooobooobooooensd2en 290 d
coboboboooooooooboooobOooobetno4nrdnd
gepPSOOO0OOO0ODOOOOOOOOODOOOODOONDOI00O1802200
goOOoOoOoooHP/IONOOOO0O0O0O0O0O000O0130102102700

— 113 —



120 000000000000000
Locations of Observatory Facilities/Budget/Number of Regular Staffs
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GO: Geophysical Observatory, O: Observatory, SO: Seismological Observatory,
VO: Volcano Observatory, VCO: Volcano-Chemical Observatory
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An ocean bottom borehole seismic observatory of the OHP network in the deep sea basin of

the northwestern Pacific. This picture was taken by a ROV, KAIKO in Jamstec.
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