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Thisannual report presentsan overview of AMSTEC's
activities during FY 1998 (April 1998 - March 1999).

Since the UN-sponsored Kyoto conference to combat
global warming (COP3) in December 1997, Japan, includ-
ing both government and non-government sectors, has
been putting forward a concerted effort to follow up the
resolutions adopted at the conference. To those of us con-
cerned with geoscience, this meant reconfirmation of the
formidable task before usto devel op a preci se understand-
ing as to the mechanisms of global warming.

We are expected, for example, to acquire accurate
knowledge on how carbon dioxide, the major target among
all greenhouse gasses, behaves globally. Regrettably, our
knowledge at hand isyet very much limited and the search
has just begun.

After COP3, JAMSTEC has given global warming the
first priority in organizing its observation and research
activities. We have, for example, included circulation
processes of both inorganic and organic carbons in our
materia cycle observation effort in addition to the existing
hydrothemal circulation studies.

JAMSTEC has submitted budgetary requests to the
Japanese government for the development of anew ocean
drilling vessel, which, when completed, is expected to go
along way toward advancing man’s overall knowledge
about the Earth, not only in its present state but also in its
past climate and other evolutions, fields that directly
relate to the mechanisms of global warming.

Satisfactory results have continuedly been witnessed
in our deep searesearch area using our manned research
submersibles Shinkai 2000 and Shinkai 6500, and the
unmanned vehicles Dolphin-3K and Kaiko, aswell asin
deep sea microbiology research using the deep sea baro/
thermophiles collecting and cultivating system devel oped

by JAMSTEC. Also noted was the progress in ocean
observation based on the principles of acoustic ocean
tomography and in new technologies for ocean energy
utilization. Worthy of particular mention also is the
achievement of MODE’ 98 (Mid-Oceanic Ridge Diving
Expedition’98), around-the-world voyage to study ocean
floor dynamics in the Atlantic and the Indian Oceans us-
ing Shinkai 6500, marking the world’s first dive attempt
viamanned submersiblein the Indian Ocean. AMSTEC's
new large Earth observation vessel MIRALI, in the mean-
time, experienced itsfirst ice sea cruise.

The activity of the Frontier Research System for Glo-
bal Change (FRSGC), anew comprehensive, ‘ think-tank’
type set-up started last year as a cooperative effort
between JAMSTEC and the National Space Devel opment
Agency of Japan (NASDA) has also begun showing
promising signs of steady growth. In this connection, we
have been fedling astrong need for an additional program
focusing on “observation” as aresponse to the ever-grow-
ing demand for global-scale data on the Earth.

A new building was completed at the end of FY 1998
within the main campus of the University of Alaska at
Fairbanks (UAF) to house the International Arctic
Research Center (IARC), established jointly between
FRSGC and UAF and named for bilateral promotion under
the Common Agenda for Cooperation in Global Perspective
between the U.S. and Japan (the Common Agenda, for
short). IARC wasincorporated earlier in FY 1997, and re-
search activity had been initiated there as part of the
FRSGC program. Full-scale research activity at IARC is
expected to begin in FY2000. Further strengthened
activity isalso expected at the International Pacific Research
Center (IPRC), the second U.S.-Japan international
cooperative research center also established in FY 1997
between FRSGC and the University of Hawaii at Manoa
within the UHM campus. |PRC also has been named for
promotion under the Common Agenda.

| sincerely hope thisbooklet will help your understand-
ing of what we do and what types of research we are
engaged in at JAMSTEC. Your continued support and
cooperation would be greatly appreciated.

November 12, 1999

Takuya HIRANO
President
Japan Marine Science and Technology Center



With the aim of promoting ocean development by Japan, the Japan Marine Science and Technology Center
continued, in 1998, to conduct research and devel opment operations, training operations, information-related op-
erations, and operations related to the improvement and commissioning of facilities and installations. These opera-
tions were conducted in close linkage with various organizations both at home and abroad.

The various operations performed by the Japan Marine Science and Technology Center are summarized below.

1. Research and development operations

Taking into consideration the objectives, details, and
progress status of research and development activities, the
Center categorizes these activities as project research, spe-
cial research, and ordinary research activities so that it
can conduct its activities according to the plans established
at the beginning of each fiscal year. At the sametime, the
Center adopts a flexible system enabling creative new re-
search and development subjects to be implemented in
mid-fiscal year in response to changes in situations or on
the basis of expanding concepts. In addition, the Center
does consigned research and joint research in response to
the requests of or in cooperation with various organiza-
tions both at home and abroad.

The research and devel opment operations performed
by the Center in fiscal 1998 are:

1) Project research activities
To contribute to the development of the economy and

society and to help advance marine science and technol-

ogy, the Center promotes important, large-scale, or com-

prehensive research and development subjects as project

activities; in fiscal 1998, the following 27 subjects were

implemented as project research activities:

» Research into ocean bottom dynamics

« Development and enhancement of acomprehensive sub-
marine earthquake observation system

¢ Research into long-term observation using sea floor ob-
servatories

¢ Research and development of advanced technologies

« Research into an oceanographi c observation sensor in-
tended for use aboard a stratospheric platform

« Development of an oceanographic buoy system

« Research and development of ocean energy utilization
technologies

¢ Research and devel opment of adeep-seadrilling vessel
system - Part 1

Research and development of a deep-seadrilling vessel
system - Part 2

Research into observation in the equatorial regions of
the tropical zone

Research and development of ocean acoustic tomogra-
phy system technologies

Research and development of automated ocean obser-
vation technologies

Observation of and research into the circulatory system
in the subtropical zone

Development of technologies for oceanographic obser-
vation in the Arctic Ocean, observation of and research
into the Arctic Ocean

Development of technologies for ocean-atmospherein-
teractions, observation of and research into such inter-
actions

Research and development of ocean laser observation
technologies

Observation and research for elucidating the material
cycle mechanism in the high latitude areas of the seas
Observation and research for elucidating the primary
production mechanism in the tropical and subtropical
zones

Research into the interaction between the heat and ma-
terial fluxes and the biosphere

Research for elucidation of the mechanism of changes
in the marine ecosystem

Development and reinforcement of the Triton buoy net-
work

Frontier research into subbottom deep tectonics
Frontier research system for deep-sea environment
Earth frontier research system

Research and development of coastal environments and
their utilization

Development of atesting unit for an autonomous un-
manned underwater vehicle



 High-performance three-dimensional crustal structure
analysis system

2) Special research activities
The Center promotes special research and devel opment

activitiesthat are to be evolved into future project research

activities; in fiscal 1998, five subjects were implemented

as special research activities:

 Research into technology for aremotely controlled ve-
hicle for ice ocean use

e Experiment using models and analysis of behavior of
riser tubes

 Research into an oceanographic observation evaluation
method based on a high-resolution global ocean circu-
lation model

* Elucidation of changesin paleoenvironmentsin Kuroshio
extension regions

 Research into the mechanism whereby earthquakes and
tsunamis are generated in the sea areas around Papua

3) Ordinary research activities

The Center promotes ordinary research and devel op-
ment activities based on expanding conceptsresulting from
the research capabilities of individua researchersor which
are expected to evolve into specia or project research ac-
tivitiesin thefuture; in fiscal 1998, 23 subjectswereimple-
mented as ordinary research activities.

4) Consigned research and joint research activities

The Center does research consigned by other organi-
zationswhich is related to marine science and technology
and which the Center considers useful for it to perform; in
fiscal 1998, the Center accepted 10 consigned research
projects.

In addition, the Center does joint research which will
result in reducing expenses and time and which will bring
excellent results as a consequence of the mutual utiliza-
tion of research and devel opment capabilities and sharing
of research resultswith other organizations; in fiscal 1998,
the Center participated in 25 joint research projects.

2. Training operations

With the aim of making the results of the research and
development activities known widely to the general pub-
lic and of contributing to training the human resources

necessary to promote ocean development in Japan, the
Center performs training operations. In fiscal 1998, the
Center held training sessions for diving techniques and
opened science camps for senior high school students as
well as a marine science school for senior high school
students and teachers.

3. Information operations

The Center collected foreign and domestic literature
on marine science and technology (including books, maga-
zines, conference materials, technical reports, etc.), nec-
essary to conduct research and development activities; at
the same time, the Center published various reports with
the aim of making the results of research activities known
and available both at home and abroad. In addition, the
Center made advances in structuring a marine informa-
tion database system and in the operation of a super com-
puter system.

4. Operations of vessels

For carrying out the operations described above, the
Center owns a variety of equipment, including a 2,000-
meter-depth-class research submersible system (consist-
ing of amanned research submersible Shinkai 2000, asup-
port mother ship Natsushima, and a shore maintenance
station), an unmanned underwater vehicle Dolphin-3K, a
10,000-meter-depth-class research submarine Kaiko, an
ocean investigation ship Kaiyo, a 6,500-meter-depth-class
manned research submarine system (consisting of a
manned research submersible Shinkai 6500, a support
mother ship Yokosuka, and a shore maintenance station),
a deep-sea research ship(or vessel) Kairei, and an ocean
and earth research vessel Mirai. The track records for
these vessels for fiscal 1998 are:

1) Shinkai 2000

Dived a total of 85 times in sea areas around Japan
such as Sagami Bay and in the Manus basin areas of the
sea.

2) Natsushima

Supported diving of Shinkai 2000 and Dolphin-3K and
performed solo investigation; the total number of daysun-
derway in fiscal 1998 was 294.



3) Dolphin-3K

Dived atotal of 39 times for tests, training, and pre-
liminary investigation for Shinkai 2000, including dives
off the Nansei |slands and Papua New Guinea and in
Sagami Bay.

4) Kaiyo

Performed various experiments, observation, and deep-
seatowing in operational areas of the sea; the total num-
ber of days underway in fiscal 1998 was 260.

5) Shinkai 6500
Dived atotal of 54 timesin the Mid-Atlantic Ridge
and Southwest Indian Ridge.

6) Yokosuka

Performed solo investigation navigation in addition to
supporting Shinkai 6500; the total number of days under-
way in fiscal 1998 was 277.

7) Kaiko

Dived a total of 39 times in sea areas around Japan
including the Nansei |slands and Japan Trench and in the
Mariana Trench and sea areas around the Hawaiian |s-
lands.

8) Kairei

Performed solo investigation and investigated
subbottom deep tectonicsin addition to supporting Kaiko;
the total number of days underway in fiscal 1998 was 276.

9) Mirai

Performed familiarization training in fiscal 1998 asin
fiscal 1997, deploying Triton buoys at the same time. A
shared type full-scale operation was started on October
30, 1998, completing three rounds of navigation. Theto-
tal number of days underway in fiscal 1998 was 302, in-
cluding 140 days of shared operations.




Overview

Our department's major area of research isthe seafloor dynamics, that isto try to understand how oceanic plates
form, evolve, deform and subduct; how they interact with continental margins; and how they recycle through mantle
of the earth. In order to achieve our goals, we are utilizing JAM STEC's research facilities that include submersibles,
Shinkai 2000, Shinkai 6500, ROV's, Dolphin3K, and Kaiko, and research vessels, Natsushima, Yokosuka, and Kaire.
While these facilities allow us to circumnavigate the globe to conduct marine geological and geophysical surveys at
places of research interests, we are also developing seafl oor observatories to continuously monitor active processes
that remain largely unknown because in situ time series data are almost non-existent. We highlight below our
activitiesin 1998 conducted through national and international cooperation. The first topic is the investigation of
the Papua New Guinea Tsunami event, which was obviously not planned, but quick actions could be taken to gather
important data for future hazard mitigation. We will then summarize our studies of the seafloor dynamics at Hawaii
hotspot area, ridges and subduction zones and then focus on seafloor observatory efforts.

Papua New Guinea Tsunami Event Investigation

On Jul 17, 1998, alarge tsunami accompanied theM 7.1
Papua New Guinea earthquake and struck the northern
coast of New Guinealsland claiming more than 1500 lives.
Proposed by SOPAC (South Pacific Applied Geoscience
Commission), two JAMSTEC cruises (Kairei and
Natsusima/Dol phin3K) were made in the areain FY 98 to
conduct precise bathymetry and marine geology and geo-
physics surveys. A large-scale collapse on the steep slope
of a seamount and en echelon fissures, both of which
looked fresh, were found and may prove to be the cause
of the unexpectedly large tsunami for the size of the earth-
quake.

Hawaii Hot Spot

Hawaii hot spot volcanoes were surveyed using ROV
Kaiko and its mother vessel Kairel (KR98-09) in order to
image and sample (1) the Loihi seamount, which isavol-
cano in immature stage, (2) the Hilina Slump, south of
Kilauea, the most active volcano in the area, and (3) the
Nuuanu landslide, northeast of Oahu, the largest landslide
in the area. The bathymetry of the entire Nuuanu land-
slide area as well as its adjacent Wailalu landslide area
was mapped extending 200 km from Oahu. Subareally
erupted basalt samples originated from north of Oahu were
collected from the largest block (Tascal oosa seamount:
20 X 30 km2) . The landslide caused the steep cliff of

northern Oahu. Fresh basalt samples were collected from
the south rift of Loihi (Photo 1).

Plate Boundary Processes
Ridges

A major undertaking of the year 1998 was the
MODE'98 Program, for which the entire Yokosuka/Shinkai
6500 cruise was devoted. The MODE'98 cruise surveyed
the Cape Verde Fracture Zone and the TAG hydrothermal
mound in the Mid-Atlantic Ridge system, and the South-
west Indian Ridge. Gabbro and mantle peridotite samples
were collected from the Cape Verde Fracture Zone (15°
20" N) on both sides of therift valley of the neovolcanic

Photo 1 Fresh pillow lava from the summit of Loihi Seamount.



ridge (Photo 2). Together with an extraordinarily low grav-
ity and magnetic anomaliesfor an oceanic ridge, it is sug-
gested that low magmatic activity and tectonic stretching
of therift valley caused to expose the rocks of lower crust
and uppermantle.

The surveys around TAG took place at the TAG hy-
drothermal mound (26° 08' N, 44° 49' W), Dantes Dome
megamullion (26° 40' N, 44° 20' W), and Rainbow hydro-
thermal site (36° 14' N, 33° 54' W). Various findings in-
clude achange in the hydrothermal activity since 1994 at
TAG, existence of plumes 200-300 m above the two ac-
tive vent sites, and hydrothermal mounds that are large
but now-inactive or active and low-temperature around
TAG.

Signs of hydrothermal activity was found at the
Rodriguez R-R-R-type triple junction and the nearby
Southwest Indian Ridge; i.e. inactive chimneys and dead
chemosynthetic organisms. The Atlantis Bank facing the
Atlantis-lI Fracture Zone was confirmed to be constructed
of rocks that form the crust-mantle boundary, from which
an unaltered mantle peridotite sample was collected.

Island Arcs
Japan Trench-Nankai Trough

Our multi-channel Seismics (MCS) system and Ocean
Bottom Seismographs (OBS) fleet were put into normal
operation starting in April, 1998. The 120-ch MCS sys-
tem was acquired in 1995 and had been tested in the Ja-
pan Trench and Nankai Trough areas for 3 years together
with the Frontier Research Group for Subduction Dynam-
ics. Three selsmic survey cruiseswere carried out in 1998;
off Fukushima of the Japan Trench region (KR98-04),

Photo 2 Mantle peridotite collected on the neovolcanic ridge segment
near the Cape Verde Fracture Zone on the Mid-Atlantid Ridge.

Kumano-nada (KR98-06) and off Ashizuri (KR98-10) in
the Nankai Trough area. All these profiles were aligned
with temporary land stations deployed by the University
of Tokyo, Earthquake Research Institute.

The combined use of OBS and MCSis producing much
clearer and deeper images of the subduction of the Philip-
pine Sea plate and the Pacific plate both of which cause
destructive earthquakesin the vicinity of Japan (see pages
** _**) The variability in the seismogenesis at different
areas still remains unexplained, but new results are emerg-
ing that may turn out to be important controlling factors
of generating earthquakes, such as distribution of thin low
velocity materials sandwiched at plate boundaries.

I zu-Ogasawar a(Bonin)-M arianas

Huge hydrothermal chimneys, which consist of Au-
rich Kuroko-type deposit, were discovered around the
southeastern part of Myojin calderafloor at 1200 m water
depth during aseries of our submersible Shinkai 2000 dives
(NT98-07) in the northern part of 1zu-Ogasawara area
(Photo 3). Also in the area, a possible hydrothermal activ-

Photo 3 Hydrothermal chimneys observed around the southeast part of
Myojin caldera floor.



ity wasinferred fromthe y -ray anomaly around the west-
ern part of the caldera of the South-Hachijo knoll located
south of Hachijo-island.

Three cruises were made in the |zu-Ogasawara-
Mariana arc system in FY 97 to characterize in particular
the distribution of numerous monogenetic volcanoesin
relation to tectonic features. It is found that the distribu-
tion is controlled by tectonism, for example, by the West
Mariana Ridge or the Sofugan Tectonic Line.

In cooperation with the Japan Atomic Energy Research
Institute, developments are under way to monitor radia-
tion in the ocean as well as characterizing the source ra-
dionuclides using Nal (T1) scintillation spectrometer and
Germanium semiconductor detectors fitted to ROVs and
submersibles. Fresh pathways into subseafloor zone such
as hydrothermal vents are where anomalies are expected
and have been observed.

Long-term Deep Seafloor Observatoriesto Monitor
Active Processes at Plate Boundaries

The real-time cabled observatory system (System #1)
deployed in March 1997, off Cape Muroto, Shikoku con-
tinued to operate to give much better control than by land
network on focal depths of earthquakes that occur beneath
the seafloor. The current meter data from the cable end
station at a water depth of 3572 m. The second system
was put into construction southeast off Kushiro, Hokkaido.
This cableis 240-km long and istwice as long as System
#1.

The Hatsushima cabled station has been running for
more than 5 years since Sep 1993 and is due for renewal
in FY 1999. Mud flows with remarkable increase of tur-
bidity and change in current velocity was observed to ac-
company earthquake swarms. Such mudflows caused dis-
tribution change of Vesicomyid clam community (Photos
4, and 5) and subbottom temperature increase, which may
partly be due to change in the subseafloor fluid flow sys-
tem. Cold seepage is feeding the clam community and
tubeworms such as those found 1.4 km NNW of the sta-
tion (Photo 6).

The VENUS (Versatile Eco-Monitoring Network by
Undersea-Cable System; FY 95-99) project in its fourth
year successfully carried out the dock test of the whole
seafloor observatory system to check its performance in
Sep '98 (Photo 7). The first multiple-sensor observatory

Photo 4 Video image by the station camera (April 25, 1998)

Photo 5 Video image by the station camera (May 6, 1998)

Photo 6 Chemosynthetic biological community found by the deep-tow survey

(March 19,1999)

Photo 7 Multi-sensor package unit and seismogram during the on-land
trial test.



off Ryukyu to be inserted into the decommissioned
co-axia submarine cable between Okinawaand Guam was
developed by multi-institutional efforts. In Nov, 98 the
first trial to install the Junction Box with Tsunami sensors
was problematic and the operation was postponed to FY 99
after recovery of the Junction Box.

As part of the International Cooperative Research on
the Energy and Mass Flux of Ridge Crests (FY 93-98),
Yokosuka/Shinkai 6500 cruise was made in Jul-Sep, 97 in
southern EPR at low-temperature RM24 (17° 25' S, 113°
12' W) and high-temperature RM28 (18° 26' S, 113° 23'
W) active sites. A total of 39 long-term observation
instruments were deployed by the submersible to be re-

covered during Atlantis/Alvin cruise in Sep, 98. At both
sites, fluctuations in currents and water temperature were
found to be governed by semi-diurnal and diurnal ocean
tides whereas the heat flux seemed to respond to earth
tide. At RM 24, several active events could be recorded in
images (8 mm video), water temperature, turbidity and
hydrophone. A hydrothermal plume of buoyant water was
observed to form 100 to 400 m above the vent at RM28.

In cooperation with Rutgers University and Univer-
sity of Washington, we are devel oping long-term hydro-
thermal plume imaging sonar. JAMSTEC is responsible
for constructing a deployment and recovery system of the
sonar.
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Overview

The Marine Technology Department has provided the means to find out about the oceans and the earth, through
the development of many types of ocean research vessels, such as deep-sea submersibles, unmanned vehicles and
unmanned observation buoys, together with the development of important, advanced, fundamental technol ogy
common to many types of ocean observation, such as underwater acoustics. These ocean research vessels, marine
instruments and technol ogies devel oped by the Marine Technology Department are widely used and have garnered
the acclaim not only of researchers of the Marine Science & Technology Center, but also of external researchers.

The Marine Technology Department will continue to aim to contribute to the advance of ocean and earth science
and technology through the development of exploration vessels that probe for information about the earth itself that
lies deep beneath the ocean floor; the development of long-distance voyage-type unmanned submersible vehicles
that automatically investigate wide areas of ocean; the development of offshore floating wave power devices that
attempt to effectively use resources of the vast oceans, including energy; and the devel opment of basic technology
such as underwater sound and images.

Chapter 1 Project Research

B s Derrick

1. Development research of deep seadrilling vessel

Period: from 1990

A deep-seadrilling vessel system isasystem for drill-
ing even below the sea floor and collecting samples of
sedimentary rock and igneous rock from the bore hole, as
well as conducting various types of physical and chemi-
cal measurements within the bore hole. The data thereby
obtained also promotes research concerning environmen-
tal changes, variationsin seawater and other types of glo-
bal changes; elucidation of diastrophic processes and the
mechanism of earthquake occurrence; el ucidation of ocean
plate movement based on drilling asfar as the unexplored
mantle; and the search and research of organisms within
the earth'scrust. These help to promote research on earth
sciences. Deep-seadrilling vessel systems assume an im-
portant role amidst that. This research has been continu-
ously performed since 1990 with the aim of researching
and developing this kind of deep-sea drilling vessel sys-
tem. Figure 1 shows an general view of adeep-seadrill-
ing system.

In 1998, we conducted investigative analysis concern-
ing deep-sea drilling, manufactured a sea floor drilling
system test machine and so forth. An overview of these Fig. 1 General view of deep sea drilling vessel system
follows.

\\ Sea Floor

i :X Casing

Drill Bit (Core Bit)



(D) Investigative analysis

We conducted an analysis on the latest technol ogical
trends concerning scientific drilling and the construction
status of ocean petroleum drilling rigs. We also carried
out an investigation and experiments concerning waste
dudge, and investigated and found out points at i ssue when
commercially-available sludge processing equipment was
used for this project, and produced experimental materi-
a's and equipment for acquiring more detailed data. Fur-
thermore, with regard to core contamination by sludge,
we carried out a chemical analysis of test cores, and ac-
quired and analyzed basic data.

(2) Manufacture of a sea floor drilling system test

machine

"Seafloor drilling systems' consists of two types. "spe-
cial sample collection systems,” which are used on deep
seadrilling vessels, sincethey collect good quality samples
(cores) from layers deep beneath the sea floor, and "bore
hole usage systems," which use the hole created after drill-
ing to measure various types of data within the bore hole.
The test machine of this system is the product of develop-
ment, design, production and testing we have carried out
for a period of three years from 1998 until 2000, and in
1998, we collected basic design data, as well as creating
specs. for each system, and made a start on design.

(3) Examinationsfor efficient drilling

In carrying out the fundamental design of a deep sea
drilling vessel, scheduled to be commenced in 1999, we
examined basic required conditions and investigated the
latest technical trends, and carried out examinationsin or-
der to reflect thisin a deep-sea drilling vessel.

2 Development of a prototype autonomous

underwater vehicle

Period: from 1998

Autonomous underwater vehicle refersto an unmanned
vehicle that can autonomously navigate underwater ac-
cording to a schedule programmed in advance. In this
research, we will develop an AUV (autonomous underwa-
ter vehicle). Table 1 shows the principal particulars of a
proto type AUV. The vehicle is able to dive to a depth of
3,500m, and has a capability to cruise 300km maximum
at acruising speed of 3kn. To navigate long ranges, a
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high-performance power source and a high-performance
navigation system are essential. We will make the
former a solid high-molecular fuel cell and alithium ion
rechargable battery. In order to minimize the error that
occursin inertial navigation, the latter combines an opti-
cal ring laser gyro. Moreover, one can load an automatic
multi-stage water sampler, side scan sonar and other mea-
suring instruments, and collect sea water and investigate
the seafloor. The vehicleis atorpedo shape with atotal
length of 10m and aweight of 7t. Figure 2 isaimage of
the vehicle.

In 1998, we constructed the vehicle fuselage, whose
structure is shown in Figure 3, and a testing device on
land. We confirmed the operation of each measuring in-

Table 1 Principal particulars of AUV (plan)

Range 300 km Length 10m

Depth 3,500 m Width 1.5m

Cruising Speed | 3 kn Height 15m

Top Speed 4 kn Weight 7t

Power Fuel Cell (PEFC) and Liion rechargable batteries

Navigation Ring Laser Gyro and Doppler Sonar INS, Acoustic-
Homing, Obstacle Avoidance Sonar Autonomus Cruies.
Expendable Optical Fiber Cable Remote Control.

Sensors CTDO, Multi Sea Beam, Water Sampler (200 cell)

Fig. 2 Crusing Image of AUV

Acoustic Homing Sonar
Water Sampler / Side Scan Sonar
~ Fuel Cell Container Hydrogen Container

Oxygen Container ]‘ Main Container

ko

_____

"y
]

2]

CTDO Digital Camera
Obstacle Avoidance Sonar Lithium lon Battery Trim Adjustment Mechanism
Buoyancy Adjuctment Tank

Fig. 3 Structural drawing of AUV



strument and measured the characteristics of the propul-
sion device. Moreover, so that we can carry out efficient
development of autonomous underwater vehiclesin fu-
ture, we carried out investigations concerning devel opment
trends at overseas, and the future outl ook.

3. R&D of progressive technology

Period: from 1998

We will conduct advanced research on fundamental
technology that formsthe core of the devel opment of deep
searesearch submersibles, unmanned underwater vehicles,
general-purpose oceanographic observation instruments,
etc., that are deemed necessary for the investigative re-
search of wide areas of ocean.

(1) Research on image technology

TV cameraimages are the most important form of in-
formation for unmanned underwater vehicles when find-
ing out conditions underwater. In this research, we will
install the latest image technology and conduct research
on image systems for providing operators and researchers
with surround images. This year, we advanced examina
tion of image output systems, along with designing and
manufacturing a spherical curvilinear screen for down-
ward use to shoot images.

(2) Research on power sources

In this research, we develop containers the fuel and
oxidizer, becauseit is necessary to mount fuel cell onboard
of AUV. Thefuel and oxidizer use hydrogen gas and oxy-
gen gas, respectively. Thisyear, we carried out an inves-

Photo 1 Exterior view of sample container

tigation and examination on hydrogen storage alloys and
conducted tests on occlusion performance. Photo 1 shows
an exterior view of the container when we placed storage
alloy in the container and conducted an experiment. As
aresult, while there is a possibility of application to
an actual machine in the case of occlusion performance,
problems concerning the container to contain storage
alloy became clear.

(3) Research on underwater acoustic technology

Communications by underwater acoustic signal be-
come more susceptible to external disturbance such as
multi-path and Doppler shift astransmission rateincreases,
and transmission reliability declines. In thisresearch, we
will grasp the effect that external disturbance has on a
sound field, and establish technology to transmit data at
high speed and with high reliability.

In 1998, we produced an acoustic transmitter and a
receiver for underwater installation, and carried out acoustic

Photo 2 View of installation in a real sea test
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field measurements in 1,200m depth area of the sea. For
the measurements, we installed each device at locations
separated by a horizontal distance of about 500m and a
dant range of 700m, and performed acoustic transmissions,
and acquired data that included reflected waves of the sea
floor and sea surface. Photo 2 shows the way in which the
acoustic transmitter wereinstalled in the real seatrial.

(4) Research on measurements and sensor technology

In oceanographic surveys using remotely operated ve-
hicles, agood deal of effort is being demanded of opera-
torsto control the position of remotely controlled vehicles.
If remotely operated vehicles become equipped with even
more advanced functions, it will be necessary to incorpo-
rate various types of automatic functions by high-preci-
sion sensors and high-performance computers, and in-
crease the movement control of remotely controlled ve-
hicles. In this research, we will develop a sensor that
measures movement underwater with high precision. In
1998, we carried out trial design of an underwater mobile
distance computation unit.

4. Development of an oceanographic observation

buoy system

Period: from 1993

This R&D isaimed at developing an oceanographic
observation buoy system for measuring various types of
oceanographic data continuously, in three dimensions and
at high precision for long periodsin vast ocean spaces.

In response to the suspension of last year's seatest in
middle latitude, we carried out various experiments this
year to examine countermeasures agai nst the cause thereof,
strong currents.

(1) Preparatory mooring test

In last year's sea test, the buoy was on the verge of
sinking in response to the large amount of tension directly
below. Because the current meter came off, current data
could not be obtained, but from the (amount of) tension, it
is estimated that there was current that far exceeded de-
sign conditions. Moreover, it is assumed that the reason
the current meter fell off was because the mounting fix-
tures broke through fatigue because of vibration caused
by karman vortex.

Thereupon, we conducted a preparatory mooring test
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Fig. 5 Theoretical tension based on current velocity profile and actual
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in the Kuroshio current area, and in addition to confirm-
ing that the relationship between tension directly beneath
the buoy and the current profile was roughly in accordance
with cal culations, we measured the rel ationship between
current velocity and vibration of the mooring line. Figure
5 shows the relationship between calculated tension and
actual measured tension, based on the measured current
profile.



(2) Mooring system towing test

Meanwhile, buoys for low latitude use that we pro-
duced last year were deployed in the actual sea area.One
of them was deployed in stronger current than the design
condition and it mounting fixtures of the underwater sen-
sor wore down.

Thereupon we conducted atowing test, and as a mea-
sure to counteract strong currents for alow latitude sys-
tem, we fitted spiral tubes and confirmed the effect of
strengthening mounting fixtures. Figure 6 shows the re-
sults of measuring vibrations in the system when towing
at 2 knots.

(3) Improvement of middle latitude prototype
Since we were unable to accurately set the maximum cur-
rent velocity at middle and high latitudes, we set amaximum
current velocity (4 knots), and made the buoy larger and re-
modeled the mooring system to include afaring with awing-
shaped cross-section, so the sinker would move at current
velocities above the limit, and thus avoid the buoy's sinking.
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Fig. 6 Cable vibration when towing at 2 knots

5. R&D of technology using the ocean's energy

Period: from 1988

Nowadays when global environmental issues have
come to be recognized, the use of clean, inexhaustible
natural energy is once again drawing attention, and along
with this, the use of natural energy, which is a compact
and convenient energy source, is being anticipated in
remote islands, outlying regions and devel oping countries.
As one such source, the effective use of wave energy
obtained in coastal areasisbeing anticipated. Since 1989,
this center has carried out R& D of the "Mighty Whale,"
an offshore floating wave power device that is able to
efficiently absorb wave energy and put it to effective use
in coastal waters, aswell as making the waters around the
device tranquil and enabling the use of this sea space for
fish farming, etc. By thistime, we were ableto obtain a
forecast of the "Mighty Whale"'s basic functions and
device safety and economy by theoretical examination and
a water tank experiment using a reduced-scale model.
Based on this, we completed the detailed design of the
prototype (length 50m, width 30m) by 1995, and began
construction from 1996. The"Mighty Whale"'s main body
was completed by May 1998 and in July it was towed and
moored in the test site of Gokasho Bay of Nansei-cho,
Watarai-gun, Mie Prefecture (Photograph 3), and after
adjusting al the on-board instruments, we commenced ex-
periments from September 10.

Photo 3
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Marine Technology Department

As Table 2 shows, the open-sea test consisted of mea-
suring the main body's position, motion, mooring tension,
water level in and outside the air chamber and atmospheric
conditions and sea conditions. As Fig. 7 shows, measure-
ment data is basically analyzed and saved on the floating
body, and for device safety and to monitor the operating
status of on-board instruments, a portion of data is radio-
transmitted to Shore-based Measurement and Control Sta-
tion. Moreover, from Shore-based Measurement and Con-
trol Station, we can carry out the following operations by

Table 2 Measurement items

Items Parameters
{1)Environment * |ncident wave height and direction
» Wind speed and direction
+ Atmospheric temparatura pressure

* Transmitted wave haight

{2)Hull Dynamic Response | = Oscillations

* Drift motion

{3)Primary Energy Conversion | » Water displacemant in and atside

air chambers

(4)Secondary Conversion | « Air pressure

* Pressure drop, RPM, Torque, safty
valve, Machinery generated noise

(5)Generators * Violtage, Current, Power
(B)AIr Comprassor *+ Air flow, Ar prassure

+ Hull absclute position
{7)Mooring System * Mooring tenslon

(8)On board Electricity | » Voltage, Current
Comsumption

Fig. 7 Measurement and maonitoring systam
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wireless remote control operation: commands to select the
capacity of the wave power generator; starl & stop of the
auxiliary generator; operation of the designated on-board
instruments,

After the experiment commenced, typhoons 5, 6, 7 and
8 passed through the testo site or nearby consecutively
from September 15 to September 23, and as Figure 8
shows, a significant wave height of about 4-10m was mea-
sured, and electricity generation by wave force was con-
firmed (Figure 9).

In future, we will gather and analyze various types of
data in the open-sea test, and would like to make efforts
so that aiming for the application of this device will be of
use in promoting the overall development of coastal wa-
ters. Furthermore, in the open-sea test, we plan to exam-
ine application technology for using wave energy, as well
as the safety and structural resistiveness against wave ac-
tion of floating offshore structures.

R&D of coastal environment and usage

6. R&D of ocean bottom installation-type breeding
systems

Period: from 1995

The high waves due to the winter seasonal winds pe-
culiar to the Japan Sea have drastically restricted indus-
trial activities on the Japan Sea coast. Ensuring a calm
seas surface in times of rough weather is technically and
economically difficult, particularly in areas that have a
level coastline, like Yamagata prefecture, For that reason,
we are paving attention Lo the fact that the sca bottom is
calm even during the high waves of the winter season,
and with the aim of effectively using the sea bottom that
hitherto has been unused, we are carrying out develop-
ment jointly with Yamagata Prefecture that is aimed at
establishing seedling production technology targeted at
rock oysters, which live in Japan Sea coastal areas, and
the application of a breeding device and use system.

We aim to make this R&D development useful for the
promotion of coastal culture fisheries by making improve-
ments towards the application of a breeding system cre-
ated by regional joint development (1995-1997), as well
as shedding further light on the rock oyster's ecology and
conducting breeding tests on fingerlings.

This series of R&D will establish the proliferation tech-
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Marine Technology Department

nology of rock oysters and other marine creatures that
dwell on the sea bottom; boost ocean resources, and con-
tribute to development of the regional economy.

In 1998, we carried out the following R&D.

(1) R&D of sea bottom installation-type breeding

device

In order to apply a sea bottom breeding system, we
investigated the fluid dynamic characteristics of breeding
containers within the device, and researched the scale of
the system as a whole. As a result, we found that for the
fluid dynamic characteristics of breeding containers, the
form factor in uniform flow is in the range 1.0-1.5.

Based on this experimental result, we examined the
specifications of a system composed of 20, 30, 50 and
100 breeding containers. Furthermore, we performed de-
tailed design and manufacture of the 30-container proto-
type shown in Figure 10 through examination of specifi-
cations, and commenced an experiment, installing it at a
depth of 40m in the experimental sea area.

(2) Rock oyster ecology research and growth tesi

The amount of growth in rock oysters (1 year-old at
time of commitment) over 260 days according to a sys-
tem whereby the said breeding containers shown in Fig-
ure 11 launched in 1997 were arranged on ropes (perpen-
dicularly down) and on the sea bottom was 30.1 £ 10.4mm
in the rope method portion (daily growth rate:115 &= 40 gm ),
while the growth rate of the conventional sea hottom por-
tion was 26,8 + 6.5mm (daily growth rate: 103 £ 40 gm),
From this it became clear that for devices installed in the
same spot, the growth rate is better in middle layer areas
than sea bottom areas. Furthermore, the procreation rate
in each area was 89-100%, and the effect of improving
the breeding containers was recognized,

Chapter 2 Special Research

1. Model test and response analysis of the riser
Period: from 1998
Riser drilling technology is an important technology
in deepwater drillships. A riser is a large-bore (400-
300mm) steel pipe that links a vessel with a blowout
prevener device installed on the sea floor. A drill pipe for
drilling is passed through this pipe to drill,
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Riser drilling at great depths is extremely rigorous from
the viewpoint of riser strength. The target riser drilling
depth is 2,500m, but riser drilling at this kind of depth is
seldom carried out even in global ocean oil drilling. More-
over, computers are being used to evaluate riser strength,
and numerical analysis is being performed, but almost no
comparison is being made with experimental data. The
purpose of this research is to conduct an experiment using
a model riser of one-one-hundreth scale, and verify the
results of numerical analysis using experimental data, and
establish a riser design method,

This year, we designed and produced a model riser.
We produced an experimental system that acquires the
behaviour of the model riser in water. Figure 12 shows an
overall view of the experimental system we produced. A
TV camera mounted on the aluminum frame for measure-
ment observes the model riser behaviour. We carried out
test operation of the experimental system in a water tank,
and were able to confirm the model riser's behaviour. We
also created a program for numerical analysis.
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1l



™

Fig.11 1997 breeding device (for water dapth of 40m)

2. Research on technology of remotely operated
vehicles in ice zone

Period: from 1998

In this research, we will study the measurement tech-
nology necessary when gathering ice zone CTD data, ice
thickness and information on carbon dioxide data, ete.,
using remotely operated vehicles in the Arctic region,
where the effect of global warming is considered to be
CONSpICUOUS,

Based on experiments up until the previous year, we
prepared this center's remotely operated vehicle, "Phan-
tom," (photo 4), loaded it into Canada's Louis Saint Lauren
{photo 3), and put the remotely operated vehicle to use in
the Arctic Ocean from September to October in 1998,
Photo 6 shows the state of Louis Saint Lauren's propeller,
using the Phantom in ice ocean. As a result, it was appar-
ent that the propeller had been damaged. Moreover, prob-
lems became clear in terms of using the remotely oper-
ated vehicle below freezing point.

Chapter 6 Joint research

1. Research on long length small diameter optical
communications for unmanned remotely operated
vehicles (UROV)

Period: from 1996

To use a small diameter optical fiber cable for un-
manned remotely operated vehicle at great depths, long-
length optical fiber is essential, In this study, we will

N

The maodel of riser

Aluminum Frame

Fig.12 General view of rise experimantal systam
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research and develop an optical fiber container and high-
speed communications in long-length optical communi-
cations for UROV. Thisyear, we carried out the follow-
ing, based on results up until last year. We applied wind-
ing slack prevention countermeasures to the optical fiber
spooler that houses the long-length optical fiber. We car-
ried out a performance test of a connection device, which
becomes necessary when using multiple optical fiber
spoolers, and achieved favorable results. We conducted a
spooler descent trial at sea, (depth of 6,000m or more),
and confirmed that it was repeated without breaking. Photo
7 shows an exterior view of the optical fiber spooler used
in the descent test. In order to carry out large-capacity
communications, we al so began an examination on increas-
ing speed (1Gbps).

2. Research of automatic water collection unit
Period: form 1996
To inquire into the causes of global warming, mea-
surement of carbon dioxide gasin water is considered to

Photo 4 Exterior view of Phantom remotely operated vehicle

Photo 5 Louis Saint Lauren, which used a remotely operated vehicle
in the Arctic Ocean
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Photo 6 Louis Saint Lauren's damaged propeller

beimportant. In this study, we collected a number of sea
water samples by an autonomous unmanned remotely op-
erated vehicle, and researched awater collection unit that
can efficiently analyze samples on land that have been
obtained. The 1998 supplementary budget determined the
construction of an "autonomous unmanned vehicle (AUV)
test machine," which would include an automatic water
collection unit, and the design and manufacture of an ac-
tual machine began from this year. For thisreason, the
meaning disappeared of manufacturing by way of trial a
mock-up incorporating a single cell, and conducting test
operations, which we were planning this year; we there-
fore called a halt to the research.

3. Research on real time catenary estimation
technology of tether cables for unmanned
underwater vehicles
Period: from 1997
In the case of cable-operated unmanned research ve-

hicleslike "Dolphin 3K," neglecting correct cable opera-

tionisliable to cause cable breakage. However, sincein-
formation concerning cable catenary can not be obtained,
operation islargely dependent upon the experience of op-
erators. In this study, we estimate cable catenary in red
time, based on the positioning information of support ves-

sels, and devel op technology that displays the results vi-

sually. Thisyear, we amended functions for outputting

and displaying estimation results, and proceeded with the
development of a program to calculate the 3-dimensional
unsteady flow around the cable.



Photo 7 Exterior view of optical fiber spooler used in descent test

4. Research on technology for the efficient use of
unmanned underwater vehicles that considers
cabletwist characteristics
Period: from 1997
Since we have become able to grasp to a certain extent

the twist behaviour of tether cables of late, "cable kink"
hardly occurs at al now. In thisstudy, we are making an
even more detailed investigation of tether cable twist char-
acteristics, and in consideration of cable twist character-
istics, are conducting research in order to minimize the
build up of cable twist.

This year, we produced a small model based on re-
sults from the previous year, and carried out an experi-
ment concerning prevention of twist build-up. Asare-
sult, new information was obtained concerning the twist
build-up mechanism.

5. Research on an automatic navigation system in
"Kairei" for deep sea floor investigation and
observation
Period: from 1998
In this study we will develop an automatic navigation

system that will enable the holding of an effective fix nec-

essary for operation, and lateral line navigation, even in
rough waves and other such environments. Based on ac-
tual results up to the previous year, we provisionaly in-
stalled the "Kairei" automatic navigation system thisyear,
and conducted tests to verify the operation of each auto-
matic navigation function. Asaresult, the system's use-
fulness was demonstrated even under choppy conditions.

Photo 8 shows how the automatic navigation system is

provisionally installed on "Kairei."

6. R&D of sea water drawing technology using

compressed air

Period: from 1998

In this study, we devel op technology for efficiently and
simply collecting bottom level water, using compressed
air from wave power. Based on the results of examining
basic theory up until the previous year, we conducted the
following thisyear. We experimented with a bottom layer
water draw up system using compressed air in alarge tank,
and extracted points at issue upon conducting an experi-
ment in areal seaarea. Based on the results of this ex-
periment we examined the basic theory concerning the
mixed flow of air and water, and devel oped numerical cal-
culation technology of real sea-scale systems.

Chapter 4 Current research

1. Development of a launching system for deep sea

TV observation equipment

Period: from 1996

In this study, we load into a manned submarine the
"small TV observation equipment for deep sea use" de-
veloped in the current research, and develop alaunching
system comprised of a cable reel and housing necessary
for useinthereal sea. Thisyear, we confirmed the opera-
tion of the launching system's compositional elementswe
manufactured by the previous year. Moreover, we manu-
factured a safety device to be used in manned submers-
ible vehicles, and performed overall adjustments of the
combined system and confirmation and testing of func-
tions.

2. Research concerning L ED-based non-contact data

communications

Period: from 1997

With this study, we examined non-contact data commu-
nications for use at seausing L EDs, and devel oped adevice
to enable their loading on research submersible vehicles.
Based on the investigation of various types of LED charac-
teristics up until last year, we carried out the following this
year. First, we examined the system and conducted an ex-
periment of physical characteristics; then we examined a
non-contact communications unit using the near infrared.
Next, we commenced design and manufacture of anon-con-
tact communications device using the near-infrared.
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Photo 8 View of temporary installation of "Kairei"'s automatic navigation
system

3. Research on obstacle avoidance forward

looking souar

Period: from 1997

In this study, we recognize objects that form obstacles
to autonomous remotely operated vehicles, and develop
techniques to avoid them. Based on results up until the
previous year, we carried out the following this year. We
designed by way of trial an interface to connect a sonar
with acontrol unit, and made adjustmentsto the el ectronic
circuit. We carried out design of softwareto fetch signals
to the control unit, and confirmed operating statusin a
pool.

4. Research concerning improvement to the
performance of the " Shinkai 6500" thruster and
steering unit
Period: from 1998
In this research, we conducted a study on a thruster

and steering device that enables nimble movement and

advanced position and attitude control. Thisyear, we car-
ried out the following. We carried out a water tank ex-
periment of athruster (DC brushless motor-driven duct
propeller) that we manufactured in project research in
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1997, and grasped its steady characteristics. We a so manu-
factured a sensor unit to measure submersible movement,
and experimentally fitted this sensor unit and the thruster
on the "Shinkai 6500" and carried out a real sea experi-
ment, and obtained data for use in examinations of con-
trol techniques. Photo 9 shows the thruster mounted onto
the upper part of "Shinkai 6500."

Photo 9 Thruster mounting onto the top of "Shinkai 6500"

5. Research on operation technology for UROV7K

at great depth

Period: form 1998

In order to usethe UROV 7K in areas of deep seg, this
research establishes operation technology suited to thin
diameter cable systems. Repairing the chassis that was
damaged the previous year, we mounted a TV cameraand
other observation equipment, control instruments and
thruster, etc., onto the chassis. After an operation experi-
ment in awater tank, we used the "Yokosuka' to carry out
test dives at depths of 100m, 1000m and 2000m. Photo
10 shows the UROV 7K hoisted up by an A-frame cranein
area seaarea. Asaresult of the dive tests, the problems
in usein real sea areas became clear; therefore, we will
examine countermeasures and make improvements from
next year onwards.



6. R&D of acalm sea development system based on
optimum arrangement of floating structures
Period: from 1997
In this research, we optimally arrange multiple float-

ing structures on the sea surface, and construct calm sea

development technology that can make that area of sea
cam. Moreover, we also grasp the effect of floating struc-
tures on the physical environment. Based on results up
until last year, we carried out the following this year. We

conducted atheoretical examination of techniquesfor ana-
lyzing the degree of calmnesswhen multiplefloating struc-
tures are arranged, and carried out a mock experiment.
We made a quantitative examination of energy balance
and degree of permeability in front of and behind the group
of floating structures, and through variation of floating
structure arrangement, found there to be an arrangement
where permeability becomes one-half or less.

Photo 10 Scene of UROV7K hoisted up by an A-frame crane
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Tropical Ocean Climate Study (TOCS)

Policy
It isessential for clear understanding and prediction of the global environmental changes to elucidate the real
state of the oceans which occupy about 70% of the earth's surface. For this purpose, several international research
programs are in progress, such as WCRP (World Climate Research Program), CLIVAR(CLImate VARiability and
predictability study), ACSY S(Arctic Climate SY Stem study) and GOOS (Global Ocean Observing System).
The Ocean Research Department at Japan Marine Science and Technology Center(JAMSTEC) has conducted
researches in the North Pacific and Arctic Ocean, and devel oped ocean observing technology in conjunction with
the international programs. Five groupsin the Department are actively engaged in the following researches:
Group 1: collects ocean data by ships and by TRITON buoysin the western equatorial Pacific for abetter understand-
ing of El Nifio and Asian monsoon;

Group 2: studies large scale variability in the mid latitudes of the Pacific and devel ops ocean acoustic tomography
system;

Group 3: conducts observational research using vessels and fully automated drifting ice stations to ascertain the
role of the Arctic in the global climate system;

Group 4: conducts atmospheric observations for a better understanding of air-seainteraction, focusing on precipi-
tation mechanismsin the tropical western Pacific;

Group 5: develops the ocean lidar system which can detect vertical and lateral distributions of phytoplankton, and
conducts biogeochemical study of carbon and its related materialsin the ocean.

Asfor observations of the vast oceansin order to elucidate the mechanism of the climate and ocean changes,
which are necessary for the prediction of the global warming, ENSO ( El Nifio / Southern Oscillation ), Asian
monsoons, etc., it is essential to make observations systematically and to accumulate the data over along period of
time. Consequently, the observation should be planned and carried out, in cooperation with other research institutes
aiming at each unique research target.

The tropical Pacific Ocean has an important role in
the heat balance of the earth because the large radiant en-
ergy from the sun enters into the tropical ocean. Espe-
cially, the western equatorial Pacific is characterized by
the warmest sea water in the world, (warm water pool),
which variationisstrongly related with the El Nifio / South-
ern Oscillation (ENSO) phenomena. Therefore, the west-
ern tropical Pacific isthought to be one of the key areain
the global climate variability.

In order to understand the role of the western tropical
Pecificinthe dimatevariability, we have been obsarving ocean
currents, temperature and salinity distribution and variability
inthis area by on-board observations and mooring buoys.

In thisfiscal year, We conducted three ocean observa-
tion cruisesusing R/VsKaiyo and Mirai collaborating with
NOAA /PMEL (National Ocean Atmospheric Adminis-
tration / Pacific Marine Environmental Laboratory, USA)
and BPPT (Badan Pengkajian Dan Penerapan Teknologi,
Indonesia). They are summarized in Table 1.

Table 1. Summary of cruises conducted under TOCS project during FY1999.

Dearatim Ship Porea Bruimy week Mo of
CTIVECTL s
fumgust 15 - September 11, HES B Fmnyo CGamm - Chuuk ATLAS huoys: G busrye deplovmcr, T ooys secovery sad 2 buoye mopes ]
Falin ADCTE buares: 3 baoys deplovmment and 4 buoys reoreery
Janunry 246G - Morch 2 15280 B Ry W parie - Bl - ATLAS bms: 2 buceys depfirmesd ased 2 buoys moovery 152
Palan ADCT bucya: 1 oy deploymment and 2 biays reoreey

Cugrond meter bury; | oy doplovemeni

Febewnry 8 - Mareh 31, 19889 HA Miswi Hichinghe - Gunm - THRITON bucys: 01 buoys depdoyment
Homoarmn « Chaalc ATLAS s 4 bucys dogdirmisd, d b ey and 1 Iy mogmair 4
Shimooues ki ATHC P bower 1 buoy deplimrment and 1 oy recovers

22



Stations of CTD and XCTD casts, ADCP, ATLAS and
TRITON (Triangle Trans-Ocean Buoy Network) buoys
during these cruises are shown in Figure 1. In particular,
nine TRITON buoyswere deployed at 5°N, 2°N and 0°N
along 147 E line,and 8°'N, 5°N, 2°N, 0°N, 2°Sand 5°S
along 156 ‘E line during the R/V Mirai cruises. Datafrom
the TRITON buoys will be available at the web page of
JAMSTEC (http://www.jamstec.go.jp/jamstec/ TRITON)
from next fiscal year (after April 1999).

Some interesting results are derived from these obser-
vations. Time series of zonal component of current mea-
sured by the moored ADCP at 0°N, 156 'E is shown in
Figure 2. Strong eastward current exceeding 50cm/s, the
Equatorial Undercurrent, is seen between 150m and 200m
depth. After spring 1998, this current became further strong
with monthly mean velocity exceeding 1m/s, and its cur-
rent axis shoaled around 100m depth. We think thisis a
unique phenomenon because we have never observed the
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Fig.1 CTD/XCTD and mooring sites during TOCS cruises conducted in this fiscal year. Dots, circles, stars and crosses denote the locations of the CTD/XCTD

cast, TRITON, ATLAS and ADCP buoys, respectively.
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Fig. 2 Depth-time series plot of the zonal velocity measured by the acoustic Doppler current profiler at 0°N, 156°E. Positive value means eastward flow.
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strong Equatorial Undercurrent with monthly mean ve-
locity exceeding 1m/s since 1994.

We also obtained interesting results from observation
in and around the Celebes Sea on R/V Kaiyo in February
1999. Complicated structure of the Mindanao Current,
which flows southward a ong the Mindanao (Philippines)
coast, isgiven by the shipboard ADCP (Figure 3). It splits
into three branches south of the Mindanao, and the
westernmost one entered the Celebes Sea. Part of last one
retroflected around a cyclonic eddy in the western Celebes
Sea and returned to the Pecific.

Fig. 3 Currents measured by the shipboard ADCP on R/V Kaiyo in February
1999.

Evaluation of TRITON buoy data and performance
of TRITON sensors

The operation of TRITON buoy has began since 1997,
and the data from the buoys are expected to be useful not
only for the scientific purposes but aso for world wide
weather forecast. To contribute to such purposes, we need
to produce quality controlled data for scientific and op-
erational community. However, calibration methods of
rainfall sensor, shortwave radiation sensor and conductiv-
ity sensor, for example, are not established enough. The
purpose of this study isto evaluate especialy performance
of such sensors and also to evaluate the quality of the data
from TRITON buoy.

In the FY 1998, we compare the data from TRITON
buoys sensors with the data from R/V Mirai sensors.
These sensors are the same type, so that the comparison
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was focused on the differencesin platforms. The results
shows the differences were very small, and the data from
TRITON buoys showed the smilar quality to the datafrom
research vessel.

The results from the analysis of CT (Conductivity and
Temperature) sensor drift before deployment and after
recovery show that the averaged drift of temperature sen-
sor issmall and 2mK per year, and the averaged drift of
conductivity sensor is larger than we expected and 0.02-
0.03 psu per year. The same analysisis performing to the
meteorological sensors.

We believe that the results from this study will be valu-
able to control the quality of the data, and also to check
the daily transmitting data.

Development and Maintenance of TRITON Buoy
Network

Japan Marine Science and Technology Center
(JAMSTEC) isdevel oping asurface moored buoy network
named TRITON (TRlangle Trans-Ocean Buoy Network)
for observing oceanic and atmospheric variability in the
Pacific Ocean and its adjacent seas in cooperation inter-
ested Japanese and foreign agencies and institutions.

The principal scientific objectiveisto understand varia-
tions of ocean circulation and heat/salt transports with
emphasison ENSO, the Asian monsoon, and decadal scale
variability that influences world wide climate change. In
itsfirst phase, the TRITON array will be established mainly
inthe western tropical pacific Ocean, and harmonized with
TAO array which are presently maintained by Pacific
Marine Environmental Laboratory (PMEL), NOAA. The
fundamental functions of TRITON are (1) basin scale
ENSO monitoring, and (2) measurements of heat, fresh-
water, momentum fluxes for improving modeling capa-
bility.

After two demonstrative experimentsin North Pacific
Ocean near Japan, 4 actual TRITON Buoy systems were
deployed in the western tropical Pacific Ocean in March
1998, for the observation of 1 year. (see photo.1)

In June 1998 communication troubles were occurred
at the one of 4 Buoys and we lost the information of the
Buoy position.

When the Buoy was recovered by R/V "Mira" for the
repair of the Buoy 'stroubles, the remarkable erosion was
found at the chains between the Buoy body and the wire
rope. Because this phenomenon was found in the rest



Photo 1 TRITON Buoy body

Buoys, the rest 3 Buoys were also recovered.

To investigate the causes and establish quickly mea-
sures against erosions, special team called for "inquiry
group against erosions " was started under the TRITON
Project team and, also, the fact -finding technical com-
mittee was held to evaluate the investigation's reports and
the effectiveness of the measures against erosion.

Asthe main cause of erosion was cleared that an elec-
tronic erosion occurred by the contact of different kind
metal which had different electric potential, and the one
is stainless steel of Buoy structures and the other is the
carbon steel chains.

The acceleration factors to the erosion are also to be
clear asfollows. Thefirst factor is the coming off of the
paintwork of the Buoy structures. The second factor isthe
existence of lead ballast exposed to the Buoy structures.
Thethird factor is an increase of seawater temperaturein
the western tropical Pacific Ocean for about 10 degrees C
compared with the temperature in North Pacific Ocean
near Japan which cause the increase up to 150% of an
electronic erosion.

According to these investigations, several measures
against erosion were considered, tested by dockside, and
applied to actual Buoy structures and mooring system as

follows.

The first one was isolation between different kind
metals. The second one was, for failsafe, installation anti-
erosion of anodes to Buoy structures and the chains. The
forth one was improvement of foundation treatment for
paintwork to Buoy structures. (see Fig.4)

And also it became clear that unexpected increase of
current speeds at the moored area caused mooring wire vi-
bration and some damages to the install ation equipment of
underwater sensors. For this countermeasure against vibra-
tion damage, spiral tube was installed to a strong current
part of the mooring wire for reduction of vibration forces,
and the installation equipment of underwater sensors was
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reinforced according to tank test results. (see Fig.5) and underwater data) are averaged for 1 hour and trans-

Inthisfiscal year, 1998 14 Buoy systems were manu- mitted to land from TRITON buoys viaARGOS satellite
factured and 9 Buoy systems were deployed in the west- data collection system. Thereal time datawill be distrib-
ern tropical Pacific Ocean in from February to March for uted on GTS (Global Telecommunication System) via
ayear observation. (see Photo 2) French ARGOS global processing center. The meteoro-

The Buoy data (every 10-minute surface meteorology logical agenciesand ingtitutionswill usethe datafor ENSO
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Fig.5 Spiral tube and underwater sensor units
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Photo 2 TRITON Buoy and R/V MIRAI

monitoring, daily weather forecasts, so on. While the data
come into JAMSTEC Mutsu Branch, data quality is
checked daily and the checked data are sent to Pacific
Marine Environmental Laboratory (PMEL). After receiv-
ing the TRITON data, PMEL integratesthe TRITON data
with TAO data, and creates asame format grid data. There-
fore, AMSTEC and PMEL will distribute the data from
both homepages in January 2000.

Study of intermediate and deep ocean circulation
structure and its variability in the tropical Pacific
Ocean

In order to understand the intermediate and deep ocean
circulation, we started the collaboration study with Ocean
Research Institute (ORI) of Tokyo University by onboard
observation and moorings from this fiscal year. We,
JAMSTEC, are in charge of the observation of the Ant-
arctic Intermediate Water along the New Guinea coast,
and ORI conducted observation of deep flow in the

Sep | iZEL T

MelanesiaBasin.

During FY 1998, we deployed four current meterswith
the acoustic Doppler current profiler (ADCP) moorings
at 2.5S, 142E at 500,700, 850, and 1000m depths to ob-
serve the New Guinea Coastal Undercurrent advecting the
Antarctic Intermediate Water. A current meter also was
deployed at ON, 138E and ON, 147E at 700m depth.

Only one current meter at ON, 138E was recovered
during this FY. Eastward current exceeding 30cm/s and
variability with aperiod of about one month were observed
at thislocation (Fig.6). Thisresult is new and interesting
although the relation between this current and Antarctic
Intermediate Water is not till clear until all moorings are
recovered.

Preliminary Results from a 1000-km Scale Three-
Dimensional Tomography Experilnent in the Kuroshio
Extension Region

Our first 1000-km scal e four-dimensional ocean acous-
tic tomography experiment are conducted in the Kuroshio
Extension region from July to September 1997 in order to
demonstrate the capability of the tomographic techniques
in monitoring the variability of the 1000km-scale three-
dimensional ocean structures (both the temperature and
current fields)in the Kuroshio Extension region. After sepa-
rating from the east coast of Japan at (35°N, 142°E), warm
high salinity Kuroshio water meets cold low salinity south-
ward flowing Oyashio water, and turns eastward forming
the Kuroshio-Oyashio frontal zone (the Kuroshio Exten-
sion) in the region 30-40° N, 140-180°E (Fig.7)

The Kuroshio Extension is characterized as an east-
ward flowing inertial jet accompanied by large amplitude
meanders and vigorous pinched-off eddies or rings. we
report here the preliminary results of this experiment.
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Fig. 6 Time series of current velocity measured by a current meter at the depth of 700m at ON, 138E
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Fig. 7 Location map of Kuroshio Extension tomography experiment with
the path of major currents and the frontal position. Thick solid lines
connecting transceiver stations T1-T5 show the acoustic ray paths
projected on the horizontal section. Thin crossing solid lines show
the ground tracks of the TOPEX/POSEIDON satelite.

Observation M ethods and Data

Five 200-Hz transceiver moorings, each equipped with
a sound source and a 5-element vertical hydrophone array
were deployed at 1100m depth over a 1000km-scal e do-
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main centered at 33° N, 149° E. the five-mooring array
produced 10 horizontal connecting paths.

All of the transceivers (T1-T5) were placed on
TOPEX/POSEIDON (T/P) satellite altimeter ground
tracks to simplify the comparison of the acoustic tomo-
graphic data and the T/P altimeter data. Sound was trans-
mitted every 3 hoursin August and every 6 hoursin July
and September; transmissions were singarround and tak-
ing 2 hours to complete. After beamforming at the verti-
cal arrival angles of -10"and + 10°, the received acoustic
datawere recorded on internal hard disk and correlated in
situ with areplica of the transmitted pseudo-random M-
sequence signal to select travel times for the largest 150
peaks which were sent to aland-station in real-time from
the surface buoys using the INMARSAT-C satellite com-
munications system. The mooring motion was precisely
tracked using local long baseline acoustic navigation net
with a precision of 2 meters. The measured arrival pat-
terns for + 10" arrival angle from T5 to T2 (1000.4 km
range) contain approximately ten early, discrete arrivals
followed by an extended cluster of arrivals (Fig.8); these
early arrivals are very stable and persistent and can be
followed from day to day.
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Fig. 8 The time series of the travel times with positive arrival angle(+10°) for transmissions from mooring T5 to T2(1000.4 km range, along the T/P track p238,
seeing Figure 7). The largest 50peaks are plotted;transmissions occurred every 3 hours in August and every 6 hours in July and September. The
predicted arrival pattern derived from an area-averaged reference constructed from NODC hydrographic data is shown at the left of figure; the dashed

lines indicate the rays that were used in the inversion.
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Inversion

The tomographic inversion for sound speed (tempera-
ture) discussed here used only the average of the travel
timesin reciprocal directions along individual ray paths
to remove the uncertainty caused by oceanic currents. A
2-day running mean is applied to the time series of travel
times to remove higher-frequency fluctuations such as
tides, inertial oscillations and internal waves. A total of
141 ray paths are used for the inversion.

The linear stochastic inversion is used to reconstruct
the sound speed anomaly fields from the travel time data.
A time averaged reference sound speed profile and a priori
variance were determined from historical hydrographic
data to be used as the reference state in the inversion col-
lected in the experiment region from 1968 to 1986 during
Juneto August [NODC,199I]. Sound speed was cal cul ated
using the Del Grosso formula [De Grosso, 1974]. speed
profile is used Sound speed anomalies (6 C) in the hori-
zontal and vertical are represented by truncated Fourier
series with the high wavenumber cut off (1 cycle/240km)
and the fist 4 empirical orthogonal functions (EOF'S), re-
spectively [Howe et al., 1987; Gaillard, 1992]. The spa-
tial covariancefunction of Cisassumed to haveaGaussian
disuibution with a 150 km correlation length. The root
mean square (rms) travel time uncertainty is set at 20 ms
to take into account errorsin travel time measurements as
well asinadequaciesin the parametrized model.

Three-dimensional sound speed fields reconstructed
by the inversion are converted into temperature fields us-
ing asimple sound speed formula[Mackenzie 198l]. The
expected rms uncertainty of the inversion for temperature
takes a maximum value of 0.3C near the thermocline
between 250 m and 350m depths (compared to the a priori
expected variation of 4.1C), and about 0.1C at depths
greater than 700 m (compared to the a priori expected
variation of 1.7 C);

Results

The three months of data for the path T5-T2 (1000.4
km range) running along the T/P track p238 (see Fig.7)
are plotted. The sound speed anomaly shows the drastic
changes to have amaximum on July 27 (marked A), mini-
mum on August 10 .(marked B) and maximum on August
31 (marked C), indicating atemporal variability of about
a one month period. The warming event occurring from

the end of August to the begining of September is espe-
cialy pronounced. A prominent festure for avertical tem-
perature section between stations T2 and T5 obtained by
the XCTD/CTD hydro casts from July 20 to July 22, 1997
isthat there are large temperature gradients of isotherms
from 200 m to 1000 m near station T5; thisisthe Kuroshio
front (Fig.9(b), dashed lines). The range-averaged tem-
perature difference (AT) between the XCTD and tomog-
raphy datain the vertical section is lessthan 0.5 °C over
the entire depth A cold water mass with temperatures less
than 4 °C and adepth range of 100 m intrudesinto the 400
m layer around station T5. Three-dimensional fields of
temperature anomaly (5T) calculated by the inverse analy-
sisare shown with the contour plots on various horizontal
sections in Figure 10 to emphasize the complicated evo-
[ution of the temperature field in both time and space of
the tomographic site. The first, second, third and fourth
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Fig.9 (a)Time evolution of the range-averaged sound speed anomaly
along the path T2-T5(1000.4km range, along the T/P track p238)
determined by the inversion analysis of the travel time data. The
contour interval is 2m/s. The rms uncertainty for these profiles is
shown on the right penel. (b) Temerature distributions in the vertical
section between stations T2 and T5. Solid lines are constructed
from the tomography measurement at 00:00 July 20, 1997 (UTC)
and dashed lines from the XCTD/CTD hydrocasts done every 50-
km during July 20-22,1997. The contour interval is 2'C. The range-
averaged difference dT between the two temperature fields is
presented at the right edge of the figure.
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Fig.10 Temperature anomaly (6 T) distributions in the horizontal sections of 200, 400, 600, 1000m depths. The results of inversion are shown about every 20
days between July 20 and September 20. Color codes of temperature are presented at the right edge of the figure.
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Fig.11 Velocity vectors at 190m depth derived from the in situ shipboard
from ADCP measurements during the recovery cruise (from
September 20 through October 2), superimposed on horizontal
temperature field at 200m determined from the tomography
measurement. Both of these show the meander of the Kuroshio
Extension.
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rows correspond to 200, 400, 600 and 1000 m depth sec-
tions, respectively. The meandering Kuroshio Extension
front is seen along the 2 and 3” C isotherms at both 200
and 400 m depths and makeslittle change of position with
increasing depth. The Kuroshio meander grows gradually
from July 20 (first column) to August 10 (second column),
inducing a cold eddy on the right-hand flank of the mean-
der crest. A warm eddy is seen at 30.5°N, 148 ° E, and
moves westward with a speed of 5.8 cm/s during the pe-
riod. The meridional amplitude of the meander reaches a
maximum on August 30 (third column). At thistime, a
new, intense, warm eddy newly appears in the meander
crest, forming a pair with the pre-existed cold eddy. The
meander decays rapidly with the diminishing of the warm
and cold eddies on September 20 (fourth column). A warn
eddy reappears in almost the same place as that of the
July 20 warm eddy. Temperature anomalies due to the
meander and eddies are nearly constant in the upper 400
m and decrease at depths greater than 400 m. The contour
map of sea surface dynamic heights (SSDH) constructed
by IMA (Japan Meteorological Agency) from the Tl al-
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Fig.12 Contour map of sea surface dynamic height(SSDH) derived from
the T/P altimeter data around the tomography site on July 28,
1997 (Modified from [ Yoshioka at JMA, personal communication,
1998 ] superimposed on horizontal temperature field at 200m
determined from the tomography measurement of July 30, 1999.
The 1500 db surface is assumed to be the level of no motion. The
thick solid lines connecting stations T1-T5 show the ray paths. H
and L indicate the position of anticyclonic(warm) and cyclonic(cold)
eddies, respectively. The contour interval is 10cm.

timeter data around the tomography site o July 28,, 1997
indicates an array of warn and cold eddies associated with
the Kuroshio Extension meander Figure 12 [JMA, 1997
Yoshioka at IMA, personal communication 1998]. The
positions of the warm and col eddies (marked H and L,
respectively) in th SSDH map are excellently coincident
with those in the superimposed tomography map, The well
developed warm eddy southeast o station T5 makes are-
markable warming of the water lying in the upper 400 m
between stations T2 and T5, as indicated with mark Cin
Figure 9(a). Finally, it is concluded the Variable 1000km-
scalethree-dimensional temperature fieldsin the Kuroshio
Extension region are well detected by the present tomog-
raphy experiment.

Study on Kuroshio Extension

The Kuroshio, western boundary current of the North
Pacific Subtropical gyre, transports enormous amount of
thermal energy from the tropical to the subarctic region.
Thelong-term variationsin the heat transport interact with
the climate changes, such as ENSO phenomena, the Asian
monsoons etc. One of the key areas is the Kuroshio Ex-
tension, where heat and momentum are exchanged be-

tween subtropical and subarctic gyre, and where enormous
heat is exchanged between ocean and atmosphere. In or-
der to understand the effect of the Kuroshio recirculation
system on climate changes, we have been studying vari-
ability and its mechanism of Kuroshio recirculation sys-
tem by using in site observation and numerical model since
FY 1997.

In spring FY 1998 we observed the Kuroshio exten-
sion region for the first time by using R/V MIRAI. We
carried out three cross sectional observations of CTD
measurements across the Kuroshio at 145.0E, 147.5E and
152.5E (Fig.13). The Kuroshio was meandering south and
north in the Kuroshio extension region. The North Pa-
cific Intermediate Water (NPIW) distributed as a patch-
like under the Kuroshio and mesoscale eddies. Somewere
seen asif they are associated with water exchange between
the subtropical region and the mixed water region. The
salinity of the core of NPIW, that is characterized as a
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Fig.13 Meridional salinity sections. (a) along 145.0E, (b) along 152.5E.
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salinity minimum on 26.8 sigmatheta surface, was gradu-
ally increasing along downstream, and then the water char-
acter isnot obvious at 152.5E.

We deployed a subsurface mooring buoy of current
metersat 37.5N, 152.5E, where the Mid-latitude TRITON
buoy is planed to deploy. Current meters will be recov-
ered in FY 1999 and then mesoscale variability of current
field in the mixed water region should be analyzed.

Thevariahility of the Kuroshio extension and the mixed
water region have been studied by using a numerical
model, which is based on the Princeton Ocean Model and
modified to represent the Kuroshio recirculation system.

In FY 1998 some boundary condition were modified
to include effects of the water property of the Sea of
Okhotsk. And then the Oyashio and mixed water region
has been well represented. The Sea of Okhotsk is likely
to be important factor to the mixed water region aswell as
formation of NIPW.

The model ocean has significant variations in the
Kuroshio extension. The CEOF analyses show there are
some independent modes in the sea surface height vari-
abilities: The 1st mode (Fig.14) has large variance off Ja-
pan coast (around 35N, 144E) and west of Shatsky-Rise
(around 35N, 155E). The phase cycle of thismode is one
year. Real ocean observed by the T/P atimeter also shows
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such variabilities. This mode should be linked with and/
or driven by annual cycle forcing such aswind stress, |o-
cal cooling, Oyashio, etc. The 2nd mode, not shown here,
has large variance at the trough of Kuroshio meander
around 34N, 148E, and the anomaly propagates to the
subtropical region from the mixed water region. The
mechanism of such variabilities should be examined in
FY 1999,

latitude

25.0 i

4@ @ 145 .@ 153.8@ 186.8 1@ @ 165.@

longitude

©

200 T -y
o 1 wsing 24
]
150 J _/"I i
/ / '
i
i £ f !
/ /
/ / /
50 ! o .."
II. ral ¥
- !
E o ! ’s f
| / .
/ f
50 ' ! f
g ! /
/ / 4
.-,V-" A |
100 Iy I |
N ! II
| / / |
150 /" / |
28 i L i i i
Fnn 200 2900 2ans 5ne DRMY am 2R ra il
nme|teys|

Fig.14 1st CEOF mode of model sea surface height anomaly. (a) spatial amplitude and horizontal gradient of spatial phase. (b) time series of temporal phase.

(c) time series of temporal amplitude.
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Ocean data analysis by using a high-resolution GCM.

Comprehensive analysis of oceanic phenomena by
using Ocean General Circulation Model (GCM) is useful
for accurate ocean state estimate and for understanding
therole of the ocean to climate variation. Especialy high-
resolution GCM can provide realistic ocean structure in-
cluding meso-scale eddies, which play arolein the global
circulation. The objectives of this study are to simulate
ocean circulation with a high-resolution GCM, and to in-
vestigate the mechanism of oceanic variation by compar-
ing the simulated state with observed one. The surface
and subsurface circulation is focused to investigate sea-
sonal to interannual variability. The model has the reso-
lution with /4 degrees in both latitude and longitude and
55 vertical levels. In the fiscal year 1998, we have pro-
ceeded the analysis of the results of the climatological
experiment in which the model ocean isforced by clima-
tological wind and heat/freshwater flux. We have also
started the year to year variation experiment.

The model in the climatological experiment simulates
quite well the observed features, e.g., the Kuroshio and its
separation from western boundary, and the equatorial cur-
rents system comprising the Equatorial Currents and Un-
dercurrent and the Subsurface Countercurrents (SCCs).
Especially the SCCs were first simulated successfully in
an GCM inthisstudy. Thissuggeststhat the vertical reso-
lution should be high in the equatorial region, where the
high vertical mode motion dominates. The model aso
shows the fluctuations on the basis of observation, such
as active meso-scale eddy activity in the western bound-
ary regions, latitudina dependence of the westward phase
speed of the Rossby wave, and fluctuations of the Indone-
sianthroughflow. The snapshot of velocity vectorsat 100m
depth in the western Equatoria Pacific Ocean isshownin
Fig.15 as an example. The Mindanao Eddy (anti-clock-
wise) southeast of Mindanao Island of Philippines and the
Hamahera Eddy (clockwise) southeast of it are well simu-
lated. The model showsthat apart of the Mindanao Eddy
is detached and then propagates westward into the
Sulawesi Seawith a period of about 40 days. Low salin-
ity water from the North Pacific Ocean is transported into
the Indonesian Seas according to thiseddy shedding. Some
observational data show similar fluctuation, which is sug-
gested to be related to the variations of equatorial cur-
rents, i.e., the New Guinea Coastal Undercurrent and the

Equatorial Undercurrent. Detailed analysisis planned to
investigate the mechanism of the driving and maintenance
mechanism of ocean circulation and the variability.
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Fig.15 Simulated horizontal velocity at 100m depth in the western Equatorial
Pacific Ocean.

Fy 9~11 Elucidate the Paleoceanography a change
of Kuroshio Extention

Itisclosely related to subtropical circulation (Kuroshio
current) and subarctic circulation (Oyashio current) on the
Northwest Pacific Ocean. These currents exchange the vast
of heat, and moreover, It isremarkably heat, vapor and
momentum exchanges both of the atmosphere and ocean
in this area. It is also have close to do long term ocean
circulation at the north Pacific the middle layer. It has an
impact on large-scale changes from several yearsto sev-
eral hundred years. It suggest that thisfront move the north-
south for several thousand years scale during the glacia
and interglacial. We do not know the how to the changes
front of movement more higher resolution over estimate
of future. It formslow salinity and low temperature of the
intermediate water at the northern subtropical area. This
areais also important part. The parts are storage and trans-
port of global worming materials from atmosphere. The
living productivity isalso very high area. Thisareaisvery
important over consideration mass flux. The history of
seawater circulation changes and mass flux record in the
sea floor sediments. The records are very important infor-
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mation of the present ocean and the future. The study of
Kuroshio path changes need to the model verification.

We talk about our themes. We sample the sea floor
sediments by closely space at the north-western Pacific
Ocean. We research the boundary area (the north and south
movements) of Kuroshio and Oyashio over the past 1.8
thousand years. The accuracy of high resolution is several
hundred years.

We estimate the past ocean water temperature by us-
ing the class of microfossil changes (radioralia, foramin-
ifera, etc.) and called a organic compound. Moreover, this
study makes the changes of glacial and interglacial on the
mass flux system and the basic productivity.

It talks about the contents of study next. We collected
five piston cores off the east coast of Japan during the
training cruise of R/V Mirai (MR97-04). Except one core
which include large amounts of volcanic ashes, four cores
were retrieved from 1270m to 2300m water depth with
different submarine topography (i. e. relatively flat plane,
basin, and hill) off the east coast of Japan. We describe
two piston cores (Fig.16: St.1, St.3) of them. These cores
were retrieved from 1520m to 2308m water depths off the
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Fig.16 Location of two piston cores collecting during "Mirai" MR97-04 cruise
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east-coast of Japan and submarine hill off Kuji and Choshi
city. We studied the warm current species of plankton
foraminefera, calcaleous nannoplankton and diatom popu-
lation during past 20 thousand years in marine sediments.
We estimated the changes of the warm current and the
cold current during the past 20 thousand years.

It talks about the result of plankton foraminifera. There
is nothing warm species of plankton foraminifera off Kuji
(St.1). Thereare possibility of transition by Kuroshio warm
current at theindividual 15.6ka(15600 years ago) and 12ka.
and transition by Tsugaru warm current(origin Tsushima
current )at the Holocene individual . This site cannot imag-
ine direct influence Kuroshio current. It wasincreased the
warm species off Choshi by 16ka. The individuals were
the number of 310. Thetime of 11ka decreased the num-
ber of 215 at chill time of younger dryas stage. The time
of 6ka“Jomon” transgression increase the number of 500.
Thetime of 1.8ka decrease the numuber of 120. Thetime
of 1kawas 290 and 0.1ka decrease the number of 93. The
off Kuji(St.1) and Choshi(St.2) core show therise and fall
of warm species of plankton foraminifera

The result of cal careous nannoplankton shows Fig.17,
Fig.18. The time of 18ka shows the lowest temperature
the lower photic zone at the last maximum glacial off
Kuji(St.1). The 15ka once warmer and thel2ka occured
cold trend at one time. After the 10ka, it was warm trend
because decrease Oashio current influence. From the 22ka
to 17ka was strong vertical mixing at photic zone. This
time was stronger influence Oyashio current. From 18ka
to 17ka, Oyashio current was strong. It was rapid warmer
the after. After the 9ka, it was nothing influence Oyashio
current. It was not remarkable cold trend of younger dryas
stage off Choshi.

It talks about the result of diatom shows. It was begin-
ning to warm from the 3ka at St.3. It was beginning to
warm from the 11kaat St.1. St.1 was beginning to warm
the late 2 thousand years than St.3. The warm peak was at
the 8ka. It was increase the fresh water, the coast species
and the endangered species at last maximum glacial stage.

We analyzed microfossil assosiation. We selected the
assosi ation were warm species inhabit Kuroshio system
and cold species inhabit Oyashio system. We study
pal eoceanography from 20 thousand years ago to present.
The result of this study, microfossil (plankton foramin-
ifera, cal caleous nannoplankton and diatom) shows ocean



environment in those days. Especially, We can verify the
younger dryas stage (from 13kato 11.5ka). We can inves-
tigate more closely the ocean changes by combine these
data.

We do higher meaty analyze in the future. We analyze
the radioralia. And we will estimate the sea surface tem-
perature from these fossil. We have an addition 14C mea-
surement and geomagnetism. We go ahead with this plan
from the point to the plane.
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Fig.17 Percentage abundance in the upper-photonic flora(A ~ D) at St.1
Abundance in the total Nannoflora(E)
Tn = cold species / (cold species + warm species)

Ocean data assimilation using a high-resolution GCM
DataAssimilation isthe process of ingesting observa-
tional datainto anumerical model. Theresult isacom-
prehensive and dynamically consistent dataset which rep-
resents the best estimate of the state of the ocean at that
time. The objectivesin this research are to develop and to
optimize an ocean data assimilation system in parallel
supercomputing environment using a global general cir-
culation model resolving mesoscale eddies of spatial scale
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Fig.18 Percentage abundance in the upper-photonic flora(A ~ F) at St.3
Abundance in the total Nannoflora(G)
Ratio cold species and warm species of Gephyrocasa genus
Tn = cold species / (cold species + warm spcies)
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of tensto several hundredskilometers. Inthefirst research
fiscal year 1998, we have started investigating to reduce
computational time and memory size for data assimila-
tion system. We have also reviewed the assimilation
method appropriate for global high-resolution data assimi-
lation. Fortran direct access method for model variables
(temperature, salinity, velocities) to disk not to memory
has been investigated to suppress the increase of memory
size, which is expected in global data assimilation. Itis
found that only about 2 times of computational timeis
necessary to compl ete the same simulation aswith memory
access method. Nudging scheme using satellite sea sur-
face height anomaly datais found to be efficient and use-
ful for a high-resolution model because too high compu-
tational resources will be required to conduct more so-
phisticated assimilation methods such as the Kaman fil-
ter or the adjoint method. Prototype model of ocean data
assimilation will be developed and tested in the next fis-
cal year.

Arctic Ocean Research
1. Background and Purposes

Global climate modelsindicate that there will bea"po-
lar amplified" warming responseto increasing greenhouse
gas concentrations. One conceivable consequence of this
is a change in the present-day sea-ice cover followed by
aterations in the thermohaline circulation and/or global
albedo levels. Changes in productivity patterns may oc-
cur because of the opening up of more shelf areas to bio-
geochemical processes that now occur seasonally in mar-
ginal ice zones like the Bering/ Chukchi Seas.

The shelf processes influence a number of important
global physical/geochemical /biological cycles. For ex-
ample, outflows produced through physical processes ef-
fectively transfer biogeochemical products from the
shelves into the subsurface layers of the Arctic Ocean. In
thewestern Arctic, the Pacific Ocean isan important source
of nutrient-rich, low-salinity water that flows northward
through the Bering Strait into the Arctic Ocean, ultimately
influencing the nutrient maximum in the upper halocline.
The large continental shelves are important for transport-
ing atmospheric CO, to deeper regions of the ocean. Arc-
tic waters can be a significant source of dimethylsulfide
(DMS), agas that affects the radiative properties of the
Arctic atmosphere.
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On the other hands, in the central Arctic basin, the re-
cent workshop report on " The Study of the Arctic Change”
held at University of Washington in November 1997 sum-
marizes observational results of recent changesin the Arc-
tic. The observations reveal that the Arctic isin the midst
of change extending from the top of atmosphere to below
1,000m in the ocean. The time sequence of observations
suggests the change in the ocean began in the late 1980s
or early 1990s.

The overarching objective of our Arctic Ocean Re-
search is to tackle the Arctic change issues in terms of
both the comprehensive process studies concerning on the
shelf basin exchange and the basin scale Arctic change
including the change of the cold halocline/Atlantic Water
circulation.

The former subject is approached using mooring and
hydrographic observations by ice capable vessels or ice
breakers. The latter subject is approached using Arctic
Drifting Buoys consisting of oceanographic, sea-ice, at-
mospheric sensors.

2. First cruise of R/V Mirai to theArctic (MR98-06)

"Mirai", with itslarge and ice-strengthened sturdy hull,
was launched in 1997 (Dimension; LxBxD=130m x 19m
x 13.2m; 8,600 Grosstons) (Fig.19).

The shipisequipped with many state-of-the art oceano-
graphic and marine meteorological instruments and is ex-
pected to act as afloating platform for sophisticated inter-
disciplinary researches. The ship, in particular, with its
large size and its anti-rolling device of special design, is
capable of undertaking missions to high-latitude and po-
lar regions exposed to the extremely harsh weather and
sea conditions.

Fig.19 R/V Mirai in the Arctic Ocean



The cruise MR98-06 for July - September 1998 was a
trial cruise of R/V Mirai in the Arctic Ocean. The pur-
poses of this cruise were; (1) to test the capability of the
oceanographic equipment onboard, (2) preliminary stud-
ies of the physical/chemical/biological oceanography at
the marginal ice zone on the shelves of the Chukchi/Beau-
fort Seas. The cruise track is shown in Fig.20. "Mira"
passed the Bering Strait on 18 August, 1998 and stayed
in the Chukchi/Beaufort Seas for 11 days. The CTD sta-
tions and the ice edge position during 20-26 August, 1998
areindicated in Fig.21. The about half of our projected
observation lines was located within the pack ice field, so
that we canceled about half of projected CTD stations.

The margina ice zonein the Arctic Ocean is charac-
terized by low temperature at the sea surface, which oper-

Okhotsk Sea

Ship Track (MA900G)

Wercator Projction

ates to increase solubility of CO,. At the same time, the
harsh wesather conditions cool the surface water to result
in increased surface density. This means that the Arctic
surface water can absorb much CO, and be subducted into
the deeper layers.

Atmospheric and surface seawater pCO, (partia pres-
sure of CO,) were measured continuously by the auto-
mated system with anon-dispersiveinfrared (IR) analyzer.
Figure 22 shows a variation of the atmospheric and sur-
face seawater pCO, as afunction of sea surface tempera-
ture in the Chukchi/Beaufort Seas. It isfound that the
differences of pCO, (ApCO,) between the seawater and
the atmosphere reached -130u-atm at the sea surface tem-
peratures below 2.25C . This suggests that this areais a
potential sink for atmospheric CO, during summer.

Bering Sea

North Pacific Ocean

Fig.20 Cruise track of MR98-06
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Fig.21 CTD stations and ice-edge position during 20-26 August ,1998
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3. Inflow of Pacific water during SHEBA field
experiment in 1997-98

Asapart of theinternational project of SHEBA (Sur-
face Heat Budget in the Arctic Ocean), we recovered two
moorings in 1998; one (CBE96) was deployed off Bar-
row, AK in 1996 and the other (NWR97) at the eastern
slope of the Northwind Ridge in 1997. At the same time,
recovery of the SHEBA-1OEB(IOEB-2) which was de-
ployed near the SHEBA ice camp in 1997 and
XCTD(Expendable Conductivity Temperature Depth Sen-
sor) observations from off Barrow to the eastern slope of
the Northwind Ridge were conducted. Furthermore, two
moorings (BFK 98, BFS98) were deployed in collabora-
tion with Applied Physics Laboratory (APL) of University
of Washington and Institute of Marine Science (IMS) of
University of Alaskato observe directly the transport along
the shelf slope of the Beaufort Sea. Figure 23 shows the
drift track of IOEB, positions of moorings and XCTD sta-
tions.

Our mooring data suggest that the Alaskan Coastal
Water (ACW), which originates in a summer Pacific wa-
ter and is characterized by relatively high temperature,
advects from off the coast of Barrow (CBE96, 78m) to the

BO°N

T¢N

76N = s
y Oct. 1997

Northwind Ridge (NWR97, 104m). It takes about 2-3
months between two mooring points. In addition, across-
section of temperature along the track of IOEB (Fig.24)
indicates that the ACW was trapped along steep slopes of
sea mount/plateau. Consequently, an advection path of the
ACW is depicted schematically as shown in Fig.25.

Moreover, the mooring off the coast of Barrow
(CBE96, 78m) observed that the seasonal maximum tem-
perature in 1997, reaching 4°C in October to November,
is much higher than in 1996 (-0.5°C). This high tempera-
ture anomaly might be advected by the ACW and arrived
at the Northwind Ridge in January to February, 1998 (Fig.
25). It was at this very moment that the SHEBA camp
arrived at the Northwind Ridge and the break-up of ice
floe around the camp occurred. In addition, around the
Northwind Ridge, the ice edge in late summer to autumn
of 1998 located at the latitude of 77°N, whereis usually
covered by seaicein that season, and therefore, the ice
edge was retreated northward in 1998 in comparison with
the usual year. We can probably conclude that the ACW
largely influences the variation of seaice in the Arctic
Ocean.

Drift track of IOEB2|
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A B Moorings collaborated with University of Washinzton
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White trajectory: Drift track of IDEB2

Fig.23 Positions of moorings, XCTD stations and a track of IOEB-2. The Northwind Ridge mooring(s%, NWR97) and the Barrow Canyon mooring (O, CBE96)
were recovered in 1998. Two moorings were deployed at the Beaufort shelf slope (&, BFK98; [[], BFS98). The solid circle @ denotes XCTD stations.
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Research Project for the Study of the Air-Sea
I nteraction

Air-seainteraction is one of theinevitable factor to be
studied for the better understanding of the various atmo-
spheric/oceanic phenomena such as the ENSO(EI Nino/
Southern Oscillation) and the Monsoon. Since the "pre-
cipitation” is playing animportant rolefor both atmosphere
and ocean structures, we mainly study the precipitation
mechanism in the point of view of air-sea interaction us-
ing powerful observation tools on board the R/V MIRAI
such as Doppler radar.

In the JFY 1998, we conducted the observational cruise
at off Miyako Island, south of Japan from May 21 through
June 4 (Leg-1), and in the Tropical Western Pecific along
156E line from June 6 through June 27 (Leg-2). Espe-
cially, the main mission of the Leg-1 was to provide the
precipitation data obtained by the MIRAI Doppler radar
for the validation of the data obtained by the satellite

NIRAI Reflecivity

TRMM(Tropical Rainfall Measuring Mission). We could
collect seven simultaneous data when the TRMM passed
over the MIRAI Doppler radar observation area. Although
we had a few precipitation systems during Leg-1, they
showed good correspondence between the data obtained
by MIRAI and TRMM. An example of simultaneous ob-
servation is shown in the Figures.26 and 27. Open circle
and parallel linesin each figure represent MIRAI Dop-
pler radar observation range and TRMM radar swath, re-
spectively. It isevident that not only the precipitation area
coverage but also the intensity is corresponding well each
other. Their difference of reflectivity is about
3dBZ(MIRAI'svaueislower). In the Leg-2, we observed
various precipitation systems, though the observation time
was limited due to the urgent mission to recaver the TRI-
TON buoys. Based on the accumulation of these kinds of
data sets, it is expected to contribute to evaluate the im-
pact of this area as heat engine to the rest of the globe.
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TRMM Reflectivity
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Stratospheric platform sensorsfor ocean observations

This program started in 1998, aiming to develop a
stratospheric platform for communications, broadcastings,
and earth observations by interministrial project between
the Science and Technology Agency and the Ministry of
Posts and Telecommunications.

In this project JAMSTEC has been engaged in the de-
velopment of earth observation sensors to be onboard the
platform in collaboration with NASDA. We have studied
the following two itemsin 1998.

1. Technology surveys of earth observation systems
onboard the stratospheric platform.

We have surveyed current status of arts of fuel cell
technology, which is the most likely candidate, for power
supply systems. Other issues such as a frequency match-
ing, on-board measurement systems and data transmis-
sion technologies were also investigated as well as atmo-
spheric sampling systems.

2. Surveys of potential, observation of global
environment from the platform.

We have surveyed the potential application of the plat-
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form with sensors, such as ocean, land, space, disaster and
traffic monitoring, and coastal managements.

Biogeochemical study of the ocean and development
of observation system
(D Development of ocean LIDAR system

An Optical window for discharging laser beam was
installed at the bottom of R/V "Miral" in 1998. The main
body is combined with optics bench madein 1997, and it
will be mounted in "Mira" in the 1999 fiscal year.
(2) Biogeochemical study of the northern North Pacific

and its adjacent seas

Goals of this project are; a) to assess the spatial and
temporal variation of flux of CO, , b) to clarify the mecha-
nisms to control the biological pump and itsrole in the
carbon cycle, c) to clarify transportation processes of dis-
solved materials in conjunction with the formation of in-
termediate water, and d) to evaluate the fluxes of carbon
and other materials carried by particulate matter to the
interior of the deep ocean, and their spatial and temporal
variations.



Fig.28 Sampling stations of MR98-KO01 cruise.
@®: Lleg. 1, M Leg. 2

In FY 1998, we joined three cruises of R/V Mirai: (1)
MR98-05 cruise (July); recovery and re-deployment of sedi-
ment traps and sampling of bottom sediments. (I11) MR98-
06 cruise (Aug. -Sept.); mainly CO, measurements, and (111)
MR98-K01 cruise (Nov.-Dec.); systematic observationsfor
the biogeochemical study of the northwestern North Pa-
cific were carried out at stations shown in Fig. 28. The
following are the outlines of the resullts.

(a) During the MR98-K 01 cruise, total dissolved inorganic
carbon (TDIC) was measured in seawaters at several
stations from surface to bottom and in surface seawa-
ter continuously. The results show that distribution of
TDIC is controlled only by water mixing of subtropic
and subarctic water in winter. We also collected more
than 700 of seawater samples for AMS radiocarbon
measurement during the MR98-K01, MR98-05, and
MR98-06 cruises. 1n 1998, seawater samples collected
during the MR97-02 cruise (winter, 1997) in the west-
ern North Pacific were analyzed for *C. Comparing
our results (1997) and GEOCECS ones (1973) at 40°N,
160°E, thereis no significant increase of *C in a past
decade (Fig.29), which contrasts with radiocarbon
change in the South Pacific.

(c) Inthe MR98-06 cruise, it was observed that surface
seawater pCO, reached 420 ppmv in the area centered
at 165°E, 45°N. In summer, surface seawater pCO,
usually remains at 330 ppmv or less due to biological
activity. Thus surface seawater pCO, observed in
MR98-06 was higher by about 90 ppmv than usual.
During the MR98-K 01 cruise, we performed measure-
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Fig.29 Vertical distributions of *4C at 40°N, 165°E. Open circle: MR97-02,

1997. Solid circle: GEOSECS, 1973

ment of concentrations of atmospheric and surface
seawater pCO, in the Kuroshio Extension. Concen-
trations of surface seawater pCO, was 320+10 ppmv,
and those of atmospheric pCO, was about 368 ppmv.
The calculated ApCO,, which indicates the driving
force of air-seaexchange of CO, ,was about -50 ppmv,
accordingly.

(d) Behavior of iron in the northwestern North Pacific was

studied. Water samples were collected vertically us-
ing 12 L Teflon-coated Niskin-X bottles mounted on a
CTD/rosette system. Atmospheric dust samples were
also collected using a high volume air sampler while
the ship was steaming or at the stations. Concentra-
tions of dissolved iron were lower than 1 nM.

(€) During the MR98-K 01 cruise, vertical prafiles of 24Th,

219pg and POC were determined at the 9 sampling sta-
tions. Measurements are still in progress. The avail-
able data at the present stage show that the flux of par-
ticulate organic carbon from the euphotic zone to deep
sea gradually increases eastward in the observed area.
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In order to study the role of "the biological pump" in
the uptake of atmospheric CO,, we deployed sediment
trap mooring systems at three stations (Stn. KNOT:
44°N, 155°E, Stn. 50N: 50°N, 165°E, Stn. 40N: 40°N,
165°E) and began to collect settling particles at 1000,
3000 and 5000 m in December, 1997. Sediment trap
mooring systems were successfully recovered and re-
deployed in July, 1998 and May, 1999. At laboratory,
concentrations of organic carbon and inorganic car-
bon for settling particles were measured.

Fig.30 shows seasonal variahility in organic car-
bon flux, inorganic carbon flux and the ratio of the
organic carbon to inorganic carbon flux (Co/Ci ratio)
from a3000-m deep sediment trap at Stn. KNOT. Car-
bon fluxes increased from March and reached to the
highest in summer. Carbon flux was also higher in
October, 1998 and in winter. The Co/Ci ratio was high
in summer when carbon flux was high, and low in win-
ter. Compared with the results of previous sediment
trap experiment, annual average of carbon fluxes and
ColCi ratios at Stn. KNOT and Stn. 50N were lower.

In future, the seasonal and annual variability in the
biological pump for the carbon cycle in the northwest-
ern North pacific will be discussed with using satellite
data and dissolved carbonate species.

(g) Sediment core sampleswere collected by using amul-

tiple corer and piston corer at six sitesin the north-
western North Pacific during the MR98-05 cruise from
July 7 to July 24 in 1998. Analyses of the cores are
till in progress. But, carbonate content, organic car-
bon content and total nitrogen content in a piston core
collected at the Emperor Seamount (40°N, 170°E) were
measured. Other substances such as alkenone, stable
isotopes, and radioisotopes, that are indicators of the
past climate condition, will be measured.

(3) Observational study on primary productivity in the

Equatorial Pacific

We carry out the bio-optical observation including

chemical composition analysis of seawater, measurement
of the primary production, underwater light and so on.
Then, we study the mechanism in relation of High Nutri-
ent Low Chlorophyll condition in the equatorial upwelling
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Fig.30 Seasonal change of fluxes of organic carbon, inorganic carbon, and their ratios (Co/Ci) of settling particles collected at 3000m depth of Stn. KNOT

44

(44°N., 155°E)



region and the deep chlorophyll maximum in the warm
water pool. The bio-optical observation was carried out
by R/V Mirai in the western Equatorial Pacific (Fig.31)
from Dec. 1998 to Jan. 1999. The vertical distribution of
temperatureisshowninFig.32. It wasso-called "LaNina"
condition during the observation. The warm water mass
was being pushed in the west and the effect of the equato-
rial upwelling exceeded the date line, and it reached near
160°E. Fig.33 showsthe vertical distribution of the chlo-
rophyll-aconcentration. In the east of 160°E chlorophyll-
awas widely distributed from the surface to 100m depth,
and the remarkable chlorophyll maximum could not be
seen. Inthewest of 160°E, the upwelling weakened, and
the thermocline formed near the 90m depth by the warm
water pool. Inthelayer shallower than the thermocline,
nutrient supply from deeper layer was cut off by the warm
water mass with the temperature of more than 30°C

120 130 140 150 160

(Fig.34). Consequently, the chlorophyll a concentration
islow (0.1mg/m?®or less) in the surface layer, and the
chlorophyll maximum of over 0.3mg/m? existed at near
thethermaocline. During the El Nifio in the previous year,
the warm water pool proceeded to the east, and the thick-
ness of the warm water pool thinned, since the warm wa-
ter region extends. As the result, the chlorophyll maxi-
mum layer also shallowed. However, in the observation
in LaNinathis year, because the upwelling region west-
ward expands, the thickness of the warm water pool in-
creased, and the chlorophyll maximum also deepened.
Since it deviates from the Equator, the observation point
around the Palau of 135°E did not receive the effect of the
warm water pool. Therefore, the chlorophyll maximum
exists at 70m depth, shallower than that in the warm water
pool.

MR98-K02 Cruise Track

Fig.31 Sampling locations in the Equatorial Pacific
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@ The construction of preparation system for
measurement of *C in dissolved organic carbon
(DO*C).

The purpose of this study isto construct a preparation
system of DO™C by UV oxidation method to measure the
DOYC activity in seawater.

A prototype preparation line of DO*C was constructed
in 1998. Thisisa system which produces graphite carbon
from the DOC in sea water sample under the vacuum con-
dition. Analytical procedure consists of three steps, as
follows:(1) UV oxidation of DOC to carbon dioxide, (2)
purification of produced carbon dioxide, (3) reduction of
carbon dioxide to graphite carbon. Optimum analytical
condition has been determined using acommercial reagent
(glucose). Therecovery of carbon dioxide was not satis-
factory (ca. 50%) so that further improvement of the sys-
tem, especially change the wave length of UV lamp is
necessary. This preparation lineisnot only for DO*C but
also useful to prepare solid materials such as sediment
and sediment trap samples. “C data on carbonate fossils
in sediment samples have been published.

(® Study on standard material for nutrient
measurement
In order to clarify the temporal and spatial variations

of oceanic biogeochemical processes, it isessential to have
reliable standard material for nutrient measurement. Goal
of this study is to establish the method for the standard
preparation. In 1998, various conditions for preparation
of standard were tested. And amanual for the preparation
was made.

(6 Study on technical improvement of mesurements
of CO, system parametersin the ocean.

To examine high frequency measurement of surface
seawater pCO, by a membrane equilibrator, comparison
with shower-head equilibrator installed in the R/ Mirai
was made. Values obtained from the two equilibrator
agreed each other within 1 ppmv.

We joined an international calibration of TDIC mea-
surement. Values presented by JAMSTEC differed by 2-
3 umol/kg from the internatinally certified value.

(@ Study on the behavior of thetrace metals (dissolved
iron) in the ocean

Iron has been known as an essential micro-nutrient for
the phytoplankton growth in the ocean. Due to its ex-
tremely low solubility, however, the concentration becomes



so low that plankton growth is subdued where its supply
islimited. Thus, the fate of iron in seawater is closely
related to the biological activity. It isvery important to
know the behavior of iron in the ocean for the study of the
global biogeochemical cycles of carbon and its related
elements. In order to clarify the role of iron in the
biogeocemical process, the behavior of iron in the north-
ern North Pacific have been studied.

In order to avoid contamination, sampling bottleswere
improved and procedures of samples were established.
Water samples were collected vertically at 17 stations us-
ing 12 L Teflon-coated Niskin-X bottles mounted on a
CTD/rosette system during MR98-K 01 cruise. The mea-
surement of samples has been continued; concentrations
of dissolved iron in most samples were lower than 1 nM.
These low concentrations of dissolved iron indicate that
the samples were not contaminated during the sampling
and the measurement.

Study on the application of the ocean color satellite
in the western Equatorial Pacific

Primary production is one of the mgjor subjectsin glo-
bal carbon cycle study because its flux plays an important
rolein biological pump. The horizontal and vertical dis-
tribution of phytoplankton and their primary production
has seasonal and interannual change in each water mass.
The purpose of this study is to develop the algorithm to

estimate the primary productivity using the satellite data
such as ocean color, sea surface temperature and so on.
Satellite data (SeaWiFS and AVHRR) were directly re-
ceived by the shipboard receiving system on R/V Mirai in
the Western Equatorial Pacific during the bio-optical ob-
servation cruisein Dec. 1998 to Jan. 1999. Fig.35 shows
composite of chlorophyll-a distribution during the cruise
observed by SeaWIFS. Inthe areafrom 175°E to 165°W,
which corresponds to the westernmost part of the equato-
rial upwelling region, therelatively high chlorophyll-acon-
centration from 0.3 to 0.5mg/m?® was observed. Inthewest
of thisregion, which corresponds to warm water pool, low
chlorophyll-a concentration of 0.1mg/m? or less was ob-
served.

@ Inter-annual variability in heat, carbon, nitrogen

fluxesin the Equatorial Pacific

We carry out the cooperative research to study the fluc-
tuation of primary production and environmental factors
caused by the impact of El Nifio and LaNina, mainly in
the equatorial upwelling region with Dalhousie Univer-
sity, Canada.

The co-operative observation was carried out from Dec.
1998 to Jan. 1999 in the Equatorial Pacific. The fluctua
tion of water-column primary production for the past of 2
yearsis shown in the Fig.36. It was El Nifio in1997-98.
Thisfluctuation of the primary production was not caused

Fig.35 Distribution of chlorophyll-a observed by SeaWiFS during the cruise
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Fig.36 Fluctuation of water-column primary production for the past 2 years

only by the change of biomass but also by environmental
factors such as nutrient, trace metal and so on.
Study on automation of measurement of chemical

componentsin sea water

Goals of thisstudy are: (1) to devel op automated sys-
tem for measurement of biological and chemical compo-
nents in seawater and sea water sampling system, (I1) to
install the systems in the wave energy generator '‘Mighty
Whale' for the field test. 1n 1998, prototypes of the sys-
temswere built. In addition, ascale model of the autono-
mous biogeochemica monitoring platform was made, and
tested in a pool for its movement under simulated rough
condition.
@) Study on substancesthat cause global war ming.

In the Meteorological Research Institute, calibration
of CO, working standard gases used in the R/V Mirai was
made based on the gases traceabl e to the WM O standard
gases. Before and after individual cruises (MR97-02 and
MR98-06), differences of concentrations of the working
standard gases were less than 0.1 ppmv.

Weather Observation at Oki-no-Tori Sima
Introduction

Oki-no-Tori Simaisthe southernmost placein Japan at
thelocation of 20°25'N, 136°05'E near the boundary of Trop-
icsin the central part of the Philippine Sea and far from
Tokyo at adistance of 1700km as shown in Figure 37. It is
acoral reef with no significant land mass. This natural
condition makes it possible to observe the pure oceanic
weather. The weather is very important to study on the
pure change of atmosphere and ocean without human con-
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Fig.37 Geographical Location of Oki-no-Tori Sima

tamination. The climatology of the Western North Pacific
showed that SST and Air temperature at Oki-no-Tori Sima
isheated up by the Tropical sunshine and cooled down by
the Winter Monsoon. Oki-no-Tori Simaisjusst located at
the south lim of the Winter Monsoon. The weather at Oki
-no-Tori Sima is sensitive to the conditions of Winter
Monsoon and Tropical SST.
Weather Observation

The weather station which JAMSTEC used at Oki-no-
Tori SimaisanAndderrawesather station in combined with
anArgos Transmitter as shownin Figure 38. Thetide gauge
was an Andderrawater level meter to measure both pres-
sure and water temperature. JAMSTEC has started to ob-
serve the long term wesather and oceanic conditions since
April 1993. The weather station and tide gauge were main-
tained once ayear in February or March. All of the sen-
sors were replaced by new ones at that time.
Characteristic of Weather Condition

In winter, the air temperature changed up and down at
atemperature range of about 4°C according to a change
of two phases which are acooling and warming ones as
shown in Figure 39. In the cooling phase that the dry and

Fig.38 Weather Sensors
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Fig.39 Weather Condition at Oki-no-Tori Sima
(From January to June in 1998)

cold northerly wind blow over Oki-no-Tori Sima, the air
temperature was effectively cooled down. In the warming
phase that the wet and warm South wind blows, the air
temperature was warmed up. Both phases appeared and
disappeared interchageably in a short period. This rapid

change of air temperature was due to the cooling of Win-
ter Monsoon and the heating of South warm wind and
Solar hesting.

The main feature of the weather condition from the
winter to spring is a drastic phase shift. At Oki-no-Tori
Sima, the winter suddenly ceased and the spring begins
promptly.

The onset of warming period (spring) which was re-
lated to the onset of warm SST northward movement oc-
curred just after the last cooling phase ceased in winter.
The number of cooling phases was very important to af-
fect the mean temperature of Winter. On the other hand,
the air temperature got warm steadily to the maximum in
summer during the warming period. These change should
be intepreted as a subprocess of Asian Monsoon because
the onset of warming period seemed to have aclose rela-
tion with the end of Australian Summer Monsoon.

Weather condition of 1998 at Oki-no-Tori Sima was
unusually calm. Few Typhoons attacked Oki-no-Tori Sima.
The largest El Nino in the 20th century decayed and dis-
appeared until June 1998. Generally Speaking, the weather
condition of 1998 seemed to be atypical one.

JAMSTEC will keep thiskind of observation at Oki-
no-Tori Simato study on the relation of climate change
between Japan main Inad and Oki-no-Tori Sima. Hope-
fully, we would find a precursor for the extermely cool
summer to the summer of 1993.
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Global environmental problems are the most serious issues facing humankind today, and are also issues that
should be dealt with as soon as possible. In order to discover ways to resolve global environmental problems, itis
important to evaluate the kind of impact that variations in species diversity caused by environmental changes will
have on the future of the global environment. At the sametime, it is also necessary to clarify the mechanism of
environmental change, looking hard from a global perspective at the material cycle as it relates to ecological
systems. The oceans occupy 70% of the earth's surface, and one can not clarify global-scale phenomenarelating to
environmental change without understanding the oceanic ecosystem. Therefore, we will proceed with a multifari-
ous study of biology, physical oceanography, chemical oceanography and ocean engineering focusing on coastal
areas, where primary productivity is high and which is susceptible to environmental changes, and deep sea areas
from the mesopel agic zone through to the ocean floor and abyssal trenches.

Project research
" Study to elucidate the mechanism of ocean ecosystem
changes'

Period: from 1998-1999

Coral iswidely dispersed in the seas from tropical to
subtropical regions, andisabiological indicator that grows
and declines in response to global warming and destruc-
tion of the ozone layer. The coral reef ecosystem, the pri-
mary production of which is based on coral, isimportant
in terms of basic production in the ocean, and is also a
nursery for the young of oceanic organisms. Thisstudy is
aimed at elucidating the mechanism of coral reef ecosys-
tem changes.

From 1995 to 1997, Tamatori Point at Ishigaki Island
was the target of our study, but from 1998, we changed
the target to this country's largest coral reef area, " Sekisel
Reef" (25x25km), and commenced full-scale investiga-
tive research.

Our aim during the two-year period of 1998 and 1999
was to devel op techniques for finding the biomass of live
coral, phyte plankton and so forth in regard to the coral
reef ecosystem of this sea area as awhole, and moreover
to devel op technology for measuring various physical and
chemical factorsthat contribute to its growth and decline.

We conducted the first full-areainvestigation in Octo-
ber 1998, and subsequently carried out timely investiga-
tions on each issue.

Investigative research by "the lower-order production
and water quality investigation team"” is divided broadly
into the two items below.
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(1) Observation of upwelling plume formation along
the channel.

In order to investigate factors for the development of
coral reef on the reef slope, we measured distributions of
water temperature, salinity, chlorophyll-a and nutrient
mainly near the inflow channel of Sekisei Lagoon, and
confirmed the possibility of upwelling which was thought
to be contributing to the mechanism for supply of nutrient
from outside the reef. We also made the survey to investi-
gate environmental changes attendant to the passing of
the typhoon, and considered its relevance to the coral
bleaching phenomenon.

(2) Investigation of coral activity level on thereef slope.

Using exclusivetypesof coral taken from thereef dope,
we observed the coral's ecology with an underwater mi-
croscope in awater tank on land, and also tested the un-
derwater microscope's operation in the seaon-site. We also
investigated the priority type and covering of an exclusive
type of coral taken from the reef slope surface of the up-
welling area, and studied the condition of activity and
bleaching of the coral.

Investigative research by the "organism measurement
team" is broadly divided into the following three items.
(1) I'ssues concerning basic data set development for

making Sekisel Reef a biological indicator

We investigated the biomass of coral and plankton of
the Sekisei Reef as awhole, and various environmental
factors such as water quality and flow that related to it
(Photo 1). For usein the coral investigation, we set 26
diving locations, and 10 line transect investigation routes.



With regard to plankton and water quality, we set up 9

lateral lines and 20 observation points.

(2) Themes concerning coral reef ecological system
research and development of measurement
techniquesin patch reefs
We selected three patch reefs where coral activity dif-

fered, and made clear the structure of the coral reef eco-
logical system, as well as investigating the relationship
between coral's microstructure and various environmen-
tal factors, schooling behavior of fish and the day and
nighttime distribution structure.

(3) Leading themes concerning the functions of coral
reef ecological systems and predicted changes
We examined phenomenathat have a possibility of ef-

fecting the coral reef ecosystem and new measurement
technology. This includes attempting to measure coral
health and measuring the photosynthesis of collected coral
based on element analysis, as well as attempting to mea-
sure the health of coral using fluorescence or color.

The physical environment group investigated the fol-
lowing research in the Sekisel lagoon in October, 1998.
(1) Vertical profile measurement at reef slope by

underwater elevator

We installed an underwater elevator system and an
acoustic current meter at a depth of 32m in Kayamabishi
reef which develops on the north side of Sekisei lagoon
and faces the East China Sea, and measured the vertical
distribution of water temperature, salinity and current. By
the runoff of seawater from the reef, it was observed that
the surface water temperature was 0.8 degrees Celsius
higher than the lower waters.
(2) Exchange of reef waters

We set up current meters at four stations on the reef
ridge and in the lagoon, and investigated the correlation
between tidesand currents. At low tide waters were closed
up in the lagoon, and during the up-tide waters flow in
over the reef, but outflows from inside to outside of la-
goon were formed at the channel. Within the reef, north-
erly currents did not devel op so large by south winds, but
by north winds, southerly flow developed rather strong.
Waters may flows into the reef during the winter season
with northeast winds.

(3) Development of artificial plankton-larva tracking
system

We carried out atest of an automatic tracking perfor-
mance of the system that tracksthe artificial plankton larva
drifting underwater along the current at the depth. We
obtained basic data concerning acoustic positioning per-
formance and tracker propulsion performance and steer-
ing performance in order to design an actual system.

We are the first in the world to study the coral reef
ecological system with avast sea area like Sekisei cora
reef as the target, and with the cooperation of many re-
searchers that belong to the Ocean Ecological System
Committee and the Scientific Diving Society, we were able
to proceed with research to shed light on its mechanism
of change.

Photo 1 Measurement of photosynthetic activity using fluorescence meter

" Research concerning the dynamics of the heat and
materialsfluxes, and their relationship to the marine
biosphere"

Period: from 1997-

Apart from photosynthesis-based ecosystems, ocean
ecosystems include chemosynthesis-based ecosystems,
which are formed on the ocean floor through the gjection
of hydrothermal fluid and cold seeps. Of particularly large
scale are the hydrothermal vent populations and cold seep
zone populations in deep sea areas. These directly and
indirectly incorporate substances that are gjected from the
sea floor and maintain a huge biomass of organisms, also
being thought to contribute significantly to the circulation
and reattrition of ejected materials. Making use of deep
seainvestigative systems such as submersibles and ROV's,
this research aimsto clarify the interrel ationship between
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substances ejected from within the earth and deep sea
chemosynthetic ecosystems, and the basic physiological
and ecological characteristics of deep sea chemosynthetic
populations.

Through field investigations using research submers-
ible vessels and laboratory investigations, we carried out
physiological and ecological research on west Pacific
Ocean chemosynthetic popul ations from around Japan and
on those from the Manus Basin. As aresult, data was
obtained concerning the community structure of constitu-
ent organisms in each population, their detailed distribu-
tion patterns, growth and the systematics of symbiotic
bacteriaand so forth. Moreover at apoint at 7326m depth
in the Japan trench, we discovered the world's deepest
chemosynthetic community. Furthermore, in the Mariana
Trench, we carried out a biological investigation at the
deepest point on earth, and collected geological and bio-
logical samples such as gammarid amphipods (Photo 2).
Inthisfiscal year we designed and ordered a suction-based
deep sea organism sampler that can efficiently collect bio-
logical samples, acquired environmental measurement de-
vices, and organism rearing equipment, aDNA sequencer,
and other laboratory equipment.
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Photo 2 A Gammarid amphipod (Hirondellea gigas) collected from the
Challenger Deep (depth of approx. 10,900m), Mariana Trench

" Development of technology for using and enlarging
offshore underwater space, based on ocean-type
artificial sea floor"

Period: from 1994-1998

This research was begun from 1994 as an area joint
R&D project with Iwate Prefecture. 1t was aimed at de-
veloping and using an artificial sea floor that descends

52

and rises, and using underwater space offshore up to a
depth of 100m. To that end, we manufactured by way of
trial the "Ochan Marine No.1" ocean-type artificial sea
floor in 1995, and installed it in waters of depth 40m in
Funakoshi Bay, and carried out real seageneral tests, and
acquired many types of experimental data for designing
an application machine. Inthefina year of 1998, we per-
formed the following experimental research.
(D Abalone mariculturing test

We continued breeding the abalone whose
mariculturing we commenced in 1997, and obtained data
on growth, rate of procreation and amount collected when
we performed year-round breeding. Asaresult, it was
judged that abalone mariculturing is possible even in seas
that are affected by ocean waves.
(2 Non-destructive inspection

We periodically confirmed safety and durability, and
in order to acquire accurate data on deterioration status,
we performed anti-erosion potential measurements of the
equipment main body as well as mooring chains; volume
consumption measurements of the aluminum positive elec-
trode; measurement of the mooring chain diameter wear;
visual inspection of the exterior; seawater ballast system
open inspection; and measurement of the weight of foul-
ing. Asaresult, it was confirmed that adequate anti-cor-
rosion potential is ensured for the equipment main body
and mooring system (within about 8m from the facility);
that the amount of volume consumption of the positive
electrode is not irregular; and that the amount of wear of
the chain diameter is roughly in accord with the design
value.
(3 On-land inspection

After completion of the real seatest, we collected the
facility, and conducted a visual inspection of its exterior
on-site, and at the factory carried out an investigation of
the exterior view of chain links, as well as an investiga-
tion of cross-section form and remaining strength (ten-
sion). Consequently, we confirmed that while blue mus-
sels were clinging to the facility under the water surface,
the surface showed no paint peeling, rust or other corro-
sion after they were removed; that while there were dif-
ferences in the amounts of fouling of the mooring chains,
therewas no damage, corrosion or abnormal diameter wear
( Photo 3). Apart from that, valuable data was obtained in
terms of producing an actual machine.



(@ Report compilation
We compiled areport summarizing research results
for the five-yearperiod.

Photo 3 Mooring system collected for on-land inspection

" Development of monitoring system for coastal
fisheries environments'

Period: 1994-1998

Sendai Bay is open to the Pacific Ocean. River waters,
Oyashio cold waters, and Kuroshio warm waters flow to-
gether in this bay, resulting in acomplex water circulation
system within the bay. Moreover, for this reason the pri-
mary productivity ishigh, and the coastal waters of Sendai
Bay are utilized to a high degree mainly for the fishing
industry and the aquaculture, especially oyster industry,
including natural oyster-larva collection and monitoring
of the thick distribution area of oyster planktonic larva.
Observing the seawater environment of these waters, and
in particular by monitoring the movement of water mass
is hoped to lead to elucidation of the actual conditions of
biological production environments.

In thisjoint research with Miyagi Prefecture (Phase
I1), we conducted research for the application of a system
to monitor the movement of water mass, based on an un-
derwater elevator system which we developed in Phase |
(1994-1996). Furthermore, using this system, we con-
tinuously monitored the vertical distribution of the sea
water environment (Fig.1), and attempted to use the data
of fisheries people, along with conducting an investiga-
tion of oyster planktonic larvaand other biology, and shed
light on the mechanism of dispersion, piling up and accu-
mulation of planktonic larvain Sendai Bay, and made it
useful in promoting coastal aquiculture.

In 1998, we made improvements to the underwater el-
evator system and mini-underwater elevator system, and
monitored the fisheries environments of Ishinomaki Bay
from June until August. In late July, early August and
early September, we made experiments on the dynamics
of the vertical distribution of oyster larvae using an enclo-
sure system. We also compiled a comprehensive manual
for the underwater elevator system.
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Fig. 1 Change of vertical distributions of environmental parameters
measured by the underwater elevator ( 8/8 - 8/13, 1998 ).

"R&D on the technology controlling the oxygen-
deficient water massin Omura Bay"

Period: from 1997-1999

OmuraBay islocated in central Nagasaki Prefecture,
and at the bottom of the inland bay, sediments have accu-
mulated thick. Because of the urbanization around Omura
Bay in recent years, the water quality has degraded under
the environmentad target, and oxygen-deficient water mass
developsregularly in every summer. In oxygen-deficient
water mass, benthic animals can't survive, and it also ac-
celerates the nutrient dissolution from sediments, which
resultsin red tides after the fast mixing of waters as the
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Typhoon. Nagasaki Prefecture has regulated the total
amount of COD load, but a comprehensive strategy for
maintaining the environments of the bay is now an urgent
issue. Along with understanding on the mechanism of
developing oxygen-deficient water mass in Omura Bay,
we will develop awater circulation technology to control
its incidence. This joint research program between
JAMSTEC and Nagasaki Prefecture aimsto propose some
water circulation technology for helping to plan that strat-
egy. This system pumps oligotrophic surface watersto the
bottom, mix them with the eutrophic bottom waters, dis-
perse horizontally them in mid-depth, and promote a pri-
mary production which we expect a healthy ecosystem to
follow in the bay.

In 1998, we investigated the current status for oxy-
gen-deficiency mechanism, eutrophication, and model-
ing. We carried out environmental monitoring at the sta-
tion where the water circulation system will be installed,

.

RN

Sodar Enerpy

» .

Sea surface

and investigated its performance evaluation procedures.
Moreover, we developed a floating platform for power
supply to and controlling of the circulator and monitoring
weathers and sea conditions ( Fig.2 ). Since the Omura
bay has non-uniform wind distribution, we developed a
seawater flow model that could take account of this.

" Development of a simple collection system and
breeding techniquesfor vestimentiferan tube worms'

Period: from 1997-1999

The vestimentiferan tube worm is a peculiar organism
that does not have a digestive tract, and instead uses en-
ergy produced by chemosynthetic bacteria that coexist
within its body. Large colonies have been found in waters
of 82-110m within Kagoshima Bay. At present, large-
scale systems such as the Marine Science & Technology
Center's research submersible vessel or remotely operated
vehicle are necessary in order to collect these
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Fig. 2 Senario of Water-quality Improvement in Omura Bay. Water mixing devise mixes turbulently surface waters with
bottom water, and the resultant mixed waters diffuse horizontally and in a wide range at the mid-depth, and
increase the primary production. The DO-defficient bottom enviroments are expected to be improved. Maintaining
the diversity and abundance of phytoplankton may prevent red tides generating after density stratification and
increase the higher production web. Finally fisheries may take the nutrients out of the Bay and restore it.
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vestimentiferan tube worms, and therefore the samplesthat
can be gathered for research are limited. We developed a
simple collection system (grabber system with camera),
that can be loaded onto a small boat and can be used to
gather samples easily ( Fig.3). Moreover, in partnership
with Kagoshima City Aquarium, we developed technol-
ogy for rearing vestimentiferan tube worms in a satisfac-
tory state, and aim to popularize and educate on marine
science and technology through this cooperation.

In 1998, we acquired a power source and control unit
for theon-board system, and acquired the underwater cam-
eralens section and camera control unit. We conducted an
underwater transmission test, and confirmed that the cam-
eraand power source control unit operation were satisfac-
tory. We also manufactured a CD-ROM for the general
public that deals with deep sea chemosynthetic organisms
including vestimentiferan tube worms.

 ag
smonitor

watertight
control board

Fig. 3 Concept drawing of vestimentiferan tube worm simple collection
system

"Research for scientific characteristics of deep
seawater in Suruga Bay and for the multistage use
system"

Period: from 1998-2000

We conduct this research with the aim of effectively
promoting projects for effective use of Suruga Bay deep
seawater, and contribute to the establishment of practical
deep seawater usage technology (Fig.4 ). Thisyear isthe
first year of research, and in order to attempt to effectively
promote research, we formulated aresearch execution plan
and examined a research structure (project team organi-
zation, visiting researchers, etc.), aswell as making a start
on basic and advanced analysis and preparation of obser-
vation equipment. Types of instruments that we prepared
include amicroscopic component analysis device targeted
at microscopic metals; a device to analyze componentsin
large amounts, targeted at types of nutrients; a organism
examination and analysis device that assesses water qual-
ity by organisms; ship-loaded ocean research instruments,
and moored ocean research instruments.
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Fig. 4 Observation points in Suruga Bay
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Current research
" A study on the modeling of marine ecosystems by
combining multiple submodels."

Period: from 1998-2000

Thisstudy involves creating modelsfor each individual
phenomenon of marine ecosystems as simply as possible,
and by combining those models, we will research and de-
velop amarine ecosystem model of higher precision. We
are aiming for the combination of models such asthe flow
dispersion model (physical model), material flux model
(biochemica model), organism behaviour model (verti-
cal migration of plankton, etc.), and will develop a paral-
lel calculation program of calculation efficiency, and carry
out calculations using a parallel computer.

In 1998, we grasped that the vertical migration of
plankton was an important key in marine ecosystem mod-
els, and an addition performed an investigation of docu-
mentation concerning plankton behaviour models. More-
over, in regard to model parallelization, we examined the
parallelizing of not only ecosystem models, but also physi-
cal models (Fig.5).

As afuture plan, we will develop a behaviour model
that models the vertical behaviour of plankton. We will
also perform parallel processing of the physical model.
Furthermore, we plan to perform parallel processing of
each compartment for aregular ecosystem model, as well
as combine the physical model and plankton behaviour
model, and investigate the technique that is most efficient
and offers computational safety.
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" Methods of evaluating seawater movement in the
vicinity of coral"

Period: from 1998-2000

In order to clarify the mechanism of change in cora
reef ecosystems, it isimportant to appreciate not only at
biological changes in that habitat, but also the physical
environment. In particular, grasping minute flowsin the
vicinity of coral reefs (patch reefs), isimportant in terms
of finding out the coral growth process, spawning, and the
living environment of zooplankton, etc. In general, moor-
ing-type observation is carried out using a current meter
to grasp flow region, but in small-scale sea areas such as
patch reefs, the use of measuring instrumentsitself is dif-
ficult in consideration of size. Therefore, in thiskind of
location, plaster balls technology, used to ascertain flow
environmentsin small-scale seaareas such as seaweed bed
and aquaculture field. However, flow measurement by
plaster balls has the disadvantage that it can only be car-
ried for 2-3 days. In this study, we will develop along-
term installation-type integral flow velocity sensor based
upon the plaster balls technology, which can evaluate in-
tegral current vel ocities from one week to around ten days,
to one month. Furthermore, using the developed sensor,
we will carry out a experiment of study field, and exam-
inethe cora growth process, spawning, the habitat of zoop-
lankton, etc., and the relationship with minute flow.

This year, we manufactured by way of trial sensors
that can be installed long-term (improved raw materials),
and furthermore, conducted experiments with each type
of trial-manufactured sensor in the Sekisei lagoon (Ishigaki
Island, Okinawa Prefecture) (Photo 4). Asaresult, it was
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Photo 4 Experiment of long-term installation-type flow velocity sensors in
Sekisei lagoon (Ishigaki Island, Okinawa Prefecture).



found that by combining fine grains of cement in the gyp-
sum, we could make a sensor that was capable of taking
measurements for about a week.

As afuture study, we are considering a dissolution
experiment of trial-manufactured sensors based on differ-
ences in water temperature, salinity and current velocity
(in Sekisei lagoon and laboratory). And we hope to ex-
tract a high-precision sensor that can be installed long-
term, and use it to think about the above points.

" Decompression Sickness:DCS caused by low ambient
pressure exposure after diving."

Period: from 1998-2000

The normal decompression table was calculated for
returning to the sealevel. If the diver were exposed to the
low ambient pressure by crossing amountain or by travel
in the plane immediately after their dive, they would be
suffering from DCS. The important factors of DCS dur-
ing dive were dive depth, dive time and breathing gas vol-
ume, and the after dive factors are the dtitude in the moun-
tain or the cabin pressure of the plane. We measured the
dtitude of Tokyo-Nagoya freeway crossing the foot of Mt.
Fuji where many divers in Tokyo pass along after their
divesin the west |zu peninsula. And also we measure the
cabin pressure of Japanese domestic air lines. The cabin
pressure decreased to 2,000-2,700m equivalent altitude
after 15 minutes from the take-off. Then we concluded
that the air travel immediately after dive is most danger-
ous case. And we started making the animal model with
rats for thistype of DCS.
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Fig. 6 Equivalent altitude of cabin pressure of Japanese domestic flights.
Maximum flight altitudes were between10,000 m and 11,500 m.

" Resear ch on techniques to measur e biomass of cor al
reef fish"

Period: 1998-2000

Within the coral reef ecosystem, fish are positioned as
high order predators. Therefore, it isimportant to ascer-
tain the biomass thereof, but since many types of fish are
distributed in acoral reef sea area, moreover the seafloor
topography is complex, it is difficult to grasp quantita-
tively. What ismore, coral reef fisheries are aso thinning
out from the ecosystem, and it is necessary to accurately
ascertain its mass.

With regard to biomass measurement, we used a 3-D
TV camerato attempt to measure the types and the di-
mensions of fish distributed there . The installation, mea-
surement and collection of a cable-type TV camerawas
difficult, but we obtained the forecast that sound results
could be obtained by observing in identical locationsin
units of 30 minutes. We planned to compile fish types of
similar body shape, and find the weight from the length.
With regard to coral reef fisheries, we grasped the general
situation by an examination of documentation and by an
aural investigation.

Photo 5 3-D TV camera installed in the coral reef
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" Studieson hydrother mal ventsand thier relationship
to theconcerning mutual action of life phenomena"
Period: 1996-1998
It is suggested that the global environment of about 4
billion years ago when life came into being on earth was
hot and an anaeobic. It isthought that bacteria-like organ-
isms emerged as the first life under this kind of environ-
ment. Deep-sea hydrothermal ventsin the ocean and hot
springs on land are thought to be representative of the hot
and near anaerobic or reducing environments presented at
that time. The JAMSTEC has long since engaged in re-
search targeted at deep-sea hydrothermal vent populations.
In order to clarify the structure of deep-sea hydrothermal
vent communities, approaches from various directions are
necessary. Therefore, information on hot spring ecosys-
tems, which exhibit a simpler population structure, infor-
mative, and by doing acomparative study of both, weaim
to probe into the structure of hydrothermal vent popula-
tions, and explore the form of primitive communities.
Asaresult of estimating afood chain from sulfur iso-
toperatios, it became clear that snails and shrimps present
in hydrothermal vent areas were feeding on vent-associ-
ated bacteria. In the case of deep-sea hydrothermal vent
areas and hot springs on land, we found that members of
the same genus of cyano-bacteria were primary produc-
ers both deep-sea and land-based hydrothermal systems.
On the other hand, in the case of hot spring bacteria mats
( Photo 6 ) and the mats of deep-sea hydrothermal vent
areas, we were able to show that the dominant species
were almost completely different. According to arough
estimate, the amount of bacteria produced in hydrother-
mal vent areas was estimated at 1 x 10* cells/'cm?/day.

Photo 6 Mat of microorganisms formed by spring source of Lake Tazawa
hot spring, Akita Prefecture. Called sulfur turf.
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"Development of Tools for the Sampling and
M aintenance of Midwater Organisms."”

Period: from 1998-2000

Although our understanding of marine ecosystems has
advanced considerably over the last hundred years or so,
research has concentrated mainly on near-shore, benthic,
or upper oceanic ecosystems. However, over 90% of the
oceanic biome is comprised of the midwater zone, that
area of the ocean below 200m depth but above the ocean
floor, and the organisms inhabiting this zone remain little
studied. The majority of work that has been done on
midwater animals and the physical environment they in-
habit has used nets or water samplerslowered from boats.
However, recent research using crewed submersibles and
remotely operated vehicles (ROVs) has shown that gelati-
nous zooplankton are amajor and hitherto amost ignored
component of the midwater fauna. Gelatinous zooplank-
ton (jellyfish, siphonophores, ctenophores, larvaceans etc.)
are extremely fragile and areimpossible to collect in pris-
tine or even reasonabl e condition using nets, making labo-
ratory experiments on captured animalsalmost impossible.
Asaresult thereisareal lack of information on the tax-
onomy, physiology, ecology and behaviour of alarge por-
tion of the midwater fauna.

The present 3-year project wasinstigated in 1998 with
aview to remedy this situation by developing toolsfor the
sampling and maintenance of midwater organisms. Dur-
ing the 1998 fiscal year, a 6-cannister suction sampler ca-
pable of operation at depths below 6500m was devel oped
for the ROV Kaiko ( Photo 7). Furthermore, in order to
obtain the most samples possible per dive survey, amul-
tiple cannister suction sampler for the ROV Dol phin-3K

Photo 7 Six-cannister suction sampler attached to the ROV Kaiko.



was designed and is now under construction. A cooling
unit to enable maintenance of midwater organisms aboard
ship and in the laboratory was also acquired.

Joint research
" Feasibility study concerning the technology to
fertirize the sea by using deep seawater"

Period: 1997-1998

We conducted this research with the aim of establish-
ing design principlesfor deep water release technology in
harmony with the environment, when returning drawn up
deep water to the sea after using it. Thisyear isthe fina
year, and we have examined basic ideas of deep water
release technology and ways of utilizing released deep
water; studied release technology hardware and software;
examined the contents of real seaempirical experiments;
and compiled the results. As aresult of investigating cases
of releasing deep water in the past, it was confirmed that
agaeflourishesalong with the rel ease of deep water. Based
on thisfact, it was confirmed that if conditions can be set
that impede the dispersal of deep water after release, the
preparation of algae beds in sea areas will become pos-
sible. In this study, we carried out concept design of struc-

tures and water release methods in order to realize this,
but there is a need to perform an empirical study in an
actual seaareain future.

" Resear ch concer ning properties, and distribution and
fluctuation characteristics of the proper water mass
in Japan Sea"

Period: 1997-1999

This study is aimed at elucidating the properties and
characteristics of distribution and change of water pecu-
liar to the Japan Sea, in order to useit efficiently and to
contribute to development of industrial uses. This year,
we carried out an ocean investigation at Namerikawa off-
shore within Toyama Bay in September, and revealed the
water temperature, salinity, distribution characteristics of
inorganic nutrients and the vertical characteristics of po-
tential algae production capability. Among the inorganic
nutrients, nitrate in particular increased with depth after
100m, and stabilized at high concentrations at depths of
250m or more. Moreover, potential algae production ca-
pability showed high values at depths of 250m or more,
and a high correlation between the two was recognized
(Fig.7).
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Fig. 7 Vertical characteristics of nitrate, phosphate and silicate in Toyama Bay
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"The basic study for marine ecological research by
using automatic zooplankton counters"

Period: from 1997-1999

With purposesto get characteristics of automatic zoop-
lankton counters and promote to use these devices, we
conducted ocean studies with the National Research In-
stitute of Fisheries Science in and around the subtropical
Kuroshio area. The Optical Plankton Counter (OPC,
Photo8) and Electronic Plankton Counting and Sizing Sys-
tem (EPCS) were used, and zooplankton samples were
obtained by an open-closing net in this study. Measure-
ment results of OPC and EPCS were compared with
manual counted results of net samples under amicroscope.
Positive correlations were obtained between OPC and
EPCS for zooplankton abundance. While correlations be-
tween OPC and manual counts were lower than that of
OPC and EPCS. For biomass, correlations were also ob-
tained between OPC and EPCS, however correlation co-
efficients were lower than abundance results. These rela-
tionships were subtly different from the subarctic Oyashio
area. This difference shows that abundant population in
the ocean isinfluent on the OPC and EPCS measurement.
We will analyze the details of these data and establish
methods of measurement, and further improve these sys-
tems.

Photo 8 Optical plankton counter (OPC) mounted on the tow body.

" Basic research concerning the usefulness of high
partial pressure oxygen"

Period: 1997-1999

In high-pressure physiological medicine and subma-
rine medicine research, the usefulness of oxygen and its
toxicity are problems. Asfor the effectiveness of oxygen,
this high partial-pressure oxygen or the combined use of
high partial-pressure oxygen and anti-cancer drugs dis-
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play the effect of working on tumor cells to control tu-
mors; as for oxygen's toxicity, it is known that the effect
on the lungs continues. In this study, we aim to grasp the
changes in production performance of red blood cells due
to long-term exposure by high partial-pressure oxygen,
and make this basic material that examines the possibility
of application to leukemia and other blood diseases, as
well aslooking into the toxicity of oxygen from morpho-
logical changesin the lungs and lung functions, and use it
in ensuring diver safety and in health management aspects.
In amanned experiment, we tested lung functions be-
fore and after the experiment and up to the 30th day after
completing the experiment, but no significant changeswere
recognized. The production performance of red blood cells
was held in check under high pressure. Leukemiacells
(L1211) were administered to DBM/II mouse in the ab-
dominal cavity , and on the second day, 2mg/1mg/kg of
the anti-cancer drug DNR (Daunomycine) was adminis-
tered, and exposed under high pressure for one hour per
day for seven days; in the 3-day period from the seventh
day to the ninth day, we administered G-CSF. Under oxy-
gen partial pressure of 1.6ATA, the exposuretimewasfrom
the third day to the ninth day, and as a result, it was sug-
gested that by adding high-pressure exposure, the anti-
cancer drug administration amount was reduced by half.

"Midwater Research using ROVs"
Period: from 1997-1999

The largest black box in our understanding of ocean
ecology and processesis the ecology of midwater organ-
isms and the physical parameters that determine their dis-
tribution and behaviour. It is becoming clear through re-
search carried out by the Monterey Bay Aquarium Re-
search Institute (MBARI) based in California, USA, that
ROV scan beinvaluabletoolsfor studies on midwater ecol-
ogy.

JAMSTEC has worked under a memorandum of un-
derstanding (MOU) with MBARI since 1994 on a com-
parison of the chemosynthetic communities of the Sagami
and Monterey Bays. During this period it became evident
that similarities and important differences existed between
the midwater fauna of the two bays and a three year col-
laborative project was set up in 1997 to compare the
midwater faunas of the Monterey and Sagami Bays using
Remotely Operated Vehicles.  1n 1998, hydraulically-



powered actuator systems for Detritus-samplers (D-sam-
plers) usable on the ROV Dolphin-3K and the ROV Kaiko
aswell asthe MBARI ROV Ventanawere devel oped. Fur-
thermore, midwater surveys were carried out in both the
Monterey and Sagami Bays. A database for the midwater
fauna of Sagami Bay, similar to that which exists for the
Monterey Bay, was constructed and preliminary infor-
mation on the horizontal and vertical distributions of key
organisms as well as information on the feeding ecology
and life histories of several specieswas gained (Photo 9).

Photo 9 A medusa collected from the benthopelagic layer of Sagami Bay.
This species is one of the dominant components of the benthopelagic fauna
of the bay but has remained undescribed because until recently no
specimens were available in even reasonable condition.
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1. Course of action for developmental studies

Frontier Research Program for Deep-sea Extremophiles, a 15-year program launched by JAMSTEC in 1990,
aims at unveiling new phenomena discovered in deep-seas. This project, conducted by the Deep-sea microorgan-
isms research group(the DEEPSTAR group), places particular attention on microorganisms growing in certain
specialized environments in the deep sea. Many microorganisms in the deep sea are true extremophiles, because
they can thrive under extreme conditions of low temperatures, high temperatures, high pressures, or in high concen-
trations of inorganic compounds. They have never experienced solar energy, and they have to metabolize com-
pounds not derived from sunlight. It isdistinctly possible that very ancient life-forms might be hibernating in the
world's largest refrigerator. Conversely, they might have some special functions to biodegradate xenobiotic, be-
cause the deep sea bottom is usually clean. Microorganismsisolated from the deep seawill give us new informa-
tion on the origins of life, its evolution, and some useful applications for environmental protection.

Our Group has conducted research mainly on the following topics.

2. Major Research and Development
1) Genome analysis studies
(DAnalysis of the genome of a facultatively alkaliphilic
Bacillusstrain

An akaliphilic bacterium, strain C-125 (JCM 9153),
isolated in 1977, was identified as amember of the genus
Bacillus and reported as a f -gal actosidase and xylanase
producer. It isthe most thoroughly characterized strain,
physiologically, biochemically, and genetically, among
thosein our collection of alkaliphilic Bacillusisolates. Last
year, we initiated analysis of the C-125 genome, which
has a size of 4.25 Mb, and systematic sequencing of the
entire genome is in progress. Thus, it is clear that
akaliphilic Bacillus sp. C-125 isinteresting and quite im-
portant for further advancement of basic and applied al-
kaline microbiology. The taxonomic placement of Bacil-
lus sp. C-125 is still unclear, although taxonomic studies
have been carried out in an effort to classify alkaliphilic
Bacillus strains at the specieslevel and some new species
have been proposed. Therefore, we attempted to identify
strain C-125 not only based on conventional physiologi-
cal and biochemical characteristics but aso through phy-
logenetic analysis based on comparison of 16S rDNA se-
quences and through comparison of DNA-DNA hybrid-
ization patterns. Through a series of experiments we have
correctly identified strain C-125 as B. haloduransin this
study, and we will refer to this strain as B. halodurans C-
125 in future reports.

Systematic sequencing of the whole genome of Bacil-
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lus halodurans C-125 has been routinized since the be-
ginning of May in 1998 and more than 95% of the whole
genome has been sequenced so far.
(a) Preparation of ashotgun library of thewhole genome

Chromosomal DNA was isolated from Bacillus
halodurans C-125, described above. A 20 u g aliquot of
chromosomal DNA was sonicated for 5 to 25 sec with a
Bioruptor UCD-200TM. The sonicated DNA fragments
were blunt-ended using a DNA blunting kit and fraction-
ated by electrophoresis on a 1% agarose gel. DNA frag-
ments 1-2 kb in length were excised from the gel and eluted
by the freeze-squeeze method. The DNA recovered was
ligated to the Smal site of pUC18, which had been previ-
ously treated with BAP, and the ligation product was in-
troduced into competent XL 1-Blue cells by the standard
method. We usually were able to obtain transformants at
afrequency of 5- 6 x 10° per u g of DNA. The DNA
inserts in the plasmids harbored by these transformants
were amplified by the colony PCR method.
(b) Determination of the sequences of both endsof A

phage clones

We constructed a A phage library of the Bacillus
hal odurans C-125 chromosome and sequenced both ends
of each lambda clone in order to fill the gaps encountered
in assembly of the sequence data obtained in analysis of
the whole genome shotgun clones. The efficiency of in-
sertion of DNA fragmentsinto the 1 phage vector was
more than 70% and the insert DNA was successfully se-



quenced with greater than 90% probability.
(c) Development of atotal genome analysis system

We have been developing atotal system for whole ge-
nome analysis, the so-called GAMBLER (Genome
AssemBLYy and gEnome information Research) system,
in collaboration with the Graduate School of Nara Insti-
tute of Science and Technology, Kyushu University, and
Mitsui Knowledge Company. A series of processes for
genome analysis, assembly of sequence data, assignment
of open reading frames (ORFs), homology searches, and
al so submission of whole genome data with annotation to
DNA data banks such as DDBJ, EMBL and GeneBank
are accomplished automatically using the GAMBLER
system.
(d) Construction of an I-Ceul physical map and analy-

sisof therrn operon

We have aready constructed an Ascl /Sse8384! physi-
cal map as one of the milestones in analysis of the ge-
nome of Bacillus halodurans C-125, and it was completed
last year. For further analysis of the genome with another
rare-cutting endonuclease (I-Ceul) which specifically rec-
ognizes an internal sequence of 23SrDNA, we attempted
to construct an I-Ceul physical map and to characterize
the rrn operon in the chromosome. The I-Ceul physical
map has been completed and thiswork reveal ed that there
are eight rrn operonsin the C-125 chromosome (Fig. 1).
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Fig. 1 Physical and genetic map of the chromosome of Bacillus halodurans
C-125.

2) Studies on metabolism and adaptation mechanisms
(D Taxonomic studies of degp-sea microor ganisms
(a) Taxonomy of deep-sea piezo(baro)philic and

piezo(baro)tolerant bacteria

Taxonomic analyses of the deep-sea piezophilic bac-
teriathat we have isolated in the DEEPSTAR project have
been performed. The results indicated that most of the
piezophilic isolates which belonged into the genus
Shewanella were members of the species Shewanella
benthica, except for strain DSS12. Strain DSS12 was a
novel species, and we named this species "Shewanella
violacea". These strainswere submitted to the Japan Col-
lection of Microorganisms (JCM, Wako-shi, Saitama, Ja-
pan); the JCM numbers assigned to the seven S. benthica
strains were JCM 10173 - 10178, JCM 10262 and that as-
signed to S. violacea was JCM10179. Other taxonomic
results indicated that the piezophilic strains DSK1 and
DB21MT-5 belonged to the genus Moritella and were
members of two new species which we named Moritella
japonica and Moritella yayanosii, respectively. These
strains also were submitted to the JCM, and the numbers
assigned to M. japonica and M. yayanosii were JCM 10249
and JCM 10263, respectively.
(b) Taxonomy of deep-sea yeast

We haveisolated 202 strains of deep-seayeast thisyear
(6 strains from Suruga-Bay; 176 strains from the Mariana
Trench; 6 strains from tube-worms in Sagami-Bay and
the Iheiya-Ridge; 14 strains from the Manus Basin), and
intotal 336 strains have been preserved at AMSTEC. Ba
sidiomycetous red yeasts have been frequently isolated
from various deep-sea environments. Because the assimi-
lation tests of carbon and nitrogen compounds were not
so useful to identify the basidiomycetous yeasts, we de-
termined internal transcribed spacer (ITS) regionsand 5.8S
rDNA sequences of 92 type species belonging to the ge-
nus Rhodotorula, Sporobolomyces and Bensingtonia, and
constructed the database for the identification. Using the
database, adequacy of identification in the morphological
and physiological characteristics were estimated. Some
of isolates identified morphologically and physiologically
as Rhodotorula glutinis were appeared to recognize phy-
logenetically as R. mucilaginosa group. Tendency to oc-
cur the some Rhodotorula species was clearly different
between animal and mud. An experimentation about iso-
lates which be expected to be new speciesisin progress.
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(c) Preservation of deep-sea microorganismsand sedi-
ment samples

Thirty-one microbial type strains were obtained from
the International Type Culture Collection Organization
were stored in liquid nitrogen, and in total seventy type
strains are being kept under the same conditions in our
|aboratory. Thisyear, we have newly isolated eleven deep-
sea strains (6 piezophiles, 2 psychrophiles, 3 thermo-
philes), and these are being stored in liquid nitrogen. Four-
teen deep-sea sediment samples obtained by means of the
SHINKAI 2000 system from Sagami-Bay, the Okinawa
Trough, and the Izu-Bonin Trough, five samples obtained
by means of the SHINKAI 6500 system from the Mid
Atlantic Ridge and the South West Indian Ocean, and six-
teen samples obtained by means of the KAIKO system
from the Mariana Trench and the Japan Trench, were pre-
served in liquid nitrogen. In total, we have 205 kinds of
deep-sea sediment samplesin the storage tank.

(2) Studies on microbial diversity in degp-sea environ-
ments

(a) Microbial diversity in deep-sea hydrother mal vent
environments and investigation of genetic origin

Molecular phylogenetic analysis of members of natu-
rally occurring archaeal communities in deep-sea hydro-
thermal vent environments was carried out by PCR-medi-
ated small subunit rRNA gene sequencing. Asdetermined
through partial sequencing of rDNA clones amplified us-
ing Archaea-specific primers, the archaeal populationsin
deep-sea hydrothermal vent environments showed great
genetic diversity, and most members of these populations
appeared to be uncultivated and as-yet-unidentified organ-
isms. In the phylogenetic analysis, a number of rDNA
sequences obtained from deep-sea hydrothermal vents
were placed in deep lineages of the crenarchaeotic phy-
lum prior to the divergence of cultivated thermophilic
members of the crenarchaeota, or between thermophilic
members of the euryarchaeota and members of the
methanogen-hal ophile clade. These findings expand our
view of the genetic diversity of archaea in deep-sea hy-
drothermal vent environments and of the phylogenetic
organization of archaea.

A novel baro(piezo)philic, hyperthermophilic archaeon
was isolated from a deep-sea hydrothermal vent chimney
a theMyajin Knoall, the Ogasawara-Bonin Arc, Japan. The
cellswere found to beirregular cocci and motile with po-
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lar flagella. Growth was observed between 60 and 88C

(opt.: 83TC; 30 min doubling time), pH 4.0 and 8.0 (opt.:

pH 6.0), 20 and 73 g/l sea salts (opt.: 47 g/l), and 0.1 and

60 MPa (opt.: 30 MPa). Theisolate was a strictly anaero-

bic, chemoorganotroph capable of utilizing proteinaceous

substrates such as yeast extract, peptone, tryptone and
casein in the presence of elemental sulfur or iron (I1). The

G+C content of the genomic DNA was 53.5 mol%. Phy-

logenetic analysis based on 16S rDNA sequences indi-

cated that the isolate was a member of an ancient lineage
of Thermococcales, that diverged prior to the formation
of two genera Thermococcus and Pyrococcus. Onthebasis
of the physiological and molecular properties of the new
isolate, we proposed the name Palaeococcus ferrophilus

gen. nov., sp. nov (type strain: DMJ; JCM 10246).

(b) Analyses of microbial diversity in the sediment of
the Japan Trench and high pressure cultivation
We successfully obtained a deep-sea sediment sample

from the deepest site on the sea bottom in the Japan Trench
(adepth of 7,326 m) using the unmanned submersible,
"KAIKO" system, without microbia contamination. DNA
was extracted directly from the sediment sample and 16S
ribosomal RNA gene sequences were amplified, cloned
and sequenced. Theresultsindicated that 14 different se-
quences were present and most of them belonged to the
gamma-Proteobacteria branch. This sediment sample was
transferred to the DEEPBATH system and cultivated con-
tinually at 68 MPaand at 5C in two kinds of media (Ma-
rine Broth: MB, Sulfate Reducing Bacterial medium:
SRB), separately. Inthe SRB culture, Shewanella benthica
and related piezophilic bacteria were observed, however,
in the MB culture, amember of anovel piezophilic genus
was detected by 16S rDNA analysis. This novel bacte-
rium was found to produce a substantial amount of
docosahexaenoic acid (DHA) among its cellular fatty ac-
ids, and this organism was not detected by analysisof DNA
in the sediment. This suggested that the members of this
genus may exist as aminor component of the microbial
population in the sediment, and the DEEPBATH system
was proven to be useful to recover such difficult-to-cul-
ture piezophiles.

(c) Analysis of microbial diversity in cold deep-sea en-
vironments
The Japan Trench land slope at a depth of 6,400 mis

the deepest cold-seep environment with Calyptogena com-



munities. Sediment samples from the Calyptogena com-
munities were collected and the microbial diversity in the
sediment samples was studied by molecular phylogenetic
techniques. 16SrDNAswere amplified by the polymerase
chain reaction (PCR) method from DNA extracted directly
from the sediment samples. The sequences of the ampli-
fied 16S rDNAs selected by RFLP analysis were deter-
mined and compared with sequencesin DNA databases.
The results showed that 33 different bacterial 16S rDNA
sequences from the two samples analyzed fell into similar
phylogenetic categories, the a -, y -, 6 -, and ¢ -sub-
divisions of Proteobacteria, Cytophaga and Gram-posi-
tive bacteria; some of the 16S rDNA sequences were com-
mon to both samples. ¢ - and ¢ -Proteobacteriarelated
sequences were abundant in both sediments. These se-
quences are mostly related to sulfate-reducing or sulfur-
reducing bacteria and epibionts, respectively. Eight dif-
ferent archaeal 16S rDNA sequences were cloned from
the sediments. The majority of the archaeal 16S rDNA
sequences clustered in Crenarchaeota and showed high
similarities to marine group | archaeal rDNA. A
Methanococcoides burtonii-related sequence obtained
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Fig. 2 A model of sulfur circulation within the microbial community and the
community of Calyptogena clams in a cold-seep environment.

from the sediment was placed in the Euryarchaeota indi-
cating that M. burtonii-related strains in the area of
Calyptogena communities may contribute to production
of methane in this environment. Based on these results,
we have proposed a possible model of sulfur circulation
within the microbial community and that of Calyptogena
clamsin the cold-seep environment (Fig. 2).

Seven sediment samples taken from different depths
of the deep-seain the range of 1,159 m to 6,482 m were
examined. A total of 75 different 16S rDNA sequences
(149 clones) analyzed clustered into the Proteobacteria,
Gram-positive bacteria, Cytophaga, Planctomyces, and Ac-
tinomycetes and many sequences were from microorgan-
isms that showed no phylogenetic affiliation with known
bacteria. Clonesidentical to 16SrDNA sequencesof mem-
bers of the genus Pseudomonas were observed in all of
the sediments examined. The second group of common
sequences cloned from six sediment samples was related
to the 16S rDNA sequence of a chemoautotrophic bacte-
rium, a Solemya velum symbiont. Five 16S rDNA se-
guences from three sediments were related to those of an
Alvinella pompejana epibiont which is a member of the

¢ -Proteobacteria. Only one sequence was obtained that
was closely related to the 16S rDNA of the barophilic bac-
terium Shewanella benthica and this might represent a
minor population in the deeper sediments. ¢ -
Proteobacteria-related sequences were cloned from sedi-
ments obtained from sites near man-made garbage depos-
its and a Calyptogena community. These environments
obviously would be richer in nutrients than other sites,
and might be expected to show moretypes of bacteriathan
other deep-sea sediments. A large number of cloned se-
guences in this study showed very low identity to known
sequences. These sequences may represent communities
of as-yet-uncultivated microorganisms in the sediments.
(® Analysisof pressure-adaptation mechanismsin mi-

Croorganisms
(a) Baro-(Piezo-) physiology

In order to analyzethe physiological effects of elevated
hydrostatic pressure, we are proposing the establishment
of anew research field, "baro-(piezo-) physiology" which
can be achieved using recent advanced biological tech-
niques. "What is required for understanding piezo-toler-
ant, piezophilic or piezo-sensitive phenotypes of micro-
organisms?' "Regarding environmental sensing, could
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growth inhibition be explained as growth arrest which may
be regulated by a certain cellular mechanism?' It might
be enough to consider only afew genes to understand the
properties of cells under high pressure. At the beginning,
we tried to isolate mutants of the yeast Saccharomyces
cerevisiae capable of growth at higher pressures.
Approximately 400 high pressure growth mutantswere
obtained. Among them, 34 mutants were classified into
four independent groups. These were named HPG (High
Pressure Growth) 1, HPG2, HPG3 and HPG4. In afur-
ther study, we are going to characterize these mutants and
analyze the sensory mechanism by which the cellsrespond
to changes in hydrostatic pressure.
(b) Analysis of the respiratory system in piezophilic
bacteria
Two c-type cytochromes from the soluble fraction of
a deep-seamoderately piezophilic bacterium, Shewanella
violacea, were purified and characterized, and the genes
coding for these cytochromes were cloned and sequenced.
One cytochrome with a molecular mass of 8 kDa, desig-
nated as cytochrome cp, was found to contain one mol-
ecule of heme ¢ per molecule, and the other cytochrome
with a molecular mass of 23 kDa, designated as cyto-
chrome cg, was found to contain two molecules of heme
¢ per molecule. The level of expression of cytochrome
cg was lower in cells grown under high hydrostatic pres-
sure conditions (50 MPa) than that in cells grown at at-
mospheric pressure, however, cytochrome ca, was consti-
tutively expressed and the level of expression wasthe same
under any pressure conditions. These results suggested
that the components of the respiratory chain of moder-
ately piezophilic S. violacea can be exchanged depending
on the growth pressure conditions, and a model of pres-
sure regulation of the respiratory system will be proposed.
We cloned and sequenced the genesfor all of the sub-
units of quinol oxidase from the deep-sea bacterium S.
violacea, and subsequently the intact enzyme complex,
from cells grown at 50 M Pa pressure, was partially puri-
fied and characterized. Based on the deduced amino acid
sequences, the quinol oxidase seemsto consist of fivekinds
of subunits with molecular masses of 74, 43.2, 36.6, 23.2
and 12.4 kDa. The enzyme was found to contain 0.88
mol of protoheme or heme 0 and 0.92 mol of covalently
bound heme ¢ per mol of enzyme. The protoheme in the
enzyme seemsto react with carbon-monoxide or cyanide,
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and its catalytic activity was found to be 50 % inhibited
by 5 u M cyanide. Two oligonucleotides designed based
on amino acid sequences conserved in subunit | of the
ubiquinol oxidases oxidase of E. coli, Acetobactor aceti
and Paracoccus denitrificans were used to amplify afrag-
ment by PCR for useasaprobe. A 1 -phagelibrary of S
violacea chromosomal DNA was constructed and screened
with the above probe and a 1.9 kb fragment containing a
putative open reading frame for the whole subunit | gene
(cyoB) of quinol oxidase was thereby obtained. Nucle-
otide sequence analysis of the region neighboring the sub-
unit | gene revealed that the genes (cyoA, cyoC, cyoD and
CyoE) coding for the other four subunits (11, 11, 1V and V)
were clustered upstream and downstream of the cyoB gene
in the order cyoA, cyoB, cyoC, cyoD and cyoE. Analysis
of the deduced amino acid sequences of the cyo subunits
showed that this oxidase is structurally related to and has
high sequence similarity to the Escherichia coli bo-type
quinol oxidase. Northern-blotting analysis of the RNAs
from S violacea cells grown under several pressure con-
ditions showed that this enzyme is expressed at a high
level when the bacterium is grown under elevated pres-
sure conditions.

(c) Studies on transcription mechanismsin deep-sea

piezophilic bacteria

We have performed studies focusing on the RNA poly-
merase of the deep-sea bacterium Shewanella violacea
strain DSS12, with the aim of purification of the transcrip-
tional apparatus and with the aim of isolation of the genes
encoding its components. In this study, we isolated the
genes encoding the subunits of the RNA polymerase core
enzyme, a (rpoA), B (rpoB) and B '(rpoC) from this bac-
terium. Sequence analysis showed that the gene organi-
zation was as follows: f§ - str - S10- spc- a , inthis
order. Thisdeep-seaisolateis Gram-negative, but the gene
organization differed from that of E. coli. It wassimilar
to that of B. subtilis. The physiological significance of
this differencein gene organization is uncertain. In addi-
tion, we showed that the rpoA gene isolated from strain
DSS12 complemented the defect in an E. coli rpoA112
mutant.

We arealso now examining the molecular mechanisms
of gene regulation under high pressure conditions. A pres-
sure-regulated operon was discovered in piezophilic S.
violacea strain DSS12, and the expression of genesin this



operon was shown to be controlled by elevated pressure
at the level of transcription. The o **-consensus sequence
was also found in this operon. Subsequently, the rpoN
gene encoding this sigmafactor ( o %) in strain DSS12
was cloned and its nucleotide sequence was determined.
Amino acid sequence analysis showed that the ¢ % of this
strain has 62.8% amino acid identity with the ¢ 5 of E.
coli. The DNA-binding (promoter recognition) domain
at the carboxyl-terminus of the ¢ 5 of S. violacea iswell
conserved and contains two motifs, the helix-turn-helix
motif and the RpoN box. Transcription by the ¢ %-con-
taining RNA polymerase requires the bacterial signal-
transducing protein NtrB and the enhancer-binding acti-
vator protein NtrC. The ntrBC genes encoding NtrB and
NtrC were cloned and the nucleotide sequences were de-
termined. The amino acid sequences of the ntrBC prod-
uctsof S violacea are homologousto those of NtrB (48.5%
identity) and NtrC (70.2% identity) of E. coli.
(d)Effectsof hydrostatic pressure and temperature on

membrane composition in a piezo(baro)tolerant

bacterium

A piezo(baro)tolerant member of the genus Pseudomo-
nas was isolated from deep-sea sediment collected from
the Japan Trench, at a depth of 4,418 m. The growth tem-
perature was found to affect the hydrostatic pressure range
in which the bacterium could grow; the optimum hydro-
static pressure for growth shifted to a higher pressure with
increasing temperature. We examined the lipid composi-
tion of the inner membrane of cells grown at various hy-
drostatic pressures and temperatures. The fatty acid com-
ponents of the inner membrane lipids were C16:0, C16:1,
C18:0and C18:1. Under al growth conditions employed,
the relative concentrations of total C16 (C16:0 + C16:1)
and total C18 (C18:0 + C18:1) were approximately 60 %
and 40 %, respectively. The changein ratio of C18:1 to
C18:0 with changing temperature was larger than that of
C16:1to C16:0. Theratio of total unsaturated fatty acids
to total saturated fatty acids changed with varied tempera-
ture and hydrostatic pressure. The phospholipid compo-
nents of the inner membrane were phosphatidylethanol a-
mine (PE), cardiolipin (CL), phosphatidylglycerol (PG)
and phosphatidylserine (PS). The relative proportion of
CL increased with increasing temperature at pressuresin
therange of 0.1 to 30 MPa, and decreased with increasing
hydrostatic pressure at 30 and 37°C; it is worthy of note

that the effect of elevated hydrostatic pressure is compa-

rable to the effect of low temperature.

(©) Mechanisms responsible for organic solvent toler-
ancein bacteria

The CyoABCDE operon coding for a homolog of cy-
tochrome o ubiquinol oxidase, which is aterminal oxi-
dasein the respiratory chain, was found to be involved in
toluene tolerance in Pseudomonas putida |H-2000. Cell
surface hydrophobicity is reported to be important for or-
ganic solvent tolerance. In strain IH-2000, decreased hy-
drophobicity (increased hydrophilicity) was observed in
cells grown in the presence of an organic solvent with a
low log P value. Moreover, preculture of cells of strain
IH-2000 with organic solvents with alog P value higher
than that of toluene was found to prevent loss of viability
upon abrupt exposure to toluene. These results indicate
that lowered hydrophobicity of the cell surfaceis one of
thefactorsinvolved in bacterial acclimation when exposed
to organic solvents and that strain IH-2000 can adapt to
altered environmental conditions through changesin cell
surface hydrophobicity.

3) Biological response research

(D Elucidation of mechanisms of physiological accom-
modation to extreme environmentsin multicellular
organisms.

Chemical signalstrigger cellsto discharge intercellu-
lar signaling molecules (cytokines) which function to ac-
tivate intracellular information networks. \We were inter-
ested to examine the possibility of cytokine secretion un-
der elevated hydrostatic pressure conditions. In cultures
of human skin fibroblasts, secretion of interleukin-6 (IL-
6) and -8 (IL-8), which are signaling molecules known to
affect interactions between cells in the immune response,
was found to be promoted by pressure stress. Further-
more, we monitored the expression of these genes. Under
optimal pressure conditions for production of IL-6 and
IL-8 (20-30 M Paat 20-30 min), the productivity was found
to be twenty-fold greater than that under atmospheric con-
ditions. We also examined the pathways of production of
IL-6 and IL-8 in the cells. Consequently, it was found
that protein kinase C activated |L-6 production under con-
ditions of pressure stress.

(2 Physicochemical studieson colloidal dispersionsand
solutions of biopolymersin supercritical water

The physicochemical properties of water under high

67



pressure and high temperature conditions such as those
surrounding microorganisms in the deep seawill be stud-
ied to elucidate the mechanisms of microbial adaptation
to extreme conditions. These studies will focus mainly
on supercritical water as an example of an extreme state
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of water. Three instruments (a dynamic light scattering
instrument, an UV-vis absorption spectrophotometer, and
an optical microscope) for studying corrosive supercritical
water have been devel oped and set up.



1. Introduction

Research has been carried out since October 1996 under the auspices of the Frontier Research Program on

Earthquakes.

I mpetus was given to research directed at understanding and mitigating the effects of earthquakes following the
1995 southern Hyogo-ken ("Kobe") earthquake. Thisresulted in the creation of the Frontier Research Program on
Earthquakes, and specifically the Japan Marine Science and Technology Center's (JAMSTEC) Frontier Research
Program for Subduction Dynamics (henceforth "Frontier"). This program'saim isto utilize JAMSTEC's expertise
in marine science to understand the seismogenic mechanics of giant earthquakes occurring in marine trenches.

Establishment of Frontier took placein FY 1996, and research has been carried out since 1997 under the follow-

ing three themes :
(1) Studies of oceanic lithosphere structure
(2) Long-term monitoring of seafloor changes

(3) Numerical simulation of lithosphere deformation

2. Research Outline
1) Studies of oceanic lithosphere structure

To clarify seismogenic mechanisms, it will be neces-
sary tofirst survey, reliably interpret and model quantita-
tively the subsurface structure and physical conditions of
the seismogenic environment.

Frontier is carrying out marine geophysical surveysin
tandem with JAMSTEC's Deep Sea Research Department
using amulti-channel seismic (MCS) profiler system and
self-floating ocean-bottom seismometers (OBS), deployed
from the Research Vessel (R/V) "Kairei". The results of
these surveys are being combined with gravity, magnetic,
heat flow and bathymetric data in the evolving geophysi-
cal database.

The process of updating and devel oping the database
will continue with the cooperation of researchers within
JAMSTEC and those from outside organizations.

2) Long-term monitoring of seafloor changes

Observations made by the long-term seafloor obser-
vatory located off Cape Muroto are being used both to
improve the accuracy of structural models and to corrobo-
rate the obtained results. Additionally, precursory and
postseismic changes in heat flow related to activity are
being monitored.

A database containing the results of geologic investi-
gations and research resultsis helping with this process.
3) Numerical simulation of oceanic lithosphere

deformation

Numerical modeling incorporates the results of the

foregoing to quantify crustal deformation, verify and as-
sess previous model's results, and construct long-term
models of deformation. Existing finite element modeling
software is being utilized at the same time as new model -
ing techniques aimed at problems specific to earthquake-
related research are devel oped.

Frontier research fields in 1998

Fig. 1 Numerical Model for Crustal Deformation
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3. Main resear ch progress
To clarify seismogenic mechanisms, numerical mod-
eling of regional deformation as depicted in Fig.1, along
with continuous improvements of the models are consid-
ered necessary.
1) Studies of oceanic lithosphere structure
Investigations are being carried out in the vicinity of
the Nankai Trough and Japan Trench according to the re-
search plan givenin Fig.2. During FY 1997 and 1998, the
R/V"kairei" completed successful research cruisesin the

ag* |
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Fig. 3 1998 Seismic Survey Lines Made by Frontier Research Program for
Subduction Dynamics
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Nankai Trough off Muroto (1997), off Kumanonada (1998)
and off Ashizuri (1998) as shown in Fig.3, and in the Ja-
pan Trench off Sanriku (1997) and off Fukushima (1998)
as shown in Fig.4. During the former, the structure of a
seismic thrust off Muroto was determined (Fig.5) . Asa
result of the survey in the Japan Trench off Sanriku car-
ried out in 1997, a horst and graben structure was clearly
delineated and its relationship to seismogenesis will be
addressed henceforth. The Sanriku investigation reveal ed
subduction geometry in the Japan Trench, which will be
jointly interpreted in detail with results of the concurrent
and collaborative Northeast Japan Crustal Structure ex-
periment.
2) Long-term monitoring of seafloor changes

During FY 1997 and FY 1998, procedures for anayz-
ing data acquired by the Muroto long-term seafloor ob-
servatory were developed. Earthquake hypocenter loca-
tion was performed in collaboration with Kochi Univer-
sity. Fig.6 illustrates the epicenters of marine and onland
earthquakes. Subsequent research will address the rela-
tionships between subsurface structure revealed during
ongoing investigations and earthquake locations, and in-
corporate deformation modeling.

ar
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Fig. 4 1998 Seismic Survey Lines Made by Frontier Research Program for
Subduction Dynamics



Additionally, system software necessary for develop-
ment of a database was acquired, and case studies are be-
ing made.

3) Numerical simulation of lithosphere defor mation

Lithosphere deformation modeling with time scales of
tensto tens of thousands of years is necessary for inter-
preting the seismogenic mechanisms of giant, ocean trench
earthquakes. In particular, ongoing testing and refinement

using real observations of such models and their predic-
tions are of paramount importance.

In FY 1998, elastic and viscoelastic simulations have
been made, and the effects of each physical property and
the model's boundary conditions are being analyzed. Asa
result of thisanalysis, the quality and accuracy of the model
will be improved.

Fig.7 illustrates the cross-sectional model for subsur-
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face structure off Muroto in the western Nankai Trough.
Fig.8 and Fig.9 show finite element grids used for the cal-
culations of coseismic displacement and results of calcu-
lations for the 1946 Nankai earthquake.

Calculations constraining rupture to the plate bound-
ary are compared with the inferred seafloor deformation
in Figure 9a. However, the sharp peak in the calculated
result istoo narrow, and results in an unreasonably strong
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Fig. 7 Nankai EQ Slip Model and Material Properties

Fig. 8 Finite Element Grids Used for the Calculations Displacement

12

stress concentration in the weak material of the accretion-
ary prism. This stress concentration can be relaxed by al-
lowing the rupture to propagate al the way to the seafloor
deformation.

On the other hand, if rupture proceeds aong the plate
boundary only to the base of the subsidiary thrust imaged
by the MCS profile, and from there ruptures upward, the
seafloor deformation isfit relatively well (Figure 9b). Thus,
Thislatter model for the updip limit of rupture is best be-
cause it fits the seafloor deformation and is aso consis-
tent with the weakness of the material comprising the ac-
cretionary prism.
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Conclusion

Resolving the effects on numerical models of differ-
ent physical properties, interplate coupling and other con-
ditionsis difficult with incomplete or sparse geophysical
datasets. Notwithstanding this, structural models of the
lithosphere compiled from data in the steadily evolving
geophysical database are being constructed, and at the

same time increasingly sophisticated deformation model-
ing software is being developed. On the basis of this re-
search, and the verification of model results with crustal
monitoring data, long-term crustal deformation can bein-
vestigated with the aim of producing predictive
seismogenic models.
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(1) Overview or research activities

The Frontier Research System for Global Change regards the planet as one system, and is aimed at elucidating the complex
interaction between the atmosphere, oceans and land masses, using numerical models. These simulations contribute towards the
realization of high accuracy forecasts of many global phenomena. Our research activities are being devel oped as ajoint project
with the Space Devel opment Project Group.

The special feature of this system isthat, as a new research project suited to the 21st century, it brings together from far and
wide, researchers from within and outside the country to work under outstanding research supervisors. Frontier employs a
mobile research worker system, where employment contracts are on a single-year basis and renewed according to research
progress. We have introduced a well-defined wage system whereby outstanding researchers are rewarded commensurate with
ability, regardless of age. This mobile research worker system has made it possible for this flexible research organization to
achieve the goal of predicting global change.

To implement this research, a strong computer network is essential to carry out experiment calculations. We are successfully
preparing a computer environment that does not impede the progress of research in terms of computational ability and calcula-
tion time. In particular, the introduction of a"Global Variation Prediction Research Information System" based on alarge super
computer was agreed by the 1998 third revised budget, and is scheduled to go into operation from this October. Furthermore,to
create an environment where researchers can devote themsel ves to research, we have set up aresearch promotion staff system,
which provides out clerical and technical support.

Currently, in addition to the domestic Global Variation Research Institute (Tokyo headquaters and Tsukuba Satellite, IGCR),
we are carrying out research activities with atotal of more than 130 researchers (as of the end of March, 1999). This includes
researchers from the International Pacific Research Center (IPRC) in Hawaii, established as part of joint research for predicting
global variations based on a U.S.-Japan common agenda, and from the International Arctic Research Center in Alaska. In March
we also sponsored workshops and symposiums with the EU, and this system is performing a pivotal role of international coop-
eration in Japan's global variation research and forecasting field.

(2) Content of main research activities
1. Climate Variations Research Program

We are advancing research in a three-group configuration
consisting of the Variability Model Group, DataAnalysis Group
and Predictability Research Group. From an early date we made
astart on ocean circulation modeling, and with high resolution
models aimed at forecasting ocean circulation variations in the
western Pacific rim area, such as Kuroshio variations, we are
now able to reproduce detailed structure of the oceans and per-
form stable computations. Moreover, with sub-group models,
which place emphasis on low |atitudes, we have obtained results
showing for instance that independent seasonal variations are
occurring in the Indian Ocean and Bay of Bengal that rival El
Nino. This result appeared in the September 1999 issue of the
science magazine,"Nature", and is being hailed as arevolution-
ary result. The mid-latitude ocean circulation research subgroup
is constructing a planetary ocean circulation model with a hori-
zontal resolution that will be of world class standard, and under
joint research with the Aeronautics and Space Technology Re-
search Institute of the Science and Technology Center, isin the
midst of continuing seasonal variation experiments of thismodel,
and is at the stage of having completed calculations of 12 years.
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Medium- and high-latitude ocean circulation isin the process of
adjusting initial disturbances, but for circulation in low latitude
regions, it is thought that a state of approximate dynamic equi-
librium has been realized. The group introduced the results of
this model at this year's HPC Asia 98, and it is even gaining a
certain amount of acclaim in the field of high performance com-
puter science. [Figure 1.1 shows an example of calculation re-
sults based on the planetary circulation model with amesh with
ahorizontal resolution of 1/6 degrees (about 18km on the equa-
tor). Surface ocean currents and medium-scale vortex activity
are simulated.]

Furthermore, we are in the midst of developing acompound
model with the aim of simulating variations of the combined
atmospheric-ocean system for the Pacific Ocean in the near fu-
ture. Meanwhile, the group that studies the actua state of atmo-
spheric and oceanic interannual variations(DICE), is perform-
ing data analysis from a unique perspective with regards to at-
mospheric and oceanic variations in the northern Pecific Ocean.
Thisisavery activefield of research worldwide, and is continu-
ing to yield results, for example, that variations in the tropical
regions and variations in high latitude regions are different.



2. Hydrological Cycle Research Program

Thisis composed of three groups : the Hydrological Cycle
Process Over a Wide Area Group, the Hydrological Cycle Pro-
cess on Land Group and the Clouds and Precipitation Process
Group. Associated with GAME (GEWAX Asian Monsoon Ex-
periment) of the international cooperative research program, it
isaimed as awhole at producing sounder models of the precipi-
tation process and humidity process on land based on data ob-
tained from outdoor observations, which will contribute to the
improvement of the hydrological cycle processin next-genera-
tion climate models. We gathered special observation data in
Thailand (Tropical zone), Tibet, Duihe Basin (subtropical re-
gion) and Siberia (frigid zone) that goes hand-in-hand with
GAME intensive observations, and have made a start on pre-
liminary analysis. Moreover, we are also attempting models of
atmosphere-land surface water exchange through hydrological
cycles and vegetation in areas of perpetually frozen soil. The
Clouds and Precipitation Process Group is developing a cloud
resolution model, and is participating in the international com-
parative experiment on the simulation of convection clouds ob-
served above the tropical zone of the Pacific Ocean (part of
GCSS).
3. Global Warming Resear ch Program

Thisis composed of three groups : the Global Warming Re-
search Group, Carbon Cycle Research Group and Pal eoclimate
Research Group. In order to investigate the effect of global warm-
ing on typhoons, they carried out an experiment to see how re-
sults change according to differing convection schemes and dif-
fering sea surface temperature distribution. In all cases, results
showed that typhoons decrease in number with warming. With
regards to carbon cycle modeling, they took part in the Ocean
Carbon-Cycle Model Intercomparison Project (OCMIP), and per-
formed an experiment on atmosphere-ocean material interchange
in line with that. They have also begun preparations for con-
structing a model that also incorporates changes in ocean eco-
logical systems. In order to collaborate global warming predic-
tions, the Paleoclimate Research Group, which investigates the
mechanism of past climate variations and studies whether or not
they can be generated in models, made a start on a simulation
based on a high resolution climate model under conditions of
thelast Ice Age (about 20,000 years ago) and the Period of Cli-
mate Warming (about 6,000years ago).
4. Atmospheric Composition Research Program

This group focuses on climate variations and the physical
and chemical processes of transportation, degeneration and set-
tling of microscopic atmospheric components involved in envi-
ronmental pollution of the atmosphere mainly in the Asia-Pa-
cific region (including the central Eurasian continent and Arctic
region). It aims to produce a chemical weather map of this area,
together with constructing a model that forecasts future atmo-

spheric composition fluctuations including feed-back to climate

variations, and making advanced future predictions.

5. Integrated M odeling Research Program
The development of a ' next-generation climate model" for

conducting research utilizing the planetary simulator (ajoint
project of Japan Atomic Energy Research Institute, Space De-
velopment Foundation and this center)is underway. The
simulalator possesses 1,000 times the computational ability of
current super computers and in particular, it is designed to in-
vestigate points concerning the handling of convection clouds,
and advance development in the following two directions.

(A) To carry out conventional parametrization (using the physi-
cal volume of alattice to estimate the effect that phenom-
ena, on asmaller scale than nucleons, have on the physical
volume of alattice) at a horizontal resolution of about 30-50
km, and add improvements according to resolution. With
the planetary simulator, 10-20-year integration will probably
be possiblein 2-3 days.

(B) A wide-area cloud resolution model with horizontal resolu-
tion of about 1km, and a planetary atmospheric model with
horizontal resolution of about 5km, which is aimed at di-
rectly handling tropical zone cloud clusters (a state where a
cumulonimbus clouds form one group and are structured into
one large cloud mass). As resolution increases, it will be
necessary to directly handle processes other than that aswell,
so we will commence basic research for that purpose.

With regards to ocean models and seaice models al so,
we will advance research on processes that form the basis of
models.

6. International Arctic Research Center (IARC)

Research is focused on revealing the role of the Arctic re-
gion in planetary climate variations, and at the same time de-
tecting and forecasting the impact that appears conspicuously in
the Arctic region due to process in which global warming and
other such global variations occur. There aretwo initia research
themes, asfollows:

(A) Elucidation of the combined ocean-seaiice-atmospheric system

(B) Elucidation of biochemical processes and ecological sys-
temsintheArctic region. Further dividing these themesinto
several issues, we prepared aresearch structure, for example
advertising for the necessary research workers.

7. International Pacific Research Center
The IPRC concentrates on shedding light on natural climate

variations in the Asia Pacific region and revealing the possibly

of predicting them, aswell asrevealing the regional characteris-
tics of environmental changes on a global scale, such aswarm-
ing.

Through cooperation between the U.S. and Japan, we are
supporting the following four research themes, and are advanc-
ing the formation of groups.
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(A) Climate of the Asia Pacific (region)

(B) Possihility of forecasting oceanic variations of the Pecific region

(C) Asia-Australian monsoon and hydrological cycle

(D) Effect of global changeson the climate of theAsa Pecific region
We have already made a start on each of the themes, and are

continuing to yield results in the following : high-resolution
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modeling of ocean compound layers and investigations based
on ocean models of cycles on equal-density surfaceswithin main
temperature layers, thought to be related to variations with a
timescale of years to decades analysis of atmospheric overheat-
ing caused by monsoon rainfall in the Asia Pecific region; and
accurate modeling of the transmission of equatorial waves based
on aspecial numerical computation law.

Fig. 1.1 Advanced distribution figure of average sea surface dynamics for January, obtained from a world ocean cycle model of resolution 1/6 degrees.
Numerical calculations were performed in a numerical wind tunnel at the Aeronautical and Space Technology Research Institute of the Science annd

Technology Agency.
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(2) Collection, management and provision of books

(1) Overview of duties

The Computer and Information Office(ClO) is a system that was reorganized as such by integrating Technical
Information Services(TIS) and the Scientific Computing Division(SCD). Thiswas designed asadivision to intro-
duce activities through publications and the Web in order to effectively diffuse JAMSTEC's research results, and to
efficiently manage and provide observation data, etc, without being particular about the medium. Moreover, in
order to realize the publication of observation data obtained through ship-based investigation and observation ac-
tivitiesin addition to this, it became necessary to position as a new duty of the ClO, a*“data quality control struc-
ture” that regularly performs revision of observation data, accuracy improvement and so forth.

Cited as features of the system are its function as a research support section and management section, in addition to
involving research organizations that reglize the development of information dispatch technology using the Internet, and
research support technology concerning data processing technology and frontier computer science technology.

The contents of main duties are as follows.

* Matters concerning the collection, classification, organization, processing, provision and storage of information
concerning marine science and technology

+ Matters concerning technical consultation concerning marine science and technology

+ Matters concerning the numerical analysis treatment, processing and visualization of many types of data con-
cerning marine science and technology

+ Matters concerning the development and operation of database for many types of observation data concerning
marine science and technology

+ Matters concerning many types of data analysis processing using electronic computer

+ Matters concerning the management and operation of electronic computer systems and network systems

+ Matters concerning investigation of frontier computer technology

+ Matters concerning the investigative research of data quality control technology

Apart from this, in the U.S.-Japan Global Observation Information Network (GOIN) we participated in ajoint
U.S.-Japan demonstration in 1995, followed by participation in GOIN workshopsin 1996, 1997 and 1998; we are dso
introducing JAMSTEC databases, etc. Moreover, through actively promoting joint research, current research and
other research activities, and accurately and promptly providing information relating to marine science and technol-
ogy, we aim to assume arole in support activities in the Center and as a body dedicated to various types of marine
science and technology information in this country.

Table 1 Books

. L. Type Number in stock Newly purchased
and series publications
. . . . Japanese books 6,658 876
As an important information duty, we store a wide -
¢ . dlated book . q hnical Foreign books 2,947 285
range of marine-relat -oo S, ma-gaél nes and tec .nl-c Donated books 5.604 220
reports, etc., after collecting, classifying and organizing Total 15.400 1381

them. 1n 1998, we renewed the information management
and provision system (IL1S/X-EL) we constructed to man-
age and search library material so that it would correspond
to the Web, and asa“ JAMSTEC Book Search” database,
wemadeit easier to usethan before. Furthermore, through
holding library administration consultations, we are striv-

Table 2 Journals

Type Number in stock Newly purchased
Japanese journals 524 titles 23 titles
Foreign journals 262 titles 14 titles
Total 786 titles 37 titles
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Table 3 JAMSTEC related publications

Type New publication
Periodic publications 12
Consigned research reports 4
Commissioned research report 0
Others 11
Total 27

ing to create an environment that facilitates the use of li-
brary materials by users.
1) Status of owned library materials

Tables 1-3 show library materials owned at the end of

1998.
2) Holding of library administration consultations

In the CIO’s callecting and managing of library mate-
rials based on library material management rules, it held
library administration consultations on three occasions
based on the main points of library management duties
and administration, in order to reflect the opinions of book
users and strive to effectively use library materials.

(3) Collection of domestic and foreign information, etc.
The oceans occupy avast area on the planet, but it is
still virtually unknown, and it is obvious that research and
development concerning the oceans can not be accom-
plished by one organization or one country alone. The
cooperation of relevant domestic and foreign organs as
well as the government-level cooperation of concerned
countries, areessential. Moreover, theinformation require-
ments concerning JAMSTEC R&D and business are al'so
becoming complex and multi-faceted, and the amount of
information on marine science and technology isalso in-
creasing. And at present, as R& D activitiesin particular
are becoming integrated, interdisciplinary and interna-
tional, maintai ning cooperative rel ationshipswith domestic
and overseas information-related organizations, and col-
lecting marine-related information, are necessary.
1) Domestic activities
(D We participated in the “Domestic Group Exchange of
Oceanographic Data’ (Secretariat: Hydrographic De-
partment, Maritime Safety Agency), aliaison group con-
cerning marine datain this country, and grasped infor-
mation on the current state of publication of marine
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material in this country and the status of publication in

international institutions.

(2) We took part in the Kanagawa Prefecture Information
Department’s Workshop (Shinshiken), an exchange
group of the reference rooms of companies and public
organizations located within Kanagawa Prefecture, and
grasped the latest information concerning improvement
of the administration of computer and information of-
fices.

(3) We took part in the “ Technical Library Managers and
Administrators Seminar” and general meeting held
through sponsorship by the Technical Libraries Coun-
cil, agroup of technical libraries, and grasped the lat-
est information concerning improvement of the admin-
istration of computer and information offices.

2) International activities

For the time being, dealing with the increase of global
environmental issues and other needs, and grasping
through cooperation with other countries the real situa-
tion of the oceans, which cover 70% of the earth’s surface
and are difficult to access by humankind, is aworldwide
trend, and the Center's R& D is also turning international.
Therefore, taking into account this kind of situation, the
Computer and Information Office is developing informa-
tion collection activities based on the ideathat it is neces-
sary to constantly ascertain the trends of the key countries
and major research institutions of Europe and North
America, which are advanced countriesin marine science,
aswell asinternational organizations and international
research programs.

(D Management and provision of |OC publications

The Intergovernmental Oceanographic Commission
(10C) is aninstitution that was established with the aim
of furthering knowledge concerning natural phenomena
of the oceans and ocean resources, and from 1993, this
Center became the second within the country to receive
1OC publications.

The latest information of 10C publications we have
obtained is always carried in JAMSTEC News
(Natsushima).

@ IAMSLIC

IAMSLIC was established in 1975 with the aim of ex-
changing marine science information, and 38 countries
and about 200 institutions throughout the world are mem-
bers. This Center isthis country’s only member institu-



tion, and has participated since 1993. We attended the
24th annual general meeting held in Rekjavik, Iceland, in
September 1998, and exchanged information with al par-
ticipating countries.
(3) ASFA

ASFA isapublic database that four organizations of
the United Nations are promoting, with all-round marine
science and technology as the subject. The Computer
and Information Office has installed input equipment and
is cooperating in the construction of the ASFA database.
This Center is cooperating in the form of providing En-
glish-language abstracts of “JAMSTEC Deep-Sea Re-
search” and “ Japan Marine Science & Technology Cen-
ter-Testing and Research Report”.
@ Information concerning international institutions

and international research programs

We believe that the trends of international institutions
and international research programsisimportant informa-
tion that will decide the major framework of future ma-
rine science research, and have made efforts to continue
to obtain information.

(4) Editing and publication of many types of
publications

In order to widely diffuse research resultsin the Cen-
ter, and in order to provide enlightenment relating to the
oceans, we edited and published the publications shown
in Table-4 during 1998.

(5) Surveys and information activities
We provide many types of information to users within

and without the Center, and ensure that users can effec-

tively utilize materials or information.

1) Books and magazines

@ A guide to new arrival books is carried in the
“Natsushima’ Center news.

(2) We have changed the contents service of newly-ar-
rived magazines from provision on paper to electronic
information, and are ensuring that contents can be
viewed online.

Table 4 JAMSTEC publications

Name of publication

Contents

PY 1998 Publication

Report of Japan Marine Science and Technology Center

Collection of scientific papers of research results

Rrport NO.38 and 39

Collected Abstracts No.3 for JAMSTEC Journal of Deep
Sea Research No.112 to 13

Collected Abstracts No.36 to 39 of Japan Marine | Collection of summaries of above (English, Japanese) No.9
Science and Technology Center
JAMSTEC Journal of Deep Sea Research Collection of scientific papers on marine survey No.14
research results
Collection of summaries of above (English, Japanese) No.3

JAMSTEC Educational document on marine information 39th to 42th edition
Japan Marine Science and Technology Center Annual | Report on the activities of JAMSTEC FY 1997
Report

JAMSTEC 1997 Annual Report FY1997

Report on the activities of JAMSTEC (Annual Report
in English)

Table 5 Externa database usable at present

Name of database

Outline

JOIS

STN International
G-SEARCH
DIALOG

JOIDES
KIS-NET
COPERNICS
NACSIS

CEASNCRCRORTRSRS

Science & tecnology and medical focument information (Japanese/English)
About 200 types of database can be used (English)
Domestic and foreign database window (Japanese-English)
About 450 dataase are usable (English)

Database provided by Hydrographic Department Maritime Safety Agency (Japanese)
Database relative to chemical substances (Japanese)
No.3 sector network of Kanagawa prefecture (Japanese)
Database for support of Scientific research activities (Japanese/English)
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2) Internal and external databases

(D Implementation of a book search service through the
“JAMSTEC Book Search” database

(2 Implementation of agency search by the use of exter-
nal databases concerning location guides to documen-
tation that is not owned (Table-5)

(3 Twice-monthly provision of information concerning
specific themes using Japan Information Center of Sci-
ence and Technology (JICST)’s SDI service

(® Number of cases of usage of external databases by us-

ers: 293

3) Current information

(D Provision of newspaper article information on the
oceans as adaily “Newsletter”

(2 Providing an index of ocean-related newspaper articles
as “Newspaper Information on the Sea’ on our home
page

(3 Provision of conference and exhibition information on
our home page whenever necessary

@ Printing of publication information on |OC publica-
tionsin the “Natsushima” Center news and printing of
the Oceanographical Society of Japan bulletin“ SeaRe-
search” whenever necessary

4) Reference service, etc.

(D Implementation of areference service of owned books,
magazines and material

(2 Providing consultation and introduction in respect to
external inquiries as a liaison service concerning ma-
rine science and technology

(6) Operation of information system
1) Improvement of the functions of the information

management and provision system

Thisis asystem for managing books and magazines,
etc., owned by the Japan Marine Science and Technology
Center; this year, we improved the system so that it can
accessed from Web browsers, and renewed it as the
“JAMSTEC Book Search” database.
2) Operation of JAM STEC home page

In order to make full-scale information transmission
activities using the JAM STEC home pagein the said year,
we planned and executed renewal of the English-language
version Center home page, and continuing on from re-
newal of the Japanese language page in the previous year,
worked hard to create an appealing home page that would
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be of interest to the general public. Moreover, asasecond
installment of the Enlightenment Page for Young People,
we followed up the previous year's* Deep Sea 6500” page
by creating a page whose subject matter is the “ activities
of oceanographic observation vessels’.

(7) Equipment status of computer system
1) Super computer system

In order to scientifically elucidate environmental is-
sues of aglobal scale, it isimportant to explain the role
played by the vast oceans, and not only precise observa-
tions by observation instruments, but also the explanation
of various ocean phenomena by mathematical analysis
methods and predictions of fluctuations by numerical
models, are essential. To efficiently promote thisresearch,
an ultra-high-speed computational device equipped with
alarge-capacity storage unit is essential. The installation
of a super-computer for this Center was authorized in the
1995 approval budget, and operation commenced from
March 1 1996.

With the super-computer system, an integrated mag-
neto-optical disk unit, high-speed display unit, front-end
server and so forth centered around SX-4/20 are connected
by HIPPI line of transmission speed 800Mbps, and it is
also connected to existing internal networks through an
FDDI cross-bar switch (GIGAswitch), as Figure-1 shows.

Moreover, in order to graphically display results elu-
cidated by the super-computer system, the ONY X system
manufactured by Silicon Graphics Corporationisinstalled
as an image analysis and processing system. With simu-
lations of the ocean’s general circulation, there are many
cases where display by animation facilitates the grasping
of phenomena, and an image editing device for that pur-
pose has a so been prepared, which enables digital record-
ing and editing of output from ONY X.

2) Common computer system

A large number of softwares that run on VMS as OS
have long since existed at this Center, and at the end of
September 1998, we updated the DEC7620 (Open VMS
Alpha) VMS cluster environment to Alpha Server 4100.
Furthermore, Alpha Server 8400 that runson Digital UNIX
isinoperation asaUNIX arithmetic server, and apart from
this, an 8-node configuration IBM SP was installed as a
distributed memory parallel computer. We have com-
menced parallelizing research in order to execute ocean
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DXEB800

Main frame

AlpherServer4000(2node
(Digital UNIX)
1GB memory X 2
1.6TB disk

FDDI

(IMnet)
1.5Mbps

Fig. 1 General outline of the computer system in JAMSTEC

general circulation models at higher speed and on larger
scales, and are using it to verify the application results
thereof and analyze performance. 1

These common computer systems are used through-
out the entire Center, and user registration for electronic

mail usage totaled about 560 users at the end of 1998.

(8) Status of network preparation
1) JAMSTEC network
(1 Yokosuka internal network

A full-scale internal network was prepared for this
Center in 1993, and in 1998 we reinforced branch line
LAN. This network consists of 100Mbps FDDI (optical
cable) trunk line that links each building and in-house
Ethernet (10base-T/100base-TX) branch line LAN, and
is centered around the FDDI cross-bar switch
(GIGAswitch) installed for common computer systems
within the Scientific Computing Division building. It is
possible for users to access internal networks and the

Internet from terminals in each private room, and connec-
tion to the Internet is executed via a firewall to ensure
security.

Furthermore, workstations and terminals connected to
internal networks continue to increase, and as of the end
of 1998, there were about 110 servers and workstations,
about 580 personal computers (Macintosh), 210 PCs (Win-
dows and other) and about 80 X terminals.

(2) Networks outside Yokosuka

Figure-2 shows a current network connection diagram.
The Tokyo Liaison office was connected to the Yokosuka
internal network by ISDN line from 1994, and currently,
it is connected along with the Frontier Research Promo-
tion Office by a 128kbps private line, attendant to the move
to Hamamatsucho. Furthermore, Mutsu Branch was con-
nected by a 64kbps private line in March 1996, and by
October 1998, the speed was increased to 128bkps in or-
der to cope with increased traffic.
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Fig. 2 Network Topology

(3) Ship mail system

‘We have been carrying out tests for a ship mail system
since 1995, and have advanced its successive preparation
on ships; in January 1998, a mail system was introduced
for the final “Natsushima”, and an e-mail system using
communicate satellite (Inmarsat and N-star) went into
operation on all ships owned by this Center. This devel-
opment marked the preparation of an environment that

enabled not only communication between ships and this
Center, but also direct sending and receiving of e-mail to
the Internet.

It is now possible to transmit images using this system in
the event of Nahotoka investigations and Taima Maru inves-
tigations, and view survey images on land in semi-real time.
2) Internet
(1) IMnet connection

Internet connection at this Center began with the TISN
(Todai International Science Network) in January 1993,
and from October 1994, the Center was connected by a
768kbps private line to STAnet, which networks research
institutions under the Science and Technology Agency
umbrella. Thereafter, we expanded the line to 1.5Mbps in
July 1996, and in May 1998, we switched over connec-
tion to IMnet attendant to the termination of STAnet. We
are now able to effectively use this high-speed line for
transmission of image data and moving images, which
require a large transmission band width.

2,000,000
1,800,000
1,600,000
Deep seafloor image database
1,400,000 f \
Home Page renewal
1.200.000 |
Tsushima-maru page
1,000,000 |
Deep sea organisms Page
K00.0008
Nakhodka Page

6O0,000§

400,000 :

200,000 ; T é ]

[ A l [
) _ acsaueam I mmat nat haad N
1 23456 789101112'1 234567 891011121 23 567 891011121 23 45 67 8 91011121 2 3
1995 1996 1997 1998 1999
Fig. 3 Manthly access figures for the JAMSTEC Web server
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@ WWW server

This Center started up aWWW server in September
1994, and has established a JAMSTEC home page. The
URL is http://www.jamstec.go.jp/ .

The number of hits has increased dramatically since
we opened a deep sea image database on the Internet in
July 1998. Figure-3 shows a graph of month-by-month
totals of WWW server hits.

(9) Database development

Along with developing the various types of databases
shown below, we are successively carrying out Web de-
velopment, and advancing preparations so that they can
be released through the Internet according to their neces-
sity. 1n 1998, we commenced release of the deep-seaim-
age database.
1) Operation information database

A database of the operation information of the ships,
research submersible vessels, unmanned exploration ve-
hicles and so forth retained by this Center. We have been
developing aWeb version since 1996.

2) Deep seafloor image database

A database of images (dides) obtained by research sub-
mersible vessels and unmanned exploration vehicles, etc.
At the end of 1998, 150,000 data items were registered.
3) Oceanogr aphic observation database

A database (prototype) for managing and providing
oceanographic observation data obtained by each ship.
Also carried as an on-board database of “Mirai” and
“Kairei”; we are also carrying Web development in part.
4) Database for book management

We updated the database for book management that
was previously being operated on VAX to a distributed
database that is managed on dedicated workstations. In
1998 we devel oped a Web-correspondent system.
5) Integrated database for release

A database that enables access through a common in-
terface to the various databases possessed by this Center.
In 1998 we devel oped a prototype system corresponding
to the Web.
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The Center owns the Shinkai 2000 system consist-
ing of a manned research submersible Shinkai 2000, a
support vessel Natsushima, and a ROV Dolphin-3K.
The Shinkai 6500 system consists of amanned research
submersible Shinkai 6500, a support vessel Yokosuka,
and a 10,000-meter-depth-class ROV Kaiko, aresearch
vessel Kaiyo, a deep-sea research vessel Kairei, and
an oceanographic research vessel Mirai. The Center
has used these vessels for various tests and research
activities regarding marine science and technology
including deep-sea research and oceanographic obser-
vation.

Regarding the operations and maintenance of these
vessels, the Center itself takes care mainly of the
operations and daily maintenance of research
submersibles and ROV, while a ship operation com-
pany is entrusted with operations of support vessels
and various research vessels and general maintenance.

Navigational operationsin fiscal 1998 can be sum-
marized asfollows:

Shinkai 2000 performed underwater survey in sea
areas around Japan including Suruga Bay, Sagami Bay,
the Sea of Enshu, Nankai Trough, Nansei Islands, the
offings of Akitaand eastern Hokkaido, and around Izu
and Ogasawara. Shinkai 2000's foreign activities were
an underwater survey inthe Manusbasin of PapuaNew
Guinea.

Dolphin - 3K performed preliminary investigation
to confirm safety of the underwater navigation route
for Shinkai 2000. In addition, it performed survey ac-
tivities in Kagoshima Bay, Sagami Bay, the Sea of
Enshu, Nankai Trough, offings of Akita and eastern
Hokkaido. Furthermore, it surveyed the seabed in the
earthquake and tsunami areas off the northern coast of
New Guinea.

Kaiyo participated in the observation phase of the
"observation of and research into the equatorial regions
in thetropical zone (TOCS)" and "tomographic obser-
vation of the equatorial regionsin the Pacific Ocean."
In addition, it participated in research into the interac-
tion between the heat and material fluxes and the bio-
sphere and in the exploration of subbottom deep tec-

tonics.

Shinkai 6500 participated in the survey of the Mid-
Ocean-ridge Diving Expedition MODE '98 and per-
formed theworld'sfirst underwater survey of the South-
west Indian Ridge by a manned submersible.

Yokosuka made a 204-days, round-the-world voy-
age to support Shinkai 6500 that dived under the
MODE '98 project; in addition, Yokosuka participated
in the research into ocean bottom dynamics conducted
in the Izu and Ogasawara sea areas and in maintenance
and reinforcement of the Okinotorishima observation
system.

Kaiko performed survey diving in Mariana Trench,
around the Hawaiian Islands, off Fukushima, in Japan
Trench, and off the Nansei Islands.

Kairel assisted Kaiko in the latter's diving opera-
tions. In addition, using its onboard multichannel re-
flection probe unit, it investigated the Japan Trench
off the Sanriku region and the Nankai Trough off
Shikoku Island. Furthermore, using its multi narrow
beam acoustic depth finder and other equipment, it in-
vestigated the Philippine Sea areas and the earthquake
and tsunami areas north of New Guinea lsland.

Mirai participated in activities for the observation
of and research into changes in the subpolar zone-sub-
tropical zone gyre system in the northern Pacific Ocean
(from the offing of the Sanriku region to the Ogasawara
area of sea), observation of and research into ocean-
atmosphere interactions (in the Nansei Islands area of
sea), observation of and research into the material
fluxesin high latitude regions (in the northwestern part
of the Pecific Ocean), observation of and research into
the Arctic Ocean (in the Chukchi and Bering Sea ar-
eas), observation of and research into the primary pro-
duction capabilities in the equatorial regions (in the
equatorial seaareasin the tropical Pacific), and obser-
vation of and research into the western tropical Pa-
cific (in the equatorial areas of seain the western Pa-
cific).

The vessels owned by the Center were periodically
inspected and maintained as usual, with various im-
provements added to enhance their functions.



Operations Schedule of SV "NATSUSHIMA" in 1998 Fiscal year JAMSTEC
SHP_NAME Apr. 08 Hay. Jun.
NT9E-08
NTES-06 | NT98-07 | DOLPHN-3K
NATSUSHMA, . SHINK.AI 2000 Sipport operation SHINKA&I 2000 Supaort operaticn Support aperation
£ | 7 30 3 [
Sagami bay Nmsui isands lzu-Ogasawara slands Kagoshirm bay
SHIP NAME .IL_I| Auir Sep.
| NTEB-11
HTBE-00 | MT3E-10 DOLAHIN. 3K
NATSUSHIMA SHINKAI 2000 Suppoart operation SHINKAI 2000 Suppor operation Support operal]
| 30| 3 ] 18 1
Mansai ietands Japansen  Toyama bay Heldsids et bay Mantai trongh Sagami hay
| Izu-Ogasawara istands
SHIP NAME Oct, HNov. Dec.
T T
NT3B-12 |
SHINKAI 2007 NT98-13
MATSUSHIMA Erirka 2000 Suppot ot ) o e e e e e
1§ | 16 [ H 14
Hankai treugh | Manus basin
| 1
SHIP MAMF lan. Feh. Mar.
NT35-01 N95-03
DULFHIN- 3K, NT99-U2 SHINCAI 2000
Support DOLFHIN-3K Support
NATSUSHMA L _ Ansualinpection | De:!pon Support cperation %ﬁ"
| i 3 5 12 22
Sagami bay Piagnsa REWDLIRES Saarmi bav
Suruga by Suuga biy
Mankcai trough
01 PHIN-3K - Inmanned Remotely operzted vehicls
SHINKAI 2000 Deeo searesearch submersiblz (Manned)
Operations Schedule of SV "YOKOSUKA" in 1998 Fiscal year JAMSTEC
SHIP NAME Apr. 58 May. Jun.
YOROSUKA R | Annualinspection | Craising -
z it Hi 10 L] 7
Yokosuka Panama San Juay
| West Mid-
|
SHP MNAME Jul. Aug. Sep.
MODE'98 (Mid Ocean ridge Diving Expadition)
¥RDE-05,06 5 INKAI G50 Support cperatian
YOKOSLKA o R, —_ Crulsing: _ T —
7 23 E] 7 o
Lisbon Laban Susz Part Louia
Atkantic Ridga-Kana Fracture Zone Trans Arantic Geotraverse
SHIP NAME Oct Mow. Dec.
| Y%88-08
URDW-TE.
YKIE-07.08 SHINKAI 6500 Suppart gparatian Suppart
YOLOSUKA O o - o gl ion
B2 2z ACEE i 1 v 2
Port Louis Part Louiz Yekosuks sagami bay
Sauth West Indian Ridga suruga bay
! |
SHP NAME Jan. Fed, Mar.
I YK98-02 YROS-03,04
YK39-01 fesaarch of marine automatic SHINKAI E500
YOKOSLKA areh sea fioer dynamits tion tech § tian
14 Ii 2 1 H
lzu Opasawera ilands Chinaterishimg Mansei idands
Marana tranch

SHINKAI 6500 : Deep ses research submersible (Manned)
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Operations Schedule of RV "KANO" in 1998 Fiscal year JAMETEC
SHP NAME 4pr. 98 May. Jun.
|
KY98-05 KY¥33-07
Rzserch on material  KYIBEE Buow
FKAIYD Cycle ip the ocean Deap-sai survey A Annualinspection __ _ _ _ > gystzm -
15 23 24 13 7 15 20 25 30
off Kughire oft Sanriku Hankal traugh
SHIP NAME Jul, Aug. Sep.
EY98-08
Long-term deap sea K¥98-09 KY9a-10
EAYO Foor chearvotory _ Tomagra oy TOCE
14 18 3ot 25
aff Muoto off sast of Westem tropical pecific aea
T Sanidu Tl inlon il
. !
SHI* NAME Ot Hav. Dec.
|
Y3811 kY9812 KY3E-13 ‘
Tl un prlmiel CevelupnmmnUul suouslc verseLUike sco-moniLoning netvork
EAIYO qﬂ in the ccean H_m GYEMI.I_(BEGI cable system Curuising i
5 SN 28 7 8 8 | 19 21
Mansei islands Mankgs trough Manara area Majur
[ SHIP_NAME Jan, Feb. Mar,
| Y9832
KY98-15 Krag-o1 Research sau
KA Tomgeraphy, = = Tecs . - e loor dynamics 5
[ 22 26 ] 14 1 3 15 18 23
Majuras Majure Paini Pala Yekoaukn  Segamibay
Pacific ocean equator ared ‘Western tropécal Jacific area
Operatons Schedule of RV "KARRE!" in 1998 Fiscal year JAMSTEC
SHIP NAME Apr. 3B May. Jun.
<R98-73 KR98-C4 KR9B-05 KR38-0€
KAIKD MCS,085 KiaK0 WIS, 083
KAIRE tion Sypport operation Support operatior 2 Support operation
i 1? % 6 9 2 6
Manse islands off sanrike, Jagan trend Marizna trendh Hankai traugh, oft Shikoku
SHP NAME T, Aug. I Sep.
KR9E-CT KR38-08 KR28-0%
EAIKD | Research sea KAKC
HKAIRE Support operstion > s dyragecs | o Suppofi operion o D
7 13 o 14 23 24 2 7 13 21
off Fulushima Honciuly | Honelulu Henchdu
off Sarriku ‘ Hawaii islids arza
|_lapan tranch
SHI? NAME 0(_:1 [ Dec.
KR98-10 KR$8-11 KR9E-12
MCLOBS | RO Asthymarric genlogical,
KAIRE Sugpit cperathin > a4l Suportsperaton * g ipephmciarey ., o |
i T o T a 3 | Zars
Nareksi traogh, off Shikoki Mansai mlands Marisna trough, Phifioone basn
SHIP NAME Jan Feb. Mar.
KR98-13 KR93-01
Newgunea TEUNANI KAIED
| Offshore Uy snhan e Annuaingpection | _ s , ticn
KAIRE N RE: £
PapLa newjuinaa |Nansei islands
KaAlKD : Unmanned Remotely cperated vehicle
MCS : Mukichanal Seismic Prefiler

0BS5S : Ocean Battom Seiamogmph
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Ship Operation Department

Operations Schedule of RV "MIRAI" in 1998 Fiscal year JAMETEC
SHP NAME apr. 98 May. Jun.
MRBE-03
Rasaarch sub arctic ME9E-04
MIRAI Cruisi narh ocean flu | Rasearcy air and ocaan interaction mechanism
15 1 , 1 5 H
off Sanriku~Ogasawaa off Nanse islands
SHIP NAME Jul, Aug. Sep.
MRIE-05 MRIE-0E MRIE-0T
Research material fux Arctic ocean research Denelopment
MIRA| in high latitue o m _______
46 ¥ 30 101 :
Pacific ocean NE area Chukuchi sea, Bering sea off Sanriku
SHIP NAME Oct HNow. Dec.
T -
MFAE-RO |
HIRAI o inspection. _ _ _ _ _ _ _ _ _ - Reserch matersl flux in high |
28 30 16 22
| Pl usesn NE arva
SHP NAME Jan. Feb. Mar.
MRAR-LNF
Research primiary production MRI9-K0I
MIRAI # equatorarea o~ Researchwestem t ific |
1 7 N
Pacific oceas tropical and equator zone \Westem pacific equator zore
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Support vessel "Natsushima“ Manned research submersible ACY “Dolphin 3K®
*Shinkei 2000"
Levgth | 674 m Length . 2am Length 20m
Wrosstonnage . 1,533 T Baw fapbs capahilily © 2000 m Max deoth capabliity : a2.504 m
Speod 12 kno's Bipeed . 3 haots Speed - Iknos
Conplenn 55 persons omplemand 7 parmona

Suppert vessel “Yokosuka® Manned research submersibie Reszarch vessel "Kalyo”
“Shinkai 500"

Length | 162 m ARG *amn Lengt : E1Em
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1. Overview of activities and training and education results

The Public Relations, Training and Education Division carries out diving-related training and education tar-
geted at technicians and researchers involved with diving work and ocean research, and strives to cultivate talented
individualsin the said field. Moreover, in parallel with this, it carries out safety and hygiene education to supervi-
sors of diving work sites, and practical diving to persons engaged in diving work and beginners. At the same time,
from 1995 it has conducted enlightenment and popul arization activities concerning “marine science & technology”
targeted at senior high school students and senior high school teachers.

Asfor diving-related training and education, in the same way as last year the Division carried out two types of
special training: “ diving technology training and education” and “ experience (practical) diving”, along with “div-
ing work management training and education”. Apart from this, “ Science Camp '98" targeted at high school
students, and “Marine Science School ' 98" targeted at senior high school students and senior high school teachers.

(1) Special training and education
(D Diving training and education

Thistraining and education is carried out according to
ab5-day schedule as arule (10 days in some cases), and is
aimed at imparting knowledge concerning scuba diving
and basic techniques. Thisyear, it was carried out with
the participation of 215 persons from 27 institutions in-
cluding the National Police Agency.
(2 Experience (practical) diving

This training and education is a course for beginners
to experiencediving in apool, and thisyear, practical scuba
diving was carried out over two days, with participation
by 21 subscribers to the Science and Technology Hesalth
Insurance Union.

(2) Diving management cour ses

This training and education is carried out for diving
workers and employees of diving-related companies, and
in addition to safety and hygiene education concerning
diving work, we provide a broad range of information on
diving work in general, including an overview of satura-
tion diving and the actual status of diving work being car-
ried out overseas. Thisyear, it was carried out on two
occasions, with the participation of 14 persons from 12
institutions.

(3) Science Camp ‘98

We have been conducting this since 1996 at five cor-
porations and five research institutions under the Science
and technology Agency umbrella, through sponsorship of

the Science and Technology Agency, Japan Science and
Technology Corporation and the Japan Science Corpora-
tion. Thisyear, it was held with a schedule of two nights
and three days, from August 10-12. Thistime, we pro-
vided an introduction to the various research being con-
ducted at this Center to 23 (8 males, 15 females) senior
high school students and vocational high school students
selected by essay composition from among 85 applicants,
as well as giving them hands-on experience at research
sites, and were able to increase interest and concern to-
wards marine science and technol ogy.

(4) Marine Science School ‘98

Thisschool isaimed at heightening interest and deep-
ening understanding of the oceans by senior high school
students and senior high school teacherswho instruct them,
and is an event that this Center holds with a Japan Foun-
dation subsidy. The features of this school are that it re-
stricts participant regions, and is targeted not only at se-
nior high school students, but also teachers. Thisyear,
the school was held on three occasions during the sum-
mer and spring breaks with a schedul e of three nights and
four days, targeting fourteen senior high school teachers
and fifty senior high school students from the following
prefectures: Fukuoka, Saga, Nagasaki, Kumamoto,
Aomori, Akita, Iwate and Yamagata. Asfor the school’s
contents, we were able to further increase the concern of
participants by incorporating many research results and
stories of personal experiences by this Center’s research-
ers, and were able to bring it to a successful conclusion.
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Photo 1 Marine Science School ‘98 Scene showing the Mighty Wheel being explained
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1. Overview of Mutsu Branch Activities

Dueto the fact that Port Sekinehama, Mutsu City, was made the home port of the oceanographic research vessel
"Mirai", which commenced operations in October 1997, Mutsu Branch was opened October 1, 1998, as the first
regional branch in the Japan Marine Science and Technology Center, in order to operate this smoothly.

The duties of this branch for the time being are as follows.

+ Operation of facilities and equipment necessary for research conducted by the oceanographic research vessel

"Mira"

+ Popularization and public relations activities in order to enable smooth operation of the oceanographic research

vessel "Mirai"

+ Other duties necessary for Mutsu Branch administration

(1) Application of facilities and equipment

In order to elucidate mechanisms of global climate
change, the oceanographic research vessel "Mirai" car-
ries out observations throughout the entire Pacific ocean
and over wide stretches of the Indian Ocean and collects
dataand samples. The main mission of the oceanographic
research vessel "Mirai" isinstallation and collection in
observation seaareas, of oceanographic observation buoys
"TRITON buoy", which are scheduled for development
in the western equatorial and mid-latitude Pacific Ocean
waters. The"TRITON buoy" is expected to demonstrate
strength in explaining the real situation of the warm core
ring, which is known to have a significant bearing on the
El Nino phenomenon.

The Observation Equipment and Machinery Mainte-
nance Shop carries out maintenance, storage and sensor
calibration, etc., of these oceanographic observation buoys,
along with processing and managing incoming buoy data.

The SampleAnalysis Facility processes oceanographic
observation data obtained by the "TRITON buoy" and the
oceanographic research vessel "Mira", and analyzes and
stores collected samples, and in addition, the seawater pre-
processing system installed within the building (a device
that performs preprocessing of seawater necessary in order
to measure the content of radioactive carbon 14C within
seawater by accelerator mass spectrometer), commenced
full-scale operation after training and trial operation.

Moreover, as a structure that executes business, Mutsu
Branch management section leases a building owned by
the Japan Atomic Energy Research Institute, and uses it
business as aadministration building. (Figure 1).

(2) Public relations activities

For smooth operation of the oceanographic research
vessel "Miral", the understanding and cooperation are es-
sential of the local people of Mutsu City, in which the
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breakwater no.1(red)

Tsugaru straits

Lighthouse for estern
breakwater (green)

Beacon|m

Western
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no.?2 Oceanographic
research vessel ;
Observation

“Mirai” :
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1
Sekinehama harbor Eﬁ\ machinery

Containeryard | maintenance
I shop

Sample analysis facility

Mutsu science museum

Mutsu guest
house

Japan Atomic Energy Research Institute
Mutsu establishment

Fig.1  Layout of Research Facilities at Mutsu Branch
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home port islocated. The popularization and public rela-
tions activities that Mutsu Branch performs involve tar-
geting not only the general public, but aso the young who
represent the next generation, to propagate the fruits and
dreams of marine science and technology. To this end,
we conducted a port entry welcoming ceremony and gen-
eral unvelling of the oceanographic research vessdl "Mirai"
at Port Aomori, Aomori City, on July 25 and 26, 1998, at
which therewere 5,265 visitors. And on the 27th, we con-
ducted a classroom at sea from Port Aomori to Port
Sekinehama for 38 junior high school students within
Aomori Prefecture.

Moreover, on October 31, 1998, we conducted a class-
room at sea at Port Hachinohe, for about 50 children of
the Hachinohe Sea Scouts and students. On November 1,
we held a port entry welcoming ceremony and general
unveiling, at which 2,970 attended.

Furthermore, we attempted to encourage understand-
ing of oceanographic research by exhibiting a deep-sea
georama display and seafloor station images at the Mutsu
Science Museum as research results of the Japan Marine
Science and Technology Center.

2. Construction and improvement of facilities and
equipment
(2) Buildings

Mutsu Branch constructed the Mutsu Guest House
within the branch precinct, with the aim of providing a
satisfactory environment to researchers who visit this

branch for the purposes of research voyages of the oceano-
graphic research vessel "Mirai", joint research, and in-ser-
vicetraining. (Table-1, Photo-1)

Thisbuilding isa 3-story building of steel frame con-
struction, consisting of researcher'srooms (8 rooms), con-
ference room (accommaodeating 80 persons), seminar room,
launge, cafeteria, and etc. It hasatotal space of 1,547m2
and was completed in 1999.

(2) Equipment

To prepare for Mirai cruises and to analysis and pro-
cess samples and data, we transferred a nutrient automatic
analyser from headquarters to the chemical laboratory on
the first floor of the Sample Analysis Facility, in addition
to preparing an ultra-pure water production system. On
the second floor, we a so prepared an HRPT satellite data
receiving system in the data processing room. This sys-
tem tracks the NOAA meteological satellite and the
OrbView-2 oceanographic observation satellite, and re-
ceives HRPT (high resolution picture transmission for-
mat) signalswith a 1.2m diameter parabolic antenna, and
constructs sea surface temperature distribution dataset from
advanced very high resolution infrared radiation (AVHRR)
carried on NOAA, and chlorophyll-a concentration distri-
bution dataset from SeaWiFS (seawidefield of view scan-
ner) carried on OrbView-2. Furthermore, we set up re-
frigeration equipment (internal temperature: +4 degrees
C, effective dimensions; 2.9m x 4.5m x 2.2m) in the sec-
ond floor core sample storage room, and attempted to re-
inforce the system of receiving and storing core samples

Table 1 Status of Research Facilities and Equipment at Mutsu Branch

Building name Specifications Total space Year of preparation Remarks
Observation Equipmnt )
) ) 3-storey steel frame construction,
and Machinery and Main- . . 3,046.26 1995-1996
partially ventilated
tenance Shop
- 2-st f - t
Administration building 2-storey ferro-concrete building 521.90 1996 b ﬁ:rey erro-concrete
uilding
Sample Analysis Fecility | 2-storey ferro-concrete building 1,942.59 1996-1997
3-storey steel frame construction, 154742 998
Mutsu Guest House 1-storey tower D41, 1
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ual Report

collected by the oceanographic research vessel "Mirai". struments, we installed air-conditioning equipment in the
And with the aim of environmental improvement as two, second-floor research laboratories in the Observa-
research rooms for installing and handling precision in- tion Equipment and Machinery Maintenance Shop.

Photo 1
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Computer and Infor mation Office

1) TSUCHIYA Toshio, KIKUCHI Toshiaki, FUJIM ORI Hidetoshi, OCHI Hiroshi, HASEGAWA Akio
[Long-range sound propagation analysis in the west Mediterrranean Sea considering effect of the ocean bottom |
Jarnal of Acoustical Socity of Japan Vol.54 No.5, pp351-364
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Doctoral thesis, Tokyo Insritute of Technology
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1) HOTTA Hitoshi
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