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Present Status of the OHP Network (December, 2001)
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Greeting from Yoshio Fukao

(Professor, Earthquake Research Institute, University of Tokyo)

The Ocean Hemisphere Network (OHP Network) is a
new window to the Earth's interior opened under the
support of the Grant-in-Aid for Creative Basic Research
(1996-2002) from the Ministry of Education, Culture,
Sports, Science and Technology. This is the world's first
integrated geophysical (seismic, geo-electromagnetic and
geodetic) network developed in the oceanic region of the
western Pacific including ocean bottom stations. The data
from the OHP network are available by accessing the
OHP data center online (http://ohpdmc.eri.u-tokyo.ac.jp).

The OHP network is especially unique in that it
possesses three ODP (Ocean Drilling Project) borehole
stations consisting of broadband seismometers under
the sea floor (a collaborat with JAMSTEC), as well as a
trans-continent submarine cable network for measuring
geoelectric potentials (a collaborat with the IRIS
consortium, based in the U.S.). Now that the various
kinds of data have been collected, the real power of the
OHP network will soon become visible. The OHP project
has already attained remarkable achievements from
analyses of the existing data, including, among others:
the discovery of the phenomenon of Earth’'s background
free oscillations (Science, 1998; Nature, 1998; Science,
2000; etc.); modeling of the Earth's nondipole magnetic
field by the interaction of the toroidal magnetic field in the
core with the electrically heterogeneous structure in the
mantle; and establishment of the concept of stagnant
slab by seismic tomography (Rev. Geophys., 2001, etc.).

Now that the OHP project is at its formal end where the
various kinds of data have just begun to be available,
further efforts for long-term network observation will be
indispensable for us to make significant contributions to
the knowledge of the Earth. We would greatly appreciate
your understanding and support for our effort to maintain
the network's operation.
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Electromagnetic conductivity at the deepest mantle

determined from the surface magnetic field
(517 [0 [ [ N ) (] (LR 1 L] [T e SR |l The electromagnetic group of the OHP project
1 o 0 e o RO B deployed a geo-electromagnetic network on the islands
I 1. 1 o Y and the ocean floor in the Pacific region. The group also
O0o0oOo0o0ooOoO0OoboOoobOoOoooooooDoo developed a method to determine the electrical diffusivity
ENERENENEREEERC [0 ClERE at the base of the mantle from the observed magnetic
field at the surface of the Earth, independently from

seismological methods.
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Fig. 1. Upper figure: Electrical conductivity at the base of the mantle determined by the electromagnetic method. Red and blue
colors indicate low- and high-conductivity regions, respectively. Lower figure: Seismic speed anomalies at the base of the mantle.
(Li & Romanowicz, 1996) Red and blue colors indicate high and low seismic wave speeds, respectively. The seismic high speed
band at the base of the mantle from North America through Asia has a low electric conductivity.
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Resonance between the Earth and the atmosphere
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It has long been thought that Earth's free oscillations
are induced only by large earthquakes. Recently, the
Earth has been oscillating persistently without
earthquakes. Atmospheric motions and wind-driven
ocean waves are the potential causes of the oscillations.
The figure shows that slight excess amplitudes of
particular frequencies are the evidence of resonant
oscillations between the solid Earth and the atmosphere,
and that such amplitudes change seasonally.
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Fig. 2. Ground motion spectrum of seismically quiet days.
Days are represented in the ordinate and frequencies in the
abscissa. The vertical yellowish lines indicate the incessant
free oscillations of the Earth.

O00000000ooDoooooo
Establishment of the concept of stagnant slab

coooooooOoocooboooOobooOoooboooooa
ooboooobooooooooobOocOoobooOooooo
ooboooobooooooooobOocOooboboOooooo
obomooooooooobooooooobobOoon
ooboooooood

L] (IR

The seismic tomography group of the OHP project
systematically obtained tomographic images of
subducting slabs all along the circum-Pacific region and
made a comparison with images from other groups to
conclude that stagnant slab is a widespread
phenomenon.
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Fig. 3. Tomographic imaging of the mantle using seismic P
waves. Dark blue color (indicating a fast anomaly of seismic
speed) on the left side indicates the slab of the Pacific plate
subducted from the Bonin Trench. The subducted slab
flattens subhorizontally near the boundary between the upper
and lower mantle (stagnant slab). The distinct red color
(indicating a slow anomaly of seismic speed) on the right side
represents the plume rising from the bottom of the mantle
towards French Polynesia, including Tahiti.
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With the aim of studying the geophysical structure deep
inside the Earth, the OHP project constructed a
broadband seismograph network composed of 15
seismic stations in 10 different countries in the
northwestern Pacific region. Two thirds of them were
inherited from the previous POSEIDON project. During the
OHP project, the instruments at the seismic stations were
replaced with standardized, more sensitive, and high
performance systems. The waveform data acquired by
the network are open to the scientific community and will
continue to reveal the three dimensional seismic speed
variations in the Earth. The cooperation of the seismic
stations in the OHP network with scientific institutes in
foreign countries have strengthened the relationship
between the OHP project and foreign institutes, leading to
new cooperative seismic observation projects, as well as
the mutual scientific benefit of data sharing and
exchange.
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Fig. 1. The seismometer vault at Jayapura, Indonesia. The three
persons standing in front of the vault are personnel of the
Meteorological Geophysical Agency of Indonesia, which helps
the operation of the broadband seismometer. The construction
fund for this vault was provided by the OHP project.

0000000000000 0O0O0DO0O0O0OO0ODOOSTS-100
j000ooOOo0o00oO0oOoooOooOoOoOoooDoooooooon
goooooooooooooooOoooooooooooo
Fig. 2. STS-1 type broadband seismometers installed on the
seismometer platform at Parapat, Indonesia. The seismometer
platform is located at the end of the vault in order to minimize
temperature variations.
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Fig. 3. OHP seismometer recording system installed at Parapat,
Indonesia. The recording system was developed by the OHP
project and installed at most of the OHP seismic stations.
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In order to reveal the detailed structure deep inside the
Earth and to study local and regional tectonics, two
cooperative projects with foreign institutes are being
carried out using a temporally installed seismic array
composed of several broadband seismometers and
portable recording systems. The project with China
Seismological Bureau began in 1999 with the installation
of four systems in the northeast region of China. The
project with the Geophysical Institute in Vietnam started
in 2001 with four systems be installed in March 2002.

A temporally installed seismic array is a target-oriented
observation conducted for only about five years, whereas
the OHP seismic network is permanent observation.
Temporal and permanent networks are complementary to
each other. Future temporal array observations will be
coordinated with seismic observations by foreign
institutes and/or ocean bottom seismometer arrays to
achieve wider and denser coverage of scientific targets.
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Fig. 4. The cooperative project with China Seismological
Bureau using temporally installed seismic array. Upper left
figure: The Bautou Seismological Observatory, Inner
Mongolia, China. Lower left figure: Installed portable recording
system which was developed in the OHP project to realize
high portability and high performance indispensable for
temporal observation. Lower right figure: A portable
broadband seismometer (CMG-3T type) is installed for the
temopral array.
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Fig. 2. A broadband sensor for the ocean bottom
seismometer at the Northwest Pacific 2 site on the
research vessel Mirai of JAMSTEC.

The broadband ocean bottom seismic observation
network in the western Pacific has been developed during
the OHP project. This network includes three types of
observation systems: ocean bottom borehole
observatories for permanent observations, pop-up type
broadband ocean bottom seismometers (BBOBS) for
routine observations, and long-term ocean bottom
seismometers (LTOBS) for array observations. These
long-term observation data have been retrieved already,
and the validity of the ocean bottom observation has
been demonstrated by processing with seismic data on
land.
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Fig. 1. Seismological observatories of the Ocean Hemisphere
network Project. Yellow circles are ocean bottom borehole
observatories (JT-1/2, WP-1/2). A seismometer array at the
Philippine Sea is also shown (PHS3-13).
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Fig.3. A broadband sensor developed for the ocean
bottom seismometer. A sensor (upper) is installed on
the active leveling mechanism (lower).
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Fig. 4. Long-term OBSs deployed for trans-Philippine Sea
observation: 15 LTOBSs on the deck (top), an LTOBS just
before the deployment (middle) and at the sea surface after 7
months observation (bottom).
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Fig. 6. The WP-2 ocean bottom borehole observatory located
at the NW Pacific (top). Two bottom photos are the views
from a submarine remotely operated vehicle during the
initiation of the system.
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Fig. 5. A record section of an earthquake at Tonga. Red,
blue, and green traces are at land stations, LTOBSs on the
trans-Philippine Sea array, and a BBOBS at the NW Pacific.
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Fig. 7. Seismic records for two subsequent events in Papua
New Guinea observed at the WP-2 site.
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The electromagnetic component of the OHP aims to
study the Earth's interior by conducting (a) long-term
geomagnetic observations on land (Figs. 1 and 2), (b)
long-term seafloor geomagnetic observations (Fig. 3), (c)
long-term geoelectric measurements using submarine
cables, and (d) supplementary array observations on land
and ocean floor (Fig. 4) in the Pacific region. Long-term
electromagnetic data from the network can be used to
study the core dynamics to generate the geomagnetic
field and core-mantle interactions (Fig. 6), as well as for
investigation of electrical conductivity distribution in the
deep mantle (Fig. 5).
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Fig. 1. The sensor of a three-component fluxgate
magnetometer at Muntinlupa, Philippines (photo taken just
before the system was being installed).
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Fig. 2. H. Shimizu operates the instruments to measure the
absolute geomagnetic field at Majuro, Marshall Islands.
Annual measurements at each station monitor baseline drift
and detect accurate secular variations.
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Fig. 3. An OHP ocean bottom magnetic observatory deployed
on the deep sea floor (5600m depth) in the northwest Pacific.
Photo was taken by the submarine remotely operated vehicle
Kaiko-10k of JAMSTEC.
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Fig. 5. Distribution of the mantle electrical conductivity (shown
by green) revealed by an EM array study in NE China. The
mantle transition zone beneath this region is more conducting
than those in other areas such as Hawaii, the southwest
United States, and the Canadian shield.
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Fig. 4. An Ocean Bottom Electro-Magnetometer (OBEM)
recovered after a year-long array observation in the Philippine
Sea.
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Fig. 6. Period dependence of the electric field expected at the
surface of the Earth corresponding to the toroidal magnetic
field at the core-mantle boundary.
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The most active deformation zones on the Earth are
tectonic plate boundaries, most of which are under sea
water, which inhibits the use of electromagnetic waves in
geodetic measurements. We have developed new special
systems for the measurements of seafloor crustal
movements. We plan to observe in situ the subduction of
the Pacific plate at the Japan Trench with new precise
seafloor positioning systems. Differential pressure
monitoring is useful in detecting vertical crustal
movements, as was shown with 2000 earthquake swarm
near lzu, Japan.

e’

gOo0oODoOOOOo0O0oO0oOoOoOOoOoOoOoOoOooOoOoOboO
go00oOocePSOOO0OOOOO0OODOOOOOOODOOOOCOOOOODODOOOO
goopoocePSO0OO0OOOO0OODOOOOOOOODOOOO
goooooooooooooooooooobPOdOOOOOOOOODOO
gOo0o0OoCOoO00oO0oOoDOOoOoOoOoOoOoODooOOoOoOooo
gO0o0o0DoOCcOoO00o0ooDoooOoOo0oOooOooooooo
0000000000000000000000O0O0O0DO0OO0O0

Fig. 1. Seafloor observatories around the Japan Trench off Sanriku
Red stars: GPS/Acoustic seafloor positioning (OHP)
Yellow stars: GPS/Acoustic seafloor positioning (Hydrographic Department)
Black stars: Deep-sea borehole seismometers and tilt/strainmeters (ODP, OHP)
Black squares: Ocean bottom seismometers with an optical fiber cable (ERI)
White squares: Tsunami sensors with an optical fiber cable (ERI)
Red squares: Off-line ocean bottom pressure gauge (OHP)
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Fig. 2. Results of trial kinematic GPS positioning on land
at a long baseline (Tokyo-Sendai 310 km). Horizontal

04 y y y y y y y positions were obtained with an accuracy of about 1 cm
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Time in June 14, 2001 except the data at both ends.
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Fig. 3. A photo of a precision acoustic transponder and its
deploy/recovery system before deployment on the seaward
slope of the Japan Trench at about 5500 m depth. The
transponder has been developed jointly with the Scripps
Institution of Oceanography under the OHP program. We have
confirmed precise acoustic ranging with a resolution better
than 1 cm at a 14 km slant range during a sea trial.
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Fig. 4. Subsidence of the ocean bottom floor revealed by the -5

difference of two ocean bottom pressure observations in the 130 138 4n 245 29 155 10 2aS 10
area of the 2000 Miyake-Kozushima earthquake swarm. Dy ol 2060
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The Japanese superconducting gravimeter group
(GGP-Japan group) is operating a global observation
network of superconducting gravimeters called "GGP -
Japan Network." At the beginning, the GGP Japan started
off with four SG sites: Esashi (National Astronomical
Observatory), Matsushiro (Ocean Research Institute,
University of Tokyo), Kyoto (Kyoto University) and Syowa
(National Institute for Polar Research). Through the full
support of the Ocean Hemisphere Project (OHP), the
network has added three more stations: Ny-Alesund
(Svalbard, Norway), Bandung (Indonesia), and Canberra
(Australia). The GGP sites cover a wide latitudinal region
from the northern polar region to the equator and further
to the southern polar region. The network configuration is
advantageous for studies of the influence of the Earth's
rotation on the Earth's free oscillation and the Earth tides,
and of the gravity changes caused by polar tides.

During the 6 years of the OHP project, many scientific
results have been obtained by GGP Japan, including (1)
discovery of Earth's background free oscillation, (2)
detection of the annual gravity changes induced by sea
surface height variations, (3) detection of the gravity
changes induced due to the changes in the water table,
and more.
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Fig. 1 The superconducting gravimeter in Canberra, Australia.
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A regional permanent GPS array called WING has been
established in the western Pacific and eastern Asia since
around 1995. More than 40 GPS sites have been routinely
analyzed, together with otherwise established sites.
Repeated surveys have also been conducted to clarify
local tectonics. Fig. 1 shows a summary of the estimated
ground movement velocity field in the area. Crustal
motions along plate convergence regions as well as rigid
motions of the Pacific and the Philippine Sea plates have
been clarified.

(1995.07-1998.06)
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B |GS tracking sites

©® WING sites

120°

180°
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Fig. 1 Western Pacific Integrated Network of GPS (WING) and velocity vectors referred to stable Eurasia. Black arrows indicate
velocities at permanent sites; white arrows, velocities by repeated surveys; and yellow arrows, estimated velocities from plate

motion models.
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The Ocean Hemisphere Project Data Management
Center (OHPDMC, Fig. 1, 2) makes seismic, geo-
electromagnetic, and geodetic data obtained by the OHP
network freely available to all users (Fig.3). Besides the
OHP seismic network data, we have developed a
personal network data center system by which users can
obtain waveform data from other domestic and foreign
data centers in an internationally standard format through
a single user interface (Fig.4). The network data center
system virtually unifies various data centers distributed
over the globe via the Internet and enables simultaneous
collection of seismic waveform data (Fig.5). Currently an
international seismic waveform network data center is
being operated with the cooperation of the Japan
Meteorological Agency, the IRIS consortium in the U.S.,
and Academia Sinica in Taiwan (Fig.6). We have plans to
extend the network data center to include geomagnetic
and geodesic data, as well. The network system excels in
its capabilities for expansion and security and provides a
unified interface and data format for users. We believe
that it can be a world standard.

0000D0O0O000000OOO0O00O00O0 RAIDOO
ooo
Fig. 1. The RAID system in OHPDMC.
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Fig. 2. Computer display of a workstation for data collection
and edition in OHPDMC.
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Fig. 3. The home page of OHPDMC.
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Fig. 5. Schematic diagram of a network data center system
developed by OHPDMC.
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Fig. 4. Personal network data center system "Ninja"
distributed by CD-ROM and the Internet.
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Fig. 6. A map of seismic stations that can be accessed by the
network data center system. Red, purple, and blue stars
indicate stations of Japanese, Taiwanese institutions, and the
IRIS stations, respectively.
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