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Preface

Japan Marine Science and Technology Center

JAMSTEC has greeted its 30th anniversary this
year, the 21st century's very first year.

The latter half of the 20th century, when JAMSTEC
was born and grew, saw great discoveries made in the
field of ocean and earth science. Mankind was able to
see the earth from space -- a beautiful, blue planet, full of
water. Outstanding discoveries include, for example, the
theory of plate tectonics, which has not only been fully
substantiated by subsequent research but also enabled it
to go farther beyond, and the discovery of extremophiles,
with their astonishing energy metabolic rates. All these
forced us to experience major paradigm shifts.

With a rapid progress taking place in marine science
and technology then, JAMSTEC started with studies on
basic underwater engineering, and gradually pushed
back its horizon to coastal seas, deep seas, and the great
oceans. Nowadays, JAMSTEC is engaged in a wide
variety of research in al the world's oceans, ranking with
other leading oceanographic institutions of the world.
Last year, JAMSTEC discovered another new dipole-
mode climate events in the subtropical Indian Ocean.
JAMSTEC ingtalled, also last year, a new type of drift-
ing buoy in the Arctic Ocean, to alow continuous obser-
vation of the currents in the arctic ocean, which is
believed to greatly affect the global climate. All these
congtitute part of JAMSTEC's effort in global environ-
mental observation. At the Nankai Trough off Shikoku
Island, JAMSTEC discovered a large seamount, compa-
rable in size to Mt. Fuji, in the process of subduction
beneath the Japanese archipelago. The knowledge
obtained through these discoveries will contribute to
understanding global climate change and disaster pre-
vention associated with earthquakes in Japan.

It is often said that science and technology advance by
atug of war between the two to bring knowledge and the
well-being of mankind. JAMSTEC, therefore, positively
promotes development of large-scale technologies that

will assist al researchers, or common infrastructure.
Last fiscal year, JAMSTEC continued to work on the
CHIKYU (scheduled to be commissioned in 2008), a
deep sea scientific drilling vessel with an intent to reach
the mantle, and the Earth Simulator (scheduled to be
commissioned in 2002), the world's fastest supercomput-
er that can forecast globa environmenta change. JAM-
STEC was also at work on the URASHIMA, Deep Sea
Cruising AUV.

It is mandatory that JAMSTEC maximize the limit-
ed research resources of Japan in its research and
development activities. In May last year, JAMSTEC
underwent a third-party evaluation of its research and
development activities and organizational manage-
ment. JAMSTEC will do its best to improve its
research and management based on the recommenda-
tions made by the evaluation committee.

This annual report outlines JAMSTEC's activities
during fiscal 2000 (ending in march 2001). We at
JAMSTEC hope this annual report will help the read-
ers learn more about our research and development
activities in marine science and technology. In pre-
senting this report, we humbly request your continued
support and cooperation toward JAMSTEC.

December 2001

Takuya HIRANO ¢
President \_‘_Mﬂ;

Japan Marine Science and Technology Center
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OQutline of Activities

To promote ocean development in our country, Japan Marine Science and Technology Center (JAMSTEC)

continued to carry out a variety of activities during FY 2000 (ending March 31, 2001) in close cooperation
with domestic and foreign organizations concerned. These activities included research & development

efforts, education and training services, information services, and construction, improvement and shared use

of facilities and equipment. Each of these categories are described below.

Research and development activities

JAMSTEC carries out its R & D activities under
categories of Research Project; Category 1, Research
Project; Category 2 or Personal Research depending
on the objective, content and progress status of these
activities. JAMSTEC has established aflexibleR & D
system under which to conduct research according to
the plan drawn up at the beginning of each fiscal year,
that enables creative research based on researchers's
own initiatives or adjustment to the situation change.
In addition, JAMSTEC carries out Commissioned
Research and Cooperative Research at the request
from, and with the cooperation of, other domestic and
foreign organizations. The R & D activities that JAM-
STEC carried out for FY 2000 are summarized below:

(1) Resear ch Project; Category 1

JAMSTEC carries out important, large-scale or
complehensive R & D projects as Research Project;
Category 1 to make contributions to the economic and
social development and the improvement of marine
science and technology. In FY 2000, JAMSTEC car-
ried out Research Project; Category 1 as listed in
Table 1.

(2) Resear ch Project; Category 2

As Research Project; Category 2, JAMSTEC carries
out R & D projects to further develop the basic results
obtained from Personal Research and other researches

that may possibly develop into future Research
Project; Category 1. In FY2000, JAMSTEC carried
out Research Project; Category 2 aslisted in Table 2.

(3) Personal Resear ch

As Personal Research, JAMSTEC carries out
research projects based upon individual researchers
free conceptions to maximize their abilities, or those
that might develop into Research Project; Category 2
or Researches Project; Category 1 in the future. In
FY 2000, JAMSTEC carried out Personal Research as
listed in Table 3.

(4 Commissioned Research and Cooperative
Resear ch

As Commissioned Research, JAMSTEC carries out
research projects involving marine science and tech-
nology, which are commissioned by other organiza-
tions to JAMSTEC and whose implementation JAM-
STEC considers will benefit its own interests. In
FY 2000, JAMSTEC carried out commissioned
Research aslisted in Table 4.

As Cooperative Research, JAMSTEC carries out
research projects in which high-level results are likely
to come, while reduction in costs and required time is
expected by sharing R & D resources with other
organizations. In FY 2000, JAMSTEC carried out
Cooperative Research aslisted in Table 5.
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Training and Education Activities

JAMSTEC has had training and education programs
for diving techniques for researchers, engineers and
rescue members, and also had marine science educa-
tion programs for high school students, university stu-
dents and schoolteachers. And "Asia-Western Pacific
Ocean Research Network program" has been started
for establishing an oceanographic observation network
in the Asia and Western Equatorial Regions.

Activity Related to I nformation Technology

JAMSTEC collects literature (books, journals, con-
ference materials, technical reports) necessary for
research and development on marine science and tech-
nology, and it has published various reports, toward
having its research results become extensively known
at home and abroad. JAMSTEC has promoted con-
struction of marine information databases and opera-
tion of supercomputer systems.

Operation of the JAMSTEC Fleet

To be able to promote the activities mentioned
above, JAMSTEC owns a fleet consisting of the fol-
lowing vessels and support facilities. First, JAM-
STEC owns a 2,000-meter-class research submersible
vessel system, consisting of the SHINKAI 2000 (a
manned research submersible) and its support vessel:
the NATSUSHIMA, and onshore maintenance facili-
ties. Other members of the fleet are the DOLPHIN-
3K, aremotely operated vessel; the KAIKO, a 10,000-
meter-class remotely operated vessel; the HY PER
DOLPHIN, a 3,000-meter-class remotely operated
vessel; the KAIY O, a oceanographic research vessle;
the SHINKAI 6500, a 6,500-meter-class manned
research submersible system with a support vessel:
the YOKOSUKA, and onshore maintenance facilities;

the KAIREI, a deep-sea research vessel, and the
MIRALI, a oceanographic research vessel. In fiscal
2000, these vessels and systems conducted the follow-
ing operations.

1) SHINKAI 2000

The SHINKAI 2000 dove a total of 87 times, at
sites near the Nansei Islands, in the Sea of Japan, in
the sea areas off Hokkaido and the Sanriku area, in the
Izu-Ogasawara sea area, and in Sagami Bay and
Suruga Bay.

2) NATSUSHIMA

In addition to support work for the SHINKAI 2000
and the DOLPHIN-3K, the NATSUSHIMA made its
own voyages. In fiscal 2000, the NATSUSHIMA was
at seafor atotal of 300 days.

3) DOLPHIN-3K

The DOLPHIN-3K conducted test and training
dives, preliminary surveys of deep-sea areas for the
SHINKAI 2000, and exploratory dives off the Nansei
Islands, the Sanriku area, Eastern Hokkaido, and in the
|zu-Ogasawara sea area. Dives totaled 50.

4) KAIYO

In addition to supporting dives of the HY PER DOL-
PHIN, the KAIYO conducted various oceanographic
observations and towing of deep-seavehicles. In fiscal
2000, the KAIYO was at sea for 311 days, including
the number of days the KAIYO was standing by off
the Hawaiian Islands in connection with the sinking of
the Ehime Maru, a Japanese fishing training boat.

5) HYPER DOLPHIN

The HYPER DOLPHIN made 34 training dives and
15 dives for recovery of ocean bottom seismographs
(OBS).
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6) SHINKAI 6500

The SHINKAI 6500 made atotal of 66 divesin the
Japan Trench, the Nankai Trough, the Nansei |slands,
and the 1zu-Ogasawara sea area.

7) YOKOSUKA

In addition to support work for the SHINKAI 6500,
the YOKOSUKA made its own exploratory voyages.
In fiscal 2000, the YOKUSUKA was at sea for atotal
of 278 days.

8) KAIKO

The KAIKO made atotal of 33 divesin such sea areas
as the Nansel Islands, the Japan Trench near Japan, and
the Indian Ocean and the Mariana Central sea area

9) KAIREI

In addition to support work for dives of the
KAIKO, the KAIREI made independent exploratory
voyages and conducted research on ocean bottom
dynamics. In fiscal 2000, the KAIREI was at sea for
245 days.

10) MIRAI

The MIRAI carried over joint-research-type voy-
ages from fiscal 1999 to fiscal 2000. In fiscal 2000,
the MIRAI made seven joint-research-type voyages,
which kept the MIRAI at sea for 298 days. The
MIRAI was at seafor atotal of 311 days.

Table 1 Research Project; Category 1

Subject

Period Department

1 | Research on ocean bottom dynamics

FY1998- | Deep Sea Research Department

2 | Development and deployment of Long-term Deep Sea Floor Observatories

FY1992- | Deep Sea Research Department

3 | Research and Development of Advanced Technology

FY1998- | Marine Technology Department

4 | Research and Development of Autonomous Underwater Vehicle

FY1998- | Marine Technology Department

5 | Research and Development of Ocean Observing Buoy

FY1993- | Marine Technology Department

6 | Research and Development of Technology to Utilize Ocean Energy FY1989- | Marine Technology Department

7 | Development of atmospheric sampling and onboard analyzing systems for FY1998- | Ocean Observation and Research Department
stratospheric platform.

(the former Study of ocean sensor development for stratospheric platform)

8 | Tropical Ocean Climate Study FY1993- | Ocean Observation and Research Department

9 | Development of Ocean Acoustic Tomography System (Large-scale Simultaneous | FY1989- | Ocean Observation and Research Department
Intensive Observation using Ocean Acoustic Tomography System)

10 | Study on the Kuroshio Extension FY1986- | Ocean Observation and Research Department

11 | Long-term oceanographic and meteorological observation of North Pacific | FY1987- | Ocean Observation and Research Department

Subtropical area.

12 | Arctic Ocean Observation study FY1991- | Ocean Observation and Research Department

FY1997- | Ocean Observation and Research Department

13 | Study of Air - SealInteraction
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Subject Period Department

14 | Development of Ocean LIDAR System FY1987- | Ocean Observation and Research Department

15 | Biogeochemical study of the northern North Pacific and its adjacent seas FY1995- | Ocean Observation and Research Department

16 | Observational Study on primary production in the Equatorial Pacific FY1997- | Ocean Observation and Research Department

17 | Study on the Coastal Ocean Ecosystem Dynamics (the former Study on FY1998- | Marine Ecosystems Research Department
dynamics of marine ecosystems)

18 | Mesopelagic Biology Program FY2000- | Marine Ecosystems Research Department

19 | Studies on Deep-sea Ecosystems. FY1997- | Marine Ecosystems Research Department

20 | Research on the past marine environmental changes (the former Study on FY1999- | Mutsu Institute for Oceanography
the Global warming mechanism) (the former Mutsu Branch)

21 | Frontier Research System for Global Change FY1997- | Frontier Research Promotion Department

22 | Development and Operation of Information System for the Global Change | FY1999- | Frontier Research Promotion Department

Prediction
23 | Frontier Research Program for Deep-sea Extremophiles FY1990- | Frontier Research Promotion Department
24 | Frontier Research Program for Subduction Dynamics FY1996- | Frontier Research Promotion Department

25 | Research and Development of application software for the Earth Simulator | FY1998- | Frontier Research Promotion Department
(the former Development of Parallel Software for Earth Simulator)

26 | Frontier Observational Research System for Global Change FY1999- | Frontier Research Promotion Department

27 | Promotion of Ocean Drilling in the 21st century (the former Research and FY1990- | Office of OD21 Program
Development of a Deep-sea Drilling Vessel)

28 | Research and Development of Coastal Environments and their Utilization FY1998- | Program Management Division

29 | Development and maintenance of TRITON buoy network FY1993- | Research Support Department and Mutsu
Institute for Oceanography
(the former Mutsu Branch)

30 | Promotion of the Earth Simulator Project FY1999- | Computer and Information Department
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Table 2 Research Project; Category 2

Subject Period Department

1 | Research into the Mechanism Earthquake and Tsunami Generation FY1998-FY 2000 | Deep Sea Research Department
in the SeaArea near Papua

2 | B02-Paleo and Rock-magnetic studies of deep-sea sediments: FY1999-FY 2001 | Deep Sea Research Department
Implications for paleo environment changes

3 | Integrated solid earth research in Java-Sunda Trenches around FY2000-FY 2002 | Deep Sea Research Department
Indonesia

4 | Study on development of oceanic arc (Izu - Ogasawara - Mariana) FY2000-FY 2002 | Deep Sea Research Department

5 | Integration of long term monitoring schemes and methodologies FY2000-FY 2002 | Deep Sea Research Department
to study the Earth's Interior

6 | Research on the Autonomous Underwater Vehicle Technology in FY1998-FY 2001 | Marine Technology Department
Ice-covered SeaArea

7 | Studieson isolation and cultivation methods of deep-subsurface FY 2000 Frontier Research Program for Deep-sea
microorganisms Extremophiles

8 | Research on deep structure and fluctuation of microseismicity around | FY2000-FY 2001 | Frontier Research Program for Subduction
Kozu and Miyake Islands Dynamics and Deep Sea Research Department

Table 3 Personal Research

Subject Period Department

1 | Research concerning sample processing for petrochmical analysis FY 1998-FY 2000 Deep Sea Research
of bottom material samples and measurement of rock properties Department

2 | Research concerning the activity and structure of spreading axis magma | FY 1996-FY 2000 ; suspended in Deep Sea Research
reservoirs FY 1997-FY 1998 Department

3 | Study on sea bottom gamma ray measurement by manned and unmanned | FY 1998-FY 2002 Deep Sea Research
submersibles Department

4 | Research on Early Detection of Tsunami and Crustal Deformation using | FY 1999-FY 2001 Deep Sea Research
Cable-type Observation Equipment Department

5 | Feasibility study on the methane flux monitoring in the area of gas hydrate| FY 2000-FY 2002 Deep Sea Research
distribution Department

6 | Detection of submarine volcanic activity by the long-term seafloor cabled | FY 2000-FY 2001 Deep Sea Research
observatories Department

7 | A relationships between regional variation of seismic activity and the crustal | FY 2000-FY 2001 Deep Sea Research
structure in the Japan Trench region Department

8 | Development of sampling system revealing for activity record of deepwater | FY 2000-FY 2001 Deep Sea Research
active fault Department
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Subject Period Department
9 | Study of crusta generation and deformation in the Mid-Atlantic Ridge FY2000-FY 2002 Deep Sea Research
Department
10 | Geophysical measurementsin drillholes FY 2000-FY 2002 Deep Sea Research
Department
11 | Research on Improvement of the Propulsion Maneuver System of manned | FY 1998-FY 2000 Marine Technology
submersible "SHINKAI 6500" Department
12 | Research on Unprovement of the Anti-rolling Device FY 1999-FY 2001 Marine Technology
Department
13 | Research of very high resolution and long range sonar for seafloor surveying | FY 1997-FY 2001 ; suspended in Marine Technology
FY 1998-FY 1999 Department
14 | Evauation of TRITON buoy sensors and vaidation of buoy data FY 1996-FY 2000 Ocean Observation and
Research Department
15 | Study on high-frequency measurement of oceanic CO2-system parameters | FY 2000-FY 2002 Ocean Observation and
Research Department
16 | Preliminary study on the mass and heat distribution being associated with | FY 2000-FY 2002 Ocean Observation and
the ocean general circulation Research Department
17 | A study on the modeling of marine ecosystems by combining multiples | FY 1998-FY 2000 Marine Ecosystems
sub-models Research Department
18 | Method of evaluating seawater movement in the vicinity of coral FY1998-FY 2000 Marine Ecosystems
Research Department
19 | Decompression sickness on scientific divers occurred by hypobaric FY 1998-FY 2000 Marine Ecosystems
environment transfer other Dive Research Department
20 | Fundamental study on quantitative measurement of coral fishes FY 1998-FY 2000 Marine Ecosystems
Research Department
21 | Study on the Influences of the Kuroshio Current on the Fluctuating FY1999-FY 2001 Marine Ecosystems
Hydrographic Properties of the Deep Seawater in Suruga Bay Research Department
22 | Studies on abundance of plankton community concerned on the regenerated| FY 1999-FY 2001 Marine Ecosystems
production Research Department
23 | Study on Autonomic nervous system on adaptation and re-adaptation FY 1999-FY 2001 Marine Ecosystems
Research Department
24 | Research on the evaluation of deep seawater quality FY2000-FY 2002 Marine Ecosystems
Research Department
25 | Research into Parallel Computing Techniquesin Marine Computation FY 1999-FY 2001 Computer and Information

Department
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Table 4 Commissioned Research

Subject Period Consignor JAMSTEC Dept.

Globa Dynamics:Elucidation of Superplume Form FY 1996-FY 2000 | Ministry of Education, Culture, Deep Sea Research

from Gravity and Geoid Study, conducted as a part of Sports, Science and Technology | Department

International Cooperative Research for Elucidation of (the former Science and Technology

Variance Theory Applicable to Earth System Leading Agency)

to the Central Core

Mt.Unzen:study of the crustal structure of Shimabara | FY1999-FY 2001 | Ministry of Education, Culture, Deep Sea Research

Peninsula based on the reanalysis of airgun seismic data Sports, Science and Technology | Department

among cooperétive research to elucidate the eruption (the former Science and Technology

mechanism and magma activity by scientific drilling Agency)

Study on deep sea radioactivity measurement(V) FY 2000 Japan Atomic Energy Research Deep Sea Research
Institute Department

Global Carbon Cycle and Related Mapping Based on | FY 1998-FY 2002 | Ministry of Education, Culture, Ocean Observation and

satellite Imagery

Sports, Science and Technology
(the former Science and Technology

Agency)

Research Department

Development of parallel software for global climate
change

FY 1998-FY 2000

Research Organization for
Information Science and Technology|

Ocean Observation and
Research Department

Comprehensive study on modeling earthquake mechanism
and enhancement of observation system for reduction of
trench-type great earthquake disaster at Nankai Trough

FY 1996-FY 2000

Geological Survey of Japan

Frontier Research Program
for Subduction Dynamics

Fundamential study on the Eco-Float (Offshore type
Mega-Float Equipped with Wave Energy Absorbing
Device and Utilize Renewble Energy)

FY 1999-FY 2000

Corporation for Advanced Transport
& Technology

Marine Technology
Department

Subarctic Gyre Experiment

FY 1997-FY 2001

Ministry of Education, Culture,
Sports, Science and Technology
(the former Science and Technology
Agency)

Ocean Observation and
Research Department

Urgent Research on Subsurface Structure in the East
off Kozushimalsland

FY 2000

Ministry of Education, Culture,
Sports, Science and Technology
(the former Science and Technology

Agency)

Frontier Research Program
for Subduction Dynamics
and Deep Sea Research
Department
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Table 5 Cooperative Research

in the North Pacific

Subject Period Partners JAMSTEC Dept.
1 | Long-term Monitoring of Seafloor Hydrotherma | FY 1998-FY 2002 Rutgers University and University | Deep Sea Research
Flow Regimes of Washington Department
2 | Study on the origin and depositional FY 1995-FY 2000 ; suspended in | Hiroshima University Deep Sea Research
environment of cold seep carbonates FY 1997-FY 1998 Department
3 | Comparative Research into Trench Type FY 1997-FY 2000 \Woods Hole Oceanographic Deep Sea Research
Earthquakes around Japan and the American Institution Department
Continents and Geological Phenomena
Associated with the Earthquakes
4 | Basic research on network observation for | FY 1999-FY 2002 Earthquake Research Institute, | Deep Sea Research
seismological and geodetic applications on the University of Tokyo Department
the ocean floor
5 | Theresearch of electric field fluctuation FY 2000-FY 2002 National Research Institutefor | Deep Sea Research
measurement by the submarine cable Earth Science and Disaster Department
Prevention (NIED)
6 | Observation-methodological study on FY 2000-FY 2002 Earthquake Prediction Research | Deep Sea Research
geoel ectromagnetic fluctuations acquired Center, Ingtitute of Oceanic Research| Department
in deep sea. and Development Tokai Univ.
7 | Research on Real Time Estimation for FY 1997-FY 2000 Mitsui Engineering & Marine Technology
Catenary of ROV Tether Cable Shipbuilding co.,LTD Department
8 | Development of the DPS by R/V "KAIREI" | FY 1998-FY 2000 Kawasaki Heavy Industries, Ltd. | Marine Technology
for Deep Sea Research Department
9 | Study on dynamic behavior of marine FY 2000-FY 2002 Research Institute for Applied Marine Technology
flexible pipe Mechanics of Kyushu University, | Department
Ship Research Institute Ministry
of Transport, Kawasaki Heavy
Industries, Ltd.
10 | Research on the monitoring technology for | FY2000-FY 2003 Central Research Institute of Marine Technology
the hydro thermal plume Electric Power Industry Department
11 | Study on automation of measurement of FY 1998-FY 2000 National Ingtitute for Resources and| Ocean Observation and
chemical componentsin sea water Environment, National Research | Research Department
Institute of Aquaculture, Kawasaki
Heavy Industries, Ltd., Kimoto
Electric Co., Horiba, Ltd.
12 | Study on sensitive and precise analysis of FY 1999-FY 2002 Nationd Ingtitute for Environmental | Ocean Observation and
radionuclides in oceanic samples Studies Research Department
13 | Observational research on variability of FY 1998-FY 2002 Ocean Research Institute, Ocean Observation and
intermediate and deep ocean circulation the University of Tokyo Research Department
14 | Study on estimation of basin-scale CO2 fluxes | FY 2000-FY 2004 Meteorological Research Institute| Ocean Observation and

Research Department
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Subject Period Partners JAMSTEC Dept.
15 | Research on effective utilization of thermal | FY 2000-FY 2002 Geological Survey of Hokkaido | Marine Ecosystems
energy using deep seawater and hot spring Research Department
water
16 | Research on long-term rearing of mid-water | FY 2000-FY 2002 Monterey Bay Aquarium Research| Marine Ecosystems
animals Ingtitute Research Department

17

Research on the spawning characteristics of
the Japanese eel (Anguilla japonica)

FY2000-FY 2002

Ocean Research Ingtitute,
the University of Tokyo

Marine Ecosystems
Research Department

18

A study on the property of deep seawater in
Toyama Bay

FY 2000-FY 2002

Toyama Prefectural Fisheries
Research Institute, Toyama Institute
of Health

Marine Ecosystems
Research Department

19

Study of shooting method and video image
quality evaluation, performance improvement
of the image device in the Underwater Super-
HARP High Definition television Camera.

FY 1999-FY 2001

Science & Technical Research
Laboratories, Japan Broadcasting
Corporation

Research Support
Department

10




Japan Marine Science and Technology Center

Deep Sea Research Department

Overview

The research activities at Deep Sea Research Department are focused on better understanding of the earth's
dynamics operating in deep oceans with emphasis on active processes evident at or through the ocean floor.
Significant efforts are put into establishment of seafloor observatories to detect and monitor various active
geological processes to scrutinize them and to test physical models that explain these phenomena. Research
highlights during FY 2000 (April 2000 to March 2001) include the discovery of methane gas bubbles beneath
which gas hydrate layer is suspected in southwestern Japan. Diving and sampling at the Atlantis II Bank in
SW Indian Ridge revealed the differentiation process of mantle to crustal rocks in a slow spreading environ-
ment. We are grateful to many collaborators within and outside Japan who jointly worked to bring about these
results. We welcomed our new staff members at DSRD, Eiichiro Araki (seismologist), Tadanori Goto (geo-
electromagnetist), and Hidenori Kumagal (geochemist). A brief summary of our seafaring activitiesis attached
at the end of this report. Scientific results are published in outside review journals and JAMSTEC reports.
During FY 2000, our staff members (19) and fellows (4) were authors of 26 peer reviewed outside journals.

Sea Floor Dynamics

Southwest Indian Ridge: Atlantis I Bank

R/V Kairei with ROV Kaiko was sent to the Atlantis
Il Fracture Zone at the ultra-slow spreading Southwest
Indian ridge as a joint project between JAMSTEC and
WHOI (Woods Hale Oceanographic Inst.) in
September, 2000 (Figure 1). This visit was the second
and we are scheduled to revisit the site in 2001-2002
for the third time. The main purpose of the survey was
to investigate the crust-mantle boundary rocks exposed
on the fracture zone. On this cruise, the weather condi-
tion allowed us only 3 dives on the transform wall of
the fracture zone. However, we could observe and
sample both the lower crust and uppermost mantle
rocks. How mantle rocks melt and form the crust is
still a major geologica and petrological problem to be
solved. From this cruise, we found; (1) important evi-
dence of gradual change in petrology spanning about 2
km vertical distance; (2) adso a detachment fault sus-
pected to be the dliding fault to uplift the Atlantis II
Bank was found; (3) SeaBeam mapping in a nearby

Atlantis Bank

SHINKAI 6500 Dives
KAIKO Dives
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Fig. 1 Location map of Southwest Indian Ridge, Atlantis I
Fracture Zone survey area.
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obliquely spreading ridge area imaged changes in the
spreading mode with time.

Shinkai 2000 Dives on the Kuroshima Knoll, off
I shigaki Island

We are continuing our seafloor surveys around the
Japanese islands selecting areas such as where hydroge-
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ological processes related to sub-seafloor fluid fluxes
can be best studied. One such areais the Ryukyu Islands
in plate subduction environment. Here we wish to high-
light the Kuroshima Knoll, which exists on the forearc,
26 km south of Ishigaki Island. The Ishigaki Island is
one of the islands chain called Y aeyama Islands near the
western end of the Ryukyu Island Arc (Figure 2).
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Fig. 2 Location map of Kuroshima Knoll survey area. Cold seep carbonates,
chemosynthetic communites, and a gas bubbling site were found on the

top of the knoll.
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On the top of the Kuroshima Knoll, a widespread
occurrence of cold seep carbonates such as pavement-,
chimney-, nodular/crust-, and massive-type were found.
Carbon and oxygen isotopic composition of these car-
bonates suggest that the carbonates were formed under
methane seep condition and the origin of the methane
seep to be the fluid from gas hydrate dissociation. These
carbonates as well as Calyptogena colonies seem to be
controlled by the existence of cracks of fault origin and
dlip planes. Age dating by “C AMS shows that the age
of fossil Calyptogena and dolomite chimney and of fos-
sil Bathymodiolus in the pavement-type are 1.4-2.6
kyBP and 6.8-9.8 kyBP, respectively. We also found a
gas bubbling site, where we measured the chemistry of
gas to be of highly concentrated biogenic methane.
Thus, beneath this knoll seemsto lie a gas hydrate layer.
The area is known to have experienced landslides and
tsunamis in the past perhaps triggered by the unstable
dliding of such layer. We are now trying to understand
how fluids, their pathways, and gas hydrates are linked
to the tectonic processes operating in the area. In order
to further our understanding we will conduct seismic
profiling and long-term methane flux monitoring.

Side-Scan Sonar Imaging of Seismically Active Zone
near Kozu-shima and Niijima I slands

In June 2000 a volcanic eruption started at
Miyakejima Island in the Izu-Ogasawara Island Arc
system. This caused the population to evacuate the
island, which is till continuing to this date. Numerous
earthquake accompanied the volcanic activity and
expanded to Niijima and Kozu-shima areas. As part of
a comprehensive observations conducted by many
institutions to monitor and assess the various crustal
activities, we conducted a back-scattering sonar imag-
ing employing a high resolution side-scan sonar owned
by the ORI of the University of Tokyo equipped on
R/V Yokosuka. The survey was conducted in
December, 2000 in an area of fast bottom currents.

While the bottom sediments showed wave ripples cre-
ated by the bottom current, we could observe fissures
likely created by the magmatic activity trending EW.
This trend is in accordance with the observed GPS
crustal deformation and probable magma intrusion.

I nvestigation of the Sunda Strait Area

We conducted a seafloor survey in the Sunda
Trench System in Jan-Feb, 2001 by R/V Yokosuka as
part of ajoint research agreement with the Agency for
the Assessment and Application of Technology
(BPPT) of Indonesia. Our study follows previous sur-
veys conducted by U.S. and Germany. The Indo-
Australia plate subducts obliquely beneath the
Sumatra Trench but normally beneath the Java
Trench. How this obliquity change takes place and is
accommodated tectonically is not well resolved. At
the junction area of the two trenches, the Krakatau
Volcano exists slightly out of place from the volcanic
front. Our swath bathymetry survey clarified that the
on-land Sumatra Fault (right-lateral strike slip fault)
continues southwards and eventually merges to the
Sunda Trench at its SW end (Figure 3). This seems to
mark the boundary of the Sumatra Arc block on the
northwestern side and the Java Arc bloc on the south-
eastern side.
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Fig. 3 Location map of Sunda Strait survey area.
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Observation Networks on Deep Sea Floor

Fiber Optic Cable Systems

The real-time cabled observatory systems have been
operating providing critical seismic data for the IMA
national seismic network (Figure 4). These submarine
ocean bottom seismographs and hydrophones are dis-
tributed off the coast of Japan principally for detection
of nearby local earthquakes. Here we report that these

Submarine Cable Connected Ocean
Bottom Observatoriesin JAMSTEC

sensors are also effective in detecting volcanic sources
at great distances. Many swarms of T-phases (acoustic
signals through water column) were observed particu-
larly between Sep-Dec, 1999 during Jan 99-Dec 00
period. From multiple station readings the sources of
these signals were found to originate in the northern
part of the Marianas (19° N 146° E) suggesting sub-
marine volcanic activities. An interesting feature is the
half-day period variation in the amplitudes of seismo-

Eurasian Plate

B) Long-Term Deep Sea Floor Observatory
Off Muroto Peninsula (1997-)

Pacific Plate

C) Long-Term Deep Sea Floor Observatory

.. Off Kushiro-Tokachi (1999-)

A) Real Time Deep Sea Floor Observatory
Off Hatsushimalsland in Sagami Bay (1993-)

Fig. 4 Real-time cabled observatory system of JAMSTEC.
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grams corresponding to the tide.

We are aso collaborating with National Research
Inst for Earth Science and Disaster Prevention (NIED)
to measure the electric field fluctuations at the feeder
of the submarine cable of off Hatsushima Island seep
seafloor observatory to seek their relations to natural
causes. In FY 200 the signal detection device was
attached to the spare feeder for test measurements to
detect fluctuations due to operations of active sensors
attached to the Hatsushima system.

Another collaboration is made with the Earthquake
Prediction Research Center of Tokai University for
eventual installation of torsion sensor magnetometer.
The magnetometer is compact in size for installation in
the pressure case. Long-run test was made on land with
fluxgate magnetometer for comparison for a week at
Y atsugatake geomagnetic observatory (YMO) in cen-
tral Japan. The sensor calibration test was made at
Kakioka magnetic observatory (KMO). Based on these

tests, we are improving the sensor system for lower
power consumption and more accurate measurements.

Seafloor Borehole Observatories

We are participating in the Ocean Hemisphere
Network Project with the Earthquake Research Institute
of the University of Tokyo in order to establish bore-
hole observatories in the western Pacific oceans. Two
stations off the coast of NE Japan equipped with broad-
band seismographs and strain- and tilt-meters were suc-
cessfully installed in summer 1999. We have been
improving the power source system from the original
sea-water battery system to lithium battery system. In
2000, during ODP Leg 192, another borehole observa-
tory, this time broadband seismographs in the solid
basement rock, was installed in the Northwest Pacific
Basin. Preliminary data from this site proves the superi-
ority of the borehole signal quality, particularly the hor-
izontal sensors at long periods (>10s).
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JAMSTEC Cruises
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|zu-Ogasawara
Ryukyu Island Arc System

High latitudes

Ryukyu Island Arc System
Sagami Bay
Ryukyu/Mariana

Japan Trench

Ryukyu Island Arc System
Okinawa Trough

Japan Trench

Nankai Trough/Ryukyu Tr.

N Pacific

Kurile Trench/Japan Trench
| zu-Ogasawara/Nankai Tr.
SW Indian Ridge
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Miyakeima-Kozujima
Japan Trench/NW Pac

Miyakeima-Kozujima
Japan Trench

Sagami Bay/Ogasawara
Miyakeima-Kozujima
Marianas

Marianas

Sunda Java Trenches
Papua New Guinea
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Brief summary of sea bottom surveys conducted /participated by DSRD 2000 Apr-2001 Mar

Kikawa

Machiyama, Hattori,
Okano, Matsumoto
Kanamatsu

Machiyama

Iwase

Kawaguchi

Mitsuzawa

Mitsuzawa, Hattori, Okano
Mitsuzawa

Mikada, Fujie

Wu, Matsumoto, Iwase,
Machiyama

Kanamatsu

Mikada, Mitsuzawa
Mitsuzawa, Fujiwara
Matsumoto, Kumagai
Hattori, Kaiho

Sugioka

Kaiho, Kawaguchi, Hirata,
Araki, Mitsuzawa
Fujie

Araki

Iwase, Kumagai

Soh, Machiyama, Kubo
Soh, Fujiwara

Kido

Soh

Matsumoto

Iwase, Kubo

NT: R/V Natsushima (mother vessel of Shinkai 2000 (2K), ROV Dolphin 3K (D3K))
KY: R/V Kaiyo (mother vessel of ROV Hyper Dolphin (HD))
KR: R/V Kairei (mother vessel of ROV Kaiko (10K))

YK: R/V Yokosuka (mother vessel of Shinkai 6500 (6K))

MR: R/V Mirai
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Outline and Research Policy of the Marine Technology Department
The Marine Technology Department has provided means to learn more about the ocean and the earth,

through development of important and innovative facilities and technologies needed for oceanographic

observation as well as deep-sea research submersible vessels, remotely operated vehicles, and oceanographic

observation buoys. These ocean investigation ships, marine equipment, and various technologies are used
and highly evaluated by concerned researchers both within and outside JAMSTEC.
The Marine Technology Department aims to contribute to the advancement of ocean and earth science

technology through development of basic technologies. Specifically, these technologies include deep sea

scientific drilling vessels, to obtain information on the earth's interior under the deep seafloor; offshore float-

ing structures, with facilities for electric power generation, aimed at effective utilization of the huge supply

of marine energy and other resources; and underwater acoustic and imaging basic technologies.

Research Project ; Category 1

(1) Research and Development of Innovative
Technology
Since fiscal 1998

(a) Research on Imaging Technologies

TV camera images are very important information
sources in order to operate remotely operated vehicles
(ROVs). This research aims to provide the operators
or researchers of submersibles with realistic images,
which adopt the advancing virtua reality technologies.
This fiscal year, the Marine Technology Department
established an algorithm and developed a program for
processing multiple TV camera inputs and imaging
outputs, which system consists of a number of TV
camera s and monitors.

Then, problems with the research were identified
through experiments, and the produced images were com-
pared with those obtained underwater TV camera images
that used the fish-eye lensesin order to evaluate them.

(b) Research on Power Source
The lithium-ion battery becomes heavier if its
capacity is lager. It is too heavy and large to handle

the long cruising range vehicle easily. In order to
extend its cruising range, we plane to replace with the
fuel cell for power source of URASHIMA. In the
research, we will develop pressure hulls for holding
the fuel and oxidizer for fuel cell. The fuel and oxidiz-
er is hydrogen gas and oxygen gas. This fiscal year, a
study on hydrogen gas storage alloys, and absorption
performance tests on them, were done. The arrange-
ment of pressure hulls on URASHIMA were also
studied this fiscal year. Results of these studies, we
suggest necessity of extracting of discharged hydrogen
for electric generation form hydrogen storage alloys,
by using exhaust heat from the fuel cell.

(c) Research on Underwater Acoustic Technology

In underwater acoustic communication, the effects of
disturbance by multi-path and Doppler are increasing as
higher transmission rate. However their mechanisms
have not been well understood. The Marine Technology
Department is conducting research to understand the
underwater acoustic field, aimed at establishing high-
speed and reliable data transmission technol ogies.

In fiscal 2000, transmission tests were carried out in
real sea area at a vertica distance of 900 meters, con-
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cerning the quadrature amplitude modulation (QAM)
system, which sends information on both the ampli-
tude and phase of acoustic waves. Tests results indi-
cate that a transmission speed of 32 kbits per second is
possible with 16 signal points. Figure 1 shows an
example of demodulation. A signal-to-noise (S/N)
ratio of a received signal is 22.1 dB. Figure 1(c)
shows that 16 signal points are well separated by
application of adaptive equalization and phase com-
pensating processes.

(d) Research on Measurement and Sensor Technology

Operators for ROV's put a lot of effort to control an
attitude of them in oceanographic observation using
ROVs. ROVs need a high ahility of kinematical con-
trol to take autonomous functions with high-accurate
sensors and high-performance computers. This
research aims to develop sensors that can accurately
measure movements in water. In fiscal 1999 and 2000,
The Marine Technology Department successfully
improved the performance of ring laser gyros, reducing
the drift error by half that of previous gyros. In fiscal
2000, these ring laser gyros were incorporated in an
inertial navigation system and tested. The tests showed
that the error was reduced by half also, in the system.

(a) before equalise (b) after equalise  (b) after carrier tracking
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Fig. 1 An example of 16-QAM demodulation (SNR=22.1dB,
Error rate 0/4000)

(2) Resear ch and Development of Autonomous
Underwater Vehicle
Period: from fiscal 1998

An autonomous underwater vehicle can cruise long
distance region in the sea and collect data automatical-
ly according to preset schedule program. The key
design parameters are listed in Table 1. The vehicle
was named URASHIMA after a hero of a Japanese
famous old tale. The target maximum cruising dis-
tance is 300km. The maximum working depth is
3,500m. The cruising speed is 3knots. URASHIMA
has a streamlined shape and an oval cross section for
reducing hydrodynamic drag. The vehicle consists of
titamium frames with some pressure hulls include
electrical devices and buoyancy materials. They are
covered with Fiberglass Reinforced plastics cover.
High-performance power sources and navigation sys-
tem are essential technology to realizing long range
cruising. URASHIMA can choose his power source
from lithium-ion rechargeable battery and solid poly-
mer electrolyte fuel cell. URASHIMA has high accu-
racy Inertial Navigation System that consists of three
sets of ring laser gyro and accelerometers. The hybrid

Table 1 Key design parameters

Length 9.7 [m]

. . Width 1.3[m]
Dimensions Height 15[m]
Weight 7 [ton]

Maximum Range 300 [km] (Fuel Cell)

(Plan) 100 [km] (Lithium ion battery)
Maximum Depth 3,500 [km]
Cruising Speed 3kn (Maximum 4 kn)
Inertial Navigation System
Navigation Doppler Velocity Log
Homing Sonar
Autonomous

Operation Mode Remote (Optical, Acoustic)

Multiple Water Sampler
Side Scan Sonar

Snap Shot Digital Camera
Obstacle Avoidance Sonar

Equipment

CTDO
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mode provides precise navigation by combining data
of Inertial Navigation System and Acoustic Doppler
Current Profiler. A variety of observation instruments
are installed in the vehicle, such that the color TV
camera, the snap shot digital camera, the acoustic
image device and side scan sonar. And the vehicle is
also equipped the CTDO sensor and automatic water
sampler as exploration devices. Photo 1 and Figure 2
show the appearance and general arrangement of the
vehicle, respectively.

The development project of URASHIMA has been
started since 1997. The construction of the body is
completed in March 2000. We took place 4 times sea

Photo 1 URASHIMA at sea trial

Antennas

trial in 2000. Launch-and recovery tests, including
training operations, and diving tests were conducted
27 and 18 times, respectively. As a result, safe opera
tion procedure and operation manual were established.
Through these diving tests, data of the responses of
the body to depth, and on cruising performance and
operation parameters, were obtained. The maximum
working depth achieved during the fiscal year was
1,753m recorded in Suruga Bay. The research team
will improve the control system based on the data
obtained in these tests.

(3) Research and Development of Oceanographic

Observation Buoy System

Period: from fiscal 1993

This program aims to develop an oceanographic
observation buoy system which can make a long term
continuous and accurate observation in a vast 3D
ocean space to collect a various kind of oceanographic
data. Buoys for low-latitude areas have aready been
practically operated as TRITON buoys and a buoy for
mid and high-latitude areas is under development. In
this fiscal year, mooring test in a real sea was carried
out using a two-piece sinker which is based on last
year's model test and moves when current becomes
stronger than estimated in order to avoid sinking of
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Optical Fiber / Cmﬁ;ﬁ nlf el Fuel Cell Water Sampler Downlink ¥
s Coritaines Variable Ballast 0z Container  CTDO )
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Fig. 2 General arrangment of URASHIMA with Fuel Cell
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buoy. But the test was suspended because current was
stronger than we had ever been experienced, the buoy
drifted, and there was danger that the sinker might
damage submarine cable.

(8) Mooring Test

On July 27, 2000 in the MIRAI MR00-K05 cruise,
the prototype buoy was moored at the point of
37°46.8'N and 152°24.0'E of which depth is 5,380m,
and was scheduled to be recovered June 2001. In the
early morning of October 6, the buoy began to drift,
dragging the sinker. As it was feared the sinker might
damage submarine cables nearby, mooring test was dis-
continued, and the buoy was recovered, on October 11.

(b) Current Speed

Figure 3 shows the current conditions during the
period from the time the pilot buoy was placed on the
seato the time it was recovered. The figure shows that
the current speed increased to about 2.5 knots severa
times until October 6, but such strong current did not
last for so long. However, after October 6, the current
faster than 2.5 knots continued, and reached 3.5 knots
in the maximum.

(c) Cause of Drifting

The two-piece sinker used in this test had been
designed to withstand the fastest current speed
observed in this area for 450 days in a previous con-
tinuous measurement. The buoy drifted because it

s
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Fig. 3
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encountered current faster than the assumed fastest
currents.

(d) Future Measures

The force required to break the vacuum to loosen
the sinker was found to be almost the same as that cal-
culated from the result of the model test. Recently, a
number of submarine cables have been laid in this
area. It has been found, accordingly, that a movable
sinker, as a means to prevent a buoy sinking, cannot to
be adopted. Further previous observation of current in
this area will be done. Also this problem will be stud-
ied in a deep-sea moored buoy study committee con-
sisting of experts.

(4) Research and Development of Ocean Energy
Utilization Technologies
Period: from fiscal 1989

Utilization of inexhaustible and clean natural ener-
gy is drawing increasing attention now, with growing
awareness of global environmental problems. Also,
utilization of natural energy in a convenient and com-
pact form is expected to increase in isolated islands,
remote areas, and developing countries. Wave energy,
available in coastal areas, is expected to be effectively
utilized as a promising natural energy. JAMSTEC has
been conducting research and development work on
the MIGHTY WHALE since 1987. The MIGHTY
WHALE is an offshore floating type wave power
device. The MIGHTY WHALE efficiently absorbs
wave energy, which is effectively utilized in the sur-
rounding coastal area, and calms the waves in the sea
area behind, thereby making the sea area suitable for
effective utilization, such as aquiculture.

JAMSTEC began, in September 1988, the first-
phase, the open sea tests by the prototype of MIGHTY
WHALE, off the mouth of Gokasho Bay, Nansei-cho,
Watarai-gun, Mie Prefecture. The prototype of
MIGHTY WHALE is 50 meters long and 30 meters
wide. The first-phase experiment ended at the end of
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fiscal 1999. JAMSTEC is Now conducting detailed
data analysis of the open sea tests. Concurrently,
JAMSTEC has started the second-phase, the open sea
tests using the prototype on research and devel opment
of applied technologies for wave power device. The
purpose of the second-phase research and develop-
ment includes practical application of wave power
device based on the open sea tests data. The descrip-
tion of the open sea tests in the second-phase are the

investigation of technologies for using wave energy to
improve marine environmental conditions, and hybrid Photo 2 Experiment of seawater drawing by airlift pump
power generation with such other natural energy
as photovoltaic power generation. In fiscal 2000,
JAMSTEC conducted experimental pumping up of
seawater by an airlift pump using pneumatic air pro-
duced by electric power with wave power generation
(See Photo 2). Along with it, JAMSTEC installed a
10-kW photovoltaic power generation facility (See
Photo 3), and started collecting data on the hybrid
power generating system. The experimental pumping
up of seawater was done using a flexible polyethylene
pipe, 30 meters long and 150 millimeters across in
inside diameter, attached to the MIGHTY WHALE. As
shown in Figure 4, the experiment confirmed that a Photo 3 10kw photovoltaic power generation system
maximum of 30 liters per second of seawater was

pumped up, at an air rate of 50 Nm3/hour, and that the

performance agreed with theoretically calculated values. a5 || A Exp (Nossic Position A 5m)
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The pole region is remarkably affected area by glob-
al warming. There are many important data for eluci-
date the global warming, such that CTD data Fig. 4 Characteristic of seawater drawing by airlift pump
(Conductivity of seawater, Temperature, Depth), thick-
ness of ice and quantity of dissolved carbon dioxide.

Flow Rate of Air Supply (Nm3/h)
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JAMSTEC research and develop essentially technique
of measurement to collect these data in the pole region.

This year JAMSTEC developed and mounted
Inertial Navigation System (INS), CPU, motor drivers
for thrusters and any other electrical devices. The INS
is very important navigation system for unmanned
underwater vehicle. The CPU is programmed for
enable autonomous cruising.

Figure 5 shows the MR-X1 under devel opment.

Per sonal Research

(1) Research on Improvement of Propulsion and
Control System for SHINKAI 6500
Period: from fiscal 1998
This fiscal year JAMSTEC conducted tank tests and
real sea areatests of models. In the tank test, model test
was executed to research on multi-variable control with
five degrees of freedom, except for pitch. Inthereal sea
test, two test using optinal control and Ossman's adap-
tive control algorithm thrusters are attached tentatively
on both sides of the SHINKAI 6500, and moved the
vessel forward and backward. The test evaluated the
adequacy of thrust-response characteristics of the
thrusters, and also measured thruster noise.

(2) Research on Improvement of the Hybrid
antirolling System
Period: from fiscal 1999
The hybrid antirolling system on board "MIRAI" is
the first system for alarge class vesseal. It has capabil-
ity to reduce rolling motion by a moving mass con-
trolled by a computer even at the vessel is drifting or
stopping. To investigate the operation of the system,
mass motion and oceanic data was obtained for one
year. Statistical analysis of the collected data led to
the follows. 1) The amplitude of a moving mass is
almost proportional to the roll angle of the vessel, and
the antirolling system is effective up to 8 degrees of
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Fig.5 MR-X1

significant double roll angle of the vessel. 2) Active
force by motorsis greater than passive force generated
by the arced rail. 3) The operation of the system
shoud not be determined only by significant wave
height, to bring out the maximum capability of the
system.

(3) Resear ch of very high resolution and long range
sonar for seafloor surveying
Period: from fiscal 1997 (suspended in fiscal 1998
and 1999)

This is basic research to develop a high-resolution,
long-distance sonar capable of exploring seafloor
topography or sunken ships from along distance, using
aperture synthesis technology already used in the field
of radar. This fiscal year, JAMSTEC conducted char-
acteristic measurements of the transmitter and receiver,
and prepared precision transfer equipment.

Cooper ative Research

(1) Research on the real-time catenary estimation
technology of tether cables for the remotely
operated vehicles

For a remotely operated vehicle such as "Dolphin
3K", any improper operation of its tether cable may
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result in an accident such as cable cutoff. In addition,
the operation of the cable has largely relied on the
operator's experiences, because any information was
not provided on the catenary of the cable. This
research project has been implemented to develop a
technology for estimating the catenary of a tether
cable in real time, based upon the cable length data as
well as the positioning data of the support ship and the
remotely operated vehicle, and displaying the results
on a screen. In the 2000 fiscal year, asthe last year of
this project, linking each module of the system, we
carried out the debugs using the data obtained in the
ocean last year. As the result, we could confirm the
usefulness of this system except the case with the
large dataflier on the boundary condition.

(2) Research on an Automatic Navigation System
for the KAIREI for Deep Seafloor Investigation
and Observation
Period: from fiscal 1998

This research aims to develop an automatic navigation
system, equipped with a computer and able to effectively
keep the vessel in position, and capable of landmark
navigation, to replace the joystick-type Kawasaki

Integrated Control System (KICS) onboard the KAIREI.

Thisfiscal year, JAMSTEC improved both hardware
and software aspects of the technologies, using data
obtained in last fiscal year's demonstration tests. JAM-

STEC aso conducted a demonstration test on real sea

areas, to confirm feed forward compensation to

unknown disturbances. This fiscal year being the end
of this research, JAMSTEC conducted a test simulat-
ing the KAIKOU diving, with a successful good result.

(3) Resear ch on Dynamic Behavior of Flexible Pipe
Period: from fiscal 2000
This research aims to clarify dynamic behaviors of
flexible pipe, covering large displacement of flexible
pipes under disturbances of tides and waves, aswell as

interference to and from a platform (floating struc-
ture). The research will then proceed to establish a
standard design of a system covering the floating
structure and flexible pipes, that will provide safety
and satisfactory performance. This being the first fis-
cal year of this research, JAMSTEC studied methods
to theoretically analyze flexible slender structures,
including ariser pipe, needed to clarify their dynamic
behavior, and studied the present status of the tech-
nologies on flexible pipes. JAMSTEC also measured
dynamic behaviors of awater-intake pipe for the airlift
pump of 30 meters lengh installed on the MIGHTY
WHALE, a floating type wave power device, in the
process of open sea tests off the mouth of Gokasho
Bay, Mie Prefecture. JAMSTEC conducted first-stage
observation, consisting of behavior of the entire flexi-
ble pipe, using video cameras. The images obtained
by the first-stage observation provided information on
the locations at which measuring instruments should
be placed to enable effective behavior measurements,
and magnitudes of the dynamic behavior of an object.

(4) Research on the monitoring technology for the
hydro thermal plume

The observatory of the hydro thermal plume spout-
ing out from the sea bottom is very important to
understand the dynamics at the interior of the earth
and the global circulation of the chemical materials.
This research project aims mainly to develop the
chemically observatory method, and to carry out the
model test and the in-situ measurement to confirm its
usefulness, as the key technologies required for the
efficiently survey of the plume source and the grasp of
the temporal spatial variation of the hydro thermal
plume. In the 2000 fiscal year, we carried out the fun-
damental experiments using the pH electrode made of
lon Sensitive Field Effect Transistor combined with
the solid chloride ion reference electrode to confirm
its good stability under the high hydrostatic pressure.
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Commissioned Research

(1) Fundamental Study on the Eco-Float (Offshore
type Mega-Float Equipped with Wave Energy
Absorbing Device and Utilize Renewable Ener gy)
Duration of the project: March 1, 2000~ March 31,
2001

Mega-Float is expected to be applied in the near
future to various utilization such as Offshore Airport,
Hub Port, Dual Port (having airport and seaport func-
tions),etc. then its site should be offshore. So far the
Mega-Float is assumed to be installed in a bay or behind
the breakwater because the hydroelastic deformation sea
condition. And also, for the case of offshore type Mega
Float, it would be difficult to install and maintain to sup-
ply electricity, gas, fresh water to the land.

Therefore this study aimed to achieve (D advanced
technology for new offshore type Mega-Float which is
equipped with wave energy absorbing device and
floating breakwater mooring system to reduce the
hydroelastic deformation on structure, and (2)the con-
cept of self-sufficient Mega-Float ("Eco-Float") which
utilizes renewable energy such as wave, solar and

24

wind power on its wide deck area and has rainwater
utilizing system and waste recycling system, waste
disposal works etc.

Imagining 24 hours service Dua Port (water depth
is 50-100m, significant wave height is 12m (wave
period is 14sec, and wind velocity is 50m/sec.), this
study has been performed.

The results are hereinafter;

1) It was found that the hydroelastic deformation
due to wave can be reduced to about one fourth by
providing floating breakwater and wave energy
absorbing are chambers around the periphery of pon-
toon type Mega-Float. It was also shown that the
multi-catenary lines mooring system can be applied
for floating breakwater and Mega-Float in deep sea
region.

As a result, offshore Mega-Float is technically fea-
sible.

2) It was found that the natural energy obtained on
the Mega-Float can fill sufficiently the needful elec-
tricity for Dual-Port. Also rainwater utilizing system,
waste water recycling system and waste disposal
works can make Dual-Port independent from shore.
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Overview

It is essential 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, CLIVAR (International Research Programme on CLImate
VARIiability and predictability), ACSY S(Arctic Climate SY stem Study) and GOOS (Global Ocean

Observing System).

The Ocean Observation and Research Department of Japan Marine Science and Technology Center (JAMSTEC)

has conducted researches in the North Pacific and the Arctic Ocean, and devel oped ocean observing technology in

conjunction with the international programs. Five groups are actively engaged in the following researches:
Group 1: collects and analyzes ocean and atmosphere data by ships and TRITON (TRIangle Trans-Ocean
buoy Network) buoys in the western equatorial Pacific and the eastern Indian Ocean for better

understanding of El Nifio and Asian monsoon;

Group 2: studies large scale variability in the mid latitudes of the Pacific;

Group 3: conducts field experiments in both Eastern and Western Arctic Oceans, using surface vessels and
automated drifting stations (J-CAD: JAMSTEC Compact Arctic Drifter);

Group 4: carryes out an ocean acoustic tomography experiment in the central equatorial Pacific Ocean and

long term observation in Oki-no-torishima;

Group 5: develops the ocean lidar system which can detect vertical and lateral distributions of phytoplank-
ton, and conducts biogeochemical study of carbon and its related materials in the ocean;

Tropical Ocean Climate Study (TOCS)

The tropical ocean, which serves as a furnace for the
rest of the world, has an important role in the heat bal-
ance of the earth. Especially, the western equatorial
Pacific is characterized by the warmest sea water
(warm water pool) in the world, which variation is
strongly related with the El Nifio / Southern Oscillation
(ENSO) phenomena. On the other hand, the tropical
Indian Ocean has an oscillation named the Dipole
Mode Event, which is closely linked to Asian-
Australian Monsoon, affecting the climate system in
not only the neighboring countries but also the East
Asia, including Japan. Therefore, the western tropical
Pacific Ocean and the tropical Indian Ocean are
thought to be key areasin the global climate variability.

For better understanding of the role of these areasin
the climate variability, we have been observing ocean
currents, temperature and salinity distribution and
variability in these areas by on-board observations and
mooring buoys. We have been aso simulating using a
high-resolution global circulation numerical model to
clarify the ocean dynamics mechanism from compari-
son with the observation data

In this fiscal year, we conducted three ocean
observation cruises using the R/Vs Kaiyo and Mirai
collaborating with NOAA/PMEL (National Ocean
Atmospheric Administration/Pacific Marine
Environmental Laboratory, USA), BPPT (Badan
Pengkajian Dan Penerapan Teknologi, Indonesia) and
NIO (National Institute of Oceanography, India). They
are summarized in Table 1.
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Table 1 Summary of cruises conducted under the TOCS project during FY2000.

Duration Ship Ports of call

Buoy work No. Of CTD/XCTD sites

2000.08.20~2000.10.01 R/V Kaiyo  Yokosuka—Chuuk, Micronesia

—Kavieng, PNG—Paau

2000.10.18~2000.11.20  R/V Mirai
—Jakarta, Indonesia

2001.02.14~2001.03.23 R/V Mirai
—Yokosuka

Sekinehama—Hachinohe— Singapore

TRITON buoy: 4 buoys recovery

and 6 buoys repair 117
ADCP buoy: 3 buoys deployment

and 3 buoys recovery

TRITON buoy: 3 buoys deployment 107
ADCP buoy: 2 buoys deployment
and 1 buoy recovery

Sekinehama—Hachinohe—Guam, USA  TRITON buoy: 8 buoys deployment 57

and 6 buoys recovery
ADCP buoy: 1 buoy deployment
and 1 buoy recovery

We deployed 11 TRITON buoys at 2°N and 0°
along 138°E, at 5°N, 2°N and 0° aong 147°E, and
8°N,5°N, 2°N, 0", 2°Sand 5°S along 156" E during
the R/Vs Mirai and Kaiyo cruises. The time series data
from these buoys indicated that the largest warm water
accumulated in the past 10 years has been formed in
the western equatorial Pacific Ocean since March
2000. In late November to early December, the west-
erly wind became strong in the western equatorial
Pacific, and the eastward movement of the warm
water associated with the westerly wind was observed.

First Indian Ocean cruise using the R/V Mira was
conducted in the middle of November 2000. One may
expect the strong eastward flow in the upper layer near
the equator associated with the Wyrtki jet in
October/November. The horizontal velocity distribu-
tion taken by the shipboard acoustic Doppler current
profiler (ADCP), however, showed that weak west-
ward flow on the equator during the cruise (Fig. 2).
This was also confirmed by the tragjectories of the sur-
face drifting buoys for several days after the deploy-
ment. The analysis of wind data indicated that the
amplitude of the annual and the semiannual compo-
nents are similar to the climatological values. It also
turned out that the large amplitude intraseasonal
variability in the zonal wind is superimposed on the
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annual and semi-annual components. In early
December, the drifting surface buoys started to move
eastward, then drifting to southeastward to the coast of
Sumatra. These analyses suggest that the intraseasonal
wind variability strongly modulates the amplitude of
the equatorial jet and generates the intermittent aspect
of the jet.

For understanding the role of the ocean to climate
variation especially focused on the equatorial ocean
circulation, numerical experiments have been per-
formed by using a high-resolution global circulation
model with 1/4-degree grid spacing and 55 vertical lev-
els. The model was forced by the surface data with
year to year variation from 1982 to 1998. The model
simulates the El Nifio events in 1982/83, 1986/87 and
1997/98, and the La Nifia events in 1984/85 and 1988
as shown in the surface temperature anomaly in the
Nino3 area (Figure 3). Figure 4 shows the model
monthly mean velocity distribution in the periods of
mature and terminated state of 1997/98 El Nifio. In the
mature period, the typical flow pattern consisted of the
New Guinea Coastal Undercurrent (NGCUC), the
Halmahera Eddy (HE), the Mindanao Eddy (ME) and
the Equatorial Undercurrent (EUC) can be seen despite
shallower thermocline in the western equatorial Pacific
Ocean. In November 1998 after El Nifio has been ter-
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Five Day Zonal Wind, SST, and 20° C Isotherm Depth Anomalies 2°Sto 2°N Average
Zonal Wind (m s?) SST (°C) 20°C Isotherm Depth (m)

The anomaly of 20°C isotherm
] depth was 30m greater than
(N) in the nomal years, and was
3 10m in 1996 followed by 1997
; /1998, when the El Nino in
L history occurred. It was the
greatest for the past 10

3 years since 1990.

1999

WP uZ>ETNCOZ0On >

The westerly wind became
strong in late November to
early December 2000.
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Fig. 1 Longitude-time series plot of 5-day mean anomalies of the zonal wind
(left), sea surface temperature (center) and 20 degree isotherm depth
(right) between 2N and 2S.

Layer: 35m to 75m
T

Nov 10 to Nov 19, 2000

minated, there can be seen no remarkable eddies (ME,
/ HE) and meanders. Though the NGCUC and the EUC
: still exist, the cross equatoria current along the New

10N |—
> Guinea coast is not recognized. This no cross equatori-
I | a current state is consistent with the velocity observa

‘{: tion at 138°E on the equator. These features can be
el ; | recognized also in 1982/83 El Nifio. It is suggested that
L the restore of the warm water in the northwestern
== y ) - -
7 Equatorial Pacific Ocean under the condition of a
M«w_'\“m‘ |
T it Qs quickly developed La Nifia may prevent the cross
[rrrrrrrm
® pesd omisy equatorial current. Though some improvements are | eft
1 . | . | : . . . .
e 0 o0 L0 in mixed layer parameterization and surface heat flux
Fig. 2 Horizontal distribution of current velocity averaged at condition, the model simulates the observed oceanic

30m to 75m depth taken by the shipboard ADCP. variation, corresponding to El Nifio events as stated

above. The mechanism of El Nifio and the role of the
western Pacific Ocean variation will be investigated by
quantitative analysis and comparison with observed
data.
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Fig. 3 Time series of sea surface temperature anomaly in Nino3 area. The observed data (thick
line) and the model (thin line).
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Fig. 4 Model monthly mean velocity at 100m depth in the western Pacific Ocean. Left:
November 1997, Right: November 1998.

Study of the Air-Seainteraction in the Tropics 140°E for two weeks. It was designed to observe the
well-organized cloud clusters developed over the
Precipitation is a key element to understand the air- intertropical convergence zone (ITCZ), where north-
sea interaction, especially over the tropical western easterly and south-easterly trade winds encounter and
Pacific Ocean, where the warmest sea surface temper- produces much precipitation in the range of between
atures exist and is often called "warm water pool”. To 5°N and 10°N. An example of the precipitating sys-
study the air-sea interaction focussing on the precipita- tem, observed by Doppler radar, is shown in Fig. 5.
tion mechanism of the deep convections developed There were few cases of the observed internal
over the warm water pool, stationary observation by strucutre of ITCZ. The analyses for the internal struc-
the R/V MIRAI equipped with many sophisticated ture and environmental condition are proceeding.
instruments such as shipboard Doppler weather radar Another observational cruise, on the other hand, had
and radiosonde has been carried out. In the FY 2000, been carried out from late November through mid-
two observational cruises were conducted. December at 2°N, 138°E focussing on the convections
In June 2000, observation was conducted at 7°N, accompanied with the equatorid intraseasonal oscillation
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Fig. 5 Time-height cross section of the observed internal
structure of a precipiting system. (a) radar reflectivity,
(b) east-west component of the wind which derived by
velocity azimuth display (VAD) analyses, and (c)
north-south component of the wind by VAD analyses.

(or Madden-Julian Oscillation). The most outstanding fea
ture during the cruise was to observe the westerly wind
burst (WWB) that has been recently recognized as key
element of trigger and/or termination of El Nifio event by
many researchers. Further analysis is expected to reveal
the relation between the WWB and the oceanic response.

Height (km)

_,TTT” W

d
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12-20 0 +20
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Fig. 6 Time-height cross section of zonal wind component
obtained by radiosonde sounding (left panel). Mean
profile during November 28 through December 5,
2000 when westerly wind bursts were dominant

(right).

Development and maintenance of TRITON
buoy network

JAMSTEC maintains a surface moored-buoy net-
work named TRITON (TRlangle Trans-Ocean buoy
Network) for observing oceanic and atmospheric vari-
ability in the Pacific in cooperation with interested
Japanese and foreign agencies and institutions. The
principal scientific objective is to understand varia-
tions of ocean circulation and heat/salt transports with
emphasis on ENSO, the Asian monsoon, and decadal
scale variability that influences climate change in the
Pacific and its adjacent seas. In its first phase, the
buoy network was established mainly in the western
tropical Pacific Ocean, and harmonized with TAO-
ATLAS array which is maintained by NOAA's Pacific
Marine Environmental Laboratory.

The fundamental functions of TRITON are (1)
basin scale ENSO monitoring, and (2) measurements
of heat, freshwater, momentum fluxes for improving
modeling capability. The scientific goals of the TRI-
TON project address the observational requirements
of international research program of Climate

29



JAMSTEC 2000 Annual Report

Ocean Observation and Research Department

Variability and Predictability (CLIVAR), a major
component of the World Climate Research Program
sponsored by the World Meteorological Organization,
the International Council of Scientific Unions, and the
Intergovernmental Oceanographic Commission of
UNESCO. TRITON array is one of the major compo-
nents of CLIVAR observing system, and also Global
Ocean Observing System (GOOS) / Global Climate
Observing System (GCOS). This is also accepted as
an important project to be promoted by US-Japan col-
laboration in a framework of US-Japan Paific ocean
observation and research initiative (TYKKI) panel of
US-Japan conference on development and utilization
of natural resources (UINR). We have aso collabora-
tion with Agency for the Assessment and Application
of Technology (BPPT), Indonesia and National
Institute of Oceanography (NIO), India.

JAMSTEC has started the deployment at four TRI-
TON of 8°N, 5°N, 2°N and 0°, 156 E by R/V Mirai
in March 1998. The TRITON buoys were deployed
at eleven sites along 156 °E, 147°E, and 138"E by the
end of March 2000 (Photo. 1, Fig. 7). The TAO-
ATLAS buoys along 156 E, 147°E and 137 E had
been replaced with TRITON buoys until November
1999 since February 1999. TRITON data has been dis-
tributed through GTS (Global Telecommunication

Photo 1 TRITON buoy
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System) and web page the same as TAO data. The
web display and distribution software for the com-
bined TAO/TRITON data sets has been developed
based upon the TAO software.

One of the major purposes of TRITON array is to
monitor ENSO in the entire tropical Pacific Ocean
harmonized with TAO array. For that purpose, the
data from both buoy arrays should have compatibility
with good quality. To validate the data compatibility
between the two buoy systems, the TRITON buoys
were deployed close to TAO buoys at severa sites to
enable the intercomparison from afew months to eight
months as longest in March 1998-November 1999
when the TRITON buoys replaced the TAO buoys in
the western tropical Pacific Ocean. The compared
parameters, which are obtained by the standard TAO
buoy (standard ATLAS buoy), are wind direction,
wind speed, air temperature, relative humidity, and
water temperature. The results show generally good
agreement between the meteorological data from the
two buoy systems, except the wind direction. The
wind directions measured by TRITON buoys deviate
more significantly, and pre- and post-carlibration will
be taken to minimize the difference. The water tem-
perature from both systems shows good agreement

70°E 90°E 110°E 130°E 150°E 170°E

Fig. 7 TRITON/ATLAS buoy array
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Photo 2 Intercomparison

and stability of temperature sensors of TRITON buoy
is quite stable during one year measurement.

A land-based intercomparison study among TRI-
TON, ATLAS and Woods Hole Oceanographic
Institute (WHOI) buoys was aso conducted at WHOI
in May-June, 2000. The purpose of this study was to
confirm the compatibility of meteorological data from
the three systems, and the preliminary result shows
good agreement.

Development of atmospheric sampling and onboard
analyzing systemsfor stratospheric platform

(1) Fundamental requirements for air sampling

and onboar d-measur ement systems

In the conceptual design carried out in the first half
of 12" fiscal year, it was proposed to aim at developing
the systems which satisfy the following specifications,
according to the advise from Research Discussion
Group for Atmospheric Observation from Stratospheric
Platform whose members are mostly a specialist in
atmospheric science. It was also recommended to initi-
ate development based upon currently available sam-
pling and onboard-measurement systems for aircraft.

- target gas component is carbon dioxide.

+ two types of system are developed, i.e. measure-
ment system for in-situ continuous analysis of
carbon dioxide concentration and automatic air
sampling system for analysis of upper atmos-
phere after recovery.

- followings are principal specifications proposed
for the continuous analysis of carbon dioxide.

—dtitude range in onboard measurement :
3~15Km

—dynamic range in measurement:
340~400 4 Mol/Mal

— minimum sensitivity:
+0.2 u Mol/Mol

- automatic sampler will collect 300cm? of air, at
least in two sites.

+ 40K g will be upper limit of total weight of the
continuous carbon analyzer and automatic air
sampler, including periphera instruments like air
inlet and communication system (according to
weight control with air ship)

« Allotted space is 45cm x 45cm x 45¢cm for each
of above two systems (ibid)

(2) Current statusin development process.

+ Currently available air sampling and in-situ-
measurement systems onboard aircraft require
only normal moderate condition to work, while
these two systems which are exposed to severer
condition in the Stratosphere must clear mini-
mum criteria to operate regularly at much lower
temperature and pressure in the Stratosphere and
under large change in air temperature and pres-
sure in ascending and descending modes. In
order to complete detailed design of the systems
which satisfy the specifications proposed in the
conceptual design, some technical pre-examina-
tions below were carried out on the ground to
examine performances of some principal compo-
nent systems and the results were reflected to the
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Thermal insulator

Pressure sensor (gauge)

NDIR

Buffer bottle

Air pump

Fig. 8 Instruments for pre-examination(gas systems/detection system)

detailed design.

— air sampling pump

— sub-system for carbon dioxide measurement

(NDIR)
— valve-sequencer
+ It was concluded according to these examinations

that some improvements are still necessary, how-
ever, explicabilities of these sub-systems are
quite prospecting.

Evaluation of TRITON buoy sensors and
validation of buoy data

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 also for
worldwide weather forecast. To contribute to such
purposes, we need to produce quality-controlled data
for community. However, calibration methods of
rainfall sensor, short wave radiation sensor and con-
ductivity sensor are not established enough. The pur-
pose of this study is to evaluate especially perform-
ance of such sensors and also to evaluate the quality of
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the data from TRITON buoy.

In the FY 2000, as the drift of conductivity sensors
were recognized in laboratory calibration and from in-
situ comparison, we attempted to correct the drift by
assuming linear trend of drift with time. The results of
correction improve the quality of TRITON salinity
data, and we decided to use this method in the opera-
tion. The results of evaluations of all meteorological
sensors indicate that the calibrations have performed
properly in laboratory, and the drifts of each sensor
were small compared with uncertainties in laboratory
calibration. The comparison with in-situ measure-
ments from ship and buoy indicated that the data from
TRITON have the same quality as those.

We expect that the results from this study will be
valuable to control the quality of the data, and also to
check the daily transmitting data.
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Study of intermediate and deep ocean circu-
lation structure and its variability in the
tropical Pacific Ocean

In order to understand the intermediate and deep
ocean circulation, collaborative research with Ocean
Research Institute (ORI) of Tokyo University by
onboard observation and moorings has been conduct-
ed. JAMSTEC is in charge of the observations of the
Antarctic Intermediate Water (AAIW) aong the New
Guinea coast, and ORI isin charge of the observations
of deep flow in the Wake Island Passage and
Melanesia Basin. During FY 2000, we conducted
observation cruises north on New Guinea. We also
analyzed the data obtained during past observations at

WK1

2000 m

the Wake Island Passage, Melanesia Basin and north
of New Guinea.

Analytical result by ORI shows that the deep flow
at the Wake Island Passage is confined below 3000m
depth (Fig. 9), but deep flow at the Melanesia Basin is
not as strong as that at the Wake Island Passage.

We, JAMSTEC, conducted on-board observations
along 142° E line, which is located at the north of New
Guinea, since 1994. These cruises' results show that
temperature and salinity of the AAIW during boreal
summer season is lower than boreal winter season
(Fig.10). This is probably due to large volume trans-
port of the New Guinea Coastal Undercurrent, which
advects the AAIW to the Northern Hemisphere, dur-
ing boreal summer season.

L

| | 1 1

Feb. Mar. Apr. May Jun. Jul.
1999

Aug. Sep.

Jan. Feb.
2000

Oct. Nov. Dec.

Fig. 9 Time series of current velocity at the Wake Island
Passage (18°20'N, 169° 30'E).
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Fig.10 Potential temperature - salinity relations near the New Guinea Coast (2° 30'S,
142° E) from ten cruises conducted from 1994 to 2000. Red lines denote the
result during boreal summer season, and blue ones denote that during boreal

winter season.

Study on the Kuroshio Extension

The Kuroshio in the western North Pacific is called
as the Kuroshio Extension and forms the clear north-
ern boundary of the sub-tropical gyre. The Kuroshio
Extension is active and generates cold and warm
eddies very frequently. Thereis alarge possibility that
these eddies play an important role in the meridional
exchange of heat and freshwater across the Kuroshio
Extension.

In order to clarify the physical and dynamical struc-
ture of eddies along the Kuroshio Extension, spatially
dense CTD full section from 30°N to 40°N along
152.5° E with LADCP was made up in July 2000(R/V
Mirai, MR00-KO05 cruise). Fig.11 shows the cross sec-
tion of the potential temperature. The Kuroshio
Extension existed between 34° N and 35° N. The North

Pacific Subtropical Mode Water was distributed in the
sea south of the Kuroshio Extension. North Pacific
Intermediate Water was distributed around the
Kuroshio Extension as a patch like feature. Intrusion
of fresh water patches of the North Pacific
Intermediate Water seems to be seen up to 32°N.
Especially at 32.5" N thick water layer over 80m exist-
ed, and then could contribute freshwater flux to sub-
tropical region across the Kuroshio Extension.

Some features of the flow field at Kuroshio
Extension region were revealed by direct current
measurement of LADCP. Fig.12 is a snapshot of the
east-west flow along 152.5° E measured by LADCP.
At the time the Kuroshio Extension flowed northeast-
ward. Just below the strong current a weak flow of
opposite direction existed, which could be related with
fresh water exchange process associated with an eddy
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activity. It appeared a deep flow at the latitude of
Kuroshio Extension existed. The deep flow was east-
ward and stronger near the sea bottom. Its speed was
up to 10cm/s, and then contributed to the volume
transport at the Kuroshio Extension region. The east-
ward volume transport between 33°N and 34°N was
up to 72Sv, though geostrophic transport refer to
2000m was 46Sv. In the subtropical region narrow
countercurrent was appeared. In the mixed water
region eastward and westward flow pattern stood in
alternately, of which typical spatial scale was 130km.
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Fig.11 Cross section of potential temperature along 152.5E

The flow shows barotropic feature and strong flow of
10cm/s was appeared. It has good agreements with the
flow feature obtained by a moored current at 37.5° N
in 1998-1999, where mesoscale eddies has almost
equivalent barotropic structure, exhibiting occasional-
ly astrong current of about 20 cm/s near the bottom.In
order to understand the mesoscale variabilities and its
contribution to heat budget in the Kuroshio Extension
region we are planning to conduct an intensive obser-
vationin FY 2001.

Zonal Velocity (LADCP)
Latitude (N)
3.

{1000

{2000

F 3000

Depth (m)

- 4000
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Fig.12 Cross section of east-west flow along 152.5E
observed by LADCP.
Red (Blue) shows eastward (westward) direction.
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Arctic Ocean Research
Background and objective

It is now our common understanding that the Arctic
regions react particularly and sensitively to global cli-
mate change. However, recent studies show that the
Arctic may be akey player to control the heat balance
of the earth. In particular, Japan is located in the mid-
|atitude in the northern hemisphere; the change of the
Japanese climate is controlled not only by unusual
phenomena in the tropical region but also by changes

in the Arctic region. Although the prediction of global
climate change in future is simulated by various
numerical models, we should progress not only virtual
predictions but also an understanding of on-going real
changes simultaneously. Recent 30 years, sea ice
extent has been continuously monitored by satellites.
However the satellite system cannot acquire underly-
ing oceanographic changes in either temperature or
salinity which controls the long-term climate change
and variability. Our research objective isto clarify the
role of the Arctic Ocean on the global climate system,

o Laurier 2000
Mirai 2000

CCGS Sir Wilfrid

=

Fig.13 Research activities in FY2000.
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especially focusing on the inflows of both Pacific and
Atlantic waters. The inflows influence the heat and
freshwater budget, which causes the changes in ice
cover. These integrated changes also trigger biogeo-
chemical environment changes. Based on this direc-
tion, our field experimentsin FY 2000 were carried out
in both the eastern and western Arctic Oceans
(Fig.13). Here we briefly introduce our activity and
preliminary results.

1. Eastern Arctic Ocean (Atlantic side of the Arctic

Ocean)

We have developed a new type of drifting buoy
called JCAD (JAMSTEC Compact Arctic Drifter) in
1999. The first JCAD was installed near the North
Pole (89.68N, 130.33W) on April 24, 2000, as a part
of the North Pole Environmental Observatory
(NPEO). The New York Times (August 19, 2000)
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reported that "The North Pole is melting; an ice free
patch of ocean about a mile width has opened at the
top of the world". This led to discussions on an evi-
dence of global warming.

Fig.14 shows the typical vertical profiles of temper-
ature and salinity obtained by JJCAD-1 and the EWG
(Environmental Working Group) climatological
(1948-93) data near the North Pole. The JCAD data
tell usthe following evidences:

(1) The salinity of surface mixed layer in 2000 was

much higher than the climatology, which caused
a weakening of the Arctic halocline, in other
words a weakening of the static stability in the
upper ocean.

(2) The weakening of the static stahility provides an
unfavorable condition for the sea-ice formation in
the Eastern Arctic Ocean, and enhances the upward
heat and salt flux of underlying Atlantic Water.

0 Increase in iirface salinI ity

\
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Blue: EWG Climatology(1948-93), 89.364N 45.000W

Red: J-CAD 1, April 24th, 89.685N 130.334W
Green: J-CAD 1, June 2nd, 89.086N 30.803W

Fig.14 Vertical profiles of temperature (left) and salinity (right) obtained by J-CAD-1.
Red solid line; April 24, 2000 (89.685N, 130.334W)
Green broken line; June 2, 2000 (89.086N, 30.803W)
Blue solid line with solid circle; the EWG climatology (89.364N, 45.000W)
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(3) The Atlantic Water just beneath the cold halocline
layer was much warmer than the climatol ogy.

Since the salinity within the surface mixed layer
(<30m) was not lower than the climatology, the thin-
ning and retreat of ice cover was not caused by the ice
melt due to oceanic heat flux. An important issue to be
noted is that the current oceanic condition is not
preferable for the ice production.

2. Western Arctic Ocean (Pacific side of the Arctic

Ocean)

We have investigated the surface water circulation
and its inflence on the ice cover in the western Arctic
Ocean since 1996. In FY 2000, in addition to the above
research theme, we also focused on the circulation and
modification of the intermediate water, in particular
on the Atlantic Water circulation. The field experi-
ments were conducted by R/V Mirai and CCGS Sir
Wilfrid Laurier in cooperation with Canadian Institute
of Ocean Sciences (10S).

2.1. Shelf water spreading (Pacific Water spreading)

Fig.15(a) shows CTD/XCTD casts conducted by
R/V Mirai and CCGS Sir Wilfrid Laurier in late sum-
mer of 1999 and 2000. The upper ocean temperature
and salinity along the southern perimeter of the
Canada Basin are depicted in Fig.15(b-c). The warm
water with the salinity range of 31.0-32.0 psu is char-
acterized by summer shelf water (ECSW: Eastern
Chukchi Summer Water), which is one of major hest
sources for ice melt in the western Arctic. Both the
horizontal and vertical distribution of the ECSW in
2000 was quite different from that in 1999. In 2000,
the stored heat within the ECSW in the basin was
much greater than in 1999. The influence of the
oceanic heat was also clearly found in the ice retreat
pattern. Fig.16 shows the RADARSAT images in the
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Fig.15 Vertical sections of temperature and salinity in the

southern Canada Basin.

(a) CTD and XCTD casts of 1999 and 2000 from R/V
Mirai and CCGS Sir Wilfrid Laurier.

(b) Vertical section of temperature and salinity in late
summer 1999.

(c) Vertical section of temperature and salinity in late
summer 2000.

(d) Drift track of JCAD-2.

(e) Vertical section of temperature and salinity from
JCAD-2.

area where the warm ECSW was found in 2000. The
warm water was not in uniform distribution, but in
patch-like distribution associated with vigorous inter-
actions between the mean flow and eddies. These non-
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linear behaviors of ECSW are important processes to
evaluate the quantitative heat transport from the shelf
region into the basin.

In addition to the field experiment aboard the sur-
face vessels, we have also autonomous observation
using a drifting buoy (JCADZ2) which wasinstalled in
the southeastern Canada Basin off Banks Island at
72.46N, 130.16W on September 12, 2000. The J-
CAD?2 drifted across the deep southern Canada Basin
(Fig.15(d)) and measured the upper ocean hydrograph-
ic condition over the winter period (Fig.15(e)). The
maximum temperature along the drift track of the J-
CAD?2Z was observed off Alaska in January 2001. The
spatial distribution of warm ESCW suggested that the
intermittent offshore transportation of ESCW in the
vicinity of Barrow, and the stored heat in the ECSW
were not ruined even during winter, since the sea ice
played a role of a thermal insulation material which
inhibited upward heat flux from the ocean to the
atmosphere. The temperature of ECSW observed by J-
CAD?2 in the basin was higher than usual. The stored
heat had a potential of 50cm ice melt, which is equiva-
lent to the potential of ESCW that entered into the

RA

Barrow

DARSAT

Canada Basin in 1997. The current atmospheric circu-
lation pattern over the Arctic Ocean is different from
the period of 1997-1998. The difference between the
ice retreat pattern in 1998 and in 2001 will tell us the
coupled influences of ocean and atmosphere on the
changesinice cover.

2.2. Atlantic Water circulation

Extra warm Atlantic Water (GWWA: Great Warm
Water Anomaly) spreading in the Arctic Ocean is a
current fascinating phenomenon among the issue of
Arctic changes. In the western Arctic Ocean, the
GWWA with the interleaving in temperature and
salinity (T and S) was first observed on the flank of
the Mendeleyev Ridge in 1993 from CCGS Henry
Larsen. After that the GWWA continued to propagate
eastward along the perimeters of the Makarov Basin,
Chukchi Plateau and Northwind Ridge (Fig.17) during
the last decade. Beyond the topographic obstacles of
the above major ocean ridges, the GWWA with large
amplitude of interleaving structures was first found on
the perimeter of the southern Canada Basin east of the
Northwind Ridge from R/V Mirai in 2000. The maxi-

Fig.16 RADARSAT images near Point Barrow in early October in 2000. (2000 Canadian Space Agency)
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Potential Temperature Maximum ['C] in the Atlantic Layer

Chukchi Sea
IQO.E

Fig.17 Spatial distribution of temperature maximum in the
Atlantic Layer in 1995-1998 (top) and 2000 (bottom).

mum temperature was still higher than 1 degree
Celsius in this region. The influence of the western
Arctic climate, in particular upward oceanic heat flux,
should be examined in forthcoming years.

An Ocean Acoustic Tomgraphy Experiment
in the Central Equatorial Pacific Ocean

Introduction

The tropical and subtropical Pacific Ocean is sug-
gested to connect via a shallow meridional circulation
cell by Gu and Philander (1997). This subtropical cell
(STC) has been hypothesized to the El Nifio-Southern
Oscillation phenomena in the tropic, which then, in
turn, can affect the subtropical ocean via rapid atmos-
pheric forcing. But no direct measurements exist and
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indirect measurements and modeling support the
hypothesis.

JAMSTEC conducted a program to directly measure
part of the circulation cell using the system acoustic
tomography system in the Central Equatorial Pacific
Region (0.5°N to 13.6°N, 177.7°E to 172.1° W) from
December 1998 to December 2000.

Observation

Seven 200 Hz tomography transceivers were
deployed to monitor the rectangular region from 178°
E to 172°W and from 0.5° N to 13.5° N. There were 21
acoustic paths connecting the various transceivers. The
transmission schedule had a four-day cycle consisting
of one sing-around transmission day, one non-trans-
mission day, one simultaneous transmission day, and
one non-transmission day. The cycle of transmissions
began on January 5, 2000. Each of the transceivers
sequentially transmitted the 200 Hz acoustic signals,
modulated by a tenth-degree m-sequence every four
hours on the sing-around transmission day. The meas-
ured data for sing-around transmissions were available
via satellite telemetry and analyzed in near-rea time;
these are the data reported here.

The reference sound speed profile was determined
from CTD casts and the NODC database. The sound
channel was at a depth of about 1000 m with a steep
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Time

thermocline above. The travel times of eigenrays for
each acoustic path were calculated according to the ref-
erence profile. The ray identification of multipaths was
carried out by comparing calculated values with
observed data. There were 232 eigenrays identified for
all acoustic paths. The sum and difference travel times
for each eigenray were obtained using thisidentification.

The stochastic inverse method was used for recon-
structing the temperature (sound speed) fields. The
sound speed anomaly was vertically expanded using
the first four empirical orthogonal functions (EOFs)
and horizontally by a Fourier series. The three-dimen-
sional temperature fields were reconstructed using the
sum travel times. The travel time differences along
the acoustic paths from the reciprocal transmissions
were averaged over a day and directly converted to
barotropic velocity using the simple relation,

Five-Day 20°C lsotherm Depth at 5N
20T Iotiberrn Tl dncuales ]
: \

-

T MR IS LY WOV LY 0

1ME i 17 Inw
v Long « 7w
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20° C Isotherm depth
(TAO array result)

5 north degree temperature
(Tomography result)

Fig.19

u = (C¥R) o t, where u is velocity, C is a nominal
sound speed, R is range between transceivers, and o t
the measured differential travel time.

Temperature Field

The three-dimensional temperature field over the
observing area was reconstructed every four days.
From these fields, zonal water temperature along 5° N
was depth-averaged from 100 m to 400 m (Figure 19).

The left panel of this figure shows that warm and
cold waters interchangeably moved westward during
La Nifia and disappeared during the normal state. The
phase velocity of these watersis about 0.5 m s?, which
is the same as that reported by Legeckis for equatorial
instability waves. The time-series of 20° C Isotherm
depth anomaly at 5° N by Tropical Atmosphere Ocean
(TAO) array coinsided with the time-series of recon-
structed zonal water temperature anomaly. A compari-
son of both panels of Figure 19 clearly indicates that
the Legeckis waves were active during La Nifia, but
inactive during the normal state.

Bar otropic Flows

The barotropic velocity along several of the
acoustic paths is shown in Figure 20. The flow along
the 172°W meridian from 9°N to 13.5° N changed
during La Nifa and during the normal state (Figure
20). The flow along the 178° E meridian did not
change in the same way during these periods, (Figure
20c). The phase appears to be delayed by about 50
days (the second peak in Figure 20a relative to the
first peak in Figure 20c). The flow along the 9° N
zonal line from 178° E to 172° W was eastward during
La Nifia and reversed during the normal state (Figure
20d). The flow along the 13.5° N zonal line from
178°E to 172°W was westward during La Nifia and
eastward during the normal state (Figure 20b).
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Quasi-normals of meteorological elements at
Oki-no-Tori Sima

Oki-no-Tori Simaisacoral reef located at the south-
most end of Japan and isolated from other islands as
shown in Figure 21. Oki-no-Tori Sima is one of the
important points out of the existing meteorological
observation network. JAMSTEC has been conducting
a marine weather observation at Oki-no-Tori Sima
since 1993. All available data obtained from April
1993 to February 2000 at Oki-no-Tori Sima (20.42N,
136.07E), were statistically calculated to make a quasi-
normals of meteorological elements at Oki-no-Tori
Sima. These data indicate a typical seasonal change
around Oki-no-Tori Simaas shown in Figure 22.

The air temperature takes the minimum of 23.2C in

160°

120°

100° 180°

180°

160°

100° 140°

Fig.21 Distribution of meteorological observations in East

Asia (Oki-no-Tori Sima is marked by a bigger red cir-
cle near the center)

February. It begins to warm in March. And, from
April to June, it rises up rapidly to reach the maximum
of 28.5C in June. From July to September, it keeps in
a high temperature condition of about 28C. It falls
down gradually from October to January. After all, it
takes the minimum in February. The annual mean dif-
ference between the minimum and the maximum tem-
peratureis5.4C.

The change of sea surface temperature synchronizes
with that of the air temperature. After the temperature
takes the minimum of 24.7°C, it rises up monotonous-
ly from April to June. In Jduly, it takes the maximum of
29.5C. The temperature keeps over 29°C during the
summer from June to September. Then, it gradually
decreases from October to February. The annual mean
difference between the minimum and the maximum
sea surface temperature is 4.8°C lower than that of the
air temperature. A north-north-east wind is dominant
during December to March. The east-north-east trade
wind blows constantly from April to October. And, in
November, it changes to northeast wind. In the sum-
mer times, the strong east-south-east or southeast wind
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Fig.22 Quasi-normals of major meteorological elemnts for Oki-no-Tori Sima

blows frequently because typhoon passes by Oki-no-
Tori Sima. Oki-no-Tori Sima is usually in the control
of the subtropical anticyclone, and shifts in the control
of anortheast monsoon in winter when the subtropical
anticyclone gets wesk.

A mean wind speed takes the minimum of 4.3m/s in
June. Then the speed is suddenly intensified by 2m/s and
becomes 6.3m/s. The wind speed gradually decreases
until October. But, in November, the wind speed is sud-

denly intensified by 2.6m/s. It takes the maximum of
7.9m/s in December. From January to May, the wind
speed gets a gradual decrease, even though in April the
wind speed is slightly magnified. The former sudden
intensification is due to typhoons. The latter are trig-
gered by the onset of the winter monsoon. The wind gust
takes the maximum of over 50m/sin the typhoon season.

The relative humidity records the minimum of
70.7% in January, and it takes the maximum of 78.1%
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and 78.9% in August respectively. The relation humid-
ity of January is 4.8% lower than that of December.
The winter monsoon makes Oki-no-Tori Sima dry.
Thereisno rainy and dry season at Oki-no-Tori Sima.

The atmospheric pressure at a height of 26m is low
in Summer. It takes the minimum value of about
1006hPa in the typhoon season. During the other sea-
sons, it keeps high because Oki-no-Tori Sima is
always affected by the subtropical anticyclone and
traveling anticyclones. The pressure records the maxi-
mum of 1013hPain January.

The cumulative insolation records the minimum
value of 12.6MJ/day in December (the winter sol-
stice), and the maximum of 25MJ/day in July (the
summer solstice). This change is apparently related to
the seasonal change due to the earth revolution. Even
though the transition periods between the two solstices
are the same, the cumulative insolation in the former
six months from January to June is stronger than the
one in the latter six months from July to September.
The strong insolation can effectively heat up the sea
area around Oki-no-Tori Simafrom March to June.

The climatology of Okino-Tori Sima will be com-
pared with those of the two meteorological stations,
Hengchun in Taiwan and Aprri in Philippine whose
locations are 22.0N, 120.45E and 18.22N, 121.38E,
respectively. Figure 23 shows that the air temperature
for Okino-Tori Sima changes as similar as that for
Aparri from January to June, but differently from July
to December. The figure also chows that the relative
humidity for Okino-Tori Sima changes as similar as that
for Hengchun except in summer fro June to September.

In summary, the climate of Okino-Tori Simais a
kind of tropical rainforest climate characterized by the
northeast winter monsoon and subtropical anticyclone
and typhoons because it is just located at the boundary
of tropical and subtropical regions.
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Fig.23 Comparison of quasi-normals of air temperature and
relative humidity for Oki-no-Tori Sima

Development of ocean LIDAR system (FY 87
~FYO01)

The ocean Lidar system was installed at the bottom
of "MIRAI" in 1999. The observation to evaluate the
performance of the system has been made. As the
result of the observation, the "laser excited fluores-
cence" agreed well qualitatively with the measurement
by "TURNER" fluorometer. In 2001, we will study
the method to analyze the vertical profile of suspended
matters from the scattered light by Laser and also try
to evaluate the system quantitatively.
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Biogeochemical study of the northern North (3) In order to study the role of biological pump in the
Pacific and its adjacent seas (FY95~) uptake of atmospheric CO,, sediment trap experiments

In FY 2000, we carried out two cruises of R/V have been conducted at two stations (44° N/155° E
Mirai: MR00-KO03 cruise (May/00) and MR00-K06 and 50° N/165° E) during MIRAI cruise MR00-K03
cruise (Sep./00). Following are the outlines of the and MR00-K06. As same as experiments in 1998
results. and 1999, seasonal variability in opal flux, CaCO,
(1) During MIRAI cruise MR00-K03, observations flux, and opal/CaCO, ratio (mole) were found.

were carried out near the Kuril Islands and the
Okhotsk Sea where the primary productivity is
high. Along an edge of a cold eddy, increasing of

) . 1-7 Sep. 2000
phytoplankton and decreasing of concentration of

total CO, were found (Figure 24). These results AS0pgrTTIT I T '“' TR
show that the biological activity depends on the a3 400 - 3
structure of the eddy in this area. I 350 M
. ) . S 300 M 3
(2) During MIRAI cruise MRO0-K06, coccolith bloom X -
. Q 250 ]
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Fig.24 Concentration of total CO, (mM) in surface water in Fig.25 Distributions of Atmospheric pCO,, surface water
the western North Pacific and the Okhotsk Sea pCO,, total CO,, total alkalinity, water temperature,
(MR00-K03). There was a low concentration patch and salinity in the Bering Sea (MR00-KO06).

along an edge of a cold eddy that locates in the cen-
ter of the figure.
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Observational study on primary productivi-
ty in the equatorial Pacific (FY97~)

In this study, we have carried out the biogeochemi-
cal observation from the warm water region to the
upwelling region in the equatorial Pacific to clarify
the primary production and the mechanism of varia-
tions. In MIRAI cruise MR00-K08 (Dec./00 —
Feb./01), there was kept in La Nifia condition from
1999 observation. The front of nutrients correspond to
the boundary between the warm water region and the
upwelling region was appeared around 160° E. Primary
productivity were double ranged from 465 to 927
mgC/mé/day between the warm water region and the
upwelling region, and increased eastwards from the
warm water region. Phytoplankton species in this area
were almost dominated by extreme small phytoplank-
ton (<10 u m), which were roughly divided to three
groups — prochlorococcus, synechococcus and eukary-
otes. These phytoplankton distributions were showed
in Figure 26. We recognized the differences of growth
area in each phytoplankton groups. Prochlorococcus
were increased around the thermocline in the warm
water region, synechococcus were increased around the
boundary between the warm water region and the
upwelling region, and eukaryotes were increased in the
upwelling region. It is suggested that the differences
between phytoplankton species and the distribution
were related to the variations of primary production.

Study on high-resolution measurement of
carbonate chemistry (FY00~FY02)

In this study, we will develop a system for high-res-
olution measurement of carbonate chemistry in the
western North Pacific where effects of water mixing
and biological activity are large. In FY 2000, we modi-
fied a coulometer for total CO, measurement and start-
ed experiments for pH and total alkalinity measure-
ments. Additionally we carried out experiments for
pCO, measurement.
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Fig.26 Contour plots along the equator of prochlorococcus
(top panel), synechococcus (middle panel) and
eukaryotes (bottom panel).

Study on the application of the ocean color
satellite in the western equatorial Pacific
(FY98~FY00)

In this study, our objective isto develop the primary
production model from the ocean color satellite data to
evaluate the primary production quantitatively at the
world scale. We have carried out the observation at
the same time with the satellite survey in the equatori-
al Pecific, and then we developed the primary produc-
tion model. The calculated results of our model were
well agreed with the observation results than the past-
proposed model.



Ocean Observation and Research Department

Japan Marine Science and Technology Center

Study on automation of measurement of chem-
ical componentsin sea water (FY98~FY00)

Goals of this study are (I) to develop automated
system for measurement of biological and chemical
components in sea water and sea water sampling
system, (I1) to install the systems in the wave energy
generator 'Mighty Whale' for the filed test. In
FY 1999, the systems for automated measurement
were instaled in 'Mighty Whal€e'. Since then, the sys-
tems have been in use. For the mooring system, a
computer program was devel oped.

Study on sensitive and precise analysis of
radionuclidesin oceanic samples (FY99~FY02)

The purpose of this study is development of prepa-
ration methods for sensitive and precise analysis of
radionuclides in organic matter in sea floor sediments

by an accelerator mass spectrometery. In FY 2000, we
developed the preparation system. Using the system
radiocarbon in organic matter in a small volume of
sediment sample was measured. This result gave a
new information of sedimentation in coastal sea.

Study on estimation of CO, flux in the North
Pacific (FY00~FYO04)

The purpose of this study is estimation of CO, flux
in the North Pacific by an inter-comparison of CO,
data between JAMSTEC and MRI (Meteorological
Research Institute). In FY 2000, JAMSTEC and MRI
carried out research cruises in the North Pacific
including the Bering Sea and the central Equatorial
Pacific, respectively. During the cruise in the Bering
Sea, coccolith bloom was observed.
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Globa environmental problems are the most serious issues facing humankind today, and are also issues

that should be dealt with as possible. In order to discover ways to resolve globa environmental problems, it

is 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 same time, it is also necessary to clarify the

mechanism of environmental change, looking 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 phe-

nomena relating to environmental change without understanding the oceanic ecosystem. Therefore, we will

proceed with a multifarious study of biology, physical oceanography, chemical oceanography and ocean

engineering focusing on coastal areas, where primary productivity is high and which is susceptible to envi-

ronmental changes, and deep sea areas from the mesopelagic zone through to the ocean floor and abyssal

trenches.

Research Project ; Category 1

“Studies on dynamics of coral ecosystem”

Period: 1998-2000.

The coral is widely distributed around the tropical
and subtropical area in the world. Coral is an impor-
tant primary producer of the ocean and complex
coral ecosystem is managed by the production.
Distribution, coverage and health of corals are highly
affected by environmental changes. Therefore, Coral
is used as an important bioindicator of environmental
changes such as global warming and depletion of
ozone layer.

Sekisei lagoon (25 % 25 km), the largest coral seain
Japan was selected as a monitoring area for our study.
The objective of this study is to measure total amount
and distribution of live coral around the area with
environmental conditions. Annual survey has been
conducted to detect the changesin corals. Also, sever-
al technological development have been completed for
measure primary production of coral, coral biomass,
coral health and so on. At the same time, safety div-
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ing for scientist was aimportant research themes as an
back ground of underwater research work (figure 1).
(1) Field studies at Sekisel lagoon

Basic cora distribution map of Sekisei lagoon was
produced by applying coral cover database obtained
between 1996 and 1997. This is the control data for
our study, since global coral bleaching in 1998 affect-
ed severe coral death at many areas. Since 1998,
annual coral monitoring has been conducted at 26 div-
ing survey sites (50 m length line intercept transect at
3, 6 and 9 meters depth) and 10 cruising surveys by
tow system. Two patch reefs are selected for precise
monitoring. Spawning, settlement and survival
process of corals are examined with continuous moni-
toring of water temperature.

Width of Sekisei lagoon is 270km? and Coral cover
width of whole area was 16km? before coral bleach-
ing. Though the whole Sekisel 1agoon suffered bleach-
ing event in summer 1998, almost of corals were sur-
vived in the southern area. Anyway, northern area
suffered big damage, they are around Taketomi-jima
and Kohama-jima and between these two Islands.



Marine Ecosystem Resear ch Department

Japan Marine Science and Technology Center

121”00'E

24°20'N

124°00'E

Fig. 1 Sekisei lagoon and 12 core sampling points.

Approximately 50% decrease in coral cover was
observed at the outer reef slope.

Recovered Acropora corals spawned in May 1999.
Also, mass spawning was observed in May 2000. By
the plate study for examining recruitment potential of
mass spawning corals, number of settled juveniles
were lessthan 1 % in 1999 and 5% in 2000, compared
with the data obtained Sesoko at Okinawa island
before bleaching. Recruitment number in Sesoko
dropped to zero after bleaching.

By the three years field study, annual quantitative
coral data was obtained, and fluctuation of corals was
identified clearly. The suitable survey procedure to
use Sekisel lagoon as a bioindicator of environmental
changes is successfully completed. Further annual sur-
vey will be continued here. In addition, many impor-
tant knowledge was obtained on recruitment, survival
and growth of the juvenile corals. Thiswill be applied
to new project "research and development of coral
reconstruction technique” from 2001 (figures 2-4).

(2) Study on history recorded in corals

The small boring machine that got the core of 2 cm
diameter and 20 cm length was developed. The mean-
ing of this core size is to collect many samples from
small massive corals without killing them. At 12 sites
of Sekisei lagoon (figure 1), 80 cores from Porites
lutea and Porites lobata were collected in autumn
2000. Biomass measurement and zooxanethellae
number analysis were examined from the coral sur-
face. Then plate of 3-mm thickness was obtained
from all the core. They are analyzed by applying soft
X-ray technique and elemental analysis using PIXE.

The developed core sampling machine is compact
in sizes and easy to handle. Further core sampling
along Ryukyu island and Kuroshio current will be use-
ful for the examination of interaction between envi-
ronmental changes and the response of coral.
(3) Development of technologies supporting underwater

research

For safe scientific diving, new nitrox saturation div-
ing table and bounce diving table were developed.
The tables were evaluated by on land simulation dives
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Fig. 3 Young coral obtained by plate technique. Planula
attached underside of the plate, grows up to approxi-
mately 10 mm during one year. This procedure is
applicable for coral recovery.

Fig. 4 The dead coral around Okinawa island. Died out by
the bleaching event in 1998.
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and modified using the results. For evaluate breaching
apparatus, automated respiration simulator and respi-
ratory monitoring system were developed. Also, res-
piratory monitoring system for SCUBA diving was
developed successfully. As a critical technology for
future undersea |laboratory realization, safety research
of the electricity use under high pressure and develop-
ment of automatic environmental control system was
carried out successfully. The medical and physiologi-
cal research was examined by applying decompression
bubble detector. Also, dysbaric osteonecrosis preven-
tion study are carried out to prevent accident and
injury by the diving.

“M esopelagic Biology Program™

Period:2000-

The Japan Marine Science and Technology Center
(JAMSTEC) established a federally-funded program
beginning in fiscal year 2000 to survey the mesopelag-
ic and benthopelagic communities around Japan. This
program combines the unique technology of the sub-
mersibles at JAMSTEC with experience gained from
similar mesopelagic studies elsewhere. Such sub-
mersibles are invaluable for studies of the delicate
gelatinous midwater fauna that, although extremely
abundant, are unable to be sampled in conventional
net tows. Biological sampling equipment such as slurp
gun systems have been redesigned and adapted for use
on the JAMSTEC submersibles and other forms of
biological sampling egquipment, such as the gate sam-
pler, have been newly developed in-house in conjuc-
tion with overseas colleagues from UCLA and
MBARI. Working databases of the midwater fauna of
Sagami Bay and the waters above the Japan Trench
have been devel oped.

Limited midwater research has been carried out in-
house at JAMSTEC since 1996. Sagami Bay has been
the principle target area for midwater studies at JAM-
STEC during this period. Dives made during 1996 &
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1997 in Sagami Bay yielded a working database and
taxonomic list. This database resulted in three manu-
scripts (Hunt & Lindsay, 1998; Hunt & Lindsay,
1999; Lindsay et al., 1999). In 1998, 1999 & 2000
limited dives were also carried out in other areas
around Japan and compared to the Sagami Bay data-
base. This allowed basic characterization of the
Japanese fauna and has helped target oceanographic
areas of scientific interest for future in-depth surveys.
Dives in Sagami Bay were also made during 1998-
2000 and these yielded greater insights into the
species diversity, vertical distributions and overall
ecology of the bay. A large amount of effort during
these first five years has gone into developing or oth-
erwise acquiring biological (slurp guns, gate samplers,
D-sampler hydraulic systems) and physico-chemical
(CTD-DO, turbidity and chlorophyll a sensors) sam-
pling gear, facilities for the maintenance of midwater
animals (on-board and lab-based planktonkreisels,
coolers), lab equipment (night vision scopes, video-
recordable microscopes, camera equipment, a DNA-
seguencer), and otherwise laying the groundwork for a
world-class mesopelagic biology program.

During fiscal year 2000, we continued to expand the
Sagami Bay database and developed a database
describing the midwater fauna over the Japan Trench.
We acquired a non-linear video editing system to link
video footage with distributional and physico-chemical
datain order to facilitate species-level studies and alow
comparisons to be made between different seasons and
oceanographic regimes. In fiscal year 2001 we plan to
acquire a combined turbidity/chlorophyll a sensor rated
at 6500m to investigate the effects of primary produc-
tivity and resuspended sediment on meso- and ben-
thopelagic organisms. In the near future we also plan to
acquire a multiple-layer opening-closing net to relate
the distributions of more robust organisms to those of
the gelatinous animals and we also hope to start a new
taxonomic program based here at JAMSTEC. This

organization will act as a distribution point for materi-
als and collection point for data on new pelagic species
(collected with JAMSTEC submersibles).

The mesopelagic and benthopelagic biological sur-
vey program at JAMSTEC serves two purposes. First,
JAMSTEC will complement ongoing international
research programs such as those by the Monterey Bay
Aquarium Research Ingtitute (MBARI). This will pro-
vide data from Japanese waters to compare and con-
trast to other points around the world. Such broadly
reaching studies are vital for a global understanding of
mesopelagic and benthopelagic community structure
and ecology. Second, the JAMSTEC survey will com-
plement work done by scientists throughout Japan also
interested in midwater biology and oceanography.
Submersible data differs from that which can be col-
lected by traditional techniques. Such data lend them-
selves well to collaborative efforts as well as compre-
hensive reviews investigating similar areas of interest
or specific fauna. For example, trawls and towed

Fig. 5 Funchalia sagamiensis was found to associate with
pyrosomes during its juvenile phase
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equipment can provide good information on overall
abundance, vertical distributions, and taxonomy by
collecting quantitative numbers of specimens from a
given area. Submersibles can supplement this effort
with good information about specific behaviours, feed-
ing, reproduction, vertical migration, and precise mor-
phology for taxonomic keys. These two types of sur-
veys combine well, and will provide a stronger nation-
a program for open-ocean biology herein Japan.

“Studies on Deep-sea Ecosystems”

Period : 2000-

Apart from photosynthesis-based ecosystems, ocean
ecosystems include chemosynthesis-based ecosys-
tems, which are formed on the ocean floor through the
gection of hydrothermal fluid and cold seeps. Of par-
ticularly large scales are the hydrothermal vent popu-
lations and cold seep populations in deep sea areas.
These directly and indirectly incorporate substances
that are jected from the sea floor and maintain a huge
biomass, also being thought to contribute significantly
to the circulation of the gjected materials. Making use
of deep-sea research systems such as submersibles and
ROVs, this research aims to clarify the interrelation-
ship between substances gected from within the earth
and deep-sea chemosynthetic ecosystems, and the
basic physiological and ecological characteristics of
deep-sea chemosynthetic populations.

In August 2000, a research cruise to the Indian
Ocean using the Japanese ROV Kaiko (Japan Marine
Science and Technology Center) was planned in order
to search for hydrothermalism and associated biologi-
cal communities, and was focused on a small volcanic
knoll, named the Hakuho Knoall, located approximate-
ly 22km north of the Rodriguez Triple Junction
(Fig.6.). Active hydrothermal vents and thriving
hydrothermal vent communities were discovered on
the southwestern flank of the Hakuho Knoll. At least
seven active vent sites including black smoker com-
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plexes, the largest of which was over 10m in height,
covered approximately 40m by 80m of the upper part
of a small mound (25°19.17'S, 70° 02.4'E) between
depths of 2420m and 2450m. The maximum tempera-
ture measured from an active black smoker was 360°

C, and the pH (at 25° C) was 3.4. This vent site was
named the “Kairei Field” after the R/V Kairei.
Numerous shrimp (Rimicaris sp.), alvinocaridid
shrimps, unidentified actinians, an undescribed mytilid
species (Bathymodiolus sp.), some species of gas-
tropods (Alviniconcha sp., Phymorhynchus sp.,
Lepetodrilus sp., Provannidae gen. sp. and limpets),
galatheid crabs (Munidopsis sp.), Austinograea sp.
crabs, undescribed cirripeds (Neolepas sp.), parasitic
polynoids (Branchipolynoe sp.) and zoarcid fishes
occurred in the hydrothermal vent fields. A typical
scene of the vent communities at the Kairel Field is
shown in Fig. 7. The hydrothermal vent communities
of the Kairei Field are closely similar to those of the
Atlantic vent fields in appearance. However, some
organisms were known only from the Pacific vent
sites. Other vent organisms were reported in the deep-

African
Plate

Survey Site 120°s
I'4

Indo-Australian
Plate

Antarctic
Plate

Fig. 6 Location of the survey site, north of the Rodriguez
Triple Junction (RTJ) in the Indian Ocean. CIR, SWIR
and SEIR refer to the Central Indian Ridge, South
West Indian Ridge and South East Indian Ridge,
respectively.



Marine Ecosystem Resear ch Department

Japan Marine Science and Technology Center

Fig. 7 Dense hydrothermal vent communities at the Kairei
Field. Rimicaris swarms and actinians beds were
observed around an active black smoker complex.
Alviniconcha snails, Austinograea crabs and small-
sized scale worms can be seen at the base of the
complex (25°19.16'S, 70° 02.34'E, 2436m)

sea hydrothermal vent fauna from the Atlantic and
Pacific Oceans. This suggests that significant commu-
nication exists between the vent fauna in the Indian
and Pacific oceans. Similar communication might
exist between the Indian and Atlantic oceans.

Deep-sea biological research was conducted at cold
seep communities in the Japan Trench by the Shinkai
6500 and hydrothermal vent communities at the
Hatoma Knoll in the Okinawa Trough by the Shinkai
2000. During these investigations, we collected data
and useful samples for the ecological study of deep-
sea chemosynthetic ecosystems.

“Research on the characteristics of the deep seawa-
ter in Suruga Bay, and the cascade methods of
deep seawater utilization”

Period: FY 1998-FY 2003

Shizuoka Prefecture drew up the Effective Utilization
Project for Suruga Bay Deep Seawater (off Yaizu).
Three kind of intake pipes for surface water (at depth of
24m) and deep seawater (at depths of 397m and 687m)
were laid on August 2000. On-land facilities have been

under construction and will open on October 2001.

The objectives of this research are to make contri-
butions to implementing the Project by Shizuoka
Prefecture and establishing the practical technology
for deep seawater utilization. For the purposes, we
carry out the preparation of analysis and observation
systems; and the scientific explication of deep seawa-
ter in the intake sea area and its surroundings, and the
research and development on the effective utilization
technology for the deep seawater in cooperation with
Shizuoka Prefecture.

In FY 2000, the following items were carried out.

(1) Preparation of analysis and observation systems

Being continued since the year before, we prepared
equipment of analysis and observation systems which
was hecessary to study the deep seawater. Especialy,
we produced experimentally a new water sampler for
the bottom boundary layer and carried out practical
tests of it.

(2) Scientific explication of deep seawater

We made marine observations using research vessel
in the sea areas for the intake of the deep seawater and
around there on October 2000 and March 2001. The
results indicated as following. We confirmed that the
deep seawater had main characteristics of rich nutri-
ent, low temperature, and clean water quality at obser-
vation stations (S1, S2) at each intake depths (397m,
687m). But the concentration of suspended solid was
slightly higher at the bottom boundary layer.
Continuously we need to investigate of the distribution
of suspended solid. Then we accumulate knowledge
about temperature, salinity and nutrients. Moreover
we conducted biological method used phytoplankton
with collected deep seawater in large quantities and
confirmed that deep seawater had high biological pro-
duction. To confirm the clean water quality of deep
seawater, we investigated about endocrine disrupters
and pathogenic bacteria. As aresult, the water quality
of deep seawater was clean (Fig.8).
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Fig. 8 Vertical profiles of nutrients in the intake sea area of the Suruga deep seawater.

(3) Examination on the cascade methods of deep
seawater utilization

According to the cascade methods of deep seawater
on last year, we chose giant japanese spider crab, eels
and algae for the research subject of fishery field
which Shizuoka Prefecture conduct. And we examined
principal study for drainage of deep seawater and the
influence of used deep seawater on environment.

“Feasibility study on the bio-remediation for the
inland sea”

Period: 2000

This joint research between JAMSTEC and
Nagasaki Prefecture aimed to make a feasibility study
whether the fundamental and sustainable remediation
of the highly closed and eutrophicated bay might be
practically realized or not. Consequently, a combined
system of no-feeding mariculture (oyster etc.) and aer-
ation from seabed was extracted to remediate the water
quality. The aeration was expected to supply oxygen
and activate macro-benthos (sea cucumber et.) at sea
bottom surface, therefore, sea bottom soil quality was

also expected being remediated. Such complex system
was evaluated to pay by the harvesting of oyster.

The research committee consisted of the specialists
was hold three times, and following results were related.

1. Efficiency

(1) Nitrogen and Phosphorus would be removed
from the sea up to 60 kg and 5 kg respectively
by an experimental unit. The units covering 1/4
of the given bay (Katagami Wan, Nagasaki)
would compensate the N, P loading from the
rivers. (Experimental unit was designed with 16
oyster rafts and 3 aeration lines in 100 m
square.)

(2) Oxygen enriched sea bottom might enable the
sea floor habitats to survive even in the mid
summer (Fig. 9). Thus, activated ecosystem con-
tributes to the usual fisheries which means the
N, Precycle.

(3) The N-P circulation model should evaluate the
function and the efficiency of above designed
system. The numerical simulation model should
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{a) 200 min.

H) 400 min.

¢) 600 min,

Fig. 9 An numerically simulated example of enduced flow (left) and the
increased dissolved oxygen (right) by aeration to the shallow sea.

estimate efficiency for the practical use in the
wide area with many units. These models will
be useful for the general use in the other
eutrophicated sess.

2. Economical performance

Around 5.6 and 6.9 million Yen ware estimated for
aunit, year. Thus, 1.3 million Yen might be expected
for profits.

3. Social contribution

(1) Contribution to realize the recycling society
focusing on the nutriment.

(2) Expects of the sustainable exploitation of the
inland sea.

(3) Promotion of fisheries, conservation of sight
seeing and leisure resources, and contribution to
the economy.

Per sonal Research

“A study on the modeling of marine ecosystems by
combining multiple sub-models”

Period : FY 1998-FY 2000.

This study is the research and development on the
method of combining some models to make the
marine ecosystems model with high accuracy. The
model is compounded the plankton behavioral model
(vertical migration behavior model of the zooplank-
ton) in addition to advection and diffusion model
(physical model) and material circulation model (the
biochemical model). On the plankton behavioral
model, the zooplankton behavioral model is devel oped
for the module of marine ecosystem model. It was
able to appear the behavior of vertical migration of
zooplankton in the marine ecosystem model.

In the 2000 fiscal year, to use the plankton behav-
ioral model that developed in last year, we considered
the factor induced diel vertical migration (Fig.10) and
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simulated seasonal variation of zooplankton behavior
with the seasonal variation of environmental factor. In
addition, to combine this model with marine ecosys-
tem model, we discussed about the influence for lower
trophic level ecosystem.

In the future, we will try to apply this model for
understanding the vertical flux of nitrogen in the
marine ecosystem.

“Methods of evaluating seawater movement in the
vicinity of coral”

Period : FY 1998-FY 2000.
(1) Purpose of study

In shallow water regions (e. g., cora reefs), where
the effect of the flow isimportant in growing process-
es and spawning settlement of the planktonic spores
and larvae of marine organism inhabiting the area.
Generally electromagnetic current meters and ultra-
sonic current meters, etc., are used top measure rates
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The sample outputs of zooplankton behavioral model. (light intensity: Imax, food (Chl-a): Fmax).
Initial depth of plankton particles: 1, 2, 3, 4, 5, 10, 15, 20m (8 layers).

of flow. However, in very small-scale areas, such as
seaweed beds and coral reefs, it is difficult for this
equipment to be used considering the size of these
sensors. Also, it istopographically complicated in sea
weed beds and coral reefs, so measurements at a large
number of are necessary in order to examine the rela-
tion between flow and the organisms. It is quite
involved and costly to measure a large number of
points by using current meters especially due to the
work involved in mooring the meters. For sessile
organisms such as corals and oysters, the maximum
instantaneous current velocity rather than the intensity
of the averaged flow isimportant. To measure currents
in shallow waters, a plaster ball technique has already
been developed and used. However, the current meas-
urement by plaster ball could only be accomplished
for about 2 days (around 50 hours).

In this study, we produced plaster balls of various
materials that could measure velocities in the long term
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in order to evaluate the small-scale water motion in reef in the Sekisei lagoon (Okinawa prefecture,
important environment fields such as cora reefs (patch JAPAN) indicated that measurements could be
reef). The dissolution experiment was carried out in obtained for about seven to ten days when using a ball
Sekisei lagoon of the Ishigaki Island in Okinawa with cement in the plaster.
Prefecture (Japan) to evaluate the effectiveness of the In order to understand flow environment near the
velocity sensor. Simultaneously, it examined whether patch reef, large number of plaster ball was set up and
normal plaster ball and velocity sensor, which produced measured intensity of the time averaged flow and flow
another materials, were effective for the measurement direction (Fig. 12). Simultaneoudly, it carried out the
of the flow in coral reef region with field experiment. current measurement by electromagnetic current
meter, comparison with examination between velocity
(2) Result and discussion sensor and measured value. The results of our experi-
In plaster ball, the intensity of the time-mean flow ment in a patch reef in the Sekisei lagoon clearly
is converted from the change of the wet weight of the showed that the intensity of the flow varied with depth
sphere in installation and after the installation. And, it and position, and that a small vortex had been generat-
is possible to guess the flow direction from the defor- ed around the patch reef. That differential water
mation condition of the sphere. motion and small vortices will affect the growing
The purpose of this study is to improve the material processes and spawning settlement of coras is consid-
of plaster balls to make them usable for longer peri- ered. Further, the difference of the flow environment
ods. We tested six different types of plaster balls: viz. had a close relation to coral distribution.
plasters for dental use types 1, 2, and 3, polymer type, Finally, it was possible to produce the velocity sen-
cement type, and paint type. We estimated the resolu- sor in which long-term measurement is more possible
tion rate using each test plaster ball and normal plaster than normal plaster ball experimentally in this study.
balls in the coral reef region by comparing the meas- And, it was able to grasp that the technology of plaster
urements with those observed by electromagnetic cur- ball was effective in order to clarify flow environment
rent meters (Fig.11). Experimental results in a patch in the patch reef.

velocity sensors
plaSter ball

L]
.

electromagnetic current meter [
Depth : bm

Fig.11 The experiment on the dissolution rate using every Fig.12 The measurement of the time-averaged flow in the
kind of velocity sensors in Sekisei lagoon. patch reef (South side, Depth: 6m).
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“Studies on the Effect of the Post-diving exposure
to High Altitudes on Scientific Research Divers”

Period: 1998-2000

The risk of Decompression Sickness (DCS) con-
cerning with the hypobaric environment exposure by
ascending in an automobile and flying after diving was
well known. However, this risk is increasing in recent
years in Japan by the advance of the diving equipment
and transport technology and by the debasement of the
air fare. The diving in west coast of Izu Peninsula is
very popular for recreational scuba divers, living in the
Tokyo area. Many of them return to Tokyo, driving
pass the mountainous area in Izu Peninsula. The diving
in Nansel Islands also becomes very popular in these
severa years, and many divers fly back to the main-
land. Therefore, we measured the altitude of the
expressway that is main route from lzu to Tokyo and
the internal pressure of the aircraft cabin (cabin alti-
tude) from the Nansei Islands to Tokyo. In addition,
we tried to verify the risk of flying after diving by the
animal experiments with rats and rabbits, the effects of
hypobaric exposure after the hyperbaric exposure.

The altitudes of the expressway from Izu to Tokyo
and the cabin altitudes of flight from Nansei Islands to
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Fig.13 The animal experiment on the risk of decompression
sickness caused by flying after diving with rabbits.

Tokyo were measured with the hand held altimeter on
the vehicle and on the passengers respectively. On the
animal experiments, we used the profile of saturated
diving (30 m depth on rats and 40m depth on rabbits)
for 2h30, after the decompression from diving. We put
thefiveinterval times (1, 5, 10, 20 and 30 min.) before
the decompression start to the six hypobaric condi-
tions (equivalent altitudes of 500, 1,000, 1,500, 2,000,
2,500 and 3,000 m), and the pressure was hold for 30
min. in each hypobaric conditions.

The highest point in the expressway from Izu penin-
sula to Tokyo was only 466m, we arrived there after
20 min. drive from the near entrance of diving spots.
Generally the cabin altitude linearly increased to 2,000
m- 2,570 m, during 10-15 min. after take-off for the
flights at around 10,000 m atitude. With the animal
experiments, we found the high level DCS over 1,500
m dtitude for short interval conditions, and the rabbit
has high tolerance to decompression compared with
rats. We conclude that we can not extrapolate the
results of animal directly to human, but we confirmed
that the flying after diving is very dangerous.

“Study on the quantitative measurement of fishes
around coral reef”

Period : 1998-2000.

Since fish is positioned as high ordered predators in
the coral ecosystem, it isimportant to measure the bio-
mass of it correctly. However, quantitative measure-
ment of fish isvery difficult, since many kinds of fish-
es are distributed in the cora sea and the bottom pro-
file of their is too complicated. Consequently, bio-
mass survey of coral fishes is needed to combine sev-
eral techniques; they are visual census by scientific
diver, echo sounding, experimental catch and so on.
Even applying these techniques, fish that is distributed
close position to the obstacle like as coral and coral
reef are still very difficultly.

In this study, use of the three-dimensional television
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system was examined as to add newly quantifies
method of the fish to the conventional measurement
technique. Data obtained around the whole patch reef
was analyzed to develop measurement procedure and
data analysis argolyzm. Size of the patch reef is 60 m
in diameters and is standing at 14 m depth area.
Video recording was conducted at 31 points for 45
minutes each during daytime. Lists of species-by-
species population was made at five second interval
for 30 minutes from 45 minutes video record. Fork
length measurement of all fish species was carried out,
and the body weight of them was obtained using fork
length-body weight curves.

As this result, 106 kinds of fishes were confirmed
around the whole patch reef. Magjor fish species as
total frequencies of appearance at 31 points were
Pomacentridae (70%: Pomacentrus philippinus: 21%,
Pomacentrus lepidogenys: 14%), Prionurusmicro lepi-
dotus (16%) and Labridae (7%). In the total body
weight, Ctenochaetus sp. (18%), Acanthurus lineatus
(16%), Pomacentrus philippinus (11%) and Abudefduf
sexfasciatus (7%) were dominated (Fig. 14). Pictured
space at 31 points measurement was 58 m* and aver-
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Fig.14 Appearance number of fishes according to the water
depth. Above: Acanthurus lineatus. Below:
Amblyglyphidodon leucogaster.

age fish weight in it was 2.0 kg. Average biomass of
fishes around the patch reef was calculating 34 g/n.

Many fishes were distributed within several meters
around the coral reef. Conventional fish survey tech-
nique was not applicable in the area. The only possi-
ble investigation was the line transect method by the
scientific diver. By the method, fish fauna and num-
ber of each species can be obtained. Anyway, thereis
a problem in the quantify of fish species which escape
from the diver quickly. By the echo sounding, amost
area of coral fishes can be measured. Anyway, the
ultrasonic wave does irregular reflection by the com-
plicated shape of the coral reef vicinity, and the acqui-
sition of fish data separating from reef is very diffi-
cult. The combination of three-dimensional television
camera and echo sounder will be the suitable tech-
nique for survey biomass of fishes.

“Study on the Influences of the Kuroshio Current
on the Fluctuating Hydrographic Properties of the
Deep Seawater in Suruga Bay”

Period: FY 1999-FY 2001

The project to pump up the deep seawater in Suruga
Bay has been promoted by Shizuoka Prefecture. In
order to utilize the deep seawater effectively, it is
important to grasp hydrographic variation properties
such as currents in the intake sea area. The objectives
of this research are to grasp variation properties and to
explicate variation factors that have influences on
these properties.

In FY2000, we analyzed the time series data
obtained by the mooring observation in previous year
and studied characteristics of currents in the intake sea
area of the deep seawater. The results indicated that
variation at deep depths in the bay might be caused by
variation out the bay (see Fig.15). In order to study
the influence of variation factors enter the bay, we
have proceeded with numerical simulations. From a
view point of utilization of the deep seawater, we got
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Fig.15 Major variation factors to influence the deep seawater

in Suruga Bay.

new knowledge about the relation between turbidity
and current variation in bottom boundary layer. These
study results were referred for the determination of
intake depths of the deep seawater by Shizuoka
Prefecture.

“Studies on abundance of plankton com-
munity concerned on the regenerated pro-
duction”

Period : 1999-2001

The circulation (the regeneration production ) of
materials in the surface layer of the sea has been
thought important phenomena since 1980's. The rela-
tion between this and classical food chain is indispen-
sable to clarify the ecosystem structure of the ocean.
Micro zooplankton that concerning the regeneration
production is very fragile, and the sophisticated tech-
nology is needed to measure the standing crop of it.
This technique called Quantitative protargol stain
method (QPS) is one of the major analyzing methods
of it. Thisisto dye the plankton for the measurement
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of volume and number of it. Technical development
was carried out through the analysis of the sample
obtained by night and day survey at coral sea.

“Studies on the Autonomic Nervous System on Re-
adaptation to the Normobar after Diving”

Period : 1999-2001

It is well documented in animals and humans that a
bradycardia occurs in response to exposure to a hyper-
baric environment, but the mechanisms underling this
phenomenon are not yet completely understood. In
human, bradycardia is induced at diving and tachycar-
dia at ascent. This phonomenon greatly involves the
autonomic nervous system. In a deep-sea diving exper-
iment using animals, it was shown that the absence of
tachycardia at decompression inhibits the re-adaptation
to the atmospheric pressure, thereby leading to death.
The purpose of this study was to examine the activities
of the autonomic nervous system, especially the circu-
latory Kinetics, mainly at the return from a high-pres-
sure environment to the atmospheric pressure, i.e. re-
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Fig.16 General arrangement and signals of Study on the Autonomic Nervous System on
Re-adaptation to the Normobar after Diving (3 and 5 ATA air) on Rats.

adaptation, to understand the development of tech-
niques is promoted for measuring, with a high preci-
sion, the autonomic nervous system functions of sub-
jects under high-pressure environment. This year, in a
animal experiment, measurements of the activities of
digestive tract, etc., were obtained from subjects under
a high-pressure environment (3 ATA and 5 ATA) with
a considerable precision. From our these results, 5
ATA high pressure environment has no important
effect on the activities of digestive tracts, though the
rapid decompression inhibited this activities via vagal
nerve system. were observed at bradycardia under a
high-pressure atmosphere.

“Research on the evaluation of deep sea water
quality”

Period: FY2000-FY 2002

It is becoming a popular to use deep sea water in
fishery and non-fishery (foods, cosmetics, etc.) fields.

There are 4 land-based artificial upwelling system
(Muroto city Koch pref., Takaoka Kochi pref. { Aqua
farm}, Namerikawa city Toyama pref. and Kume
island Okinawa pref.) and 2(Y aizu city Shizuoka pref.,
and Nyuzen town Toyama pref.) land-based systems

are under constructing in Japan (Fig. 17). Further
more, several cities are planning to build the system.

One of the useful features of deep sea water is the
biological cleanliness, and the feature is used in the
material of foods popularly. But, there are few infor-
mation of the biological cleanliness, especially harm-
ful microorganisms and endocrine disruptor.
Therefore, it is important to certificate the biological
cleanliness of deep seawater.

The aim of this research is to investigate the way of
deep sea water quality evauation, particularly, harm-
ful microorganisms and endocrine disruptor. Each pre-
fecture, which have or will have aland based artificia
upwelling system, supports this research.

This year, we considered the evaluation techniques
of harmful microorganisms and endocrine disruptor.
Figure 17 indicates that the point and the depth of
pumped deep sea water.

In harmful microorganisms, mainly germ by artifi-
cia contamination, we investigated the technique that
the measurement of microbe concentration of coiffure
bacillus (O-157), salmonella, and vibrio parahemolyti-
caon genetic analysis. Consequently, observed the sea
water that sooner as pumped, we could have obtained
the superior result.
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Fig.17 The point and the depth of pumped up deep sea-
water

In endocrine disruptor, mainly halogenated environ-
ment organic pollutants, after condensing the sea
water at each point, we analysed it on a gas chro-
matography. Consequently, we found this technique is
suitable for land based artificial upwelling system. It
required more than 2000 litre of deep sea water to ana-
lyze the endocrine disruptor, because of few quantity
of endocrine disruptor in it. Furthermore, we could not
compare with each analyzed endocrine disruptor on
different analyzing condition.

Cooper ative Research

“Research on effective utilization of thermal ener-
gy using deep sea water and hot spring water ”

Period: FY2000-FY 2002

It is examined to built aland based artificia upwelling
system at Kumaishi-cho, Rausu-cho and Iwanai-cho in
Hokkaido. In cold distinct, it becomes important to use
hot spring water for saving energy. The aim of this study
is examination of possibilities of saving energy using
deep seawater and hot spring water in the system.
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In 2000, we investigated the water temperature,
salinity and distribution of inorganic nutrients off
Kumaishi. Consequently, we confirmed that the sea
water off Kumaishi had a characteristic of proper
water mass in Japan Sea. According to this research
and former result, the deep sea water under the 250m
depth off Kumaishi was stable cold temperature and
nutrient rich in the whole year (Fig.18). We have
measured the hot spring water temperature in
Kumaishi consequently, was about 60°C. The deep sea
water off Kumaishi at 300m depth was about 1°C.The
utilizable possihility on the temperature difference of
the deep sea water and the hot spring water was about
60°C. And the submarine topographies off Kumaishi
and Raus were confirmed by sonic prospecting inves-
tigation of Geological Survey of Hokkaido.
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Fig.18 Vertical distribution of temperatures off Kumaishi.
The deta of Jul. 8, 1999 and Oct. 11, 2000 are the
results of investigation of JAMSTEC. The date of
Aug. 10, 1999 and Oct. 20, 1999 are the results of
Geological Survay of Hokkaido
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“Research on long-term rearing of mid-water
animals”

Gelatinous zooplankton that are at present too frag-
ile to keep in aguaria over the long-term, are very
abundant in the midwater zone. So far, physiology,
ecology and the life history of midwater animals are
poorly understood. In this study, we will develop
long-term rearing techniques and contribute to the elu-
cidation of the functional role of midwater ecosystems
acting on the ocean ecosystem. Also, the present
research project collaborats with the Monterey Bay
Aquarium Research Institute (MBARI), under a mem-
orandum of understanding (MOU). This includes the
sharing of ROV payload protocols and data compar-
isons between the midwater ecosystems studied by
both parties.

At first, we designed and constructed a plankton
kreisel (drum form aquarium tank), and purchased a
filter, circulation pump, and sterilizing light in
FY2000. We analyzed the relationship between the
distribution of midwater animals and environmental

factors, and investigated water quality realized in an
aquarium tank. Also, we reared polyps of a hydrome-
dusa collected from the Off Hatsushima site, Sagami
Bay, 1150m depth, and observed the polyps release
ephyrae. This is the first time this has been achieved
for a deep-sea hydromedusa and contributes to the
clarification of itslife history (Fig. 19).

“Resear ch on the spawning characteristics of the
Japanese eel (Anguilla japonica)”

Period: FY 2000-FY 2002

This joint research between JAMSTEC and Ocean
Research Institute, Tokyo University aimed to clarify
the spawning characteristics and environmental condi-
tions under spawning, and migration process of the
Japanese eel (Anguilla japonica) to contribute to the
marine biology and fisheries.

In this year, multiple plankton nets being equipped
to the deep towed camera system was prepared for the
coming field investigation around the Mariana Island.

Fig.19 Plankton kreisel (left) and polyps releasing ephyrae of a deep-sea hydromedusa (right).
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Research and Development Policy

The Computer and Information Department promotes various research and development programs aimed

at advancing computer science and technologies applicable to marine affairs. The programs include develop-

ment of databases of various observed data, research support for development of numerical models for super-

computers, visualization technologies of the results of numerical simulations, development of innovating

computation methods, and surveys on computer utilization environments.

The department conducted “Research on Parallel Computing in Marine Science and Technology (General

Basic Research)” in fiscal 2000, aimed at developing an effective parallelization. Further, the department

initiated new Joint Researches as new research themes.

Outline of Research and Development

(1) Research on Parallel Computing in Marine
Science and Technology (Personal Resear ch)

With the recent remarkable advancement of com-
puter technologies, numerical analysis by computer is
becoming technologically established as a third
approach in various research fields. Clearly, JAM-
STEC will have to address an increasing number of
problems by computer application, and for that, JAM-
STEC must become equipped with such hardware as
supercomputers and a parallel computer system capa
ble of rapid computations, and software technologies
to both speed up calculation and make effective use of
computer resources. One such measure is tuning by
parallelization of source programs.

This research program will study parallel process-
ing of the computation methods used in ocean models,
and also methods to improve computation efficiency
through improvement of source programs. In addi-
tion, this research program will search for the hard-
ware best suited to running such software.

JAMSTEC has designed and developed a 4-node
MPP-type PC cluster, and a 2-node 4-CPU SMP-type
PC cluster. JAMSTEC conducted a benchmark test on
the effect of parallel processing, using a large comput-

er (NEC SX-4 and IBM SP) and PC cluster systems.
First, JAMSTEC selected an ocean model used to
compare performances of the parallel computing sys-
tems, to evaluate the effects of parallel tuning of com-
putation. Second, JAMSTEC identified problems
with programs to be encountered in the realization of
parallel processing of ocean models on the parallel
computer systems JAMSTEC has introduced.

(2) Research on Marine-Related Computation
Models Suited to a Scalar-Type Parallel
Computer System (Cooper ative Resear ch)

The Earth Simulator Project, capable of rapid vector
operations, is the core of Japan's Earth System Model
studies. On the other hand, distributed-memory-type
parallel computer systems were introduced into the
ASCI White Project of the United States and the
European Union, and scalar-type computations have
become the mainstream with improved general-pur-
pose software. Given that the world's trend for com-
puter technologies is broadly divided into vector-type
computation and scalar-type computation, JAMSTEC
considers it very important to study recent trends of
scalar-type computation, in addition to vector-type
computation. JAMSTEC will prepare itself, from
now, to be ready to cope with advancement of next-
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generation computer science, by studying and evaluat-
ing scalar-type marine-related computation models.
This research conducted a comparative analysis of
scalar-type computation and vector-type computation,
by putting a test marine computation model to a
scalar-type parallel-type computer system. This
research also comprehensively evaluated the scalar-
type computer system and the vector-type computer
system that could run the test marine computation
model, with due consideration given to environments

in which the computer systems were placed. In fiscal
2000, a test marine model that can be run by the
scalar-type computer system was selected. That
model was input into the scalar-type parallel computer
system owned by JAMSTEC, IBM RS6000/SP, and
the marine model was tuned to parallel processing,
and the computation results were compared with asin-
gle processor, to identify problems with paralel pro-
cessing.
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Microbial Genome Analysis

We have determined the complete genomic
sequence of alkaliphilic Bacillus halodurans C-125
and compared its genome with that of Bacillus
subtilis. Alkaliphilic B. halodurans is the second
Bacillus species for which the entire genomic
sequence has been completely defined.

1. Analysis of the B. halodurans genome
(a) Prediction of the gene set reqired for alkaliphilia

Sigma factors belonging to the ¢ ™ family (g *, o &,
o of of, d¢ o" and o) arerequired for sporu-
lation, and o " is well conserved between B. halodu-
rans and B. subtilis. Of 11 sigma factors identified in
B. halodurans belonging to the extracytoplasmic func-
tion (ECF) family, " isaso found in B. subtilis, but
the other 10 (BH640, BH672, BH1615, BH2026,
BH3117, BH3216, BH3223, BH3380, BH3632, and
BH3882) are unique to B. halodurans. These unique
sigma factors may have a role in the specia physio-
logical mechanisms by which B. haloduransis able to
live in an alkaline environment, because it is well
known that ECF sigma factors are present in a wide
variety of bacteria and they control the uptake or
secretion of specific molecules or ions and control
responses to a variety of extracellular stress signals.

A teichuronopeptide (TUP) is present as a major
structural component of the cell wall of C-125 andisa
copolymer of polyglutamic acid and polyglucuronic
acid. Thus, the negative charges on acidic honpeptido-
glycan components may enable the cell surface to
absorb sodium and hydronium ions and to repel
hydroxide ions, and as a consequence may alow the
cells to grow in alkaline environments. A mutant
defective in TUP synthesis grows slowly at alkaline
pH. The upper limit of pH for growth of the mutant is
10.4, whereas that of the parental strain C-125 is 10.8.
The tupA gene encoding TUP has been cloned from
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C-125 chromosomal DNA. In the course of our stud-
ies, it has become clear that B. halodurans C-125 has
no paralogue of tupA in the genome and that the ortho-
logue of tupA cannot be found in the B. subtilis
genome.

Members of the superfamily of adenosine triphos-
phate (ATP)-binding-cassette (ABC) transport sys-
tems couple the hydrolysis of ATP to the translocation
of solutes across a biologica membrane. ABC trans-
porter genes are the most frequent class of protein-
coding genes found in the B. halodurans genome, as
in the case of B. subtilis. They are extremely important
in Gram-positive bacteria such as Bacillus species,
because these bacteria have an envelope consisting of
a single membrane. ABC transporters allow such bac-
teria to escape the toxic action of many compounds.
Through the series of analyses described above, 75
genes coding for ABC transporter/ATP-binding pro-
teins were identified in the B. halodurans genome. In
this analysis, 67 CDSs (CDS: protein coding DNA
sequence) were grouped in the category of ATP-bind-
ing protein genes, although 71 ATP-binding protein
genes have been identified in the B. subtilis genome.
We found that B. halodurans has eight more oligopep-
tide ATP-binding proteins, but four fewer amino acid
ATP-binding proteins compared with B. subtilis. We
did not find any other significant difference between
B. halodurans and B. subtilis in terms of the other
ATP-binding proteins, although it should be noted that
the specificity of some of these proteins is unknown.
The genes for oligopeptide ATP-binding proteins
(BH27, BH28, BH570, BH571, BH1799, BH1800,
BH2077, BH2078, BH3639, BH3640, BH3645,
BH3646, AppD, and AppF) are distributed throughout
the C-125 genome. We speculate that these may con-
tribute to survival under highly alkaline conditions,
although thereis no direct evidence to support this.

B. halodurans C-125 has a respiratory electron trans-
port chain and the basic gene set for it is conserved as
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compared with B. subtilis, but the gene for cytochrome
bd oxidase (BH3974 and BH3975) is duplicated in the
C-125 genome. It is also clear that two genes for bo3-
type cytochrome c oxidase (BH739 and BH740) not
seen in B. subtilis are present in the C-125 genome.
Thus, we also speculated that these extra oxidases may
contribute to produce energy under alkaline conditions.

(b) Identification and distribution of new insertion
sequences in the genome of alkdiphilic B. halodurans
C-125

Fifteen types of new insertion sequences (ISs),
1S641-1S643, 1S650-658, 15660, 15662, and 1S663 and

a group Il intron (Bh.Int), were identified in the

4,202,352-bp genome of akaliphilic Bacillus halodu-

rans C-125 (Table 1). Of 120 ISsidentified in the C-125

genome, 29 were truncated, indicating the occurrence of

internal rearrangements of the genome (Fig. 1). The ISs

other than 1S650, 1S653, 1S660, 1S663, and Bh.Int
generate a 2-bp to 9-bp duplication of the target site
sequence, and |Ss other than 1S650, 1S653, and 1S657
carry 14-bp to 64-bp inverted repeats. Sequence analy-
sis revealed that six |Ss (1S642, 1S643, 1S654, 1S655,
1S657, and 1S658) belong to a separate IS family
(1S630, 1S21, 15256, 1S3, 1S200/11S605, and 1S30,
respectively) as new members. In addition, 1S651 and
1S652 were characterized as new members of the ISL 3
family. Significant similarity was found between the
transposase (Tpase) sequences in 1S650 and 1S653
(78.2%), 1S651 and 1S652 (56.3%), 1S656 and 1S662
(71.0%), and 1S660 and 1S663 (44.5%), but the others
showed no similarity to one another. Tpases in 28
copies of 1S651 elements in the C-125 genome were
found to have become diversified. Most of the IS ele-
ments widely distributed throughout the genome were
inserted in noncoding regions, although some genes,

Table 1 New IS elements and group |l intron identified in the B.halodurans genome

IS Size TsD? IR

No. of IS elements

...C

(bp) (bp) bp)  Tod 1S iswihew® Truncaed s o
1S641 1405 9 18 3 2(0) 1 A
1S642 1142 2[TA] 26 1 1(0) 0 1S630
1S643 2485 5 64 2 1(0) 1 1S21
IS650 1929 0 — 2 1 1 1S650/1S653 *
IS651 1384 8 23 28 22 (5) 6 ISL3
I1S652 1461 8 27 19 19 (6) 0 ISL3
IS653 1805 0 — 7 7 0 1S650/1S653 *
I1S654 1384 8 31 9 9(1) 0 15256
1S655 1221 3 38 5 5 (0) 0 1S3
1S656 1558 4 15 4 4(1) 0 | S656/1 S662 *
1S657 734 2[TT] — 9 8(0) 1 1S200/1S605
IS658 1058 4 27 4 3(0) 1 1S30
I1S660 1963 0 16 23 6 17 |S1272*
1S662 1566 4 15 2 2(0) 0 1 S656/15662 *
I1S663 1980 0 14 2 1 1 |S1272*
Bh.Int 1883 0 — 7 5 2 Group Il intron

aThe target site sequence is shown in brackets.

b IS elements with two intact ends. Numbersin parentheses show the IS elements without a target site duplication.

€ New IS families proposed are shown by asterisks.
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Fig. 1 Structure of each IS element and group Il intron identified in the B. halodurans genome. The box shows the Tpase of each
element, and the numbers beside each box indicate the position of Tpase in the element. The grayish lateral bar indicates
the elements identified in the genome. The grayish and black dashed lines indicate deleted and inserted parts, respectively,
in the element. The small vertical bar at the end of the element denotes IRs. The black upside-down triangle denotes inser-
tion of another element. Partial IS elements without a terminal sequence shorter than 100 bp are omitted from this figure.

such as those coding for an ABC transporter/perme-
ase, a response regulator, and L-indole 2-dehydroge-
nase, have mutated through the insertion of IS ele-
ments. It is evident, however, that not all 1S elements
have transposed and caused rearrangements of the
genome in the past 17 years during which strain C-125
was subcultured under neutral and alkaline conditions.

(c) Characterization and comparative study of rrn
operons of alkaliphilic B. halodurans C-125
The ribosomal RNA operons (rrn) of alkaliphilic
B. halodurans C-125 were characterized and com-
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pared with those of B. subtilis. We isolated clones
containing rrn operons from alambda-phage library of
the C-125 chromosome and the complete nucleotide
sequence of each was determined. Eight rrn operons
were identified by pulsed-field gel electrophoresis
(PFGE) analysis of the C-125 chromosome digested
with I-Ceul (Fig. 2). The transcriptional orientation of
the rrn operons mapped on the chromosome by
Southern blot hybridization analysis was the same as
the direction of replication of the chromosome. These
operons were designated as rrnA-H, starting from the
oriC locusin clockwise rotation.
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Sequence and structural analyses of these operons
suggested that six of the rrn operons in the C-125
chromosome, rrnA, rrnB, rrnC, rrnD, rrnE, and rrnH
correspond to rrnO, rrnA, rrnd—rrnW, rrnl, and rrnD
in B. subtilis, whereas the other rrn operons (rrnF and
rrnG) were specifically observed in B. halodurans
C-125 (Fig. 2). The rrn loci were positioned from 0°
to 90° on the physical map, with the oriC locus
assigned the position 0°.

Two open reading frames (ORFS) annotated as tnpA
and ykfC, of which the gene products are likely to act
as transposases, were found downstream from these
six operons. Comparative analysis of the 16S-23S and
23S-5S internally transcribed sequence (ITS) regions
of B. halodurans C-125 and those of B. subtilis
revealed that the ITS regions in C-125 were much
longer than those in B. subtilis. There was no signifi-
cant difference in the length of potential promoter
sequences in B. halodurans and B. subtilis.

The intragenomic heterogeneity of ITS regions in

rrnA
rrnB

rrnC-rrnD

rrnF

Bacillus halodurans C-125
425 Mb

the rrn operons of B. halodurans C-125 was analyzed
and compared with those in B. subtilis. The 165-23S
ITS (ITS1) and 23S-5S ITS (ITS2) regions in the
B. halodurans rrn operons were found to be much
longer than those in B. subtilis rrn operons. There
were several unique sequence blocks in the ITS
regions of B. halodurans and commonly conserved
sequences in both species. These conserved sequence
blocks of ITS regions in the B. halodurans genome
were very diversified in contrast to those in B. subtilis.

(d) Construction of the "ExtremoBase" genome data-
base for B. halodurans C-125
A new database specifically established for the
B. halodurans sequence called the "ExtremoBase"
will be accessible on the World-Wide Web at
http://www.jamstec.go.jp/jamstec-e/bio/DEEPSTAR/
FResearch.html (Fig. 3). The sequence has been
deposited in EMBL/GenBank/DDBJ under accession
numbers AP001507 to AP001520.

rrn
rrn

rrnd-rrnwW
rrnl-rrnH-rrnG

Bacillus subtilis 168

4.21 Mb

Fig. 2 Location of eight rrn operons in the B. halodurans chromosome and comparison with that of 10 rrn operons in
the B. subtilis chromosome. The transcriptional orientation of the rrn operons is symbolized by a black flag.
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Fig. 3 Home page of ExtremoBase
(http://sun01.hydra.mki.co.jp:8093/jamstec/micrHome.html).

2. Genome sequencing project of Marinobacillus
iheyensis gen. nov. sp. nov., strain HTE831, a deep-
sea extremely halotolerant and alkaliphilic species
Restriction endonucleases that recognize an 8-bp

sequence were tested for their ability to digest the chro-

mosome of Marinobacillus iheyensis strain HTE831 iso-
lated from a depth of 1,050 m on the Iheya Ridge. Apa |

(5'-GGGCC/C-3") and Sse83871 (5'-CCTGCA/GG-3")

generated 37 and 25 resolvable fragments, respectively

(Fig. 4). The sizes of these fragments were determined

by comparison with size standards on a series of PFGE

gels. The mean total size of the genome of M. iheyensis

HTES831, estimated by totaling the Apa | or Sse8387I

fragments, was 3.6 Mb (Fig. 4).

A B C (kb) (kb)
Sse01 541 Apa0l 514
MW.1 2 MW. 1 2 MwW. 1 2 Sse02 410 Apa02 377
Sse03/04 293 Apa03 240
Sse05 264 Apad4 191
Sse06 217 Apa05 183
Sse07 214 ApaO6 138
Sse08 168 Apa07 135
Sse09 155 Apa08 130
Sse10 148 Apa09 120
Ssell 114 Apal0 115
Ssel2 103 Apall/12 107
Ssel3 749  Apal3 103
Ssel4/15 719  Apald 85.5
Ssel6 63.0 Apal5/16 817
Ssel? 61.8  Apal7 775
Ssel8 56.5 Apal8/19 74.7
Ssel9 46.1  Apa20 54.7
Sse20/21 428  Apa2l/22 51.7
Sse22 36.4  Apa23/24 444
Sse23 346  Apa2s 432
Sse24 275  Apa26/27 41.6
Sse25 240 Apaz8 36.2
Total 3,579 Apa29 32.9
Apa30 255

Apa3l 23.8

Apa32 205

Apa33 19.8

Apa34 15.1

Apa35 13.2

Apa36 9.27

Apa37 8.74

Total 3,521

Fig. 4 Digestion patterns of the chromosomal DNA of strain HTE831 obtained with Sse83871 and Apal. A,
Separation of fragments ranging in size from 200-1000 kb. B, Separation of fragments ranging in size
from 100-400 kb. C, Separation of fragments ranging in size from 5-75 kb. Lanes: 1, complete Apal
digestion; 2, complete Sse8387I digestion. M.W., molecular size marker.
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Chromosomal DNA from M. iheyensis HTE831
was fragmented by shearing force. One hundred
microliters of DNA solution (20 ng/ u 1) was treated
with HydoShear (Genemachine, Co. Ltd.) 20 times at
speed code number 6. The treated DNA fragments
were blunt-ended using a DNA blunting kit (Takara
Shuzo Co., Japan) and loaded on a Spum column
filled with Sepharose CL-4B to remove small frag-
ments. DNA fragments 1-2 kb in length were ligated
to the Smal site of pUC18 which had been previously
treated with BAP (bacteria alkaline phosphatase) and
introduced into competent DH5a cells by the standard
method. We usually obtained transformants with a
frequency of 5— 6% 10° ug DNA, and they were used
for amplification of insertion in the colony polymerase
chain reaction (PCR) method.

The DNA fragments inserted into pUC18 were
amplified by PCR using M13-20 and reverse primers.
PCR fragments treated with exonuclease | and shrimp
alkaline phosphatase to eliminate excess primers in
the PCR reaction mixture were used for sequencing
analysis as template DNA. Sequencing was performed
with the DNA sequencer MegaBACE1000
(Amersham-Pharmacia Biotech. Inc.). We have
already sequenced 35,000 shotgun clones and will
continue random sequencing up to 45,000 clones.
Statistical coverage of the sequenced region reached
5.8-fold at the stage of 35,000 clones, and those clones
sequenced appeared to be nearly saturated (Fig. 5).
At a statistical coverage of 5.8-fold, the assembly
using Phrap yields 490 contigs and the total Iength of
each contig was 3.56 Mb, corresponding to 98.9% of
the entire genome of M. iheyensis HTE831 (Fig. 5).
To complete the sequencing of the entire genome,
we are trying to fill the gaps that have occurred using
the sequences of both ends of large insert libraries
such as lambda-phage and cosmid clone and by PCR
with the primers designed based on the internal
seguence in each contig.
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Fig. 5 Assembly summary of shotgun clones from the entire
genome of M. iheyensis C-125.
Open circles: total size of constructed contig; closed
circles: number of constructed contigs.

Studies on Metabolism and Adaptation
M echanisms

1. Taxonomy and preservation of newly isolated

deep-sea microor ganisms

We isolated and identified new genera of piezophilic
bacteria. In bacteria flora under continual high-pres-
sure cultivation using the DEEPBATH system, novel
species of piezophilic Moritella, Colwellia, and
Psychromonas were observed. Novel species of the
Proteobacteria ¢ -subgroup were aso cultivated, and
these Proteobacteria were anaerobic, psychrophilic,
and piezophilic. This was the first identification of
culturable ¢ -Proteobacteria that are piezophilic, and
therefore we attempted to determine better conditions
for the cultivation and isolation of this bacterium.
A new genus of piezophilic bacteria has been identi-
fied which can now be described for publication
in the International Journal of Systematic and
Evolutional Microbiology and deposited in the Japan
Collection of Microorganisms as a novel piezophilic
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bacteria called Psychromonas kaikoi.

We began the process of identifying the taxonomic
positions of 30 akaliphilic Bacillus strains that pro-
duce several useful enzymes. DNA-DNA hybridiza-
tion data between these akaliphiles and type strains
suggest that more than 10 new species should exist,
and therefore we are now conducting tests to identify
these phenotypic characterizations.

Eleven strains from the lheya Ridge and one strain
from the Japan Trench were newly isolated as yeast
species. Ten of these strains have already been identi-
fied. Sixty-eight strains of yeast previously isolated
from deep-sea environments were sequenced in
the D1/D2 region of 26S rDNA. Phylogenetic analysis
of these sequences suggests that new species are
among the 68 isolates examined. Furthermore, many
of the yeast strains isolated from the tubeworm
Lamellibrachia sp. clearly occupy phylogenetic place-
ments corresponding to new species.

In 2000, four deep-sea sediment samples obtained
by the SHINKAI 2000 research vessel from the
Okinawa Trough, 10 samples obtained by the
SHINKAI 6500 research vessel from the Japan
Trench, and six samples obtained by the KAIKO
research vessel from the Japan Trench were preserved
in liquid nitrogen. In total, we now have 265 types of
deep-sea sediment samples in the liquid nitrogen stor-
age tank. Thirteen microbial type strains that were
obtained from the International Type Culture
Collection Organization were stored in liquid nitrogen,
and atotal of 94 type strains are maintained under the
same conditionsin our laboratory. We have newly iso-
lated four deep-sea strains (four piezophiles), and
these are a so stored in liquid nitrogen.

2. Microbial diversity in deep-sea environments

(a) Microbial diversity in deep-sea hydrothermal vent
environments
Archaeal community structures in microhabitats in
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a deep-sea hydrothermal vent chimney structure were
evaluated through the combined use of culture-inde-
pendent molecular analyses and enrichment culture
methods. A black smoker chimney was obtained from
the PACMANUS site in the Manus Basin near Papua
New Guinea, and subsamples were obtained from ver-
tical and horizontal sections. The elemental composi-
tion of the chimney was analyzed in different subsam-
ples by SEM-EDS (Scanning Electron Microscopy-
Electron Diffusion Spectroscopy), indicating that zinc
and sulfur were major components, while elevated
levels of elemental oxygen in exterior materials
reflected the presence of oxidized materials on the
outer surface of the chimney. Terminal-restriction
fragment length polymorphism (T-RFLP) analysis
revealed that a shift in archaeal ribotype structure
occurred in the chimney structure. By sequencing
rDNA clones from archaeal rDNA clone libraries, it
was demonstrated that the archaeal communitiesin the
chimney structure consisted for the most part of
hyperthermophilic members and extreme halophiles
and that the distribution of such extremophiles in dif-
ferent microhabitats of the chimney varied. The results
of the culture-dependent analysis partially supported
the view that changes in archaeal community struc-
tures in these microhabitats are associated with the
geochemical and physical dynamics in the black
smoker chimney. The archaeal population found in the
chimney structure may represent the possible exis-
tence of an indigenous subvent biosphere beneath the
active deep-sea hydrothermal seafloor.

(b) Studies on the frequency of halophilic or halotoler-
ant microorganisms in the deep-sea environment
The results of a previous study suggested that there
is a correlation between the depth of the seafloor and
the population density of halophilic or halotolerant
bacteria in the sediment, i.e., as the depth of seafloor
increases, the population density of halophilic or halo-
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tolerant bacteria in the sediment decreases. In our
recent study, we found that this general rule regarding
the distribution of deep-sea microorganisms with
respect to the depth of their habitats holds true and
that the population density of halophilic or halotoler-
ant microorganisms in the seafloor sediment decreases
as the depth of the seaincreases. Thistrend isdueto a
decrease in the intracellular concentration of potassi-
um ions, which are a major compatible solute for
osmotic stress in microorganisms. Furthermore,
Escherichia coli, a nonextremophile, was also found
to be sensitive to high osmotic pressure under high
hydrostatic pressure conditions. This shows that
microorganisms are averse to salinity under high
hydrostatic pressure and that if the sea were less salty,
the deep-sea environment might have broader micro-
bia diversity.

3. Analysis of high-pressure adaptation mecha-

nismsin microorganisms
(a) Significance of tryptophan availability in high-

pressure growth in yeast

Hydrostatic pressures of more than 15 MPa signifi-
cantly inhibit cell growth in the yeast Saccharomyces
cerevisiae. The addition of a 50-fold concentration of
tryptophan enabled the cells to grow under high-pres-
sure conditions (Fig. 6). The remaining 19 amino
acids had no effect on cell growth at high pressures.
Tryptophan is a rare amino acid in nutrients and is
essential for al animals. It possesses a bulky residue,
and organisms may have developed unique systems
for the import of this amino acid. The complex trypto-
phan import system is sometimes called the Achilles
heel of a cell and is thought to be the most pressure-
sensitive process in living yeast. Overexpression of
the tryptophan permease gene TATZin S.

cerevisiae dramatically induced cell growth under
high-pressure conditions.

(b) Studies of pressure-responsive transcription mech-
anismsin piezophilic bacteria

Deep-sea bacteria have unique systems for gene and
protein expression controlled by hydrostatic pressure.
One of the sigma factors, ¢, was found to play an
important role in pressure-regulated transcription in
the deep-sea piezophilic bacterium Shewanella vio-
lacea. A glutamine synthetase gene (glnA) has been
targeted as a model for the pressure-regulated promot-
er to investigate transcriptional regulation by the o>
factor. Recognition sites for ¢ * and o ™ factors were
observed in an upstream region of the ginA, and NtrC-
binding sites were also identified in this same region.
Primer extension analyses determined the transcription
initiation sites of both promoters and showed that tran-
scription from the ¢ * site was regulated by elevated
pressure. The ¢ * promoter is known to be activated

Tryptophan
addition \
]
o
=
Te}
3V
©
o
o
[
a)
o
C O HZTVT VOVT VOLOLLHZTL OOV VOO OO L O OYFE
EEQLCEEREERLEEELLLLERLER
S8efeu5o8525832285088823°
ST 8509 EZPS 0738 JE8R I
2792247 £Q FI2-I35% g4 £
5 < 5~ ITX- L1312 4R 5
S Q o a = =l
- S A <
>
I
Substrate addition (1g / L YPD medium)
Fig. 6 Effect of the addition of various amino acids (1g/L) on

yeast cell growth at 25 MPa.
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Fig. 7 Diagrammatic representation of the pressure-regulated transcription mechanisms in piezophilic S. violacea.

by atwo-component signal transduction system, NtrB-
NtrC-phospholylated relay. Our results suggest that
this system may be regulated by deep-sea conditions
and that gene expression controlled by the o> pro-
moter was actually regulated by pressure. We pro-
posed a possible model of the molecular mechanisms
for pressure-regulated transcription (Fig. 7).

(c) Analysis of cell division in microorganisms under
high-pressure conditions

We have already reported that E. coli is closely
related to deep-sea piezophilic and piezotolerant
bacteria, which can grow well under high pressure,
based on the phylogenetic analyses of 16S rDNA
sequences. To study the adaptive mechanism of gene
expression to high pressure, E. coli can be used as the
piezosensitive standard bacterium for comparison with
S. violacea DSS12, which is a moderate piezophile.
It is well known that E. coli grown under high pres-
sure is elongated, although the piezosensitive mecha
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nisms of this cell resulting in such elongation are not
known. Since elongation is usually related to the inhibi-
tion of cell division, the formation of cell division
(FtsZ) rings in elongated E. coli cells were examined
using immunofluorescence microscopy (IFM), and
the chromosomal DNA condensation was observed with
DAPI(4'-6-Diamidino-2-phenylindole Dihydrochroride
n-Hydrate) staining. In the case of cell fixation approx-
imately 5 min after pressure release in an ice bath,
many FtsZ rings were observed in the elongated cells
(Fig. 8B). Surprisingly, when cells were fixed inside
the pressure vessel during high-pressure cultivation
using a cell-fixation apparatus (Fig. 9), almost no
rings were observed (Fig. 8A).

We aso examined chromosomal DNA segregation
by DAPI staining at the same time. A condensed
nucleoid structure was observed in the filamentous
cellswhen the cells were fixed after releasing the pres-
sure. In contrast, the chromosomal DNA was segregat-
ed, but not condensed in whole filamentous cells when
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Fig. 8 Localization of chromosomal DNA and FtsZ by DAPI
staining and IFM using FtsZ antibody in E. coli cells
grown at 48 MPa. A, Cells were fixed before pressure
release. B, Cells were fixed after pressure release.

the cells were fixed before pressure release (Fig. 8).
These results suggest that E. coli may grow continu-
ously without septum formation and be "frozen" at an
early stage in the cell cycle before FtsZ ring formation
and DNA condensation under high hydrostatic pres-
sure. These inhibitions seem to be transient, because
FtsZ ring formation and DNA condensation were
restored within a few minutes (Fig. 8B), and cell divi-
sion occurred immediately in many parts of the elon-
gated cells and was nearly completed within 20 min
after pressure release (Fig. 10). Therefore, the inhibi-
tion of FtsZ ring formation may be caused by physical
change in the FtsZ protein, since the restoration of the
ring after pressure release was such a rapid reaction.
In contrast, the deep-sea piezophile S. violacea DSS12
can grow well and cells divide even at pressure of 50

Y\water

| |
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hand pump
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(cell fixing apparatus)
3¢ _ steel ball
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; -+—— fixative
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o 1 In 2l
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Fig. 9 Pressure apparatus for bacterial cultivation and fixa-
tion under high pressure. The cell culture chamber in
a sterilized tube was sealed with parafilm and con-
nected with the cell fixative chamber including a steel
ball with a needle and incubated at 37°C inside a
pressure vessel. After cell growth, the pressure vessel
was inverted so that the needle broke the parafilm
between the two chambers and shaken until the cul-
ture and fixative were mixed completely to fix cells
under high pressure.

MPa, at which E.coli cells cannot divide. The forma-
tion of FtsZ rings in DSSI12 under high pressure was
also examined by IFM and it was found that FtsZ
rings were formed at 50 MPa (Fig. 11).

The dcw operon including the ftsZ gene from
DSSI12 was cloned and analyzed. The sequence of the
ftsZ gene was similar to that of E. coli, and reduced
amino acid sequences of both FtsZ proteins had 72.2%
homology. The expression of the ftsZ gene under high
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Fig.10 FtsZ localization in filamentous cells grown at pressure of 48 MPa and fixed at 4, 10, and 20 min
(A, B, and C, respectively) after release of pressure. Arrows indicate ftsZ rings at division sites.

DIC

DAPI

anti-FtsZ

0.1MPa S50M Pa /0MPa

S. violacea

Fig.11 Effect of pressure on FtsZ-ring formation in S. violacea DSS12 and E. coli.

no growth

pressure was slightly enhanced compared with that at increased in the amount of FtsZ protein under high
atmospheric pressure, as shown by the results of both pressure in deep-sea strains. Further study of the rela-
Northern and Western blotting analyses. Therefore, tionship between the FtsZ protein and high-pressure
the difference in FtsZ-ring formation in E. coli and growth of bacteriais now in progress.

DSSI2 at 50 MPamay be due to the difference in FtsZ
structure that is more tolerant to high pressure, or an
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4. Mechanisms of tolerance to organic solvents of
micr oor ganisms

Pseudomonas putida 1H-2000 was studied to eluci-
date the mechanisms of organic solvent (especially
toluene) tolerance of this strain. P. putida 1H-2000
produced membrane vesicles from the outer mem-
brane in medium containing toluene. It was suggested
that the production of membrane vesicles was one
mechanism of toluene tolerance of 1H-2000. The
membrane vesicles were composed of phospholipid,
lipopolysaccharide, a small amount of proteins and
toluene molecules. Strain IH-2000 thus has a novel
system conferring toluene tolerance which removes
organic solvent molecules from the cell membrane by
producing membrane vesicles (Fig.12).

IH-2000 exhibited various physiological and bio-
chemical responses with the acclimatization of the
cells to organic solvents. As reported in 1999,
increased levels of toluene tolerance were induced by
the acclimatization of the cells to more toxic solvents
with lower log Pow values. The induction of toluene
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tolerance was accompanied by an increase in both
lipopolysaccharide of the outer membrane and in cell
surface negative charges. These biochemical changes
could explain the decrease in cell surface hydropho-
bicity of the cells. The ability to mount a log Pow
response in strain 1H-2000 was strongly suggested by
these results. Moreover, in contrast with other toluene-
tolerant bacteria, the mechanism of toluene tolerance
in P. putida strain IH-2000 was elucidated to be inde-
pendent of the energy generation system, including the
efflux-pump system.

Biological Response Research

1. Research on response mechanisms of deep-sea
multicellular organisms

(a) Development of deep-sea organism collection and
cultivation equipment with pressure maintenance
We attempted to culture cell lines of deep-sea

organisms to elucidate their adaptation and response

mechanisms, for which equipment that maintains the

@ Toluene

(T

Fig.12 A novel mechanism of toluene tolerance for removing organic solvent molecules from the cell mem-
brane involving the production of membrane vesicles in strain IH-2000. LPS, lipopolysaccharide.
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Fig.13 Pressure maintenance-type fish breeding aquarium
and Ebinania brephocephala under pressurization.

deep-sea environment during collection and culture
was developed. The newly developed collection and
cultivation tank can be installed on research sub-
mersible vessels and allows rapid transportation of liv-
ing deep-sea organisms. A photograph of apparatus is
shown in Fig.13. The samples were collected using the
manned research submersible SHINKAI 2000 and
trawl fishers in Suruga Bay. The design and perform-
ance of the equipment were tested in 2000, and field
sampling will be carried out in 2001.

(b) Tissue culture of deep-seafish cells

Cdll tissue culture technology at the organizational
and cellular levels is a basic requirement. However,
the procurement of deep-sea organisms is difficult,
and there have been few reports of tissue culture. We
attempted primary culture of deep-sea fish cells to
carry out continuous research in normal experimental
facilities using the fin of the groundfish (Conger myri-
aster), of which some subspecies mainly exist in the
deep-sea environment. Using L-15 culture medium
supplemented with 0.9% sodium and 20% fetal bovine
serum (FBS) with incubation at 25°C, fibroblast cells
from the C. myriaster fin were successfully cultured.
In pressure experiments, cell proliferation at 30 MPa
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was confirmed. In direct observation of cultured cells
at high pressure, pressure tolerance of about five-fold
was seen compared with HeLa Cell.

We also succeeded in cultivating cells from a pec-
tral fin of Gephyroberyx japonicus, which lives at
depths of 300—1500 m. Live cells were obtained from
G. japonicus pectral fins after 2-h treatment with col-
lagenase and dispase. The G. japonicus fin organiza-
tion was cultured in L-15 medium supplemented with
10% FBS and NaCl 4 g, and it was confirmed that the
epiphytic ratio was adequate. The cells proliferated
immediately and continued for 82.6 h.

(c) Pressure response of human skin fibroblasts
Pressure stimulation applied to human skin fibrob-
lasts resulted in the activation of protein kinase C
(PKC), as evidenced by the increase in the intracellu-
lar fluorescence intensity with Rim-1 staining. Direct
observation showed that one type of fibroblast migrat-
ed to the plasma membrane and another type was acti-
vated around the nuclear membrane on activated PKC.

2. Research on Supercritical Water

At high temperatures and pressures above the criti-
cal point (374° C, 22.1 MPa, Fig. 14), water becomes a
supercritical fluid and exhibits properties that differ
remarkably from those of the more familiar ambient
water. Supercritical water (SCW) may exist in nature
in the Earth's crust or in hydrothermal vents.
Understanding water under these conditions is indis-
pensable to study the microorganisms that thrive in
such environments. Our research interests include the
behavior of biomaterials, colloidal dispersions, and
chemical reactions in SCW. We have developed
experimental apparatus such as an optical microscope,
dynamic light scattering photometer, UV-VIS absorp-
tion spectrophotometer, and a reactor that can function
at temperatures and pressures above the critical point
of water up to 400° C and 40 MPa.
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Fig.14 Phase diagram of water.

(a) Microscopic observations of biological substances

in near-critical and supercritical water

SCW dissolves substances that are insoluble in
ambient water. We have studied the behavior of vari-
ous, mainly biological, substances in near-critical
water and SCW using an optical microscope equipped
with a high-temperature and high-pressure cell.
Cellulose is insoluble in water due to strong intermol-
ecular hydrogen binding. When heated in water at
25 MPa, however, crystalline cellulose dissolved in
water at 320-350° C. Observations under cross-polar-
izers suggested that the dissolution occurs after the
melting of the crystalline structure. Chitin, on the
other hand, was more stable than cellulose, and dis-
solved slowly at 390° C. Human hair is a biomaterial
composed of the protein keratin and does not decom-
pose easily. When heated in water at 25 MPa, super-
contraction was observed at 190° C, followed by dis-
solution at 250° C. A comparison of the dissolution
temperature of human hair and polysaccharides
revealed that polysaccharides, which were expected to
be more prone to hydrolysis, dissolve in water at high-
er temperature. This could be ascribed to the strong
hydrogen bonds between the polysaccharide chains.

Microorganisms were also studied. The cell struc-

ture of the deep-sea yeast Cryptococcus sp. N6 was
destroyed at 250° C and 25 MPa, yielding a residue
that remained at temperatures of up to 300° C (Fig.
15). Other substances studied include spores of
Flammulina velutipes, and E. coli, Cs, amorphous sili-
ca, glass, and quartz.

(b) Colloidal phenomenain SCW

A dynamic light-scattering photometer with a high-
temperature and high-pressure cell has been devel oped
to study colloidal dispersions in SCW. The perform-
ance of the apparatus was tested using an aqueous dis-
persion of monodisperse polystyrene latex.
Measurements have been performed at high tempera-
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Fig.15 Optical micrographs showing dissolution of the deep-
sea yeast Cryptococcus sp. N6, at 250°C and 25
MPa.
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tures and pressures in the range of 24-325°C and
0.1-28 MPa. The measured diffusion coefficient of the
latex increases significantly at higher temperatures
due to a decrease in the viscosity of the medium, but
its dependence is well described by the theoretical pre-
dictions for the diffusion coefficients of particles with
constant size at up to 275° C. The result clearly shows
that the apparatus performs well at high temperatures
and pressures. The measured size increased at temper-
atures above 300° C, which could be related to the
coagulation of the latex at these temperatures. The
main problem that we have been confronted with in
studying colloidal dispersionsin SCW isfinding a col-
loidal particle that is chemically stable in SCW. We
are planning to study inorganic particles such as gold,
silica, and diamond. Stable dispersion of fullerenes is
another candidate research topic.

(c) Chemical reactionsin SCW

The remarkably different solvent properties of SCW
compared with those of ambient water affect chemical
reactions. We have focused on reactions that are
assumed to occur in hydrothermal vents and are thus
relevant to the origin of life.

When an aqueous solution of the amino acid
glycine was injected into near-critical water or SCW,
the formation of oligoglycines was observed. This
result shows that dehydration, which is unlikely to
proceed in water, occurs in near-critical water or
SCW. At fixed pressure of 22 MPa, the major product
was glycine at 300° C, while the major product was
diketopiperazine at 350°, 374°, and 400°C. The yield
of diglycine was highest at 350°C. At all temperatures
investigated, atrace amount of triglycine was formed.

(d) Search for SCW in the deep-sea environment
Many hydrothermal vents have been discovered in

the deep sea, but water that exceeds the critical tem-

perature (374°C) has not been reported. We are devel-
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oping an apparatus to discover SCW spectroscopically
in the deep-sea environment. The apparatus will be
mounted on a research submersible, sunk into the deep
sea, and used to seek SCW in hydrothermal vents.

Fisibility Study (FS): Methodology for
I solation and Cultivation of Deep-subsurface
Microorganisms

FS has started for dealing with subsurface microor-
ganisms from samples obtained from subsurface envi-
ronments. This FS was supported by the JAMSTEC
Special Fund for Fiscal Year 2000. This FS is recog-
nized as a preliminary study for the future study of the
subseafloor biophere, which is one of the most impor-
tant research areas in ocean drilling in the 21 century.

1. Methodology for obtaining contamination-free

coredrilling samples

Suspected microbial contamination during drilling
with forced external water necessitates the evaluation
of the microbiology of the deep subsurface biosphere.
Several tests for microbial contamination are now per-
formed in terrestrial and oceanic drilling. However, a
combination of these contamination tests may be
preferable, and contamination-free or -reduced
retrieval techniques are used in microbial surveys of
the deep subsurface biosphere. We sought to develop a
contamination-reduced core retrieval system using
antimicrobial polymer gels. In fiscal year 2000, we
succeeded in synthesizing severa antimicrobial poly-
mer gels that inhibit microbial growth on solid media,
including the gels.

2. Development of a rapid, quantitative method for
analysis of subsurface microbial communities
and case studies
To establish a rapid and quantitative system for the

analysis of subsurface microbial community struc-
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tures, we developed a new method using quantitative
fluorescence PCR. It was applied to the analysis of
subsurface microbial communities in several deep-sea
subseafloor environments in combination with other
newly developed molecular techniques. The combined
use of these molecular techniques will be appropriate
for mass analysis of numerous samples obtained dur-
ing ODP (Ocean Drilling Project) and OD21 drilling
cruises. We applied the new approach to severa typi-
cal subsurface microbial ecosystems: a deep subsur-
face geothermal water pool; a Japanese gold mine
environment; a Cretaceous black shale formation in
southern France; deep-sea pelagic sediments in the
Philippine Sea; a deep-sea sedimentary rock in the
Japan Trench; and a subseafloor core sample including
methane hydrate from the Nankai Trough.

3. Case studies
(a) Deep subsurface geothermal water pool

Based on molecular phylogenetic analysis of a natu-
rally occurring microbial community in a deep subsur-
face geothermal environment, the phylogenetic diver-
sity of the microbial population was extremely limit-
ed, and only hyperthermophilic archaeal members
closely related to Pyrobaculum were present. All
archaeal rDNA sequences contained intron-like
sequences, some of which had an ORF with repeated
homing-endonuclease motifs. Sequence similarity
analysis and phylogenetic analysis of these homing
endonucleases suggested possible phylogenetic rela-
tionships among archaeal rRNA-encoded homing
endonucleases.

(b) Subsurface gold mine environment in Japan
Culture-independent molecular analysis of micro-
bial communities in groundwater and rocks collected
from a Japanese gold mine was performed using a
combination of culture-dependent and -independent
techniques. Samples included various water samples

obtained from different depths of origin and sedimen-
tary or igneous rocks from the Cretaceous and
Pleistogene periods, respectively. The microbial com-
munities in shallower environments revealed an
active, thermophilic community structure; most mem-
bers appeared to be most closely related to hydrogen-
oxidizing, methane-oxidizing, and ammonia-oxidizing
thermophilic bacteria. Some archaeal rDNA clones
obtained from hot groundwater of deep origin were
most closely related to the environmental DNA
clones from marine environments (marine group |I;
MGI). The water samples also yielded genetic signa-
tures of marine bacteria. These results suggest that
Japanese gold mines harbor novel indigenous subsur-
face microbial communities closely associated with
the geologic and stratigraphic setting and with the past
and present geochemical processes of the mine.

(c) Cretaceous black shale formation in southern

France

Microbia habitats at ocean anoxic events (OAES)
are significant in comprehending pal eoenvironmental
dynamism, although their diversity remains poorly
demonstrated. Indigenous bacterial rDNA recovered
from the OAE level is dominated by oceanic sulfur-
reducing bacteria closely related to the ¢ subclass of
Proteobacteria, which is phylogenetically similar to
microbial communities at euxinic seeping environ-
ments. This genetic evidence corresponds with the
lower shift of organic-sulfur and carbon isotopic
records resulting from bacterial metabolism. Our find-
ings suggest that the global OAE sedimentation
process may be attributed to an effect of euxinic water
expelled from subsurface environments associated
with "superplume” episodes.

(d) Deep-sea pelagic sediments in the Philippine Sea

We discovered vertically shifted community struc-
tures of Archaeain atypical oceanic subseafloor core
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sample (1410 cm) recovered from the West Philippine
Basin at a depth of 5719 m. Beneath a surface commu-
nity of ubiquitous deep-sea Archaea (marine crenar-
chaeotic group |; MGI), an unusual community con-
sisting of extremophilic Archaea, such as extreme
halophiles and hyperthermophiles, was present. These
organisms could not be cultivated, and may be micro-
bia relics more than 2 million years old. Our discov-
ery of archaeal rDNA in this core sample, probably
associated with past terrestrial volcanic and submarine
hydrothermal activities surrounding the West
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Philippine Basin, serves as potential geomicrobiologi-
cal evidence reflecting novel records of geothermal
events in the Pleistocene period concealed in the deep-
sea subseafloor (Fig. 16).

(e) Deep-sea sedimentary rock

Microbial community structures in a deep-sea rock
(siltstone) collected from the Sanriku Escarpment in
the Japan Trench at a depth of 6337 m were analyzed
using enrichment culture methods and culture-inde-
pendent molecular phylogenetic techniques. The silt-
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Fig.16 Vertical characterization of the PC-4 core. A, Water content of the sediments. B, Concentration of total organic carbon
(TOC). C, Direct cell counts by epifluorescence microscopic observation after DAPI staining. Total cell densities were calcu-
lated from an average of 50 microscopic fields. D, Magnetostatic shift and putative stratigraphic ages of the sediments. E,
Lithology and depth from the surface of the seafloor. Abbreviations for lithology are as follows: DO, diatom ooze; PC, pelag-
ic clay; WL, white layer; HL, hard layer. F, Archaeal ribotype structure. Single-strand sequences 300 bp in length deter-
mined by means of the Arch21F primer (48 clones from each section) were used in similarity analysis by the FASTA3 and
gapped-BLAST systems. Abbreviations for phylotype of clones from PC-4 core sediments are as follows: MGI, marine cre-
narchaeotic group I; Th, genus Thermococcus members; DHVE, deep-sea hydrothermal vent euryarchaeotic groups; Ha,
genus Haloarcula members; Su, genera Sulfolobus and Sulfurisphaera members. G, Ribotype-fingerprint patterns of the
archaeal rDNA community based on T-RFLP analysis. The archaeal PCR product was amplified using Arch21F and
Arch958R-FAM primers and digested with Hha | at 37°C for 8 h. The positions of each peak correspond to the terminal
length of Hha I-digested rDNA from the Arch958R-FAM primer end. Abbreviations indicate putative phylotypes based on
the Hha I-site of rDNA sequences of representative clones. The color of the peak and abbreviation corresponds to that of

the clone type shown in F.
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stone was subsampled into four sections (Sl to $4,
from the surface to the inside), and carbon concentra-
tions and colony-forming units were determined under
severa culture conditions. T-RFLP analysis of PCR-
amplified 16S rRNA gene (rDNA) sequences indicat-
ed that a shift in bacterial and archaeal ribotype struc-
tures occurred in the sections at different depths from
the surface. rDNA clone analysis revealed a signifi-
cant change in microbial rDNA community structures.
Bacterial rDNA community structures in sections Sl
to S3 were comprised of typical marine bacteria,
mainly members of the a and y subclasses of
Proteobacteria, while rDNA signatures for the 3 sub-
class of Proteobacteria and the high G+C Gram-posi-
tive group were obtained from the innermost structure.
Major archaeal rDNA clones were shifted from those
of MGl (S1) to those of Thermococcales (S2-S4). The
transition of bacterial and archaeal DNA community
structure revealed the possible infiltration of seawater
and microorganisms into the rock and strongly sug-
gested the existence of unusual endolithic microbial
communities in isolation during the geologica time
scale of the history of the rock.

(f) Subseafloor methane hydrate in the Nankai Trough

We detected the abundant occurrence of the
extremophilic Archaea Thermococcus and Haloarcula,
which may be derived from hydrothermal vent fields,
in the microbial community structures occurring in
subseafloor sediments containing methane hydrate lay-
ersin the Nankai Trough. However, no apparent genet-
ic signature of methanogenic Archaea or methan-
otrophic bacteria was obtained. These results were
inconsistent with the results of the carbon isotopic
analysis of the methane in the methane hydrate strata.
Although carbon isotopic and chemical analyses indi-
cate the possible biogenic origin of methane, they do

not necessarily provide insight into the process of for-
mation of methane hydrate. Our findings suggest that
the methane in the methane hydrate strata may derived
from microbia activities occurring outside the present
microbial community in the methane hydrate.

2. Preservation of deep-sea microorganisms

In 2000, sediment samples were collected from the
Japan Trench landward slope at depths of 6,400-7,500
m, which contain typical deep-sea cold-seep environ-
ments with chemosynthesis-based animal communi-
ties. These sediment samples were transferred to the
DEEPBATH system and cultivated continualy at 68
MPa and 5°C in two types of media (marine broth
medium and sulfate-reducing bacterial medium) sepa-
rately. The new genus of piezophilic bacteria identi-
fied in those sediment samples was described and
deposited in the Japan Collection of Microorganisms
as the novel piezophilic bacteria P. kaikoi, as
described above. In addition, yeast strains isolated
from the tubeworm Lamellibrachia sp. from Sagami
Bay clearly occupied phylogenetic placements corre-
sponding to new species, and the novel strain
Rhodotorula lamellibrachii was described. Sixty-six
strains of ascospore yeast previously isolated from
deep-sea environments were sequenced in the D1/D2
region of 26S rDNA. Phylogenetic analysis of these
seguences suggested some new species in these iso-
lates. Newly isolated microorganisms preserved in our
facility included 17 bacteria strains (four piezophiles
and 13 others) and 12 yeast strains (11 from the Iheya
Ridge and one from the Japan Trench), and these
strains are being stored in liquid nitrogen conditions.
Twenty deep-sea sediment samples obtained by the
SHINKAI 2000, SHINKAI 6500, and KAIKO
research vessels in 2000 were aso preserved in liquid
nitrogen conditions, as outlined above.
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Research Overview

The objective of this research program is to utilize the research facilities of the Japan Marine Science and

Technology Center to elucidate the seismogenic mechanism of great subduction zone earthquakes. The pro-
gram was first established in the latter half of the 1996 fiscal year, with research beginning in earnest in fiscal
year 1997. This Frontier research program encompasses the following 3 research themes:

1) Ocean Lithospheric Structure Research
2) Long-term Monitoring Research
3) Seafloor Deformation Modeling Research

By integrating these three research themes, asindicated in Figure 1, the numerical implementation of high-
precision computer simulations of lithospheric deformation will be achieved, which will help explain the

seismogenic mechanism of great subduction zone earthquakes.

(!

Fig. 1 Numerical model for simulation of crustal deformation

Summary of Research Results for Fiscal
Year 2000

1. Ocean Lithospheric Structure Resear ch

This research utilizes multichannel seismic reflection
(MCS) and self-floating ocean bottom seismometers
(OBS) to ascertain both large-scale and detailed
lithospheric structure. It is also aimed at elucidating the
earthquake rupture process through the study of
seismicity along with structural irregularities of the
subducting ocean lithosphere such as subducting
seamounts which may play arole in seismogenesis. The
survey work has focused on the Nankai Trough and the
Kuril Trench as the main research targets (Fig. 2).

During the 2000 fiscal year surveys have been con-
ducted in the northern part of the Japan Trench and
the southern Kuril Trench (Fig. 3) using the research
vessels "Kaiyo" and "Kairei".

A detailed MCS survey conducted in the vicinity of
the Erimo seamount at the junction of the Japan and Kuril
Trenches survey detected structura irregularities subduct-
ing there. Imaging of these structural irregularities was
also attempted using data from high-precision magnetome-
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ter survey conducted at the same time as the MCS survey. crust's upper boundary varies along strike (Fig. 4).
An OBS survey was also conducted which stretched from The relationship between the thickness of this material
Hokkaido to the Okhotsk Sea to study structure of the near the plate boundary and earthquake activity is still
lithosphere at the continent-ocean boundary there, with the being investigated.

aim of ascertaining the overall structure of the subduction During the course of MCS and OBS surveys conduct-

zones around Japan. According to the surveys conducted
thus far in the Japan Trench, the thickness of sediments
and eroded continental material incorporated near the plate
boundary due to the irregular structure of the oceanic
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Fig. 5 Structure near the continent-ocean boundary in the Nankai Trough near cape Muroto.

ed in the Nankai Trough since fiscal year 1997, irregular
structure which may represent a subducting seamount
has been discovered off Cape Muroto (Fig. 5), which is
thought to be related to the rupture and aftershock area
of the 1946 Nankai earthquake. This subducting
seamount may have acted as a barrier to along-strike
rupture propagation after the earthquake rupture initiat-
ed off the Kii Peninsula; westward of this barrier rupture
only occurred on the deep part of the seismogenic zone.
Further research is being conducted to compare lithos-
pheric structure in the Nankai Trough at Kumano Nada,
off Cape Muroto, and offshore Ashizuri, to study how
structural differences may affect the character of great
earthquake rupture (Fig. 6).

Along with conducting surveys to study lithospheric
structure, research will continue to study its relation-
ship to the seismogenic mechanism.

2. Long-term Monitoring Resear ch

This research aims to assess earthquake activity and
specify the up-dip and down-dip limits to the seismogenic
zone based on earthquake focal mechanism determina-
tions which utilize data from concentrated seismicity
surveys and the Real-time Seafloor Seismic Observatory
deployed off Kushiro and Cape Muroto. Also, this
research group facilitates the efficient utilization of past
and present research results by incorporating them in a
database from which the numerical implementation of
lithospheric structure models can be achieved.

Deformation Front
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Fig. 6 Velocity structure models in the Nankai Trough (top:

off Kumano, middle: off Muroto, bottom: off Ashizuri)

Since fiscal year 1998 a dense network of self-floating
ocean bottom seismometers has been deployed in the
Nankal Trough off Cape Muroto in atemporary seismic-
ity survey conducted in collaboration with institutes such
as University of Tokyo's Earthquake Research Institute
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and Ocean Research Institute (Fig. 7, 8). This study has thought to reflect the deformation of the seamount itself

established that earthquakes tend to cluster within the associated with its subduction, a hypothesis which is

seaward flank of the subducting seamount discovered off being tested through numerical modeling.

Cape Muroto (Fig. 9). This earthquake activity is In the future it is planned to continue this kind of
Rapture Zones of Large Earth o fershock Area of 1946 Nankai 1 (Oneday) of 1944 and 1946 Nankai Earthquakes

{m— P 2 Mogi (1968)] K (Kanamori (1972))
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Fig. 8 Epicenter distribution off Muroto observed by temporal OBS observation array.
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Fig. 9 Subducting seamount and hypocenters off Muroto.

observational study, in order to increase the precision of
focal mechanism determinations which will support fur-
ther research into the relationship between lithospheric
structure and seismicity. Also, numerical implementation
of models for lithospheric structure will be facilitated by
further development of the earth sciences database.

3. Seafloor Lithospheric Deformation Modeling

Research

Seafloor lithospheric deformation modeling
research utilizes results from ocean lithospheric struc-
ture and long-term monitoring research in the anaysis
of crustal deformation accompanying stress accumula-
tion and release processes in subduction zones, as well
as in the study of the rupture processes of past great
earthquakes. Also, basic numerical modeling studies
are conducted into the role of heat in the seismogenic
process. By "feeding back" information from the
results of this research to the work in lithospheric
structure and long-term monitoring, it is anticipated
that an integrated understanding of the seismogenic
mechanism will be attained that will facilitate the con-
struction of along-term earthquake forecasting model.

Utilizing existing data from seismic surveys and
microseismicity studies, the shape of the Philippine Sea
Plate subducting beneath southwestern Japan has been
estimated. This has made possible the analysis of
crustal deformation and earthquake rupture processes

using a more reglistic representation of plate boundary
shape particularly near the trough axis. This model has
been used to estimate the crustal deformation that
occurred at the time of the 1946 Nankai earthquake
through analysis of tsunami waveform data. Combining
this with the result of an analysis of seismic waves con-
ducted at the same time results in an image of the
rupture process that is closely correlated with features
of the plate boundary shape, in particular a subducting
seamount and a contortion in the plate (Fig.10).

Based on the discovery of at least two seamounts
subducting offshore Shikoku, a numerical model of a
subducting seamount was constructed (Fig.11) and the
deformation, earthquake rupture, and stress field
change near the plate boundary associated with its
subduction were estimated. This established that the
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Fig.10 Source process of the 1946 Nankai earthquake esti-
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ing seamount based on the results of seismic sur-
veys along the Naknai trough.
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observed deformation and rupture characteristics of
such seamounts can be explained by the deformation
and stress change accompanying their subduction, and
also that this process tends to promote rupture on
splay faults within the upper plate.

Furthermore, in order to consider the role of heat in
the seismogenic process, numerical modeling was per-
formed to study the effects of afault constitutive rela-
tion based on the interaction between heat and defor-
mation. This showed that the dependence of dip sta-
bility could be expressed as a function of temperature
and slip rate (Fig.12). Finally, in order to study the
relation between subduction zone thermal structure
and the depths of the upper and lower limits of the
seismogenic zone, programs are being developed to
simulate thermal structure on a large scale encompass-
ing the entire subduction zone including the mantle
wedge, as well as to compute thermal structure of the
accretionary prism taking into account the effects of
fluid flow.
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Fig.12 Domain diagram for the stability of steady-state
slip for the various values of ambient temperature
(Tw) and slip rate (V). Solid circles indicate that the
steady state is stable, while solid triangles indicate
that the steady state is unstable to an infinitesimal
perturbation. The thin solid contours indicate the
logarithm of the rate of frictional heating log, ®=
log, (o V). The thick green solid line indicates the

approximate location at the boundary of the stable
and unstable domains.

Future Research

In order to elucidate the relationship between plate
geometry and the earthquake rupture process, further
seismic survey and numerical modeling will be con-
ducting which will lead to an understanding of how
structure may control the seismogenic process. Also,
results from deep sea drilling and rock deformation
and fracture experiments, as well as material proper-
ties research will be incorporated in order to explain
plate boundary fault dynamics in subduction zones. As
for numerical modeling work, along with further
research into elemental processes and consideration of
other geographical regions, advancements in technolo-
gy for large-scale numerical ssimulation realized in the
Earth Simulator will be effectively utilized to conduct
numerical simulations on the scale of the entire
Japanese archipelago or the entire Philippine Sea
Plate. Finaly, the numerical modeling of the separate
elemental process will be brought together in the real-
ization of a model for plate dynamics model which
integrates the various phenomena associated with the
dynamics of the earth's surface.

This research program has now become a part of the
Institute for Frontier Research on Earth Evolution,
which was established in fiscal year 2001.
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Total Activity

The Ecosystem Change Research Program was established in October 1999. Then researchers were
recruited, and all the programs for global change became ready for their research activitiesin fiscal 2000.

As global environmental problems become socially important issues, many countries have established
their own research systems for global change, an area that requires cooperation of experts in various fields.
Regarding this aspect Frontier Research System for Global Change (FRSGC) is unique in that the system uni-
formly covers all mgjor areas of global change, and in that all researchers stay at one place and concentrate on
one Joint Research Project. This has been made possible by focusing methods of study on one approach, or
modeling. A possible drawback to this approach is that researchers in one particular field may not well coor-
dinate or balance model studies with observations of real phenomena. This drawback can be overcome by
various efforts, including cooperation with the Frontier Observation Research System for Global Change.

The Frontier Research System for Global Change was established in response to a report submitted by the
Council for Aeronautics, Electronics, and Other Advanced Technologies, in 1996, and it has been expanding
its fields of research to cover six objectives mentioned in the Council's report. The report, while focusing on
global changes, recommended research on interactions between the environment of the earth's surface,
including the atmosphere and oceans, and the state of the solid earth, and also modeling of the earth's interi-
or, common to the surface and interior, as a sixth objective. In response to this recommendation, the Earth's
Interior Research Program was established in FY 2000, following the Ecosystem Change Research Program
established in the preceding fiscal year. Meanwhile the establishment of a new Frontier Research System
covering the entire solid earth was planned in response to the construction of a deep sea scientific drilling
vessel as a core of the Integrated Ocean Drilling Program (IODP) an international program in which JAM-
STEC has been participating. It was then decided that the Earth's Interior Research Program should be inte-
grated into the new Frontier Research System for the Solid Earth, to be established in FY 2001. Since estab-
lishment of the new frontier research system was confirmed by the end of FY 2000, the Earth's Interior
Research Program was separated from the Frontier Research System for Global Change in April 2001.

The Frontier Research System for Global Change, which was established on October 1, 1997, will have
completed itsfirst five years at the end of September 2002, marking entry into the second five years. As pre-
scribed by arule set at the start of the system, an interim evaluation report, reviewing the performances of the
first five years and re-examining the plan for the latter five years plans, must be prepared before JAMSTEC
can formulate the FY 2002 plan. Thus FRSGC prepared for evaluation by outside experts, to be executed in
May 2001. Since October 2000, FRSGC has selected candidates to conduct the evaluation: five experts
from abroad and four Japanese ones, and asked them to conduct the evaluation. All candidates except one
from Japan accepted to work as members of the evaluation committee -- more than had been expected, much
to the FRSGC's delight. The experts included such leading scientists in various areas covered by the Frontier
Research System for Global Change as Dr. B. Moore 1II, Chairman of IGBP, and Dr. G. Brasseur, the suc-
cessor to Dr. Moore. This may be taken to indicate that the Frontier Research System for Global Change is
attracting much attention internationally. The preliminary meeting, on March 23, 2001, decided to hold the
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evaluation meetings from May 23 to May 25. The meetings finished, and the draft final report had already
been prepared by the time this annual report was prepared. The oral presentation at the time of the evaluation
meeting highly evaluated past activities of the Frontier Research System for Global Change, and recommend-

ed that its various programs covering different areas can be well coordinated to formulate a research strategy

covering al areas, and can be promoted to develop an integrated model. As mentioned at first, an organiza-
tion, with various programs to cover the entirety of global change, has just been formulated, so that we

FRSGC scientists will promote research in a manner to make the best of our capacity.

Major Research Activities of the FRSGC's
Programs

(1) Climate Variations Research Program

This program area consists of three groups: the
Model Group, the Climate Diagnostics Group, and the
Predictability Research Group. In actual research
activities, the first two groups work cooperatively and
complementarily, on the same phenomena of their
research themes. Presently, the major research themes
are variations of the coupled atmosphere-ocean system
in the Indian Ocean, variations of the atmosphere and
ocean in the high- and middle-latitude Pacific Ocean,
and the ocean circulation in the sea areas near the
Japanese Archipelago.

Regarding variations of the coupled atmosphere-
ocean system in the Indian Ocean, these groups
discovered a phenomenon now known as Indian
Ocean dipole (I0D), in the equator sea area, similar to
El Nifio. Further, these groups discovered, last year in
the subtropical sea area, a mode of annual movement
in which sea surface temperature varies in the east and
west in opposite directions. Their analysis indicates
that, in the atmosphere side, this phenomenon is asso-
ciated with the east-west movement of the subtropical
high pressure system of the Southern Hemisphere
Indian Ocean. In fiscal 2000, an experiment was con-

ducted by the coupled atmosphere-ocean model devel-
oped by the National Research Institute for Earth
Sciences and Disaster Prevention (NIED), by combin-
ing a spectral AGCM developed at the Meteorol ogical
Research Institute and MOM. The experiment suc-
cessfully reproduced variations corresponding to the
subtropical dipole (Figure 1). The FrAM, developed
through modification of the physical processes of the
above-mentioned AGCM, has already been used to
study SST's impacts on the atmosphere, and it is fur-
ther being improved.

Research on the atmosphere-ocean variation in the
high- and middle-latitude Regions, has indicated,
since the year, a phenomenon in which strengths of
the Aleutian low and the Icelandic low, which are pre-
dominantly influential on the climate of the Northern
Hemisphere's winter, aternate in opposite way in their
intensity. It has been discovered, from further study,
that such variations are not frequently seen in the first
half of the winter, from November to January, but they
are more often seen in the latter half, from February to
April. Recently, it has been suggested that the North
Atlantic oscillation, a seesaw between the Icelandic
low and the high pressure system south of it, should be
regarded as a phenomenon of the oscillation covering
the entire area of the Arctic Region (arctic oscillation).
Thus this research theme, in this respect, is to study
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Fig. 1 Indian Ocean subtropical dipole pattern as observed
(a) and simulated by a coupled model (b). Both show
sea surface temperature anomaly and wind anomaly
composites.

the seesaw between the Aleutian-Icelandic lows, and
to study similarities and dissimilarities among these
known oscillations (AO and NAO) and their interac-
tions.

The Japan Coastal Ocean Predictability Experiment
(J-COPE) Group developed an ultra-high-resolution
model (mesh interval 1/18 degrees), and nested it in a
model of medium resolution but covering the entire
North Pacific Ocean. The group conducted a ssimula-
tion study on currents driven by wind stress, using the
nested model. It was found that the rise and fall of the
sea level associated with variation of the Kuroshio and
its extension, are reproduced in the simulation to about
the same degrees observed by altimeters on board arti-
ficial satellites.

Apart from the above-mentioned, the Climatic
Variations Research Program is developing a high-res-
olution (1/16 degree) ocean circulation model, with
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cooperation by the National Aerospace Laboratory
(Japan) (NAL), to realize a detailed simulation of the
currents and their variations for the global ocean,
caused by winds. The simulator will use NAL's super-
computer called numerical wind tunnel (NWT). The
Program intends to upgrade the resolution, and con-
duct various experimental work, after the Earth
Simulator begins to work. In the Predictability
Research Group, each researcher studies from the
principles of physics, basic features of atmospheric
and ocean circulations from various angles, and their
constraints, and how the findings in these aspects can
be applied to simulations and understanding of real
circulations.

(2) Hydrological Cycle Research Program

This Program consists of the Wide Area
Hydrological Cycle Process Group, the Hydrological
Cycle Process on Land Group, and the Clouds and
Precipitation Process Group. The Wide Area
Hydrological Cycle Process Group studies water bal-
ances from the entire earth to regional scale, their vari-
ations, and phenomena and mechanisms governing
these variations, by means of data analysis and mod-
els. One outstanding achievement of FY 2000 was the
discovery of the precipitation memory effect by the
combined effects of the permafrost and taigas of East
Siberia. Figure 2 shows the interannual variation in
amount of water evaporated from the basin of the
Lena River (E), and precipitation (P). The precipita-
tion is shown two years behind. The paralelism of
these lines suggests that the amount of evaporation is
determined by the amount of precipitation in the sum-
mer two years before. This result also supports the
recent finding that trees of the taiga absorb water melt-
ed from the permafrost and evapotranspirate to the
atmosphere.

The Hydrological Cycle Process on Land Group has
started development of a new regional climate model,
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to analyze mechanisms of hydrological cycles and
energy circulation in a more detailed and correct man-
ner, as one of its objectives. The group is developing
anew and advanced convective cloud scheme, first, to
modify the RAMS, a regional atmospheric model
developed by Colorado State University, for making
more suited to long-range integration. The group is
doing so, second, by incorporating MATSIRO, a para-
meterization scheme of land hydrological processes
developed by a Japanese research group into the
model. Simultaneously, the group integrated MAT-
SIRO into the CCSR/NIES climate model, and applied
two different methods to estimate albedo of snow, to
check the degree of the difference between the results
of the two methods, and how the difference emerged.
The group will use such results to study the effects of
albedo of snow on the climate. The group also devel-
oped a parameterization scheme for exchange of water
and energy between ground surface covered with veg-
etation and the atmosphere. The group then proceeded
to simulation tests on exchange of CO,, sensible het,
and latent heat of evergreen broad-leaved forests,
using a vegetation model based on physiological phe-
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Fig. 2 Interannual variations of evaporation (E) and precipi-

tation amounts for June-September in the Lena river
basin in the period 1979-1993. The curve for P is
plotted with a lag of 2 years relative to the one for E.

nomena of each leaf. Through such processes, the
group demonstrated that seasonal physiological fluctu-
ations of leaves will affect amounts of exchange of
such substance and energy between the ground and the
atmosphere on a plant community level.

The Clouds and Precipitation Process Research
Group continues work to clarify the role of the meso-
precipitation system in the hydrological cycle of East
Asia, using GAME/HUBEX data obtained in 1998,
and development of a cloud resolving model. The
Cloud Microphysical Process Research Group has
been studying the size distribution of cloud droplets,
and how solar light is reflected and penetrates through
them for a given set of size distributions of aerosols,
and upward velocity, aerosols being the nuclei of
cloud droplets. This study isvery important in clarify-
ing the basics of one of the most important problems
in the global warming prediction: the feedback of
clouds. It has become clear, from research done in FY
2000, that the number (or concentration) of cloud
droplets varies with the upward velocity of the air con-
taining aerosols that form cloud condensation nuclei,
when a sufficiently large amount of aerosols exist, as
shown in Figure 3. (The faster the upward flow is, the
smaller and the more the cloud droplets are.)
However, the hygroscopic property of aerosol materi-
als virtually does not affect the formation of cloud
droplets. This is an important finding casting doubt
on the classical study of Twomey (1959).

(3) Global Warming Research Program

This program consists of three research groups:
the Global Warming Experiment Group, the Ocean
Carbon Cycle Research Group, and the Paleoenvironment
Research Group.

The Global Warming Experiment Group is conduct-
ing a detailed experiment on changes of atmospheric
phenomena under conditions of global warming.
Specifically, the group uses the sea surface tempera-
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ture when the CO, concentration is twice the present
value, previously obtained by the low-resolution
model of the Meteorological Research Institute. The
group gives this sea surface temperature to a high-res-
olution (T106) MRI atmospheric model, as the lower
boundary conditions, and studies, in detail, changes in
atmospheric phenomena under conditions of global
warming. The group has so far concentrated on an
experiment on typhoons (tropical low pressure sys-
tem), and found that the number of typhoons will be
reduced by 20 percent under global warming condi-
tions. The group conducted a series of experiments on
the following cases, to deepen understanding of this
result: variation of sea surface temperature uniformly
to plus and minus 2° C with no change in the CO, con-
centration; and, variation of sea surface temperature to
plus 2° C with the CO, concentration increased 2
times, and 4 times, respectively. The results of these
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experiment indicate that the number of tropical low
pressure systems is affected more by CO, concentra-
tion than by sea surface temperature. It is no less
important to know the number, intensity, and variation
of locations of temperate zone low pressure systems
than those of the tropical low pressure systems, from
the standpoint of the effects of climate and weather
changes on human living and industry. Accordingly,
this fiscal year, the group will study the change of
extratropical low pressure systems using the T106
atmospheric model, applying the same method used
for the tropical low pressure systems. The experimen-
tal results, with CO, concentration doubled, are now
being analyzed, and the preliminary results indicate
that low pressure systems tend to occur less frequently
for both Northern and Southern Hemispheres, but
intense low pressure systems will occur more fre-
quently near Antarctica. Dr. Manabe, Director of the
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Program, used to work for the Geophysical Fluid
Dynamics Laboratory of the National Oceanic and
Atmospheric Administration (GFDL/NOAA) of the
United States, and he continues a Joint Research on
experiments on global warming. The most serious of
all global warming effects on human society is said to
be the change of water resources. Dr. Manabe
announced a shocking forecast, about 20 years ago,
when he was at GFDL, to the effect that the North
American Continent would become drier in the sum-
mer as a result of global warming. The model used
for this study did not have enough horizontal resolu-
tion. Other researchers came up with opposite conclu-
sions. Discussions on this issue are still active.
Figure 4 shows results of an experiment conducted by
the latest coupled atmosphere ocean model of GFDL.
The difference in soil moisture content relative to the
natural condition (the condition before the Industrial
Revolution), in percentage terms, is shown for the four
seasons. It may be noted that, during the summertime,
most of the land area will become drier (though some
presently dry areas will become wetter, in relative
terms, because of asmall increase in precipitation).
The Paleoenvironment Research Group is conducting
a simulation of the climatic conditions of the Last
Glacial Maximum, using the high-resolution (T106)
CCSR/NIES atmospheric model. The study indicates
the possibility of the ice sheet being stably maintained,
from the distribution of precipitation and evaporation.
The group promotes this study also to find the equilibri-
um state of the ice sheet, by giving the results of the cli-
mate model to an ice-sheet model that incorporates
water balance and ice flow. When the ice-sheet model
becomes established, it will be possible to forecast
changes of the ice sheet associated with global warming.
The Ocean Carbon Cycle Research Group intends to
develop an ultra-high-resolution (1/4 degree) ocean cir-
culation model, for use in simulating the transport of
CFCs and other tracers, including transport by eddies.

90N

eon |

30N
EQ |
30s

0Se  oow eow 0 60E  120E 180

90N

b.SON r z
60N-'ff—?_i';';.,-p e
30N | h b T T
EQ| X !

4
30s

60S - -
180 120W  60W 0 60E 120E 180

90N

c.DJF I"!?’
60N “ﬂ:
30N | - h s
EQ ; Ay “
' ; \ o L
30S 7 s |y 50

%
100

! 1 30
60S . :
180 120w 60W 0 60E  120E 180 o
90N
dMA : e
& S 10
6oN |~ T Fa, o i 5
| - o - 0
30N b 1al
& = at k. -10
EQ !_‘. 1 ‘f N ."q‘ -20
30S | ko L %
‘,_1-‘ . S -30
60S
ig0 120w 60W 0 60E  120E 180

Fig. 4 Results of global warming experiments conducted by
Dr. Manabe and GFDL/NOAA. Figures show percent-
age changes of soil wetness in the middle of the 21+
century under the present increase rate of CO,. a, b,
¢ and d show changes in four seasons.

(4) Atmospheric Composition Research Program
Thisfiscal year is the second year of practical oper-
ation of this program. The three groups of the pro-
gram: the Global Chemical-Transport Modeling
Group, the Regional-Scale Chemical-Transport
Modeling Group, and the Greenhouse Gases Modeling
Group, are in full swing and have produced some
achievements. The"“chemical weather map”, a major
objective of this program from the outset, has been
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developed sooner than was anticipated, through coop-
erative work by two groups. Now it is possible to
draw, in real time, the chemical weather map not only
by aregional scale model but also by aglobal model.

The chemical weather map, as a research objective
of this program, is a chart that displays, in real time,
the temporal and spatial distribution of concentrations
of trace components in the atmosphere, like an ordi-
nary weather chart. Such a model has been in use for
relatively small areas for forecasting photochemical
smog, for forecasting the route of a radioactive air
mass, in a case of radioactive leakage, and recently for
forecasting the route of volcanic gas associated with
the eruption of Miyakejima Island. The program
expanded such a chemical weather map to the regional
scale, and further to global-scale dimensions, and to
incorporate NO,, SO,, VOCs, and other substances
emitted from the ground surface, and a large number
of such trace substances as ozone, and aerosols pro-
duced as a result of atmospheric photochemical reac-
tions of these substances. Figure 5 shows the distribu-
tion of the monthly average concentration distribution
of ozone in the East Asian Area. The chemica weath-
er map developed by this program is effectively uti-
lized in the International Global Atmospheric
Chemistry Programme, IGAC/ACE-ASIA on outflows
from the Asian Continent to East Asia from March to
April 2001, and NASA/TRACE-P Campaign. In the
future, this technology will be used to forecast trans-
boundary air pollution.

In addition to long-lived greenhouse gases as CO,
and CH,, NO,_ and CO contribute indirectly to global
warming. Although NO,_and CO do not have a green-
house effect, they produce ozone, a greenhouse gas,
and extend the life time of the atmospheric CH, by
changing the concentration of OH radical. Like these
NO, and CO, there are reactive substances that indi-
rectly change life time and hence the concentration of
greenhouse gases, thereby affecting radiative forcing.
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Fig. 5 Result of chemical-transport model calculation of the
monthly mean surface ozone concentration in East
Asia under the conditions of January 1997.

However, it is difficult to quantitatively evaluate
radiative forcing of these reactive substances; there-
fore, IPCC has scarcely discussed this issue.
Regarding this theme, the Global Chemical-Transport
Modeling Group used the GISS* GCM to analyze nat-
ural mode of the atmospheric chemical reaction sys-
tem. Through such efforts, the group divided the
effect of NO_and CO into (1) a short-life mode,
regarding regional tropospheric ozone generation, and
(2) along-life mode, coupled with global perturbation
of CH,-CO-0,, and successfully proposed a method to
quantitatively evaluate indirect greenhouse effects of
these reactive gases, for the first time. As a typical
example of such evaluation, an increase of 0.5g TgN
of global emission of NO associated with combustion
of fossil fuels will result in a short-time increase of
tropospheric ozone, and hence will give a positive
effect on radiative forcing. But in the long run, the
radiative forcing of NO will become negative through
reduction of the CH, concentration by an increase in
OH concentration (See Figure 6).
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Fig. 6 Integrated radiative forcing as a function of the lapse
of time after the release of 0.5TG NO, at the initial
time. At first positive radiative forcing appears due to
the formation of O, but with the lapse of time depletion
of CH, due to an increase of OH results in negative
cumulative values of the radiative forcing.

The Greenhouse Gases Modeling Group is conduct-
ing research on inverse modeling, which estimates
emission and absorption of CO, on the earth's surface
from known three-dimensional distributions of atmos-
pheric CO, concentration and wind velocity. The
group also calculated seasonal and annual changes of
CO, concentrations, through combining the existing
three global terrestrial ecosystem models and a three-
dimensional atmospheric transport model, and com-
pared the calculated results with observed CO, con-
centrations, for estimating the effect of the terrestrial
ecosystem on the carbon cycle. Any of the models
used gave good approximations of the global average
of seasonal variations, but there are some differences
in output among different models, and there is dis-
agreement between the calculated and observed results
in the central region of continents. The calculated
interannual variations agreed rather well with the
observed data, although only the ecosystem was taken
into account. This result suggests that the exchange
between the ecosystem and the atmosphere is more
pronounced than in the case of oceans, in interannual
fluctuation. Further, the most important factor affect-
ing the exchange with the ecosystem was found to be

temperature change. The group has started preparing
emission inventories of such gases as NO, SO,, CO,
CH,, and VOCs, as common data base for all groups,
by cooperation with organizationsin the world.

(5) Ecosystem Change Research Program

The Ecosystem Change Research Program was
inaugurated in October 1999, with the following ulti-
mate objectives.

+ To study the effects of the functions of the
ecosystem on global environmental and climate
changes such as global warming, and

* To clarify the effects of such globa environmen-
tal and climate changes on the ecosystem, and
clarify the mechanisms of these effects, and to
develop amodel simulating such mechanisms

However, the ecosystem, the terrestrial ecosystem
in particular, is not uniform regionally or locally, with
different vegetation, soils, water, or elements consti-
tuting the ecosystem. Moreover, these elements inter-
act with each other, making the structure of the
ecosystem difficult to understand, and to simulate.
For this reason, observation and simulation by model-
ing the terrestrial environment is still premature com-
pared with the atmospheric or oceanographic environ-
ments.

This program set the following four themes as its
research objectives.

a. Research on ecosystem-atmosphere interaction

b. Research on ecosystem architecture

¢. Research on ecosystem geographical distribution

d. Research on marine biological processes

In the following, pages explain the group's achieve-
ment in FY 2000 will be explained.

(a) Ecosystem-Atmosphere Interaction Model Group

This group's research objective is to build a model
terrestrial ecosystem, and to develop high-resolution
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mapping for the exchange of CO, between the global
atmosphere and the total ecosystem, and to predict the
response of the ecosystem to global environmental
changes. In FY 2000, the group made global simula-
tion of the CO, exchange between the atmosphere and
the terrestrial ecosystem by using an existing carbon
cycle model (Sim-CY CLE) incorporating vegetation
distribution, and classification between C, plants and
C, plants, with different photosynthesis abilities
and carbon isotope discrimination values ( d '*C),
into Sim-CYCLE. The annua photosynthesis produc-
tion by the terrestrial ecosystem is estimated to be
124 PgC, of which contribution by the C, plants is
about 18 percent. The net primary production of the
ecosystem, or the total photosynthetic production
minus respiration, was estimated at 60.5 PgC per year.
The C, plants and C, plants differ in carbon isotope
discrimination value associated with photosynthesis
(at 20.2 and 2.5 percent, respectively), and the
C, plants grow mainly in tropical grasslands.
Accordingly, there was a clear regional difference in
0 “C distribution. The accuracy of estimation would
be validated by a comparison with observed resullts.

Regarding the interannual fluctuation in carbon bal-
ance of the terrestrial ecosystem, it has been made
possible to input observed climatic data to the Sim-
CYCLE model, for analysis. It has been pointed out
that input data affect the result. Therefore, it became
necessary to examine the degree of dependency of
the model analysis on data. The group computed
interannual fluctuations of the terrestrial carbon
balance for the period from 1979 to 1993, on three
different re-analyses climatic data, and compared the
results (Figure 7). The overall features of the annual
climatic fluctuation are similar for different reanalysis
data. The estimated carbon balances of the terrestrial
system show some qualitative similarity among differ-
ent input reanalysis data, but quantitatively the esti-
mated values differ significantly.

98

______________—_—_
301/ BNCEPINCAR —
~ 25/ BNCEPAMIP 11-DOE
% 2:0,__ sECMWF .
g 15 _
8 10/
3 o5l @aas . _ i
£ 05|/ i | e
O -10/ | — - :
B -15] :
zZ ol - E
'2-°§
-25
79
80 81 g2 83 84 85 86 g7 88 89 90 91 92 o3
Year

Fig. 7 Interannual variations of net carbon balance of the
terrestrial ecosystem, calculated by the same model
but with different meteorological data sets.

(b) Ecosystem Architecture Model Group

This research group aims to build a group of
process models capable of long-range prediction, on
the order of 100 years, of changes of the terrestrial
ecosystem in response to changes of climate and the
environment. The group is developing models based
on observation of forests, the greatest -- to the extent
of 90 percent -- organic carbon stock of the terrestrial
ecosystem.

To describe the response of organic production by
the ecosystem to environmental changes, a model
that relates plant physiological processes of the shoot,
or a branch with leaves, a unit constituting an architec-
ture of aleaf group, with branching behaviors. This
group has developed such a model, named PipeTree
(Figure 8). The model is being modified to reproduce
atree group's various responsive behaviors.

(c) Ecosystem Geographical Distribution Model

Group

This research group is conducting a study that
measures, in particular, the spatial distribution of
ecological parameters, and converts their variation
into a geographical distribution model. The group
places particular emphasis on studies using remote
sensing from artificial satellites.

To clarify the effect of land cover changes on the
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carbon cycle of the terrestrial ecosystem, the group
studied the impacts of changes in land utilization on
the net primary production, NPP, and ecological car-
bon stock of the ecosystem in the Zhi Jian delta area of
China, from 1988 to 1996. The changes in land uti-
lization over a period of nine years reduced annual car-
bon fixation by vegetation by 1.6Mt C, or minus 7.5
percent. This reduction was brought about by a change
in land utilization, in which an area of high biological
production was converted into an urban area. The
magnitude of the carbon pooal in the terrestrial system
was reduced by 12 Mt C, or minus 6.1 percent. A
reduction of this magnitude corresponds to the estimat-
ed reduction resulting from destruction of a boreal for-
est of an equal area. The group also studied the secular
change in distribution of the no-snow-cover period in
the Northern Hemisphere. This study was done
because the snow cover greatly affects the terrestrial
ecosystem through temperature of soil and atmosphere,
water supply to soil, and suppression of photosyntheti-
caly active radiation (PAR) to the surface layer vege-

tation. This analysis used time-series data on the areas
of snow cover obtained by satellite observations. The
no-snow-cover period in the high-latitude areas of the
Northern Hemisphere increased from the first half of
the 1970s to the latter half of the 1990s. Disappearing
(melting) of snow in the spring became earlier, at arate
of 5 days per 10 years; the snow-cover period in
autumn was starting later, at a rate of 4 days per 10
years. The annual no-snow-cover period increased, at
a rate of 9 days per 10 years. The above observed
trends agree with earlier intake of atmospheric carbon
dioxide by the northern hemisphere ecosystem, and

earlier greening of vegetation observed by artificial

Fig. 8 Evolution of a model forest at 10, 20, 30 years as sim- satellites.
ulated by the Pipe Tree model. (d) Marine Biological Process Model Group
It is becoming increasingly clear that the marine
environment and biological production affect the long-
term climatic change. However, in the sea areas close
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to the Japanese Archipelago, signs indicating such
effects have been scarcely seen. This group studied
secular variations of phytoplankton population in the
Sea of Japan and in the Oyashio Current versus the
marine environment indicated by the existing data.
The data used are mainly obtained from time series
analyses of such data as from the PM line (central part
of the Sea of Japan) and the PH line (Oyashio region),
both being areas for fixed line observation by the
Japan Meteorological Agency. The Chl-a concentra-
tion, in the spring, has declined since the later half of
the 1970s, both in the Sea of Japan and the Oyashio
region. The seawater temperature of the intermediate
depth layer of the Sea of Japan has declined since the
later half of the 1970s. The surface seawater tempera-
ture remained almost unchanged during this period;
therefore, stratification conceivably became more pro-
nounced. A decline of nutrient was noticed; therefore,
it is conceivable that the supply of nutrient to the
deeper layer declined, which resulted in the decline of
the Chl-a content.

In contrast, the surface temperature of the Oyashio
region has declined since the later half of the 1970s,
and therefore stratification has become less pro-
nounced. In the Oyashio region, a seasonal thermo-
cline in the spring promotes proliferation of phyto-
plankton. This seemsto be why a decline of stratifica-
tion leads to a reduction of Chl-a content. Since the
later half of the 1970s, the Aleutian low has become
stronger, which intensified the subarctic circulation,
which in turn increased the supply of cold water from
the north to the Oyashio Current, flowing in the west
side of the Pacific Ocean, and lowered its temperature.
The concentration of nutrient in the mixed layer of the
Oyashio region in winter and summer, has been linear-
ly declining since the later half of the 1960s. It may
be possible, therefore, that the amount of nutrient had
aready declined before the bloom started.
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(6) Integrated M odeling Resear ch Program

(8) Mission of the Program

The mission of the program include, first, develop-
ment of next-generation models, to be run on the Earth
Simulator, scheduled to be completed March 2002,
one year from now, with a theoretical maximum vec-
tor performance of 40 TFLOPS, or 300 times faster
than the presently used NEC SX-5. The mission of
the Program also include devel opment of an integrated
global environment model, by combining achieve-
ments by all programs of the Frontier Research
System for Global Change, as the name of the pro-
gram implies. In addition to devel oping these models,
the program will develop a data assimilation system, a
method to use a model to obtain more reasonable and
detailed information on the atmosphere and oceans,
from incompl ete observation data.

(b) Targets of Model Development

The program has identified the following targets for
model development, in view of the present status of
climate research, social needs, and feasibility of com-
putational method.

(i) Development of a spectral atmosphere model
with a horizontal resolution of T213 (about
60km), and an ocean model with a horizontal
resolution of about 0.1° (10km), and a coupled
model of the two

The atmosphere model will have a resolution about

one-step finer than the typical resolutions of the pres-
ent representative atmosphere models 100km to
250km, and therefore it will be able to simulate rela-
tively small phenomena, like typhoons or the Baiu
front, which are important in predictng global warm-
ing. The ocean model, with its horizontal resolution
of 0.1°, will be able to simulate meso-scale ocean
eddies of several tens of km, which will enable the
model to represent the transport effect of heat and salt
in global-scale circulation (parameterization by Gent-
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Mc Williams). The ocean model will also be able to
express currents under the influence of delicate topog-
raphy, and this will improve the reliability of global
warming prediction.

(i) Research and development aiming at an atmos-
phere model able to directly handle meso-scale
convective phenomena, with a horizontal resolu-
tion of 5km or smaller, covering the entire earth

Presently, with the mesh size of 60km or larger of

the present models, medium-scale (mesoscale) con-
vective effects can only be incorporated in the models
after being parameterized according to empirical rules.
Direct expression of a convective system by mesh is
desired. At the Integrated Modeling Research
Program we have decided to pursue this entirely new
direction, in view of the ability of the Earth Simulator
by which we can simulate a large area comparable to
the entire earth with a horizontal resolution of 5km or
finer. Treating the meso-scale convection processes
of typhoon generation or convective heavy rainsin the
Baiu season or summer will be simulated in a better
manner. This“closer to the first principle” approach is
considered to be scientifically sound and in its appli-
cation it will contribute to improving the reliability of
forecast of disasters and changesin water resources.

(iii) Research and development of integrated mod-

els which enable us to handle such global envi-
ronmental changes us changes of atmospheric
composition and ecosystem, in addition to
physical climate change

The Integrated Modeling Research Program will

develop an integrated model that can predict total
global environmental changes, associated with global
warming, for example, on the basis of the achieve-
ments of the Atmospheric Composition Research
Program and the Ecosystem Change Research
Program. The Frontier Research System for Global
Change is the best place for this kind of research for it
has a number of researchers of different disciplines.

Implementation of the research is scheduled for the
later five years of the entire schedule.

(c) Present Status of Model Devel opment

(i) Coupled model

The CCSR/NIES model, a medium-resolution spec-
tral atmosphere model, with the horizontal resolution
of T42, or equivalent to about 280km and with 20-ver-
tical layers, developed at the Center for Climate
System Research of Tokyo University and the
National Institute for Environmental Studies, was
transplanted. The Research Program isimproving this
model into one with T213 (about 60km) and 50 verti-
cal layers, in cooperation with the above two research
groups and the Global Warming Research Program.
As the ocean model we adopted MOM 3, developed
and disclosed to the public by the Geophysical Fluid
Dynamics Laboratory of the National Oceanic and
Atmospheric Administration (GFDL/NOAA) of the
United States. The necessary preparatory research
work is being done. As the resolution becomes finer,
the longitudinal grid interval becomes extremely short
near the North Pole. This is avoided by turning the
polar axis of the spherical coordinates so that both
poles may fall on land. It was confirmed that compu-
tation can be done correctly despite this axis turning,
and that no problem arouse for integration over 1,000
years with a horizontal resolution of 2.8° X 2.8°.
Further, the Integrated Modeling Research Program is
examining resolution of 1/6° X 1/6°, with the polar
axis turned. The program is conducting a numerical
experiment to see if Gent-Mc Williams' effect for
“equalization of thickness of isopycnal layers”is real-
ly right, as anonlinear effect of meso-scale eddies.

In addition to the above, in order to realize higher
resolutions of coupled atmosphere and ocean models,
we are gradually increasing the resolution of low-
resolution coupled atmosphere-ocean models (Figure
9), in cooperation with the Center for Climate System
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Fig. 9 Annual mean sea surface temperature calculated by
the low-resolution coupled atmosphere-ocean model

(top panel) and the observational counterpart (bottom
panel).

Research of Tokyo University. The Program is also
making necessary improvements of physical process-
es. At the Program a coupled model is now being
developed, by combining the T42 atmosphere model
and an ocean model with a resolution of a 2.8° X
2.8°. Itisintended that a coupled model of the T42
atmosphere model and an ocean model of 1.4° < 1.4°
resolution will be completed by the end of FY 2001.
Models of higher resolutions will be developed using
the Earth Simulator.

(ii) Development of next-generation atmosphere

model

The spectral method becomes inefficient in terms of
computation amount as horizontal resolution is
increased. In the mesh method, if we adopt the lati-
tude-longitude coordinate system longitudinal lines
become too close near the poles so that it is practically
impossibleto useit. At the program, therefore, we are
studying different grid systems which cover a sphere
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nearly uniformly. One is a regular icosahedron, with
each face being a regular triangle, with each side
divided into 1/2, 1/4 segments, and even finer seg-
ments, to be projected on the surface of a sphere
placed in the center of the icosahedron. The other isa
regular hexahedron (cube) treated similar to the regu-
lar icosahedron, but it could have other features.
Research and development on methods of numerical
solution of hydrodynamic equations (dynamic core)
using such meshes are being conducted. This Program
has succeeded in developing superior methods through
improvement of mesh generation methods and finite
difference schemes. Figure 10 shows the results of
tests of the new methods applied to shallow water
equation.

(d) Development of an Assimilation System for
Oceanographic Data

Large-area oceanographic observation, hitherto
impossible, is now becoming possible, as in the case of
atmospheric observation with new technologies. The
new technologies to be employed are observation by
artificial satellites, a stationary buoy observation net-
work (TRITON BUQY), and the ARGO international
cooperative project, led by the United States and Japan,
which deploys 3,000 intermediate depth layer buoys
throughout the world's oceans, beginning in 2001. An
analysis method using a model, known as four-dimen-
sional data assimilation, is best suited to grasp the
oceanographic conditions (currents, seawater tempera-
ture, salinity) using the data obtained by such means of
observation, to the extent possible in time and space.
Throughout the world, research is under way on the
method of data assimilation. The Frontier Research
System for Global Change is no exception, and it is
keen on research and development of data assimilation.
The Frontier Research System has devel oped an adjoint
model which is able to treat past data for computation
by integrating backward in time, and feeding observa-
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Fig.10 Results of numerical integrations of the shallow water
equation obtained by using T213 spectral method
(middle) and icosahedral grid with a comparable res-
olution (bottom). The top panel shows the initial pat-
tern.

tion data at different times without contradiction with
the dynamics equations. This model produced a three-
dimensional distribution of currents, water tempera-
tures, and sdlinity, consistent with respect to their sea-
sonal cycle (time-wise changes), with a resolution of
3°x3°for latitude and longitude, by means of dynamic
equations using Levitus data on temperature and salini-
ty. Simultaneously, the most probable distributions of
heat and freshwater flux on the sea surface were
obtained, as unknown variables.

(7) Resear ch by the International Pacific Research

Center, IPRC

(a) Outline

The International Pacific Research Center, IPRC,
was established in 1997, within the framework of
the U.S.-Japan Common Agenda. No issue of global
climate change is ever limited to one country, and
international cooperation is needed to resolve such
issues. The researchers of IPRC are from a number of
countries: the U.S., Japan, China, ROK, Russia,
Germany, India, Denmark, Australia, etc. Now, 28
researchers are affiliated with IPRC and promote
research in the following four fields.

+ Ocean climate of the Indian-Pacific Ocean Area

- Effects of the monsoon sea area

+ AsiaAustraliamonsoon

+ Effects of global warming

Research on the first three themes is aready under
way, promoting the researches as explained below.
Regarding global warming, the research staff in
charge hasjust joined IPRC in 2000.

(b) Ocean Climate of the Indian-Pacific Ocean Area
The ocean is considered to have a decisive effect on
long-range climatic phenomena lasting for several to
several tens of years. Therefore, the research subjects
are such variation phenomena as El Nifio Southern
Oscillation (ENSO), and North Pacific Decadal
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Variation both in atmosphere and ocean, and bases for
their modeling, namely, parameterization of the ocean
mixed layers and processes for atmosphere-ocean
interactions.

One achievement deserving particular notice is the
great advance in research on the shallow meridional cir-
culation, or Subtropical Cell (STC), occurring between
the tropical and subtropical regions of the Pacific
Ocean and Indian Ocean. By conducting an experiment
by use of an ocean genera circulation model, to sepa-
rate the effects of tropical circulation and those of STC,
it was found that fluctuations of STC are more than 50
percent responsible for decade variation of seawater
temperature in the equatorial region. As a result of
these studies, it was aso found that the STC in the
Indian Ocean isin the opposite direction in the summer
and in the winter, because of the effect of monsoon
variations, and that transport in the north-south direc-
tion by the Ekman layer is great even in the equatorial
areas. These are unique characteristics of the Indian
Ocean not seen in the Pacific Ocean.

It was also learned, from analysis of high-resolution
distributions of sea surface temperature and wind
velocity in the tropical region of the Eastern and
Central Pacific Ocean, obtained by artificial satellites,
that such small phenomena as the tropical unstable
waves show strong coupling with the atmosphere
(Figure 11).

(c) Effectsof the Monsoon Sea Area

In the Asia-Australia monsoon area, the western
coastal area of the Pacific Ocean is important in the
transport of heat, salt, and other substances, because of
its topography being very complicated and the pres-
ence of the Kuroshio, a narrow and strong western
boundary current. There is a social need to study the
possibility of predicting strong and complicated cur-
rents. From such standpoints, IPRC promotes
research on a high-resolution ocean general circulation
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Fig.11 Unstable ocean waves generated in the equatorial
Eastern Pacific Ocean as observed by SST distribu-
tion (top panel). This SST field affects the atmos-
phere to cause sea surface winds and humidity as
shown in the bottom panel. The wind and humidity
were obtained by the satellite observation.

model, and on data assimilation technology.

IPRC has studied the Kuroshio meander, to make a
breakthrough in the predictability of boundary cur-
rents. An anticyclonic eddy appearing in the south of
the Kuroshio extension, moves westward, as far as off
Shikoku Island, and it interacts with the Kuroshio to
cause the Kuroshio meander. The above process was
also seen from altimeter data from artificial satellites.
A model simulating the above mechanism, was devel-
oped and succeeded in reproducing the meander by
the model. It has been shown that such variations are
predictable for a period of several months ahead.

(d) AsiaAustralia Monsoon

At the IPRC studies on monsoons are conducted
from various angles. Specifically, IPRC research
themes include long-term variation of intraseasonal
fluctuations, the relationship between the radiation-
cloud SST feedback and ENSO, teleconnection
between monsoons and the North American climate,
the relationship between SST regulation in the warm
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water pools and the tropospheric two-year oscillation,
thermal energy balance of the Indian Ocean, and mod-
eling of intra-seasonal oscillations.

(e) Data Research Center

One function of IPRC is to establish a data center
for climate studies of the Asia Monsoon Region, with
cooperation by the National Ocean and Atmosphere
Administration (NOAA) of the United States. IPRC
has been doing the preparatory work for it. 1PRC
intends to establish a data center easy to access
through the Internet, by using recent network
technologies. It must be connected with research
activities, and also useful for reanalysis and storage
of valuable data. This fiscal year, IPRC developed
and tuned the data server for the Internet, and
conducted communication tests with research
institutes, in cooperation with Pacific Marine
Environmental Laboratory, PMEL, of the United
States, and the Frontier Research System for Global
Change.

(8) Research at the International Arctic Research
Center, IARC

The IARC's research objective is to clarify the con-
tributions of the Arctic region to the global environ-
mental change, and conversely to clarify effects of the
climatic and environmental change on the Arctic
region, and to make possible predictions of these
effects.

The IARC was established in October 1997.
Initially, projects were almost all proposed by the
Japanese side, with very few by the American side.
In August 2000, Dr. Akasoku, who had served in the
tentative post of the founding director of IARC, was
officially appointed to the Director. At the same
time, funding by the National Science Foundation
(NSF) of the United States, was granted to the IARC.
Using the fund from NSF, the IARC planned to initi-

ate two projects. development of a community model
targeted for the Arctic region (CAMP), an observa-
tion program to investigate the structure of water
mass in the Arctic Ocean (NABOS). With this
arrangement, U.S.-side projects are expected to be
promoted, together with the Arctic Climate Impact
Assessment (ACIA) now under way jointly with
NOAA. Now it is very important to make the IARC
really powerful by making the frontier research fund-
ed by Japan, and new research, mutually supplemen-
tary, cooperative, and sharable.

The research by the Frontier Research System at
the IARC may be broadly broken down into two
themes: (1) clarification of the coupled system of the
oceans, sea ice, and atmosphere, and (2) multi-disci-
plinary research. Below are, briefly, present research
activities and recent achievements on both themes.
The IARC promotes research on the Arctic region
through both observation and model studies;
therefore, the Frontier Research System conducts
observation in the multi-disciplinary part of the IARC
program.

(a) Coupled System of the Ocean, Sea Ice, and
Atmosphere

It was a common view, from the studies of global
warming in the past 20 years, that global warming
would have the most noticeable effects in the Arctic
region. Despite that the global average temperature
has risen by 0.7° C, no noticeable rise in temperature
corresponding to this temperature rise has been seen in
the Arctic region. On the other hand, the area and
thickness of seaice have been significantly reduced in
the past 20 years. Recently, a phenomenon known as
arctic oscillation (AO) has drawn much attention.
Arctic oscillation represents various variations of the
high-altitude atmosphere on various time scales with
the same spatia pattern.

The arctic climate and environmental changes pres-
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ent complicated challenges. The root of the difficulty
in these challenges apparently lies in strong mutual
interactions among the atmosphere, including clouds,
the ocean, and sea ice in the Arctic region. The cli-
mate models so far developed are far from complete to
adequately deal with any components of their interac-
tions and to produce correct results. The Frontier
Research System intends to tackle, this complicated
system from various angles, specifically, promoting
the following activities.

+ Development of a coupled model for seaice and
the ocean.

+ Detailed study of the mechanism of the down-
slope flow of the cold and low-salinity water
formed on the continental slope of the Arctic
Ocean.

+ Analysis of data obtained in cooperation with
Russian research institutes, and discovery of a
trend for a decreasing amount of stratus in the
winter, for the past 30 years (Figure 12).

(b) Multidisciplinary Research

A great difference between Antarctica and the
Arctic region is that the former is the only area not
inhabited by people, and the latter is surrounded by a
continent inhabited by people and is increasingly con-
taminated by the development for seeking resources as
oil, gas, and forests. The contamination means not
merely environmental deterioration limited to the
Arctic region but also affects the energy cycle and cli-
mate in the Arctic region, through changes in the eco-
logical system and atmospheric composition. This
could eventually contribute to the global climate
change. Similar to the coupled ocean, seaice, atmos-
phere system mentioned above, the Frontier scientists
promote multi-angle approaches to these even less-
understood themes.

* Observation of the Arctic Ocean using the
MIRAI, and collecting oceanographic biochemi-
cal samples, carbon, which nitrogen compounds,
and indicate that there are active biochemical
activities on the continental slopes.
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Fig.12 The time series of the sea-ice area in summer (left), the annual mean pressure difference between 60° N
and 80°N (middle) and the percentage of clear sky days in the autumn to spring period (right).
Decreasing trends are seen both in the sea-ice area and clear sky rate.
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- Analysis of seafloor deposit samples collected by
Russian researchers from continental slopes.

- Clarification of the transport of gases and parti-
cles using satellite data and atmosphere models,
to confirm the results by comparing these data

with field observation data

+ Collection of samples of biogenic substances on

the surfaces of glaciers. Their effects on the
albedo of glaciers, which may accelerate global
warming, must be examined.
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Outline of the Research Activities

The Frontier Observational Research System for Global Change, the Earth Simulator in charge of super-
computer operation, and the Frontier Research System for Global Change (FRSGC) in charge of model
research, work together integratedly. Through cooperative work, the three organizations intend to positively
contribute to forecasting of global change, thereby helping to prevent global warming. In the development of
a next-generation high-resolution integrated global model for forecasting global environmental changes by
simulation, the need for highly precise observation data covering wide areas for an extended period, is
strongly emphasized. Currently such data are not sufficiently available. To resolve this lack of data, it is
necessary to mobilize various measures to collect necessary data. Such measures will include cooperation
with ongoing observation projects, cooperation with research organizations both at home and abroad, effec-
tive utilization of existing observation facilities, and a new framework whereby dynamic and concentrated
observation research can be done. The Frontier Observational Research System for Global Change is staffed
with capable research leaders. With their leadership, the Frontier Observational Research System for Global
Change will utilize a flexible assignment system, a system of cooperation that transcends boundaries among
ministries and agencies, national research institutes, universities, and private organizations; and appropriate
assignment of observation engineers and research promotion staff to tackle huge observation research of
globa dimension. The observation research will be very wide and will cover a variety of areas. Mgjor
objectives are clarification of the phenomena of climate change on a great scale, spatially and temporally;
acquisition of global observation data necessary for analysis of phenomena of climate change, and the estab-
lishment of a global observation system for data assimilation. Through these activities, the Frontier
Observational Research System for Global Change will contribute to the advancement of observation
research.

Description of Major Research Activities

(1) Climate Variations Observational Research
Program

The objective of the Climate Variation Observational
Research Program is to analyze and clarify climate
change and associated variational phenomena of the
atmosphere and ocean, over a period of several tens of
years, mainly in the Western Pacific Ocean and Indian
Ocean. Through such a step, the Program intends, ulti-
mately, to realize the establishment of an integrated
model and an observation system able to forecast future

climate change and various associated variational
phenomena

® Air-Sea | nteraction Group

The objective of the Air-Sea Interaction Group isto
clarify the interaction between the atmosphere and
ocean in the Western Tropical Pacific Ocean and the
Indian Ocean. This objective consists mainly of clari-
fying the mechanism of the atmosphere-ocean varia-
tion in subject sea areas, roles of intraseasonal oscilla-
tion, the relationship between EI Nifio and
the Asia monsoon, and the mutual interaction between
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the atmosphere and ocean in the tropics, including
mesoscal e cloud groups.

The Air-Sea Interaction Group started, in November
2000, the PALAU (Pacific Area Long-Term
Atmospheric Observation to Understand Climate
Change) Project. The PALAU's purpose for fiscal
2000 was to clarify the air-sea interactions and the
cloud and precipitation processes in the Western
Tropical Pacific Ocean (or the sea area surrounding
Palau Island). Intensive observation (PALAU2000) for
fiscal 2000, conducted from November 14 to December
17, coincided with the voyage (MR00-K07) of the
MIRAI, an ocean earth research vessel, to a stationary
observation point, at latitude 2 degrees north, longitude
138 degrees east, close to the Palau Islands. This expe-
dition conducted continuous observation on such vari-
ous ground climatic elements as temperature, humidity,
wind direction, wind velocity, precipitation, barometric
pressure and precipitable water (Figures 1 and 2), in
Peliryu Island of the Republic of Palau. Also, on Guam
Island, the team flew unmanned climate observation
equipment (aerosondes), and observed the three-dimen-
sional high-altitude climate (Figure 3).

The intensive observation observe large-scale west
wind bursts associated with tropical cyclones, and
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noticeable increases in precipitation, as a part of
intraseasonal variation. These phenomena were also
observed by the MIRAI. The observation in the West
Tropical Pacific Ocean was conducted jointly with the
Hydrological Cycle Observational Research Program.
In the warm sea area of the East Indian Ocean,
observations were aimed at clarifying the intraseason-
al disturbances and oceanographic changes over sever-
al years. In November 2000, the Program moored an
intermediate-depth-layer acoustic Doppler current pro-
filer (ADCP for short), at longitude 90 degrees east on
the equator, to study the currents on the equator. This

moored system will be recovered in October 2001 and

Fig. 3
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will be reinstalled. Further, the MIRAI's MR00-K07
voyage observed short-interval oscillation of the
Wyrtki jet, which occurs twice a year in the tropical
region, by using an shipboard ADCP and drifting
buoys.

The Program has started the XBT/XCTD observa-
tion, as a Joint Research with the Meteorological
Agency and the Fishery Agency, on two observation
lines in the Indian Ocean, and on one observation line
in the Pacific Ocean by a volunteer boat. In addition,
the Program is conducting a wide-area XBT/XCTD
observation in the Indian Ocean, with the cooperation
of fishing training boats of fishery vocational high
schools and fishing boats (Figure 4).

® Ocean Variation in the Subsurface Layer and
the Middle Layer Group/ARGO Project

The objective of the Ocean Variation in the
Subsurface Layer and the Middle Layer Group is to
understand water mass distribution, circulation and
their variations in the subsurface and middle layersin
the western North Pacific. They must be major con-
tributors to the climate change, of which time scale is
ten to a few tens of years. Another objective of the
group is to contribute the ARGO project, in coopera
tion with the Ocean Observation and Research
Department (OORD). Activities of the group in fiscal
2000 are summarized below.

In May 2000, members of the group and OORD
visited University of Washington to learn the technol-
ogy to adjust buoyancy of the ARGO float. The group
purchased the instruments to calibrate temperature-
conductivity-pressure (CTP) sensor of the float. Then
the joint study team of the group and OORD has
developed the technology to adjust buoyancy of the
float and calibrate the CTP sensor by itself. The joint
group also conducted a series of field test in the tropi-
cal Pecific in February 2001 to compare performance
of the CTP sensors of different types, including that
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used in the ARGO float.

The group developed a data processing and distribu-
tion system of the data obtained from the ARGO
floats. The system was soon ready for operational use
for processing raw data, quality control, distribution of
the data to other contributors to the ARGO project,
and public relation. In order for quality control of the
float data, high quality, historical hydrographic data
such as WOCE data sets were archived. A method was
developed, based upon Hydro Base, to judge whether
or not each temperature and salinity profiles reported
by the ARGO floats were climatically acceptable in
each region. The high quality historical data were used
in the judgment.

The group developed a method to simulate float tra-
jectories by using output of a general circulation
model of the world ocean. The method is used to infer
float positions, rate of crash into the seafloor, and rate
of stranding, for four years after the deployment.
Deployment positions and thus the cruises for the
deployment of the floats are determined based on the
simulation.

Two floats were released into the sea south of
Kuroshio Extension in October 2000 during a R/V
Mirai cruise. Thirteen were deployed in the regions
north, middle and south of Kuroshio Extension during
the other R/V Mirai cruise in February 2001. Together
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with two floats deployed in March 2000, 17 floats had
been deployed as of the end of fiscal 2000. 15 of them
worked well but 2 floats that were deployed in
October and one in February got some trouble a few
months after their deployments.

A case study of water mass distribution and a

cyclonic eddy in the region south of Kuroshio
Extension was conducted by using the data obtained
from the floats that deployed in fiscal 1999. Vertical
structure of the eddy was revealed. Meanwhile, the
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two floats failed in surfacing from August through
November because sea surface temperature in the
region was so high that the buoyancy of the floats was
not sufficient enough to come up to the sea surface.
They resumed observation by December 2000. The 15
floats deployed in fiscal 2000 were improved to over-
come the shortcomming.

® Japan Coastal Ocean Predictability Experiment

Group

The objectives of the Japan Coastal Ocean
Predictability Experiment Group are, first, to conduct
observational research on various physics concerning
variations of volume transport and meander of the
Kuroshio Current flowing along the southern coast of
Honshu, and second, to improve observational accura-
cy to verify the reliability of numerical models, for
climate change prediction of the ocean and atmos-
phere, over periods from severa years to severa tens
of years, using observational data. To understand
variation mechanisms of the Kuroshio Current south
of Honshuy, it is necessary, beforehand, to clarify the
variation mechanisms of the Kuroshio Current in the
East China Sea, the Kuroshio upstream region, and the
northward current in the east of the Ryukyu Islands, or
the Ryukyu Current System. However, the Ryukyu
Current System is not well understood until now. This
group tentatively aims to clarify seasonal to interannu-
a variations of the current system in the southeast of
Okinawa Island, using moored instruments with an
inverted echo sounder equipped with a pressure gauge
(PIES) (Figure 7) as a central component (Figure 8).
This fiscal year, this group performed a preliminary
evaluation of PIES observational system, using the
past CTD data obtained in the Kuroshio recirculation
region south of Honshu including the east of Okinawa
Island. The group studied a relationship between the
time required for sound to travel from PIES to the sur-
face in two ways, and the dynamic height of sea sur-
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face, and confirmed that the region east of Okinawa
Island was a suitable one for the deployment of PIES.
In addition, the group placed three PIESs, and one,
three-dimensional acoustic current meter (3D-ACM)
on July 4, 2000 in aregion about 1,000 m deep, on the
westside of the Amami-Oshima lsland. This operation
is a preliminary one, to experience the safety deploy-
ment and recovery of PIES and moored instruments
and to evaluate the performance of the whole system.
The group recovered safely these instruments on
August 24, 2000. The group estimated vertical distri-
butions of water temperature and density by means of
the Gravest Empirical Method (GEM method), in
which time required for sound waves to travel in two
ways, obtained by PIES, and a large number of previ-
ous CTD data for this region, were combined. Further,
the group reconstructed, using the dynamic calculation,
the vertical section distribution of geostrophic current
relative to the observed current 100 meters above the
seafloor, obtained by the 3D-ACM (Figure 9). The
root-mean-square values of differences between the
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Fig. 9 Time-depth diagram of absolute geostrophic flow
obtained by the GEM method. A contour interval is 5
cm/s, and a positive and a negative value show the
northward and southward currents, respectively.

water temperature measured by the CTD casts during
the mooring period, and the estimated water tempera-
ture by the GEM method, are distributed from 0.17° C
t0 0.46° C, in the depth range of 300 to 900 db. It was
discovered, by application of the GEM method, that a
gentle southward flow of 5 to 10 cm s' usualy pre-
vailed in the observation region, but arelatively strong
southward flow, exceeding 20 cm s!, occurred at
depths less than 400 m around August 8, when
Typhoon 0009 (Typhoon No. 9 of 2000) came close to
the area. It is likely that this caused the shoreward
shift of the Kuroshio stream axis.

Apart from the preliminary experiment, the group
launched seven sea level drifting buoys in a joint
research with the Hydrographic Department of the
Japan Maritime Safety Agency. The purpose was to
study the variability of the Kuroshio recirculation
region, including the east of Okinawa from 24°N to
30° N near the Izu-Ogasawara Ridge (Figure 10). By
the drifting buoy data accompanied by the satellite
derived atimetric data, the group found oceanic vari-
ability of the surface layer, by drifting buoys, that was
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Fig.10 Trajectories of seven drifting buoys.

likely to be caused by warm-and-cold eddies in the
east of the Ryukyu Islands and a warm eddy south of
Shikoku.

Note: GEM method

The GEM method is a technique to veconstruct the
vertical profile of water temperature or density from
acoustic travel time data. For this purpose, a linear
relationship between the above variables and travel
times has to be established from the past CTD data.

(2) Hydrological Cycle Observational Research
Program

The purposes of the Hydrological Cycle
Observational Research Program are, first, to clarify
physical processes of Asian monsoon variations --
both annual and long-range variations, the latter being
associated with global warming -- and of water
resources variation; and second, to build an integrated
model to forecast the processes of the Asian monsoon
variation and water resource variation, and to establish
an observational system for them. The annual and
long-range variations of the Asian monsoon strongly
influence climate changes, mainly of the Asia mon-
soon area, the Eurasia Continent, and Japan.

® | arge-Scale Hydrological Cycle and Processes
Group
The Large-Scale Hydrological Cycle and Processes
Group intended to complete preparation for full-scale
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observation to start from fiscal 2001. The purpose of
the observation is to clarify the processes of variations
of the large-scale atmosphere and hydrological cycle
in the Asian monsoon area. With this schedule in
mind, the group completed a series of work, from
drafting of agreements, sealing of agreements, fields
surveys of the planned observation sites, and acquisi-
tion of materials, for preliminary analyses for the sub-
ject countries; namely, Indonesia, Thailand, and
Nepal. The preliminary analyses produced the follow-
ing outcomes, which have been reported to academic
societies at home and abroad. Presently, the group is
presenting some essays. The group's activities are
being conducted in various areas, of which outlines
are presented below.

(a) Observation of secular changes of cloud activi-
ties of the ocean and terrestrial system of
Indonesia

The group conducted preparatory surveys, mainly in

Bukittinggi, the central part of Sumatra, for the obser-
vational research of next fiscal year. The group also
collected past records of ground and aerological data
covering al of Indonesia. Even in the preparatory sur-
veys, the group was able to get hold of various climat-
ic phenomena. These climatic phenomena were
regional classification of the entire Indonesia based on
seasonal changes of precipitation and the wind system,
changes of interval in year of the Hadley circulation,
semi-annual variations of easteries jet streams, secular
changes of precipitation and the wind system associat-
ed with the El Nifio southern oscillation, and the col-
lapse on the west coast of Sumatra of wind groups
originating in the Indian Ocean.

(b) Observational research and preliminary survey
for daily variations of water and heat circulation
in Tibet and Thailand

The group placed a GPS receiver at Nagu and
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Gaize, cities respectively located in the east and west
of the Tibet highland, and began observation of soil
moisture content. The group conducted a preliminary
survey in Thailand, for a similar observation planned
for fiscal 2001. In the preliminary survey in Chiang
Mai, Thailand, it was discovered that there are sea-
sonal fluctuations of the convective cloud activity,
that is a major process of water transport between the
ground surface and the atmosphere (Figure 11).
Specifically, a daily cycle, with its peak at around
6:00 p.m., predominates in April, and a semidiurnal
cycle, with its peak appearing twice a day at around
noon and in the middle of the night, predominates in
August in Chiang Mai.

(c) Surveys for sources of precipitation in Nepal,
Tibet, and Siberia
The group established a sampling network for pre-
cipitated water and river water in the Tibet and Nepal
area. The group also conducted an intensive sam-
pling of snowcover water, river water, and lake water.
The group also executed preparatory work in
Indonesia and Thailand, for observational research to
be donein fiscal 2001. The number of samples so far
collected amounts to 1,600, which are being analyzed
now. The group intends to identify sources of precip-
itation in various areas of East Asia, and the roles of
snowcover water in the interaction between the
atmosphere and vegetation (Figure 12). The above
(a) and (c) are being conducted as Joint Researches
with Kyoto University.

® L and-Surface Hydrological Cycle and Processes
Group
The purpose of the Land-Surface Hydrological
Cycle and Processes Group's observational research is
to clarify the terrestrial system processes of the cold
regions of continents, and the interaction between the
atmosphere and ground surface, to thereby understand
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the roles of the terrestrial system in the regional and
global hydrological cycles. The research themes so
far accomplished are given below.

(a) To clarify the effects of snow and ice in snow-
cover and frozen soil, and those of vegetation, on the
processes of water and heat circulation of the terrestri-
al system, in such semi-arid areas as East Siberia,
Tibet, and Mongolia, on the Eurasian Continent; (b)
To build a data set that should enhance understanding
of water and heat circulation; and (c) To develop ater-
restrial scheme for understanding the physical
processes of water and heat circulation, and to use this
scheme for verification of schemes already developed
for regional and global models.

Regarding these objectives, the group conducted the
following observational research in fiscal 2000.

i) Observation of three-dimensional water and
heat circulation in an area near Y akutsk, East
Siberia, where the taiga forest predominates
(Photos 1 and 2)

ii) A year-round observation of the water and heat
exchange in river basins in areas south of the
Taiga Area (Photo 3)

iii) A year-round observation of water and heat cir-
culation in the western region of the Tibet
Highland (Photo 4)

iv) Analysis of hydrological and land surface
processes by using meteorological and hydro-
logical datataken at operational stations

v) Observation aimed at developing a method to
correct solid water precipitation in the Arctic
strong wind zone, and observation of water and
heat transport processes in drifting snow

In fiscal 2000, observational research was done with
particular emphasis oni) of the above observations. In
particular, seasonal variations and spatial distribution of
transport of heat and moisture from heterogeneous
ground surface to the atmosphere, were intensively sur-
veyed. The group installed four forest-and-grassiand

Photo 1
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Photo 2

Photo 3

towers in this area, and conducted observations of major
meteorological elements at 15 locations. In close coordi-
nation with the ground observational operations, aircraft
observations were done for altitudes between 100 meters

Photo 4

and 4,000 meters, on fine days, from April 24 to June 20,
in cooperation with the Moscow Central Aerological
Observatory. This observational research discovered that
the water and heat circulation is under strong influences
of distortions of spatial distribution, and of localized cir-
culation caused by the Lena River. These results will be
useful in analyzing ground-level heat and water fluxes.

The group was able to promote observational
research smoothly in other areas. Some of these
observational researches are still under way, and
good-quality data are being acquired.

® Cloud and Precipitation Processes Group

The purpose of the Cloud and Precipitation
Processes Group is to conduct accurate and high-reso-
lution observational researches that will contribute to
the development of a cloud resolution model, thereby
clarifying seasonal variations and yearly variations of
the East Asia Baiu front and cumulus convections.

In fiscal 2000, the group made preparations for pre-
liminary observations of the structure and develop-
ment process of the precipitation system at the
Y angtze River downstream area during the Baiu peri-
od with process of clouds and precipitation in the
West Pecific sea area near the Palau Islands.

Regarding observation in the downstream area of the
Y angtze River, the group concluded, first, an observation
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agreement with the Chinese Academy of Meteorological
Sciences. The group surveyed planned areas for placing
awind profiler, three Doppler radars, two bistatic radars,
and three automatic weather systems (AWS), near
Suzhou city, Jiangsu Province, and studied practical can-
didate sites and methods of installation. After being
tuned, these instruments were transported to the sites and
properly installed, in March 2001 (Figure 13). Some
experts of the group participated in an international con-
ference on cloud and precipitation, held in August 2000
in the United States. The experts took this opportunity to
visit concerned organizations, and they obtained informa-
tion to improve observation by the wind profiler and by
the Doppler radar, and to improve the method of analysis.

In the observational research in the Western Tropical
Pacific Ocean sea area (the Palau Islands), the group
executed a series of works with the Air-Sea Interaction
Group of FORSGC. These works are a site survey in
June 2000, negotiations with the concerned organiza-
tion of the Republic of Palau in September, and
preparatory work for installing ground meteorological
observatory instruments in October. Finally, the group
conducted an intensive observation from November 14
to December 17, 2000. In April 2000, some experts
tested meteorological observatory instruments on board
the MIRAI, an ocean and earth research vessel, and
also prepared programs to analyze observed data.

(3) Observational Research of the International
Arctic Research Center, IARC

The International Arctic Research Center (IARC),
intends to clarify climate change by natural causes and
artificial environmental changes by greenhouse-effect
gases in the Arctic Region, and to develop technologies to
forecast these changes. For this purpose, the IARC con-
ducts observational research focussed on mutual interac-
tions of various global changes and their effects on the
Arctic Region, in particular. The IARC executed observa-
tional research on the following two themesin fiscal 2000.
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® Coupled System of the Ocean, Sea Ice, and the

Atmosphere

To be able to clarify the complicated arctic climatic
system, observational research on the ocean seaice and
atmosphere system, and on the mutual interactions of
ocean, seaice, and the atmosphere in the Arctic Ocean,
in particular, are necessary. Observational research in
fiscal 2000 was concentrated on the sea areas of the
Arctic Ocean that have close interactions with the
Pecific Ocean. The lARC traced the transport of fresh-
water in seawater, using a stable oxygen isotope. The
result of this observation indicates that the water mass
observed in the Beaufort Sea deviates from a straight
line connecting the freshwater with the North Atlantic
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seawater, and therefore the water mass has been gener-
ated from melting of seaice or independent formation.
To observe and understand the processes of formation
and melting of ice, the IARC conducted detailed measure-
ment of mixing processes below the sea ice, by instru-
ments, to measure turbulent flows. As may be noted from
Figure 14, stepwise vertical distributions of density were
observed. Since the seawater density is expressed by a
non-linear function of the seawater temperature, once ver-
tical mixing occurs, that portion of the seawater becomes
heavier, which, in turn, further promotes vertical mixing.
The IARC reviewed satellite data obtained by the
Nationa Space Development Agency of Japan, NASDA,
and a number of other organizations, and analyzed the

Fig.14 Structure of Water Mass Observed by a Vertical
Profiler (If a low-temperature, low-salt-content water
mass exists below a high-temperature, high-salt-con-
tent water mass, mixing of these two masses makes
the density of the mixture even greater, which, in
turn, increases the density of the mixture, and hence
promotes vertical mixing.)
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data useful for the clarification of climate change. Using
the data on sea ice types, observed by a microwave
radiometer mounted on an artificial satellite, the IARC
improved the method of analysis, referring to past data
obtained by airplane and boat, from the Sea of Okhotsk
and sea areas to the east of Hokkaido Island. Asaresult
of such efforts, the improved method can estimate thick-
ness of seaice to the order of several tens of centimeters.

@ Multi-Disciplinary Resear ch

Multi-disciplinary researches are concentrated mainly
on observational research in the areas where bio-earth
science processes have great bearing on climate change.
In fiscal 2000, the IARC collected samples of seawater,
sea ice, and sediments on the seafloor, in the sea area
from the Bering Sea, to the Arctic Ocean, to north of the
Bering Sea, and started biochemical analyses of these
samples. The samples were taken by the MIRAI, an
ocean and earth research vessel. The items for analysis
are Chl.a, nutrient salts, suspended and dissolved carbon
and nitrogen, their stable isotope ratios, lipid bio-mark-
ers, etc. The analyses are now under way. The results
so far obtained indicate the following (Figure 15).

(a) Water effluent from the Yukon River and the
Mackenzie River may be traced in the Arctic
Ocean by using dissolved organic carbon and its
isotope ratio.

(b) The cold halocline formed on the continental
shelf of the Chukchi Sea supplies alarge amount
of organic carbon to the middle layer, deep

FRE[mM]
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Fig.15 Vertical Cross Section of Distribution of Chlorophill
Concentration in a Seafloor Canyon off Barrow
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ocean water, and seafloor sediments of the
Arctic Ocean. Organic carbon was transported
by the continental shelf flow in Barrow Canyon.

The vertical distribution data obtained by the MIRAI
indicate that DMS and DM SP exist at high concentra-
tions only in the surface layer, to depths of several tens
of meters. Since phytoplankton contain DM SP at rela-
tively high concentrations, but they contain DMS only
at low concentrations, the low concentrations in the
deeper layers indicate that microbial decomposition of
DMSP and DMS is very active in the summer. The
MIRAI also observed large-scale blooms of coccol-
ithophorids, lasting for several months, in the Bering
Sea. DMS and DM SP were detected at extraordinarily
high concentrations in seawater around the blooms.

A preliminary observation was conducted in May
2000, at Point Barrow, Alaska State, to clarify the rela
tionship between ice algae and DMSP production.
Secular changes of the sulfur compound concentration in
sea ice and seawater around the observation point were

obtained. Data on temperature, salt contents, nutrient
salt contents, total organic carbon contents, chlorophyll a
contents, and accessory pigments of phytoplankton in
seaice and seawater, were obtained at the sametime.

Seemingly black cryophilic microorganisms reduce
their albedo and increase absorption of solar radiation,
thereby promoting melting of glaciers. The IARC
conducted a preliminary survey of glaciersin the cen-
tral part of Alaska, in August 2000. The preliminary
survey confirmed that various kinds of cryophilic
microorganisms thrive on the Alaskan glaciers, which
demonstrated the possibility of a biological effect to
reduce albedo. The IARC aso participated in the sur-
vey of burned-out forest sites in central Alaska, from
November 1999, to study the effects of aerosols and
trace gas components on the atmosphere of the Arctic
Circle. The IARC measured emission of greenhouse-
effect gases from soils, in this survey.

Figure 16 represents the spots of these research
activities.
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Outline of Ocean Drillingin the 21st Century (OD21)

Ocean Drilling in the 21st Century (ODZ21) intends to build the Deep-sea Drilling Vessel incorporating the
most advanced scientific drilling capacity, and to operate the vessel, to clarify the mechanisms of climate
change and global change, including the mechanism of earthquakes. OD21 further intends to explore
unknown deep biospheres and deposits of gas and gas hydrates, and thus to establish a new area in earth sci-
ence and life science, and to promote comprehensive understanding of this new scientific area.

Presently, 21 countries are jointly promoting the Ocean Drilling Program (ODP), using the JOIDES
Resolution (JR), a scientific deep-sea drilling vessel of the United States. In Ocean Drilling in the 21st
Century (ODZ21), Japan will develop the Deep-sea Drilling Vessel, exceeding the technological limits of JR.
The new vessel, and a conventional deep-sea drilling vessel of the United States, will be operated internation-
aly, in a manner to mutually supplement each other, to obtain core samples under the seafloor. Ocean
Drilling in the 21st Century (OD21) will promote earth science and life science by using the core samples
and drilled boreholes. The present ODP will terminate at the end of September 2003; thereafter, the
Integrated Ocean Drilling Program (I0ODP) will start, in which the two vessels mentioned above will be oper-
ated. Now, preparation of the IODP is under way internationally. The task force for Ocean Drilling in the
21st Century (ODZ21) is busy working on construction of the Deep-sea Drilling Vessel, development of asso-
ciated technologies, study of the system to operate the vessel, and establishment of a domestic and interna-
tional cooperation system.

Development of Technologies for Exploration
of the Earth's Deep Interior

(1) Construction of the Deep-sea Drilling Vessel
The Deep-sea Drilling Vessal system, as shown in

INT = XA NIV

Figure 1, aims to drill formations under the seafloor,
to obtain continuous core samples, including sedimen- FoINT—bIL—>
tary rocks and igneous rocks, and to conduct analyses
and research on the core samples aboard the vessel.
The system conducts measurements of physical and
chemical data and seismic waves, to obtain informa
tion on the state of the earth's interior. The system
addresses such themes shared by all of mankind as ——
global warming, earthquakes, and the origin of life.

The various data to be obtained by this system will
promote studies on a variety of themes. The themes Fig. 1 Outline of the Deep-sea Drilling Vessel System

120



OD21

Japan Marine Science and Technology Center

will include such global changes as environmental
changes and seawater changes, clarification of the
mechanism of destruction in earthquake zones, studies
on mantle substances, to be obtained for the first time
in human history, and pursuit for living organisms in
the earth's crust. These studies promise marked
advancements in earth science and life science.

To accomplish such research, a number of difficult
hurdles, which conventional riserless drilling technol-
ogy cannot adequately cope with, must be overcome.
Acquisition of good core samples from unstable
hydrocarbon-containing formations, deep drilling
through earthquake faults, very deep drilling to the
upper mantle layer, and stable and long-range obser-
vations in boreholes, are some of such difficulties.
The existing riserless deep-sea drilling vessel cannot
drill gas- or petroleum-bearing formations, and it is
constrained in drilling depth and core sample recovery
rate because of the drilling method.

Research and development of this system started as
early as fiscal 1990. Technologies concerning riser
drilling, and those on the Dynamic Positioning
System (DPS) for the Deep-sea Drilling Vessel, both
being key technologies of the system, were intensive-
ly studied, to make the entire system really reliable
(Refer to Figure 2). The specifications of the system

have been determined for the system to drill the deep
seafloor, 2,500 meters deep (4,000 meters deep in the
future), to 7,000 meters below the seafloor, under
rough oceanographic conditions, with a maximum
significant wave height of 4.5 meters. Effective use
of various data to be obtained by this system will con-
tribute to clarifying global environmental changes,
understanding the mechanisms of earthquakes,
acquiring of the mantle substance, discovering of
earth crust living organisms, and advancing of earth
science and life science.

The basic design for the Deep-sea Drilling Vessel
was started in fiscal 1999, and it was finished on
February 28, 2000. The contract for construction was
awarded to Mitsubishi Heavy Industries, on March 27,
2000. Detailed design of the vessel was carried out in
fiscal 2000, and manufacture of various facilities start-
ed. The main engines, main generators, and other
facilities, constructed under funding by the second fis-
cal 1999 supplementary budget, were completed in
March 2001 (Refer to Figure 3). The construction
cost for the second portion of the three-phase con-
struction contracts was budgeted from fiscal 2000, as
acts incurring liabilities on the treasury. Reflecting
this, JAMSTEC amended the contract with Mitsubishi
Heavy Industries on September 1, 2000.

Fig. 2 Test on the Dynamic Positioning System, Control of
Riser Inclination

Fig. 3 Main Engine
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Major specifications and features of the Deep-sea
Drilling Vessel are given below (Refer to Table 1).

Table 1 Major Specifications of Deep-sea Drilling Vessel

Length 210 m

Width 38 m

Depth 16.2m

Draft 9.2m
Variable load 25,500 ton
Speed 10 knots
Cruising range 14,800 km
Accommodation 150 personnel
(Major features)

+ The vessel is designed to be compartmentalized,
to afford living comfort to the crew and
researchers, in view of long-term stays for drilling
and research activities.

+ The Global Positioning System (GPS) is adopted,
to determine the location of the vessel for DPS.
The vessel is equipped with a riser inclination
controlling function, to estimate optimum loca-
tion from the angle of the line connecting the
upper and lower end of theriser.

+ Considering the possibility of increasing depth of
water and deep-drilling operations, the vessel is
designed to have an ample variable load.

+ The vessel is designed to hold, instead of dump-
ing to the sea, such drilling wastes as cuttings
and waste mud that are generated with drilling
operations, as a measure to prevent marine envi-
ronmental pollution. The vessel also has space
for a drilling waste disposal facility, now under
development.

+ To enable the vessel to operate in al sea areas of

the world, except for icebound seas, oceano-
graphic design conditions for the riser hangoff (a
means of tiding over during stormy weather with
the riser hanging from the vessel) comply with
the World Wide Sea State (worldwide oceano-
graphic conditions), after study of the Guidance
Note of Det Norske Veritas (DNV), or the rela-
tionship between the wave period and the wave
height using worldwide wave statistics. The rise
system is designed to withstand the wave height
obtained from all wave period conceivable from
the World Wide Sea State.

+ Automatic operation is extensively adopted for
drilling operations, to secure safety of operation
and to improve efficiency.

(2) Development of Test Seafloor Drilling System
Period: from fiscal 1998 to fiscal 2000

The manufacture of a test seafloor drilling system
consists of manufacturing a special core sampling
system and development of a borehole utilization
system.

(8) Manufacture of the Test Borehole Utilization

System

The boreholes of the Deep Sea Drilling Project
(DSDP) and the Ocean Drilling Program (ODP) are
not just unnecessary holes left after core samples are
taken; rather, they represent opportunities for scientif-
ic research. It isdesired to install seismometersin the
rock formation of the earth's crust, to measure seismic
waves at high S/N ratios. Also, information available
only below the seafloor must be obtained, to clarify
material circulation in the earth's crust and mysteries
of deep biospheres. Long-term observations by instru-
ments placed deep in these boreholes represent very
effective means for such scientific purposes. As a
means to place measuring instruments in the bore-
holes, the Deep-sea Drilling Vessel can be used. The
Deep-sea Drilling Vessel can easily handle heavy
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objects for installation and reentry operation.
Frequent use of the Deep-sea Drilling Vessdl to place
and recover measuring instruments in and from these
boreholes, however, would significantly restrict the
vessel's operation for drilling and core sampling -- the
intended purposes of the Deep-sea Drilling Vessel --
and hence such use is not practical. Accordingly, a
system of technologies to use boreholes for measure-
ments without relying on the Deep-sea Drilling
Vessdl, is needed.

JAMSTEC has developed a borehole utilization
system: BENKEI, in athree-year project that started in
1998. BENKEI is brought to a borehole site aboard
the KAIREI, the support vessel for 10,000-meter class
Remotely Operated Vehicle KAIKO. BENKEI places
measuring instruments and permits real time measure-
ments on board the support vessel, lasting for about
two days. BENKEI consists of a system aboard the
support vessel, an active launcher, an observation sta-
tion, and borehole sensors. Certain facilities for the
KAIKO are used for BENKEI.
include a winch, a heave compensator, a primary
cable (kevlar-sheathed fiber/copper composite cable),
a recovery facility, rail and a bogie on the support

These facilities

vessel. Figure 4 shows the appearance of BENKEI.
Development of this system met the following chal-
lenges. The system should have the following per-
formances.
+ Ability to quickly locate are-entry cone
- Ahility to steadily hover on are-entry cone
- Correction of heaving of underwater facilities
* Minimization of impact on the re-entry cone
when coupling with the observation station
* High reliability of datatransmission
- Light weight and compactness of the system
- Reliability of recovery operation of the observa-
tion station
Fiscal 2000 being the final year for development, a
series of onshore testing, tank testing, and sea trial was

Fig. 4 Appearance of BENKEI

done, and the system's performances for satisfactory
operation were confirmed (Refer to Figure 5).

(b) Development of the Special Core Sampling
System

The specia core sampling system will be mounted on
the Deep-sea Drilling Vessel now under construction.
The system will be used to drill the formations beneath
the deep seafloor and collect samples there.
The design work was done in fiscal 1998 and 1999, and
the construction, testing, and evaluation were done in
fiscal 2000. The system is now stored in a container to
be used on board the Deep-sea Drilling Vessdl.
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iii) High-Tensile Drill Pipe

The development of high-tensile drill pipe started
from a basic material test. To secure corrosion resist-
ance against sulfide stress cracking (SSC) and carbon
dioxide, the variation of corrosion resistance had to be
reduced to less than half that of the normal high-
strength drill pipe material. For this reason, materials
comparable to S140 and S150 were selected. (These
materials will be patent-applied.) Thereafter, the high-
tensile drilling pipe was designed, manufactured, and
tested for various performances, to prove the pipe sat-
isfied various target quality levels of OD21.

iv) Drill Collar and Heavy Wall Drill Pipe

JAMSTEC developed a small-diameter drill collar
for SD-RCB, and conducted make-break and make-up
tests. Also, JAMSTEC developed a heavy wall drill
pipe to be set upon the drill string. JAMSTEC con-
firmed that these products satisfied specified perform-
Fig. 5 Comprehensive testing of BENKEI in a Sea trial ance requirements, from various test results.

i) Core Barrel and Core Bit

JAMSTEC developed four types of core barrels:
HPCS, ESCS, RCB, and SD-RCB. JAMSTEC also
designed and manufactured eight types of core bits.
Testing machines of TeraTech Inc., of Salt Lake City,
were used to conduct various tests on these products,
under the atmospheric pressure and working pressures
for drilling rate, quality of core sample, and contami-
nation of core samples. Although some of the prod-
ucts failed to score satisfactory results, the other
results were generally good.

ii) Borehole Tool
JAMSTEC debveloped four types of borehole tools:
jar coupling, bumper sub, overshot, and shock Fig. 6 Core Bit

absorber. These tools have been subjected to various
tests and demonstrated their intended performances.
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(3) Operation of the Deep-sea Drilling Vessel

(a) Pre-survey for Riser Drilling

The purpose of the Deep-sea Drilling Vessel is to
execute deep drilling through formations containing
hydrocarbons or otherwise complicated formations,
which were impossiblein the present ODP to drill. To
ensure safety and efficiency of drilling operation
under such difficult conditions, a pre-survey, to obtain
data on such environmental conditions as oceano-
graphic phenomena, seafloor topography, and under-
ground structure, is essential. Of particular impor-
tance is to foresee potential hazards to the extent pos-
sible that could emerge during seafloor drilling, and
that could make accomplishment of the drilling opera-
tion difficult, and to incorporate preventive measures
to forestall such potential hazards in the drilling opera-
tion. Without such precautionary measures, safe and
efficient drilling would be impossible. In fiscal 1999,
JAMSTEC prepared a draft for the standard required
item list for the pre-survey for OD21 riser drilling. In
fiscal 2000, JAMSTEC determined candidate sea
areas for the pre-survey, and drafted implementing
plans, with due consideration given to the conditions
of the candidate sea areas. Consecutively, JAMSTEC
conducted a study for preparation of implementation,
adjustment of the sea area, and security measures, to
be specific, and decided on the shake down courses
and selected sea areas most suited for the shake down
operation.

(b) Establishment of Deep Sea Scientific Drilling
Vessel Management System
The planning for safe and efficient operation of the
Deep-sea Drilling Vessel included a study on prepara-
tion of the management system, consisting of the man-
agement standard, the drilling planning standard, and
the drilling operation standard. The results of this
study indicated need for a management and mainte-
nance system, a drilling operation management sys-

tem, and a network system connecting the Deep-sea
Drilling Vessel, the onshore supporting base, and the
headquarters. JAMSTEC estimated that establishment
of these kinds of system would take four years, from
fiscal 2000 to fiscal 2003, just before planned shake
down operations begin. In fiscal 2000, JAMSTEC
studied items for crisis management of scientific
drilling; namely, oceanographic phenomena, under-
ground structures, and human factors. JAMSTEC aso
promoted studies on the safety management standard,
the drilling planning standard, and the drilling opera-
tion standard, while extensively studying such stan-
dards of other organizations at home and abroad.

(4) Promotion of Ocean Drilling in the 21st

Century (OD21)

(a) Preparation of a Domestic Organization for

Promotion

The task force for Ocean Drilling in the 21st Century
(ODZ21) is assigned to promote Ocean Drilling in the
21st Century (ODZ21), with the deep sea scientific
drilling vessel playing the central role. For this assign-
ment purpose the task force has been promoting estab-
lishment of organizations for development and opera-
tion management of the Deep-sea Drilling Vessel, and
for research therewith, in close cooperation with the
concerned ministries and agencies, universities, and
research ingtitutes. In fiscal 2000, it is how necessary
to reorganize the domestic science advisory structure
to effectively study research proposals and research
management. The ODZ21 Advisory Committee was
dissolved, to be integrated into the OD21 Science
Advisory Committee (OD21 SAC), with Dr. Hajimu
Kinoshita as chairman, to study Japan's research strate-
gy, selection of important research themes, and interna-
tional strategy, with the latter committee established in
January 2001. The OD21 Program Department of
JAMSTEC conducts various PR activities to promote,
in Japan, Ocean Drilling in the 21st Century (OD21).
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The OD21 Program Department issued OD21
Newsletter Nos. 4 to 7, to enhance awareness of Ocean
Drilling in the 21st Century (OD21). Also, the OD21
Program Department held OD21 promotion campaigns
at 12 universities across the country, to outline the
ODZ21 project and invite submission of research pro-
posals. Further, OD21 held exhibitions on OD21, at
various events for science and technology, to enhance
public understanding of it. The OD21 SAC publicly
begins receiving scientific proposals for IODP in July
2001. As a prelude to this, the OD21 Program
Department held, in March, at the Ocean Research
Institute, University of Tokyo, an IODP Science
Symposium, to give guidance for preparation of scien-
tific proposals, and to establish a common understand-
ing between JAMSTEC and researchers.

(b) Preparation of an International Organization for
Promotion

Ocean Drilling in the 21st Century (ODZ21) promot-
ed by using the Deep-sea Drilling Vessel and the
Ocean Drilling Program (ODP), led mainly by the
United States, will be into a new Integrated Ocean
Drilling Program (IODP). The IODP will be led
mainly by Japan and the United States, and will start
in October 2003, with a Japanese riser drilling vessel
and aU.S. riserless deep-sea drilling vessel.

JAMSTEC is building a system for international
cooperation, coordination, and implementation, through
its participation in the International Working Group
(IWG), the IODP Planning Sub-Committee (IPSC), and
various other activities. As of the end of fiscal 2000,
countries and international organizations expressing
interest in participating in the IODP are Japan, the
United States, the United Kingdom, Germany, France,
the European Union, Canada, China, the European
Consortium (Belgium, Denmark, Finland, Iceland, the
Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland, Finland, Italy), and Australia.
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The IWG is a committee consisting of representa-
tives from member countries' organizations in charge
of science and technology policies, to realize the
IODP. The WG is drafting a management scheme for
IODP, and discussing themes on technology, organi-
zation, and funding, for project implementation. In
November 1999, the United States and Japan jointly
established the IWG Support Office (IWGSO), in
Washington, D.C. JAMSTEC has dispatched its staff
to the IWGSO, to support its activities.

The IPSC is an international committee of scientists
and experts, to contribute their comprehensive views
on study to scientific, technological, and operational
aspects of IODP. The task force for Ocean Drilling in
the 21st Century (OD21) works to have its opinion
reflected in IODP, by stationing its staff. 1PSC formu-
lated the final draft for the Initial Scientific Plan (1SP)
of IODP, or objectives for the first 10 years from fis-
cal 2003, announced in May 2001. IPSC held promo-
tion campaigns in Indonesia, the Philippines,
Malaysia, and China, to solicit international support
for IODP and to invite research proposals.

(c) International Continental Scientific Drilling
Program (ICDP)

The International Continental Scientific Drilling
Program (ICDP) is an international joint research pro-
gram, initiated in 1996, with participation by Germany,
the United States, and China. In fiscal 2000, JAM-
STEC was named the representative organization of
Japan to ICDP. |n October 2000, JAMSTEC seded a
memorandum regarding JAMSTEC's participation in
| CDP with GeoFunschungsZentrum (GFZ) in Potsdam,
the representative office of ICDP. The OD21 Program
Department serves as a secretariat office for the execu-
tive committee in Japan of 1CDP, executing such work
asinvitation and coordination of proposalsin Japan.
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Outline of the Activities of the Mutsu Institute for Oceanography

Outline of the Mutsu Institute for Oceanography

JAMSTEC established, in October 1995, itsfirst local office in Sekinehama, Aomori Prefecture, facing the
Tsugaru Strait, to continually use Sekinehama Port, the home port of the Mutsu, a nuclear-powered vessel
now modified and renamed the MIRAI, an ocean and earth research vessel. The local office's jobs were
management of the MIRAI and support work for such research activities as analyses and studies of samples
and data collected by the MIRALI. In view of the contribution of this local office and the need to strengthen
research activities for global warming problems, the Mutsu Institute for Oceanography was established, out
of the local office, in October 2000. First, the Mutsu Institute for Oceanography serves the required func-
tions as the MIRAI’s mother port. For this purpose, the Mutsu Institute for Oceanography has an administra-
tive office, a observation equipment and machinery maintenance shop, and a sample analysis facility, to man-
age operation of the MIRAI. There is also the Mutsu Guest House, with researchers' rooms, large confer-
ence halls, seminar rooms, and accommaodations to facilitate communications among researchers at home and
abroad, as well as for lectures or training in the Mutsu area. The Mutsu Institute of Oceanography has exe-
cuted such work as maintenance of observation instruments of the MIRAI and Triton buoys (ocean observa-
tiory buoys); collection, processing, and management of observed data, and pretreatment of samples to meas-
ure the age of seawater by radioactive C14. The Mutsu Institute of Oceanography is strengthening its

research base for marine science, while intensifying its lineup of analytical instruments.

Outline of Research Activities

In fiscal 2000, the Ocean Observation Research
Group was moved to the Mutsu Office, and the office
was upgraded to the Mutsu Institute of Oceanography,
together with strengthening of administration, support,
and research systems. The Mutsu Institute of
Oceanography intends to become a core facility for
research in earth science, mainly in such northern sea
areas as the Arctic Ocean and the Sea of Okhotsk.
The Mutsu Institute of Oceanography will clarify the
mechanism of the cycle of organic substances, consid-
ered to be the main sink of carbon dioxide in the
Northwest Pacific Ocean, to conduct chemical analy-
sis of seafloor sediments and analysis of micro-fossils
assemblages contained in seafloor sediments. For this
purpose, the Mutsu Institute of Oceanography will

effectively use its facilities, including the MIRAI.
Accordingly, the Mutsu Institute of Oceanography
intends to reproduce the global environmental changes
that occurred over the past some hundreds of thou-
sands of years, with high accuracy, to clarify the
mechanisms of those environmental changes.
Ultimately, the Institute aims to understand the envi-
ronmental changes stemming from human activities
taking place in a short time frame of less than 100
years, as aresults of such efforts.

PR Activities

For smooth and effective operation of the MIRAI,
an ocean and earth research vessel, understanding and
cooperation of the people of Mutsu-city, where the
mother port is located, are essential. One very impor-
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Outline of the Activities of the Mutsu I nstitute for Oceanography

tant objective of the PR and extension activities of the
Mutsu Institute for Oceanography is to impress the
achievements and possibilities of marine science and
technologies on citizens, including young boys and
girls, who will bear the future, in particular.

According to this policy, the Mutsu Institute of
Oceanography held five public lectures and two
memorial lecturesin fiscal 2000.
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On April 29, or the Greenery Day holiday, the
Mutsu Institute of Oceanography participated in events
for National Science and Technology Week, for the
first time. The Mutsu Institute of Oceanography
opened, to the general public, the KAIREI, an ocean
investigation ship, in the Sekinehama Port of Mutsu-
city, aswell as other facilities of the Ingtitute.
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Study on the past marine environmental changes

Center

"Study on the past marine environmental changes" is a paleoceanography project started in FY 1999.
We focused on reconstructing the natural variability of global and regional climate recorded in the deep-sea

sediment during the late Quaternary. We are challenging to the following themes:

a) Changes in sea surface temperature and surface current systems
b) Changes in biogeochemical cyclesin the ocean (Carbon Cycle)

¢) Changesin global thermohaline circulation

Since FY 2000, this project has been carried out as one of the themes of Mutsu Institute for Oceanography

(MIO).

In FY 2000, we set up the facilities (Carbonate
device, HR-ICP-MS) in MIO and performed prelimi-
nary examination for sediment analysis. The sediment
coring was carried out at the Kuroshio extension area
in the NW Pecific, the Okhotsk Sea, and its adjacent
area on the cruises MR00-K03 and MR00-K05 of R/V
Mirai, respectively (Table 1). Chemical and micropa-
leontological analysis for these cores are now in
progress.

In this year, we investigated the following three
themes for cores which were recovered from the NW
Pacific on the previous R/V Mirai Cruises: 1)
Alkenone paleothermometer, 2) Oxygen and Carbon

isotopes, and 3) Trace metalsin calcareous microfossil.

Followings are our preliminary results.

1) The Alkenone (long chain, unsaturated alkyl
ketones which are produced by marine coccol-
ithophorids) was analyzed during the last 20 kyrs
for five cores in the western North Pacific. In the
Last Glacial Maximum (LGM), paleo-sea surface
temperature (Paleo-SST) calculated from the
alkenone decreased approximately 5°C compared
with the present (Figure 1). These results are large-
ly different from previous studies which suggested
a decreasing of c.a. 2°C (e.g. CLIMAP, 1976;
1981). This is extremely important for the recon-

Table 1 Piston core samples collected in FY2000 on the R/V Mirai cruises.

Cruise Core Latitude Longitude  water depth (m) corelength (m)

Okhotsk Sea

MRO00-K03 PC1 46°18.6'N 152°32.2E 2793 8.6

MRO00-K03 PC2 48°15.0N 151°59.9E 3244 20.0

MRO00-K03 PC3 48°15.0N 151°59.9E 3244 20.0

MRO00-K03 PC4 49°22.0N 153°00.6 E 1821 20.6
Kuroshio extention area

MROO0-K05 PC1 34°30.0N 147°30.0E 5011 195

MRO00-K05 PC2 40°00.0N 146°00.0E 5177 20.0
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than the Holocene (Figure 2). This data indicated
that nutrient concentration in the Pacific deepwater
(PDW) was reduced in the LGM and deepwater cir-
culation pattern was different from today.
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Facilities of the Mutsu Institute for Oceanography

Building

The Observation Equipment and Machinery
Maintenance Shop maintains Triton buoys. The main-
tenance work involves use of paints and solvents. A
dangerous object storehouse, for these paints and sol-
vents, was installed next to the shop, as specified by
the Fire Service Law. The Triton buoys are deployed
for oceanographic observation in the Western Pacific
Tropical sea area, an area of great influence on global
climate changes.

Additionally, a garage was installed, to house three
special-purpose business cars, in the parking lot in
front of the Administration Office.

Facilities

The Mutsu Institute of Oceanography has purchased
four containers, to store facilities of the Institute, and
one container for temporary storage of waste liquid
from the Sample Analysis Facility. The container for
storage of waste liquid, and one of three for general
facilities, are thermally insulated and equipped with
ventilating fans and lighting.

The container for storage of waste liquid was placed
on avacant lot by the road beside the Sample Analysis
Facility, and the four containers for storage of genera
facilities were placed in the container yard.

Table 1 shows the present status of the facilities of the Mutsu Institute for Oceanography.

Building name Specifications Total space (m?) | Year of preparation Remarks
Observation Equipment
and Machinery 3?-st0rey .steel frame construc- 3,046.26 1995-1996
Maintenance Shop tion, partially ventilated
Administration building | 2-storey ferro-concrete building 521.90 1996 2-storey ferro-concrete
building

Sample Analysis Facility | 2-storey ferro-concrete building 1,942.59 1996-1997

3-storey steel frame construc-
Mutsu Guest House ) 1,547.42 1998

tion, 1-storey tower
Dangerous Object 1-storey concrete block con- )

. 21.00 2000 paints and solvents

Storehouse struction
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Activity overview

The Computer and Information Department (CID) was established in FY 1998 through an integration and
restructuring of the Technical Information Services and the Scientific Computing Division. The move was
intended to establish an organizational unit that publicizes the activities of JAMSTEC through paper-based
publications and web presence and manages and provides observation data efficiently regardless of the medi-
um as an effective research results dissemination vehicle. CID engages in three types of activities. Thefirst is
information activities, which consist of the collection, management and publishing of publications and provi-
sion of technical advice. The second is data management activities, which consist of the processing of ocean
observation data, its quality control and the development and management of databases. The third is
scientific computing activities, which consist of the management of computers ranging from PCs to super-
computers, provision of technical support to researchers and administration and designing of computer net-
works.

In addition to being equipped to fulfill the functions of research support and administration units, the CID
contains a whole research organization for the development of information dissemination techniques based
on the Internet and other media, their associated data processing technology and research support technolo-
giesrelating to cutting-edge computational science.

The main aspects of the activities of the CID are summarized below.

(&) Information activities

- Collection, management, supply and storage of information relating to marine science and technol ogy
+ Technical consultation concerning marine science and technology
+ Editing and publishing of publications
(b) Data management activities
- Enhancement of the quality of ocean observation data through calibration, accuracy improvement and
other techniques
- Development and management of databases for various ocean observation data
* Numerical analysis, processing and storage of observed data
(c) Scientific computing activities
- Administration and management of computer systems and networks
- Computer-based data analysis and processing
* Investigation into cutting-edge computer technology

I nfor mation activities range of oceanographic publications, including books,
journals and technical reports. Continuing from the

(1) Collection, management and supply of books, previous fiscal year, these publications were catal oged
periodicals and other publications via a library information management and supply
The CID caollects, sorts/classifies and stores a wide system (ILIS/X-EL) to make the Internet-based
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"JAMSTEC Reference Collection Search Service"
available.

The CID also strives to foster an environment that
makes it easy for users to utilize books and other
reference materials by, among other things, holding
library material management consultation meetings.

(2) Collection of domestic and foreigh information,
etc.

The oceans, which dominate the Earth's surface, large-
ly remain a mystery, and it is clear that no single organi-
zation or country can single-handedly take on ocean-
related research and development. For this reason, the
domestic and international cooperation of the organiza-
tions concerned and government-level cooperation of the
countries concerned are essential. On the other hand,
JAMSTEC's information needs concerning research and
development and other activities are growing more com-

Table 1 Books

Type Number in stock |Newly purchased
Japanese books 10,523 1,020
Foreign books 4,472 434
Donated books 488 84
Total 15,483 1,538

Table 2 Journals

Type Number in stock | Newly subsribed
Japanese journals 559 35
Foreign journals 273 11
Total 832 46

Table 3 JAMSTEC related publications
Type Newly published
Periodical 19 kinds
Consigned research report 2 kinds
Commissioned research report 0
Others 15 kinds
Total 36 kinds

plex and diverse, while the amount of information relat-
ing to marine science and technology is increasing.
Against this background, particularly in light of the cur-
rent research and development trend towards more com-
prehensive, interdisciplinary and international activities,
it is necessary to constantly update oceanographic infor-
mation by maintaining cooperative relationships with
relevant domestic and overseas organizations.

1) Domestic activities

a. The CID took part in the National Convention of
the Japan Library Association and collected informa-
tion on the libraries of other organizations.

b. The CID took an active part in the meetings of
the Kanagawa Prefecture Data Research Society
(KPDRS), an information exchange organization of
the reference libraries of companies, public organiza-
tions, etc. based in Kanagawa Prefecture, and collect-
ed the latest information relevant to the improvement
of the administration of the CID.

¢. The CID took part in a seminar for technical library
managers and administrators organized by the Technical
Library Council, an association of technical libraries, as
well as its general meeting, and collected the latest
information on the management of library holdings.

2) International activities

Amid growing social demands over global environ-
mental problems and other issues, it has become a
worldwide trend to attempt to unveil the secrets of the
oceans, which account for 70% of the Earth's surface
area but have remained relatively inaccessible to
humans, through international cooperation, and
JAMSTEC's research and devel opment efforts have been
taking on a more and more global dimension. Against
this background, the CID engages in information gather-
ing activities geared towards keeping track of the activi-
ties of major countries and research institutes in Europe
and North America, which lead the world in marine sci-
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ence, and those of international organizations, as well as
the progress of international research programs.

a. Management and supply of 10C publications

The Intergovernmental Oceanographic Commission
(10C) is an organization set up to advance human
knowledge of natural phenomena involving the oceans
and marine resources, and JAMSTEC began receiving
IOC publications in FY 1993 as the second Japanese
organization to do so. The latest information on |OC
publication arrivals is posted in the JAMSTEC
newsletter "Natsushima' as required.

b. International Association of Aquatic and Marine
Science Libraries and Information Centers
(IAMSLIC)

IAMSLIC was established in 1975 to, among other
things, facilitate the exchange of marine science infor-
mation. Joining IAMSLIC in 1993, JAMSTEC is the
only Japanese member organization. It took part in the
26th IAMSLIC annual conference, which was held in
September 2000 in Victoria, Canada, and gave
presentations titled the "Digitization of JAMSTEC
Publications' and"JAMSTEC Databases'.

¢. Aquatic Sciences and Fisheries Abstracts (ASFA)

ASFA is an integrated official marine science and
technology database run by four UN organizations,
with FAO serving as the secretariat. JAMSTEC con-
tributes to the database by submitting ASFA with
English language abstracts for "JAMSTEC Deep Sea
Research" and"JAMSTEC research reports’.

d. Information on international organizations and

international research programs

The CID continues to strive to gather information
relating to international organization and research
trends in light of their importance in determining the
overal framework for future marine science research.

(3) Editing and publishing of publications
To widely disseminate its research results and
raise awareness of the oceans, JAMSTEC edits and
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publishes a variety of publications, with its FY 2000 pub-
licationslisted in Table 4. In FY 1999, electronic publish-
ing based on DTP software (QuarkXpress, PageMaker,
Photoshop, Illustrator, etc.) was introduced by allocating
the necessary resources, consisting of specialized staff
and equipment (Apple PowerMac G4s, etc.), to the CID,
thereby establishing a publishing system capable of turn-
ing out quality publications more quickly.

(4) Investigation and information services

JAMSTEC supplies both internal and external users
with a variety of information/data to ensure their
effective utilization.

1) Books and journals
a. Inclusion of a guide to newly arrived publications
in the JAMSTEC newsletter "Natsushima" as
required
b. Online contents viewing for newly arrived journals,
made possible by a change in the format of the con-
tents supply service from paper to electronic

2) Internal and external databases

a. Publication search based on the JAMSTEC
Reference Collection Search Service. For the
locations of publications and other reference
materials not held by JAMSTEC, outside data-
bases are to be used. (Table 5)

b. Supply of information on specific topics via the
SDI service of the Japan Science and Technology
Corporation (JST). Externa databases were used
atotal of 293 times.

3) Current information
a. Supply of newspaper article information relating
to the oceans viaa daily ??e-mail newsletter??
b. Supply of an index of newspaper articles relating
to the oceans via the home page under the title
“Headlines”
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¢. Supply of conference and exhibition information (5) Operation of JAMSTEC web page

viathe home page as required During the reporting fiscal year, the CID planned
d. Posting of 10C publication release information in and implemented a renewal of both Japanese and
the JAMSTEC newsletter "Natsushima" as English pages to help users obtain the desired informa-
required tion more easily and strove to develop an attractive
web page that is more interesting for the general pub-
4) Reference service, €etc. lic, thereby stepping up the JAMSTEC information
a. Provision of areference service for books, journals dissemination activity based on its web page. In addi-
and other reference materials held by JAMSTEC tion, pages containing sea-related frequently asked
b. Provision of an advice and referral service on guestions were incorporated, while movies recording
marine science and technology by serving as the the activities at sea of JAMSTEC-owned research ves-

point of contact for consultation requests from sels and submersibles were produced and published.

outside parties

Table 4 Publications by JAMSTEC

Title of publication Content Issue in fiscal 2000

Report of Japan Marine Science | Journal of academic theses on research | Volumes 42 and 43
and Technology Center achievements

JAMSTEC Journal of Deep Sea | Journal of academic theses on achieve- | Volumes 17 and 18

Research ments of deep ocean research

Blue Earth Educational journal on oceanic information | Volumes 47, 48, 49, 50, 51
and 52

JAMSTEC 1999 Annual Report Business report (Japanese) Fiscal 1999 version

(Japanese version)
JAMSTEC 1999 Annual Report Business report (English) Fiscal 1999 version
(English version)

Table 5 External Databases Currently Available

Database title Outline
JOIS Information on literature and research themes on science and technologies
(Japanese and English)
STN International More than 200 international databases are available (English)
G — SEARCH Contact for Japanese/overseas databases (Japanese and English)
DIALOG Approx. 450 databases are available (English)
NACSIS Database for supporting academic research activities (Japanese and English)
AIREX System for operating space literature by Japanese organizations and NASA

(Japanese and English)

ASFA International literature search system for fisheries (English)
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Data management activities

(1) Oceanogr aphic data management activities

To achieve the efficient management and supply of
observed data obtained from oceanographic surveys and
deep-sea surveys involving the R/V Mirai and other
JAMSTEC-owned vessels and submersibles based on
the Guidelines on the Release of Observed Data at
JAMSTEC, a data management system geared towards
regularly implementing data quality control, accuracy
improvement, etc. has been developed since FY 1998.

Continuing from the previous fiscal year, observa-
tion data obtained from Mirai joint-utilization voyages
was managed in FY 2000, with such data published
viathe R/V MIRAI Data Web (Figure 1) based on the
policy for handling data/samples and results obtained
using the "Mirai".

In December 2000, data posted on the R/V MIRAI
Data Web recorded 36,000 hits a month. While the bulk
of the hits came from government bodies, universities,
research ingtitutes, etc., data was also accessed by pri-
vate enterprises. The results of observation and research
results using the R/V MIRAI have been submitted with
a "results announcement notice", with 74 submissions
received and released on the web as they were received
in FY 2000. Detailed information is provided on the

R/V MIRAI Dataweb with regular updates.

In addition, quality control for public release data, the
integrated management of the calibration of CTD sen-
sors used on the R/V MIRAI, an investigation into the
volume calibration of dissolved oxygen bottles, and the
like were undertaken as part of Mirai joint-utilization
observation data quality control efforts.

The integrated management of submarine topography
survey data based on multi narrow beam echo sounders
mounted on research vessels such as the R/V KAIREI,
gravity and magnetism data, and other data was pur-
sued, and submarine topography data sets to be regis-
tered with the submarine topography database were
developed. To support the voyage plans and fisheries
coordination by JAMSTEC, those data sets were visual-
ized and displayed on web pages or plotted/supplied as
charts (submarine topography map plotting and supply
service), with the supply of electronic charts also
launched (Figure 2).

(2) Database development

To properly manage and supply data collected by
JAMSTEC, the CID has been developing databases.
JAMSTEC plans to release the available data in the
web. Regarding databases that have been developed
individually, the development of an integrated public-
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Fig. 1 Example of "R/V MIRAI Data Web" page
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access database aimed to make crosscutting searches
and data supply has been under way with a view to mak-
ing them available to the public. At present, final adjust-
ments, centering on display features, are being made.

Databases that are currently operational or being
developed include a research vessel operational infor-
mation database, oceanographic survey database, deep
sea image database, integrated public-access database,
library holding management database and submarine
topography database. An overview of databases devel-
oped or improved during the reporting fiscal year is
given below.

1) Integrated public-access database

A database designed to enable cross-cutting search
and retrieval of JAMSTEC-held data. Currently under-
going prototype development, the integrated public-
access database will enable users to make diverse
searches without worrying about the workings or
attributes of individual databases. Figure 3 shows the
database interface page.

2) Submarine topography database

A database designed to process bathymetry data
obtained with SeaBEAMs, multi-narrow beam echo
sounders (MNBES), mounted on the R/V Mirai,
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Fig. 3

Kairei, Yokosuka and Kaiyo and manage/supply the
produced submarine topography maps and whal€e's eye
view diagrams. It allows data search and on-screen
viewing via a web interface. The interface was devel-
oped using JAVA and VRML. Figure 4 shows the
database interface screen.

3) Research vessel operational information database
This database provides an operational information
for research marine vehicles, including ships, sub-
mersibles and unmanned explorers. Following the
development of a Web-enabled version in FY 1996,
the operability of the Web interface was improved in
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Fig. 5 Ship operations database screen

the previous fiscal year, with a trial run undertaken in
the reporting fiscal year. Figure 5 shows the database
interface screen.

Scientific Computing activities

(1) Earth simulator

In recent years, public awareness of globa warming
and other environmental problems of a global scale
has been growing, and the resolution of these prob-
lems requires the elucidation of complex phenomena.
To minimize the damage of natura disasters, includ-
ing local meteorological disasters resulting from glob-
al phenomena and earthquakes caused by crustal
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movements, it is important to understand their mecha-
nisms and predict changes in the global environment.
Towards this end, the Council for Aeronautics,
Electronics and Other Advanced Technologies of the
former Science and Technology Agency in July 1996
prepared a report that set six research goals, including
global warming forecasting and climate change fore-
casting, and stressed the importance of a balanced and
integrated research approach which would place equal
emphasis on "process (basic) research”, "observation
research”" and "simulation research” in achieving these
goals. Against this background, the Earth Simulator
Project was launched in FY 1997 to put in place an
essential infrastructure for simulation research.

The Earth Simulator is a super-fast parallel comput-
ing system being jointly developed by the National
Space Development Agency of Japan (NASDA), the
Japan Atomic Energy Research Institute (JAERI) and
the Japan Marine Science and Technology Center
(JAMSTEC), with NASDA and JAERI (Power
Reactor and Nuclear Fuel Development Corporation
(PRNFDC) in FY 1997) undertaking the conceptual
design, basic design and production/testing of experi-
mental component technologies. JAMSTEC joined the
project in March 2000, when it entered the system
manufacturing phase. In December 2000, JAMSTEC
completed an Earth Simulator building, simulator
research building and cooling facility building on the
former site of the Kanagawa Prefectural Industrial
Research Institute in Showa-cho, Kanazawa-ku,
Y okohama, following a decision made in March 1999
for it to take on the development of Earth Simulator-
related facilities and other infrastructure.

Regarding the manufacture of the Earth Simulator
system, the trial production of a 0.15-micron process
multi-layer single-chip vector processor capable of 8
GFLOPS, high-speed memory with a full pipeline
(FPLRAM) and other system components was under-
taken in accordance with the detailed design in the
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reporting fiscal year, with various evaluation tests
conducted on a single node unit, consisting of eight
processors and 16 GB of shared memory. To connect
320 processor node cabinets and 65 interconnection
network cabinets, about 83,000 pieces of network
cable (2,800 km in total length) were laid on the free
access floor of the computer room over four months
starting in February.

In the future, it is planned to gradually bring in,
install and adjust system components, such as the node
and interconnection network cabinets, hard disk arrays
and cartridge tape library system, starting in the sum-
mer of 2001. The Earth Simulator is scheduled to be
ready for use in March 2002 after running a global
atmospheric general circulation model on it to demon-
strate an effective performance level of 5 TFLOPS. As
the operational management of the Earth Simulator is
the sole responsibility of JAMSTEC, the establish-
ment of an Earth Simulator center in FY 2001 is
planned.

(2) Computer systems

1) Supercomputer system

To gain a good scientific grasp of global environ-
mental problems, it isimportant to understand the role
played by the vast oceans, and this makes it essential
to elucidate oceanographic phenomena through scien-
tific computing analysis and predict changes using
numerical models, not to mention performing instru-
mental precision observations. In recognition of the
essential need for a super computer with a massive
memory capacity to efficiently carry out research in
these areas, the introduction of a supercomputer at
JAMSTEC was approved under the FY 1995 budget.
The computer became operational on March 1, 1996.

As shown in Figure 9, the supercomputer system is
built around an NEC SX-4/20, with magneto-optic
disk arrays, high-speed disk arrays, a front-end server,
etc. connected to it via 800 Mbps HIPPI channels. It is

Fig. 6 Simulator Building

Fig. 7 Computer Room

HA/—F (3200) |
Processos Node (PN) .~

Fig. 8 Image of Earth Simulator
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connected to the JAMSTEC LAN via an FDDI cross-
bar switch (GIGAswitch).

At Supercomputing 2000 (SC2000), an internation-
a conference and exhibition on supercomputing held
in Dallas, Texasin November 2000, JAMSTEC exhib-
ited the results of its supercomputer-based research
and other materials. Dating back to 1988, the annual
supercomputing conference series, of which SC2000
is one, provide a forum for the presentation and exhi-
bition of the latest computing technologies and super-
computer-based computational results, and are attend-
ed by computer manufacturers, research institutes and
other supercomputer users from all over the world.
Exhibiting for the second time at these conferences -
the first being SC99 in 1999 - JAMSTEC explained
the use of a supercomputer in the marine science and
technology area with panel exhibits, pamphlets and

Supercomputer SX-4/20
20CPUs 8GB main memory
40GFLOPS 16GB extended memory

MO disk array unit

movies in its booth.

2) Common computer systems

As JAMSTEC has accumulated application soft-
ware developed for the VMS operating system over
the years, the DEC 7620 (OpenVMS Alpha) VMS
cluster system was upgraded to the AlphaServer 4100-
at the end of September 1998. The AlphaServer 8400
is being used as a UNIX server running under Digital
UNIX IBM SP 8-node, a distributed-memory parallel
computer, alsoinstalled in FY 1996.

These common computer systems cover JAMSTEC
organization, with about 800 users registered as of the
end of FY 2000 according to e-mail accounts.

(3) Networks
1) JAMSTEC network
JAMSTEC established a the local area network at
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Fig. 9 JAMSTEC's computer system
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its Yokosuka headquarters in FY 1993, with branch
LANSs speeded up in FY 1998. In FY 2000, new build-
ings network were connected into the JAMSTEC
LAN, with a total of 14 buildings networked by the
end of the fiscal year. This network consists of a 100
Mbps FDDI (fiber-optic cable) backbone interconnect-
ing individual buildings via an FDDI crossbar switch
(GIGAswitch) located in the computer and scientific
building and Ethernet (10base-T/100base-TX) branch
LANSs covering individual buildings.

Figure 10 shows the WAN topology for the
Y okosuka headquarters and other sites. The Tokyo
Blunch was connected to the Y okosuka LAN in 1994,
and the link speed has since been upgraded to a 128
kbps leased line, along with the Frontier Research
Promotion Office. The Mutsu Institute was connected
to the Yokosuka headquarters in March 1996, with
the link upgraded to a 128 kbps line in October 1988
and again to a 512 leased line in March 2001.
The Y okohama campus, which is scheduled to
become fully operational in FY 2001, was connected
to the Yokosuka headquarters in March 2001 via
ATM 100 Mbps.

In view of the recent increase in the number of net-
work users and terminals as well as the expected jump
in the network load upon the commencement of fully
fledged operation at the Yokohama campus in FY

|ARC(Alaska)
|PRC(Hawaii)

g

64kbps ‘
- pS

Hamamatsurcyo bldg) ™, |

Fig.10 Network topology

2001, the domain "jamstec.go.jp" was divided into
individual site-based subdomains in March 2001 to
balance the network load and streamline network
operation and management.

2) Internet

JAMSTEC was connected to the Internet via the
Todai International Science Network (TISN) in
January 1993. In October 1994, JAMSTEC was con-
nected to STAnet, a network designed to interconnect
research institutes affiliated with the former Science
and Technology Agency, via a 768 kbps leased line,
with the link upgraded to a 1.5 Mbps line in July
1996. In May 1998, the connection was switched to
IMnet, with the link upgraded from a 1.5 Mbps leased
line to a3 Mbps ATM in March 2001. The introduc-
tion of this high-speed link has made it possible to
handle image data and movies that require a large
bandwidth more effectively.

To disseminate information via the Internet,
JAMSTEC set up a WWW server and launched
a web page in September 1994. The URL is
"http://www.jamstec.go.jp/". The number of hits
increased dramatically in July 1998, when the Deep
Seafloor Image Database was made available for pub-
lic access. Figure 11 shows the monthly trend of the
number of accesses made to the WWW server.

(4) Security

JAMSTEC introduced a firewall at the interface
between its LAN and the Internet in June 1996 to
ensure computer security. In March 1997, the firewall
was upgraded to a dual firewall to enhance system
resistance to disturbances. The system has been con-
stantly reviewed and upgraded to maintain a balance
between the level of service and security, and this has
resulted in avery solid firewall.

The introduction of an the intrusion detection
system, regular network security checks, the applica
tion of security patches and upgrading of network
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Fig.11 Access count of JAMSTEC WWW Server

service applications ensure the maintenance of a high 2000 to detect viruses in the incoming data at the
level of security. server level and prevent them from spreading over the
With regard to virus protection, a virus scanning network.

function was incorporated into the server in March
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Training and Education Activities

Outline

In order to conduct underwater work safely, it is important to have as many competent talents as possible

because of special skills and knowledge required. For this purpose JAMSTEC has had training courses for diving

techniques for researchers, engineers and rescue members.

In recent years, students in Japan especially high school students have lost interest in pursuing science.

It should not be ignored matter in the marine science field ensuring the enough future talents. JAMSTEC also

has had education course for marine science and technology for students and schoolteachers.
In addition to these training and education courses, JAMSTEC has started "Asia-Western Pacific Ocean
Research Network program", a new training program for ocean observation technology and data processing.

1. Diving training cour ses

Diving operation in underwater involve many dan-
gers and many lives have been lost in diving accidents.
To prevent these accidents, these must be training and
education. While we have a license system for profes-
siond divers administered by the Japanese Ministry of
Labor, but the license examination consists of writing
examinations only and no examination on skills is
required. For recreational divers, many training cours-
esare held at commercia diving shops. For profession-
al divers, there are but afew training courses in Japan.

Under such circumstances JAMSTEC has had train-
ing and education courses for diving techniques since

Photo 1 Lecture on the diving training corse.

the establishment of in 1972 and over 4,000 people
participated as of the end of 2000. There have been
changes in their programs to meet the demand of the
time. The Mixed Gas Diving course for deep-sea
divers was held once a year from the beginning until
1985. And the SCUBA (Self-Contained Underwater
Breathing Apparatus) Diving course has been in oper-
ation since 1986 and more than 200 persons attend the
course annually for the last every 3 years. Another
course for diving supervisors, that is, the Diving
Management course have been operated regularly,
once or twice ayear, since 1987.

(1) SCUBA diving training course

This course is held by request of organizations
related to diving work, 336 trainees including rescue
members of the police and the fire fighting service,
fisheries high school students and those employed by
companies attended the coursesin fiscal 2000.

(2) Diving Management course

The course was held from November 13 to 17 in
2000, 12 persons from seven organizations attended.

2. Marine science education programs

(1) Science Camp

Science Camp was held by 21 national experiment
and research ingtitutions, and five organizations under

143



JAMSTEC 2000 Annual Report

Resear ch Support Activities
Training and Education Activities

direct supervision of the Science and Technology
Agency. JAMSTEC accepted 28 high school students
from all parts of Japan for three day during the summer
vacation (from August 7 to 9, 2000) at headquarters
campusin Y okosuka.

(2) Marine Science School programs

The Marine Science School programs have been
operated every year since 1996 with the financial
assistance of the Nippon Foundation. 25 teachers
attended the course for teachers from July 31 to
August 2, 2000. And 46 students attended the course
for high school students from August 16 to 18.

Another education course for university students

Photo 2 Earnest looks at "Tube-worm" of high school stu-
dents in Marine Science School.

and postgraduate students has been operated from
1999 at the Mutsu branch. The first seminar of this
year was held from August 1 to 4, and the second
from October 9 to 12; atotal of 15 students attended.

(3) Training Program for Asia-Western Pacific

Ocean Research Network

JAMSTEC has started training program for estab-
lishing an oceanographic observation network in the
Asia and Western Equatorial Regions with the finan-
cial assistance of the Nippon Foundation. This pro-
gram would be an initiative to share the knowledge on
the past and current ENSO events as well as data on
the ocean and atmosphere among participating coun-
tries, and enable them in predicting such events and
making measures in future.

The first training workshop was held from January
15 to March 9, 2001 (8 weeks) at headquarters campus
in Yokosuka and at the Mutsu branch. 6 scientists and
engineers attended from Papua New Guinea,
Indonesia, Philippines, Micronesia, Kiribati, and Fiji.

The training workshop focused on the technologies
for oceanic and atmospheric observations, especially
on maintaining TRITON buoy system (an oceano-
graphic observation buoy that has been deployed in
the tropical regions by JAMSTEC) and equipment
on-board the research vessel Mirai.

Photo 3 University students of Marine Science School in
front of the reserch vessel "Mirai".
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Photo 6 Theirs first experience of "snowstorm"

Photo 5 Trainees and TRITIN bouy will be deploy in the
ocean aroud there country.
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JAMSTEC's SHINKAI 2000 System consists of the SHINKAI 2000, a research submersible vessdl; its
support vessel: the NATSUSHIMA, and the DOLPHIN-3K, a remotely operated vehicle. The SHINKAI
6500 System consists of the SHINKAI 6500, a research submersible vessel; its support vessel, the Y OKO-
SUKA; a 10,000-meter-class remotely operated vehicle: the KAIKO, and a 3,000-meter-class remotely oper-
ated vehicle: the HYPER DOLPHIN. JAMSTEC also has the KAIYO, an ocean investigation ship; the
KAIREI, a deep-sea research vessel, and the MIRAI, an ocean and earth research vessel. Equipped with all
these facilities, JAMSTEC has executed various testing and research activities in marine science and technol-
ogy, notably in deep sea explorations and oceanographic observations.

Regarding management and operation of these vessels and facilities, JAMSTEC directly operates and
maintains research submersible vessels and remotely operated vehicles. JAMSTEC consigns operation and
general maintenance of support vessels and various research vessels to ship operation companies.

The operation plan for fiscal 2000 was as follows. The SHINKAI 2000 conducted research dives in the
sea area of the Nansei |slands, sea areas off Shikoku Island, Suruga Bay, Sagami Bay, the Sea of Enshu, the
Nankai Trough, sea areas off the east and west coasts of Hokkaido Island, and | zu-Ogasawara sea areas near
the Japanese Archipelago.

The DOLPHIN-3K conducted preliminary surveys of the planned diving routes of the SHINKAI 2000, to
confirm safety of the routes. Also, the DOLPHIN-3K conducted research dives in sea areas of the Nansei
Islands, off the Sanriku coast, in | zu-Ogasawara sea areas, and in the Nankai Trough.

The HY PER DOLPHIN conducted diving training and recovery of ocean bottom seismographs.

The KAI'Y O made voyages to support diving operation of the HY PER DOLPHIN. Also, the KAIYO con-
ducted research observations and examination of the earth's crust below the seafloor, in sea areas in the tropi-
cal Pacific Ocean, and sea trials of the R-1 robot. In addition, associated with the eruption on Miyakejima
Island, the KAI'YO conducted an emergency seismological survey, from October 26 to November 5, in the
sea areas around the island.

The SHINKAI 6500 conducted research divesto the Japan Trench, the Nankai Trough, in sea areas of the
Nansei Islands, and in the Izu-Ogasawara sea area.

In addition to voyages to support diving operations of the SHINKAI 6500, the Y OKOSUKA supported sea
trials of the URASHIMA, a deep sea cruising AUV, which started this fiscal year. The YOKOSUKA also
conducted research observation in a study of seafloor dynamics, in the sea area surrounding the Mariana
Islands and the Sunda-Java submarine trench. During the research in the latter sea area, the Y OKOSUKA
called at the Port of Jakarta, for the first time. The YOKOSUKA participated in emergency seismological
observation around Miyakejima Island, from December 7 to December 13, following the KAIYO and the
KAIREI.

The KAIKO conducted exploratory dives in the sea areas of the Rodriguez Triple Junction and the
Southwest Indian Ridge in the Indian Ocean, and in the central part of the Mariana sea area, the Northwest
Pacific Ocean, the sea area off Kushiro, Hokkaido; the Japan Trench, and the sea area of the Nansel Islands
(VENUS sea areq).

In addition to voyages supporting the KAIKO, the KAIREI conducted observational research by means of
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amultichannel seismic profiler (MCS profiling) aboard the KAIREI, in the Japan Trench, submarine trenches
from off the coast of Miyagi Prefecture to off the coast of Aomori Prefecture, and off the southeastern coast
of Hokkaido Island. Additionally, the KAIKO conducted emergency MCS profiling in the sea areas around
Miyakejima Island and Kozushima Island, where eruptions had occurred. The KAIREI also surveyed the
Indian Ocean, using the DEEP TOW and a multi-narrow-beam echo sounder and other instruments, and con-
ducted a confirmation test of BENKEI, a borehole utilization system.

The MIRAI was used for a number of studies. These are “Observational Studies on the Material Cyclein
the High Latitude Sea” (northwestern part of the North Pacific Ocean), “Observational Studies on Air Sea
Interaction” (tropical western sea area of the Pacific Ocean), “ The Subtropical Gyre and the Subpolar Gyre in
the North Pacific Ocean” (sea area of the east of Honshu Island), “ Observational Studiesin the Arctic Ocean”
(the Beaufort Sea, Chukchi Sea, Bering Sea),” “ Observational Studies in the Western Tropical Pacific Ocean
and Observational Studies on Air Sea Interaction” (western tropical sea areas of the Pacific Ocean and tropi-
cal sea area of the Indian Ocean), “Observational Studies on Primary Productivity in the Equatorial Pacific
Ocean” (western tropical sea area of the Pacific Ocean), and “ Observational Studies in the Western Tropical
Pacific Ocean.” JAMSTEC carried out scheduled maintenance and repair work on all vessel as usual, and

various modifications to improve their functions.

Operation of the SHINKAI 2000/NATSUSHIMA

The NATSUSHIMA executed 12 operations in fis-
cal 2000. Table 1 and Figure 1 show performances
and sea areas of operation, respectively.

These are seven operations of the SHINKAI 2000,
and six of the DOLPHIN-3K.

The plans for diving research were first formulated
by the Deep-Sea Research Implementation Program
Coordination Sub-Committee, followed by discussion
within the Deep-Sea Research Promotion Committee,
and then the plans were finalized by the Board of
Directors of JAMSTEC. The diving research was
done according to the fiscal year plans thus deter-
mined.

The fiscal 2000 plan called for seven operations,
including 90 dives (including test and training dives).
Actually, the SHINKAI executed 71 exploratory dives,

and 16 tests and training dives, for a total of 87 dives,
in the sea areas of the Nansei Islands, the Sea of Japan,
sea areas off the east and west coasts of Hokkaido
Island, the sea area off the Sanriku Coast, the |zu-
Ogasawara sea area, Sagami Bay, and Suruga Bay.

The DOLPHIN-3K conducted two diving tests, and
pre-dive surveys to confirm the safety of the diving
routes for SHINKAI 2000. Also, the DOLPHIN-3K
executed 46 exploratory dives in the sea area of the
Nansei Islands, off the coast of Sanriku, off the east
coast of Hokkaido Island, and in the sea areas of |1zu-
Ogasawara. The DOLPHIN-3K made a total of 50
divesin fiscal 2000 plans.

In its independent operation, the NATSUSHIMA
executed “Earth's Crust Heat Flow Observational
Studies” (Nankai Trough), the “Single-Channel
Seismic Profiler (SCS) Operation” (off Aitape, Papua
New Guinea), and “Inspection and Maintenance
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Works of the Observation System of Okinotorishima
Isand” (Okinotorishima Island).

The NATSUSHIMA was opened for public visita-
tion on July 20, at Tagonoura Port, and on August 19
and 20, at Kashiwazaki Port, when the NATSUSHI-
MA called at these ports during operation.

Operation of the SHINKAI 6500/'YOKOSUKA

The YOKOSUKA executed 13 operation as fiscal
2000 plans. Table 2 and Figure 2 show performances
and sea areas for operation, respectively.

These are five diving operations of the SHINKAI
6500, and the YOKOSUKA's eight independent
operations.

The plans for diving research were first formulated
by Deep-Sea Research Implementation Program
Coordination Sub-Committee, followed by discussion
within the Deep-Sea Research Promotion Committee,
and then the plans were finalized by the Board of
Directors of JAMSTEC. Thediving research was done
according to the fiscal year plans thus determined.

The fiscal 2000 plan called for five operations,
including 71 dives (including test and training dives).
Actually, the SHINKAI 6500 executed 56 observation
dives and 10 tests and training dives, for a total of 66
dives, in the Japan Trench, the Nankai Trough, sea
areas of the Nansel Islands, and |zu-Ogasawara sea
areas. In thetests and training dives, the Y OKOSUKA
took the UROV7K, a remotely operated vehicle, and
conducted performance tests on the vehicle.

In its independent operation, the Y OKOSUKA exe-
cuted sea trials of the URASHIMA, a deep sea cruis-
ing AUV, four times (Suruga Bay and Sagami Bay),
and three operations in a study of seafloor dynamics,
in the sea area surrounding the Mariana Islands, the
sea area to the east of the Mariana Islands, and the
Sunda-Java submarine trench. The Y OKOSUKA exe-
cuted one operation of emergency seismological
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observation around Miyakejima Island, from
December 7 to December 13, following the KAIYO
and the KAIREI.

On March 28, the Emperor and Empress visited
JAMSTEC, with Norway's King and Queen Harald V,
in a tour to Kanagawa Prefecture. The Emperor and
Empress and their Majesties boarded the Y OKOSU-
KA and observed the SHINKAI 6500. The YOKO-
SUKA and the SHINKAI 6500 were opened for pub-
lic visitation, on July 20, at Shimizu Port, and on
August 19, at Karatsu Port, when the Y OKOSUKA
called at these ports during operation.

Operation of the KAIREI/KAIKO

In fiscal 2000, the KAIREI executed 12 operations.
Table 3 and Figure 3 show performances and sea areas
for operation, respectively.

These are two tests and training operations of the
KAIKO, the KAIKO's exploratory dive, and four
independent observatory operations of the KAIREI;
three MCS observational researches, and three
confirmation tests on BENKEI, the borehole utiliza-
tion system.

The KAIKO made five tests and training dives, and
28 dives in the Indian Ocean (the Rodriguez Triple
Junction to the Southwest Indian Ridge), the Central
Mariana sea area, the Northwestern Pacific Ocean, the
sea area off Kushiro on Hokkaido Island, the Japan
Trench, and the Nansei 1slands (VENUS Sea Area).

To examine the earth's crust below the seafloor, the
KAIKO conducted multichannel seismic profiling in
the Japan Trench, sea areas off the coasts, from
Miyagi Prefecture to Aomori Prefecture, as well as in
the Chishima Trench and sea areas off the southeast-
ern coast of Hokkaido. Also, the KAIKO conducted
emergency multichannel seismic profiling, from
November 21 to November 27, in the sea areas near
Miyakejima Island and Kozushima Island.
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The KAIREI conducted some operations apart from
the KAIKO. The KAIREI conducted observational
research in the Indian Ocean (the Rodriguez Triple
Junction to the Southwest Indian Ridge), using
the DEEP TOW and multi-narrow-beam echo
sounders aboard the KAIREI. The KAIREI also
executed confirmation tests of BENKEI, a borehole
utilization system.

The KAIREI and the KAIKO were opened for pub-
lic visitation, on April 29, at the Mutsu Institute for
Oceanography, and on May 13, at the JAMSTEC
Y okosuka Headquarters.

Operation of the KAIYO/HYPER DOLPHIN

In fiscal 2000, the KAIYO executed 13 operations.
Table 4 and Figure 4 show performances and sea areas
for operation, respectively.

These were four operations for operation training on
the HYPER DOLPHIN, and two other operations: the
“Ocean Acoustic Tomography™ (tropical sea areas of
the Pacific Ocean); and the“Tropical Pacific Ocean
Climate Studies” (TOCS) (western sea area of the
Pacific Ocean).

Regarding development and testing of observation
instruments, the KAIYO executed three projects: the
“Development of Acoustic data transmission system”
(Suruga Bay and the Nankai Trough), “Development
and Preparation of the Ocean Floor Earthquakes
Integrated Observation System” (Suruga Bay), and the
“R-1 Robot Sea Trial.”

Regarding marine ecological research, the KAIYO
conducted one operation with the DEEP TOW system,
in Sagami Bay.

The KAIYO executed two examinations of the
earth's crust below the seafloor, in the sea areas off the
coasts, from Aomori to Iwate Prefectures, and in the
sea area off the east coast of Hokkaido Island, by
means of the multichannel seismic profiler and the

ocean bottom seismograph (OBS). After the eruption
on Miyakejima Island, the KAlY O conducted seismo-
logical exploratory research, using the OBS, in the sea
areas near Miyakejima Island and Kozushima Island.

The KAIYO stood by in Y okosuka Port from
February 15 to March 12, with the HY PER DOLPHIN
fully fitted, ready to go search the Ehime Maru, a
shipping training boat of Uwajima Fisheries High
School in Ehime Prefecture. The Ehime Maru sank in
February after a collision with a U.S. submarine off
Oahu of the Hawaiian Islands.

The KAIYO was opened to visitors on July 24, at
Monbetsu Port, and on November 10 and 11, at Kobe
Port, which the KAI'YOU called at during operations.

Operation of the MIRAI

The MIRAI executed seven operations in fiscal
2000. Table 5 and Figure 5 show performances and
sea areas for operation, respectively.

These seven operations were all joint-utilization-
type oceanographic observation research. These are
the“Observational Studies on the Material Cycle in
the High Latitude Sea,” “Observational Studies on
Air Sea Interaction,” “The Subtropical Gyre and
the Subpolar Gyre in the North Pacific Ocean,”
“Observational Studies in the Arctic Ocean,”
“Observational Studies in the Western Tropical Ocean
and the Eastern Indian Ocean, and Air Sea
Interaction,” “Observational Studies on Primary
Productivity in the Equatorial Pacific Ocean,” and
“Observational Studies in the Western Tropical
Pacific Ocean.”

The MIRAI was opened to visitors, on August 23, at
Seattle Port in the United States, and on August 26, at
Victoria Port in Canada. A special public exhibition of
the MIRAI was held on November 21, in Jakarta.
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Table 1

Operations Schedule of SV "NATSUSHIMA" in 2000 Fiscal year

SHIP NAME Apr. 00 [ May. Jun.
T
NTO00-04 NTO00-05 NTO00-06 NTO00-07 ‘ NTO00-08
SHINKAI2000 DOLPHIN-3K SHINKAI2000 DOLPHIN-3K SHINKAI2000
NATSUSHIMA Support operation Support operation Support operation Support operation Support operation
19 22 I 68 31 11 15 16
Suruga bay Enshu Nada Nansei Islands Nansei Islands Nansei Islands
Sagamibay  Nankai Trough Nansei Islands
|
SHIP NAME Jul. [ Aug. Sep.
T
NTO00-09 ‘ NTO00-10
DOLPHIN-3K SHINKAI2000 DOLPHIN-3K  SHINKAI2000 DOLPHIN-3K
NATSUSHIMA | Support operation Support ope.
13 1 I 5 8 25 29 911 21 23 29
off shikoku off Hokkaido Japan sea off east Hokkaido Izu ogasawara
Suruga bay Enshu Nada Japan sea off Sanriku
Sagami bay Nankai Trough
SHIP NAME Oct. [ Nov. [ Dec.
T
NTO00-11 NTO00-12
SHINKAI2000 DOLPHIN-3K  SHINKAI2000 DOLPHIN-3K SHINKAI2000
NATSUSHIMA Support operation Support operation e
26 29 3 4 16 17 25 26 8 17
Izu ogasawara Izu ogasawara
Sagami bay|
Suruga bay
SHIP_ NAME Jan. 01 Feb. [ Mar.
NT01-01 ‘ NTO01-02 ‘ NT01-03
Single-channel Seismic Profiler(SCS)operation DOLPHIN-3K SHINKAI2000
NATSUSHIMA Annual Inspection cruising ‘ cruising Support ope. Support ope.
22 24 56 \ 2324 6 11 [ 17 24
Papua New Guinea Suruga bay Suruga bay
‘ Sagami bay Sagami bay
DOLPHIN-3K: Unmanned Remotely Operated Vehicle
SHINKAI 2000: Deep sea research submersible (Manned)
Table 2
H " Ll v
Operations Schedule of SV "Y OKOSUKA" in 2000 Fiscal year
SHIP_NAME Apr. 00 May. Jun.
'YK00-04
SHINKAI6500
YOKOSUKA Annual Inspection Sea Trial Support operation |
5 10 [ 17 ) 23 27
Enshu Nada Japan trench
SHIP_NAME Jul. [ Aug. Sep.
YK00-05 'YK00-06 ‘ YK00-07 YK00-08
AUV SHINKAIE500 AUV SHINKAI6500
YOKOSUKA Support ope. Support operation Support ope. Support operation
6 10 \ 22 29
Sagami bay Nankai trough Nansei Islands Sagami bay Izu ogasawara
Nankai Trough
SHIP_ NAME Oct. Nov. [ Dec.
T
'YKO00-09 YK00-10 YKO00-11 YK00-12 ‘
AUV SHINKAI6500 AUV | Research sea floor dynamics
YOKOSUKA Support ope. Support operation Support ope. |
67 16 19 21 25 [ 4 6 \ 26
Suruga bay Nankai trough Suruga bay Izu ogasawara
Mariana area
SHIP NAME Jan. 01 [ Feb. Mar.
T
YKO01-01 ‘ 'YK00-02,03
Research for sea floor dynamics SHINKAI6500
YOKOSUKA Guam Jakarta | Jakarta cruising Support operation
4 1617 25 27 | 9 1 19 1 \ a1
Mariana area Sunda-Jawa trench Nansei Islands

SHINKAI 6500: Deep sea research submersible (Manned) AUV: Autonomous Underwater Vehicle
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Table 3
Operations Schedule of RV "KAIREI" in 2000 Fiscal year
SHIP_NAME Apr. 00 May. Jun.
KR00-01 KR00-02 KR00-03 KR00-04
KAIKO MCS KAIKO MCS
KAIREI Support ope. operation Support operation operation
5 21 10 15 \ 11 15
off east off southeast Hokkaido Nansei Islands off Sanriku
Ogasawara Mid Mariana area of the Japan Trough
Pacific Ocean
SHIP_NAME Jul. Aug. Sep.
KR00-05
KAIKO
KAIREI cruising Port Hedland Support operation Port Louis
15 20 301 3 2 5 29
Indian Ocean Indian Ocean
Rodriguez Triple Junction South West Indian Ridge
SHIP_NAME Oct. Nov. Dec.
KR00-07
KAIKO
KAIREI Port Louis  cruising Support operation Reconstruction
2 21 25 17 22
Japan Trough  off Kushiro
off far Sanriku  off Miyagi
SHIP_ NAME Jan. 01 Feb. Mar.
T
KR01-01 KR01-02 KR01-03 ‘ KR01-04
New ROV Trial New ROV Trial ~ Cable freefall & KAIKO  New ROV Trial
KAIREl |- . Annual Inspection Support operation
45 14 15 23 24 56 11 ‘16 22 24 31
off east Ogasawara

KAIKO: Unmanned Remotely operated vehicle ~ MCS: Multichannel Seismic Profiler ~ Deep tow: Towing type deep sea bottom exploration

Table 4
H " "o T
Operations Schedule of RV "KAIYO" in 2000 Fiscal year
SHIP_ NAME Apr. 00 May. Jun.
KY00-01 KY00-02
HYPER DOLPHIN Multichannel Seismic Profiler(MCS)
KAIYO Annual Inspection Sea Trial Support operation operation
3 10 14 23 29 23 29
Nankai Trough Sagami bay off iwate
Suruga bay
Nankai Trough
SHIP_NAME Jul. Aug. Sep.
T
KY00-03 KR00-04 KY00-05 KY00-06 ‘
HYPER DOLPHIN Research for MCS Tropical pacific ocean climate studies(TOCS)
KAIYO Support ope. Deep-sea ecosystem operation Chuuk Kavieng |
5 8 12 | 16 14 20 2931 11 13 ‘
Sagami bay ~ Sagami bay western tropical area of the Pacific Ocean
Suruga bay off south Hokkaido
|zu ogasawara ‘
SHIP_ NAME Oct. [ Nov. Dec.
! I
KY00-09
KY00-07 KY00-08 HYPER DOLPHIN KY00-10 ‘
R-1 robot Support ope. Long-Term deep sea
KAIYO Palau cruising Sea Trial Kobe floor observation cruising
2 4 12 14 24 25 1 4 9 12 28 3 22
Myojin-sho volcano Suruga bay Sagami bay off Sanriku Miyagi
Nankai trough off east Hokkaido
SHIP_ NAME Jan. 01 Feb. Mar.
KY00-11 ‘ KY01-01
Ocean Acoustic Tomography Research for sea floor dynamics
KAIYO Majyro Majuro Majuro  cruising cruising Guam Guam cruising
2 4 17 19 13 15 21 27 1 15 17 29
Mid tropical area of the Mariana area of the
Pacific Ocean Pacific Ocean

HYPER (HYPER DOLPHIN): Unmanned Remotely Operated Vehicle
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Table 5
H n n oy H
Operations Schedule of RV "MIRAI" in 2000 Fiscal year
SHIP_ NAME Apr. 00 May. Jun.
MRO00-K03 MR00-K04
Observational Studies on the Material Observational Studies on
MIRAI Annual Inspection Sea Trial Cycle in the High Latitude Sea Air Sea Interaction
1 28 6 9 \ 10 13
Northwestern North Pacific Waters South of Japan
Southern Okhotskoe
SHIP_ NAME Jul. Aug. Sep.
T
MRO00-K05 MRO00-K06
The Subtropical Gyre and the Subpolar Observational Studies in the
MIRAI Gyre in the North Pacific Ocean Seattle Victoria | Arctic Ocean
6 10 \ 14 21 24 27
Waters East of Honshu Japan Beaufort Sea
SHIP_NAME Oct. Nov. Dec.
MRO00-07
Observational Studies in the Western Tropical pacific Ocean and Obsevational Studies on Air Sea Interaction
Dutch Harbor Singapore Jakarta Palau
MIRAI 92, | | —
3 4 12 5 78 I 2022 \ 1314 23 28
Western Tropical Pacific Ocean and Eastern Indian Ocean
SHIP_ NAME Jan. 01 Feb. [ Mar.
MR00-K08 ‘ MRO1-KO01 ‘
Observational Studies on Primary Productivity in the|Equatorial Pacific Ocean | Observational Studies in the Western Tropical Pacific Ocean
MIRAI Honolulu | Guam | Guam
78 I 12 8 14 \ 1718 23
Western Tropical Pacific Ocean Western Tropical Pacific Ocean Waters
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MROO—KO03 Observational Studies on the Material Cycle in the High Latitude Sea
MROO—KO04 Observational Studies on Air Sea Interaction
MRO0—KO05 The Subtropical Gyre and the Subpolar Gyre in the North Pacific Ocean
MROO—KO06 Observational Studies in the Arctic Ocean
MROO—KO07 Observational Studies in the Western Tropical Pacific
Ocean and Observational Studies on Air Sea Interaction
MRO0—KO08 Observational Studies on Primary Productivity in the
Equatorial Pacific Ocean
MRO01—-K01 Observational Studies in the Western Tropical Pacific Ocean
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In August 1997, the Prime Minister decided on "National Guideline on the Method of Evaluation for
Government R&D". In response to that, JAMSTEC formulated, in October 1997, "Outline of Steps Taken to
Evaluate Research at the Japan Marine Science and Technology Center", to contribute to effective and produc-
tive allocation of human and economic resources. "Outline of Steps Taken to Evaluate Research at the Japan
Marine Science and Technology Center" called for evaluation of JAMSTEC's projects by the R&D Theme
Evaluation Committee, consisting of third-party experts and knowledgeable persons. The R&D Theme
Evaluation Committee should conduct an in-advance evaluation, an interim evaluation, and a result evaluation
of the themes of Research Projects; Category 1 on the priority fund, and a result evaluation of the themes of
the Research Projects; Category 2, the Personal Researches and Cooperative Researches on the basic fund,
according to the items and methods for evaluation determined by the R& D Theme Evaluation Committee.

In fiscal 2000, JAMSTEC executed, according to "Outline of Steps Taken to Evaluate Research at the
Japan Marine Science and Technology Center", in-advance evaluations of R&D themes, on July 28, 2000,
and interim and result-evaluations, from October 2000 to February 2001. The results of evaluations pointed
out needs for improvement, but generally the results were affirmative. JAMSTEC will work to promote
research and development, while seriously considering the results of evaluations.

1. In-advance Evaluation

(1) Theme for Evaluation (attached Table 1)
JAMSTEC executed in-advance evaluation for the

Research Project; Category 1 considered for the budg-

et request for fiscal 2001, to beinitiated in fiscal 2001.

(2) Organization for Evaluation

The R&D Theme Evaluation Committee, consisting
of third-party experts in marine science and technolo-
gy and knowledgeable persons in science and technol-
ogy (attached Table 2), conducted evaluations.

(3) Method for Evaluation

Meetings were held between the researchers in
charge of R&D themes in question, and committee
members. Each researcher presented his or her
research themes, a question-and-answer session
between the researcher and the committee followed.
The committee evaluated each items below, while dis-
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cussing among themselves the results of researchers
presentations and the question-and-answer sessions,
and referring to the self-evaluation sheet of each
researcher.

(4) Itemsfor Evaluation
The following items were evaluated.

+ Adequacy of purposes, targets, and directions of
the research and devel opment

- Adequacy of contents and methods of the
research and devel opment

+ Adequacy of funds and organizations for research
and development

+ Expected results and ripple effects of the research
and devel opment

2. Interim and Result Evaluation
(1) Theme for Evaluation (attached Table 3)
JAMSTEC executed interim and result evaluation
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falling into the following categories. These are
Research Projects; Category 1 that have passed five
years or more after commencement or that have fin-
ished, and Research Projects; Category 2, Personal
Researches and Cooperative Researches completed in
fiscal 1999.

(2) Organization for Evaluation

The R&D Theme Evaluation Committee (attached
Table 4-1) and, four special committees, conducted eval-
uations. Special Committees were the Subcommittee
for Ocean and Solid Earth Science, the Subcommittee
for Ocean Observation and Research, the Subcommittee
for Marine Biology and Ecology, and the Subcommittee
for Marine Technology (attached Table 4-2). These
Subcommittees evaluated individual research fields.

(3) Method for Evaluation

The R&D Theme Evaluation (in-advance evalua-
tion) Committee deliberated first, on the themes to be
evaluated (interim and result evaluations), items for
evaluation, and methods for evaluation. Based on the
results of deliberation, subcommittees were held in a
manner to publicly disclose the evaluation results.

Each subcommittee heard a presentation by each
researcher, and held a question-and-answer session
between the researcher and the subcommittee. The
subcommittees evaluated the research based on the
results of presentation and the question-and-answer
session, while referring to the self-evaluation sheet of
the researcher, and summaries of the researcher's
essays. Each item below was evaluated.

The R&D Theme Evaluation Committee finalized
the fiscal 2000 evaluation, referring to the evaluation
results of subcommittees.

(4) Itemsfor Evaluation
Depending on the degree of progress of each R&D
theme, the themes were subjected either to interim
evaluation or result evaluation, on the following items.
(a) Interim Evaluation (ongoing themes but five or
more years after commencement)
+ Adequacy of purposes, targets, and direction of
research and development
+ Adequacy of the outline, plan, and method of
research and devel opment
- Adequacy of research and devel opment expenses,
implementing organizations
* Progress of research and development
+ Future schedule (plan)
(b) Result Evaluation (themes completed by the pre-
ceding fiscal year)
+ Adequacy of purposes and targets of research and
development
+ Adequacy of the outline, plan, and method of
research and devel opment
* Adequacy of research and development expenses,
implementing organizations
+ Degree of achievements of research and develop-
ment
* Ripple effects of the achievements, extensions,
reflection of the achievement on new themes
* Reflection on causes for successes and failures
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Table 1 Subject of Evaluation of R&D Themes (in-advance evaluation) in FY2000

Subject

Department

Development of Long-term Deep Sea Floor Network for Geoscientific Observations Deep Sea Research Department

Development of Coral Recovery Technology

Marine Ecosystems Research Department

A. Observation investigation concern to Kuroshio Extension Region
B. An extensive three-dimensional realtime observation using Ocean
Acoustic Tomography System in Kuroshio Extension Region
(Parts of "Study on the Kuroshio Extension")

Ocean Observation and Research Department

Research on Extreme Environment Maintaining Technology for Deep Biosphere Marine Technology Department

Global Warming Observational Research Program

(A part of "Frontier Observational Research System for Global Change")

Frontier Research Promotion Department

Ingtitute for Frontier Research on Earth Evolution

Frontier Research Promotion Department

Frontier Research System for Extremophiles

Frontier Research Promotion Department

Table 2 Member List of the R&D Theme Evaluation Committee for In-advance Evaluation in FY2000

Chairman Tomio ASAI Emeritus Professor, Univ. of Tokyo
Member Tsuneo ASA| JS:S:Sa?:Zt SGeneral, Japanese Association of Science & Technology
Member Isao KOIKE Professor, Ocean Research Institute, Univ. of Tokyo
Member Kensaku TAMAKI Professor, Ocean Research Institute, Univ. of Tokyo
Member Hisaaki MAEDA Professor, Ingtitute of Industrial Science, Univ. of Tokyo
s odidaniTra | DIt bt D Foton vt

Member *1 Suguru OTA Professor, Ocean Research Institute, Univ. of Tokyo

Extraordinary Member *2 Tairo OSHIMA Professor, Department of Molecular Biology, Tokyo Univ. of Pharmacy

and Life Science
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*1: Deputy for Dr. Akira TANIGUCHI (Professor, Faculty of Agriculture, Tohoku Univ.)
*2: Expert of microorganisms to evaluate the subject "Frontier Research System for Extremophiles’
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Table 3 Subject of Evaluation of R&D Themes (interim and result evaluation) in FY2000

1. R&D based on priority funding (Research Project; Category 1) 6 Themes
) Category of
Subject Department Evaluation
Long-term oceanographic and meteorological observation of North Ocean Observation interim
Pacific Subtropical area and Research Department
. . Ocean Observation o
Study of Air - Sea Interaction and Research Department interim
R&D on the Technology Controlling the Oxygen-deficient Water Mass Marine Ecosystems Research Department result
in Omura Bay
Development of a Simple Sampling System and Breeding Techniques of Marine Ecosystems Research Department result
Vestimentiferan Tube Worms
Research on the Characteristics of the Deep Seawater in the Bay of Suruga, Marine Ecosvst Research Department P
and the Cascade Methods of Deep Seawater Utilization anneEcosystiems ch Departmen Interim
Research and Development of Sea Bottom Mariculture System Marine Technology Department result
2. R& D based on basic funding (Research Project; Category 2, Personal Research, Cooperative Research) 22 Themes

(All Themes are targets of Result Evaluation)

Subject Category of R&D Department
Research on the Geology of 1zu-Bonin Arc and its Related Area Cooperative Deep Sea Research Department
. . Ocean Observation
Study on the Behavior of Trace Metal in the Ocean Personal ad R ch Department
. . . . Research Project; Ocean Observation
Ocean DataAnalysis by Using a High-resolution GCM Category 2 and Research Department
Inter-annual Variability in Heat, Carbon, and Nitrogen Fluxesin Cooperative Ocean Observation
the Equatorial Pacific and Research Department
Study on Greenhouse Gasses and Primary Productivity in Cooperative Ocean Observation
the Equatorial Pacific per and Research Department
Study on Improvement of Oceanic CO2 Measurement Personal Ocean Observation
and Research Department
Study on DataAnalysis Method of Acoustic Tomography Cooperative Ocean Observation
and Research Department
Studies on the Utility of Oxygen High Partial-Pressure Cooperative Marine Ecosystems Research Department
Research on Characteristics, Distribution and Variation of . .
Proper Water Mass in Japan Sea Cooperative Marine Ecosystems Research Department
Development of Tools for the Sampling and Maintenance for .
Midwater Organisms. Personal Marine Ecosystems Research Department
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Subject Category of R&D Department
Midwater Research Using ROV's. Cooperative Marine Ecosystems Research Department
Basic Study for Marine Ecosystem Investigation by Using Cooperative Marine Ecosystems R ch Department

the Automatic Plankton Counting Devices

Model Experiment and Motion Analysis of Marine Riser Pipe

Research Project;

Marine Technology Department

Category 2
Dev_elopment of Launching System for Deep-sea TV Observing Personal Marine Technology Departrment
Equipment
Research on Non-Contact Data Communication System Using LEDs Personal Marine Technology Department
Research on the Image Detection by Using a Forward Looking Sonar Personal Marine Technology Department
Research and Development of a Calm-sea Conditions Using Personal .
anArray of Floating Bodies Marine Technology Department
Research and Development of Seawater Drawing Technology . .
Using Compressed Air Cooperative Marine Technology Department
Research on the Characterization of Giant Magnetostrictive . .
Materials for 20Hz Sound Source Cooperative Marine Technology Department
Research and Devel opment on Autonomous Underwater Vehicle .
Operation Technology Cooperative Research Support Department
Research on the Design and Management Methods of -
JAMSTEC High- Network Personal Computer and Information Department
Research on Functional Improvement of Sub-bottom Profiler Cooperative Computer and Information Department
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Table 4-1 Member List of the R&D Theme Evaluation Committee for Interim and Result Evaluation in FY2000

and Solid Earth Science)

Chairman Tomio ASAI Emeritus Professor, Univ. of Tokyo
Member Tsuneo ASAI Secretary General, Japanese Association of Science & Technology Journalists
Member
(Chief of Subcommittee for Ocean Isao KOIKE Professor, Ocean Research Institute, Univ. of Tokyo
Observation and Research)
Member
(Chief of Subcommittee for Ocean Kensaku TAMAKI Professor, Ocean Research Institute, Univ. of Tokyo

Member
(Chief of Subcommittee for Marine
Biology and Ecology)

AkiraTANIGUCHI

Professor, Faculty of Agriculture, Tohoku Univ.

Member
(Chief of Subcommittee for
Marine Technology)

Hisaaki MAEDA

Professor, Institute of Industrial Science, Univ. of Tokyo

Member

Yoshitaka NITTA

Director in charge of R&D Review, Planning Div., Central Research Ingtitute
of Electric Power Industry

Table 4-2 Member Lists of the R&D Theme Evaluation Subcommittees for Interim and Result Evaluation in FY2000

« Subcommittee for Ocean and Solid Earth Science

Chief Kensaku TAMAKI Professor, Ocean Research Institute, Univ. of Tokyo
Member Kenji NOTSU Pr(_)fr, Lgboratory for Earthquake Chemistry Graduate School of
Science, Univ. of Tokyo
. Assistant Professor, Ocean Heimsphere Research Center,
Member Hajime SHIOBARA Earthquake Research Institute, Univ. of Tokyo
Member Masato Y UASA Director, Liaison Office for Technology Transfer, Geological Survey of Japan

« Subcommittee for Ocean Observation and Research

Chief Isao KOIKE Professor, Ocean Research Institute, Univ. of Tokyo
Member Shiro IMAWAK I Professor, Research Institute for Applied Mechanics Kyushu Univ.
Member Tatsushi TOKIOKA Counsellor, Administration Dep., Japan Meteorological Agency
Member Masaaki WAKATSUCHI Professor, Institute of Low Temperature Science, Hokkaido Univ.

 Subcommittee for Marine Biology and Ecology

Chief AkiraTANIGUCHI Professor, Faculty of Agriculture, Tohoku Univ.
Member Mitsuaki AKAHANE Director, Aomori Prefectural Fisheries Experiment Station
Member Suguru OTA Professor, Ocean Research Institute, Univ. of Tokyo
Member Keizo SHIRAKI Professor, Dep. of Physiology, School of Medicine, Univ. of Occupatio
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« Subcommittee for Marine Technology

Chief Hisaaki MAEDA Professor, Institute of Industrial Science, Univ. of Tokyo
Member Nakaji HONDA Professor, Dep. of Systems Engineering, The Univ. of Electro-Communications
Member Toshiaki KIKUCHI Professor, Dep. of Applied Physics, The National Defense Academy
Member Hisaji SHIMIZU Professor, Faculty of Engineering, Yokohama National Univ.
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| nstitution Evaluation

JAMSTEC has compiled "Outline of Steps Taken to Evaluate Research at the Japan Marine Science and
Technology Center" in October 1997 based on the "National Guideline on the Methods of Evaluation for
Government R& D", which was provided by the Prime Minister in August 1997 so that the results of assess-
ment can be used extensively to bring about efficiency and vitality in R& D activities and thus obtain more
outstanding results. The Outline specifies that JAMSTEC's management as a whole is subject to be evaluated
during its institutional operation. Namely, the evaluation is to cover all JAMSTEC activities, with a view to
identifying issues regarding such points as whether operations are in accordance with its original mission, the
state of research resources, research efficiency, and future plans, and recommend any improvements that can
be made. Asarule, Institution Evaluation of JAMSTEC shall be conducted periodically once five years.

On 25 and 26 May 2000, JAMSTEC has conducted its first institutional evaluation based on " Outline of
Steps Taken to Evaluate Research at the Japan Marine Science and Technology Center". JAMSTEC
Evaluation Committee recognized that "JAMSTEC engages in comprehensive research and experiments on
science and technology relating to ocean development, and possesses a world-class research infrastructure ...
[and] also that JAMSTEC is in the process of developing its research systems to be a Center of Excellence
(COE) in the field of ocean science and technology.” It aso put forward a broad range of recommendations
with aview to the further development of JAMSTEC. JAMSTEC compiled an action program in December
and has been implementing it to consolidate its position as one of the world's leading research institutions
based on these recommendations.

1. Evaluation Procedures

Institution Evaluation was carried out by JAM-
STEC Evauation Committee (Annex 1) comprised of
members who were selected from the outside for hav-
ing ample evaluation capabilities. The evaluation
focused on the following aspects.

(1) Overal JAMSTEC management

1) Consistency of JAMSTEC's stated statutory mis-
sion with present situation

2) Reason for existing of JAMSTEC as a genera
comprehensive organization for oceanographic
research and development

3) Response to the needs of the people's lives, the
society, and the economy

4) International standing of JAMSTEC as aresearch
institute

(2) Organizational management
1) Poalicy regarding recruitment of researchers
2) Policy regarding distribution of research resources
3) Cooperation within JAMSTEC
4) Research support

(3) Efficiency of research activities

1) Strategic consideration in research planning

2) Appropriateness of research implementation

3) Flexibility in research planning

4) Cooperation and relationship with other institutes

In order to understand better the situation, we also
evaluated research activities in each field which is
essential for understanding the overall condition of a
research institution.
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2. Evaluation Outcomes

In August 2000, JAMSTEC Evaluation Committee
has compiled Report of Evaluation Committee for
Japan Marine Science and Technology Center. The
following is Recommendations in the Report.

(1) Recommendations

The Committee makes the following recommenda-
tions concerning the future direction of JAMSTEC
based on the knowledge gained in the course of this
evauation. While some of these recommendations are
beyond the scope of JAMSTEC's efforts alone, we
hope they can be effective in future examinations into
reform of the institution.

1) Revision of JAMSTEC's mission
+ Change to a mission that is in line with the cur-
rent situation of expanding operations into earth
science and technology.

2) Realization of strategic research management
* Prioritize research fields, area and themes.
+ Establish a science council to provide scientific
advice to management.
- Determine to promote technological develop-
ment contributed to the public directly or not.

3) Improving research efficiency
* Foster a competitive atmosphere in scientific
research.
« Strengthen internal cooperation, especially that
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between research departments and frontier programs.
- Strengthen the liaison and cooperative structure
with universities etc.

4) Achievements and their dissemination

- Promote the publication of reviewed papers.

- Promote technology transfer of patents and other
research achievements.

+ Take account of scale merit in the collection of
observation data.

* Make research data available through the
Internet.

+ Enhance the library function.

+ Expand public relations activities.

- Promote science education for young people.

3. Action Program

Accepting the findings of the Evaluation Committee
with sincerity, JAMSTEC must strive to improve the
management and operations of the organization. The
findings cover al JAMSTEC operations, including the
frontier systems, and contain many recommendations
that will have a far-reaching effect on how it will
operate in the future, so after full and detailed discus-
sion among the entire organization, JAMSTEC needed
to formulate policies in response to these recommen-
dations. In this light, JAMSTEC has established the
Action Program Examination Committee to examine
an action program for improving the operation and
management of JAMSTEC and has compiled the
Action Program in December 2000.
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Annex 1 : Members of the JAMSTEC Evaluation Committee

Yoichi KAYA (Chairperson)
Director General, Research Institute Innovative Technology for the Earth, Japan
Eddie BERNARD
Director, Pacific Marine Environmental Laboratory, National Oceanic and Atmospheric Administration,
U.SA.
Pierre DAVID
Conseiller maitre en service extraordinaire, Cour des Comptes (former Président Directeur Général of Institut
Francais de Recherche pour L'exploitation dela Mer), France
Y oshio FUKAO
Professor, Head of Center, Ocean Hemisphere Research Center, Earthquake Research Institute, The
University of Tokyo, Japan
Robert GAGOSIAN
Director, Woods Hole Oceanographic Institution, U.S.A.
Takashi HAMADA
Professor, The University of the Air, Japan
Y ukiko HORI
President & Director, Enoshima Aquarium Co., Ltd., Japan
Shiro IMAWAKI
Professor, Research Institute for Applied Mechanics, Kyusyu University, Japan
Masanobu KATO
Vice President, Director of Abiko Research Laboratory, Central Research Institute of Electric Power Industry,
Japan
Kenichi MATSUBARA
Professor, Graduate School of Biological Science, Nara I nstitute of Science and Technology
Vice-Director, International Institute for Advanced Studies, Japan
Masami NAKAMURA
Senior Staff Writer, Nihon Keizai Shimbun, Inc., Japan
Koichiro YOSHIDA
Professor, School of Marine Science and Technology, Tokai University, Japan
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Appendix A
Research Achievements

(1) Executive Director
1) Hajimu Kinoshita, JAMSTEC Marine Sciences and its
outreach in 21st century —Present and Future Initiatives—,
KAIYO MANTHLY, Vol.32, No.1, p19-29

(2) Deep Sea Resear ch Department

1) C. J. Harding (Univ. Houston), J. F. Casey (Univ. Houston),
T. Fujiwara, P. B. Kelemen (WHOI), Exploring Faulted
Seafloor Surfaces and Core Complexes along the MAR in a
3D Virtual Environment with Haptic and Audio Feedback,
AGU 2000 Fall Meeting

2) Feary, D. A., Hine, A. C., Maone, M. J,, €t al., Proceedings of
the Ocean Drilling Program, Initial Reports, Volume 182., ODP
Proceedings

3)J. F. Casey (Univ. Houston), W. Beck (Univ. Houston),
T. Fujiwara, P. B. Kelemen (WHQI), M. G. Braun (WHOQI),
Transition From Magma Starved to Magma-Rich Segments
along the Mid-Atlantic Ridge, 14-16N, AGU 2000 Fall
Meeting

4) James, N. P., Feary, D. A., Surlyk, F., Toni Simo, J. A., Betzler,
C., Holbourn, A. E., Li, Q., Matsuda, M., Machiyama, H.,
Brooks, G. R., Andres, M., Hine, A. C., Malone, M. J.
and the Ocean Drilling Program Leg 182 Scientific Party,
Quaternary bryozoan reef-mounds in cool-water, upper
slope environments; Great Australian Bight, Geology, Vol.28,
No.7, p647-650

5) Ryoichi Iwase, Katsuyoshi Kawaguchi, Kyohiko Mitsuzawa,
Deep sea subbottom temperature observation by multi-sensor
equipment off Okinawa Island in VENUS project, 2000 Japan
Earth and Planetary Science Joint Meeting (poster session)

6) Ryoichi lwase, Kyohiko Mitsuzawa, Yuka Kaiho, Katsuyoshi
Kawaguchi, Gou Fujie, Hitoshi Mikada, Kenji Hirata, Masaru
Aoyagi, Shigehiko Morita, Itaru Fujisawa, Kiyoshi Suyehiro,
New JAMSTEC Deep Seafloor Observatory Near the Off-Ito
Earthquake Swarm Region, 2000 Western Pacific Geophysics
Meeting

7) Ryoichi lwase, Technology of deep sea research —Manned
submersibles and ROV's—, Journal of geography, 109, 6, 885-899

8) Ryoichi Iwase, Hiroko SUGIOKA, Observation of earthquake
activities in lzu Islands by long term observatory off
Hatsushima Island in Sagami Bay, Seismological society of
Japan, 2000 fall meeting

9) Ryoichi Iwase, Kyohiko Mitsuzawa, Katsuyoshi Kawaguchi,
Long-term observation on deep seafloor by multi—sensor—
Off Hatsushima Island in Sagami Bay and southeast off
Okinawa Island, TECNO-OCEANZ2000 International

Symposium
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10) Yu'suke Kubo, Ryoichi Iwase, Small-scale turbidity
currents and their deposits observed at the deep seafloor
observatory off Hatsushima Island in Sagami Bay after
the earthquake swarm in the East off Izu Peninsula,
Geologica Society Japan

11) Yu'suke Kubo, Ryoichi Iwase, Small-scale turbidity currents
observed at the deep seafloor observatory off Hatsushima
Island in Sagami Bay after the Earthquake swarm in the East
off 1zu Peninsula, Sedimentological Society Japan

12) Yu'suke Kubo, Ryoichi Iwase, Depositional events observed
by the long-term deep seafloor observatory off Hatsushima
Island in Sagami Bay, Japan, Trieste seismic workshop

13) Yu'suke Kubo, Laboratory experiments and numerical
simulation on upstream migration of sediment waves, Trieste
seismic workshop

14) Motoyuki Miyamoto (MWJ), Kyohiko Mitsuzawa, Takuya
Nakajyo (Ocean High Technology Inc.), Naotaka Togashi
(MWJ), Akira So (MWJ), Kumiko Fukai (MWJ), "Application
of JAMSTEC/Deep-Tow System for the survey of hydrother-
mal activities in the Mid and Southern Mariana’, The 2000 Fall
Meeting of the Seismological Society of Japan (poster session)

15) Toshihiko Kanazawa (ERI, Univ. Tokyo), M. Shinohara (ERI,
Univ. Tokyo), M. Mochizuki (ERI, Univ. Tokyo), E. Araki,
K. Hirata, H. Mikada, K. Suyehiro, OHP Network: WP-2
Borehole Seismological Observatory —installation at ODP Hole
1179 in the Northwestern Pacific Basin—, The 2000 Fall
Meeting of the Seismological Society of Japan (Poster Session)

16) Hitoshi Mikada, S. Constable, K. Kelly, M. Uyeshima,
K. Sayanagi, G. Fujie, KY00-02 Kaiyo Scientific Party,
Marine magnetotellurics for the petrophysical identification
of the seismogenic zone, Off Sanriku, Japan, American
Geophysical Union 2000 Fall Meeting

17) Yugo Shindo (Oki Electric Industry Co. LTD.), Takashi
Y oshikawa (Oki Electric Industry Co. LTD.), Koji Dobashi
(Oki Electric Industry Co. LTD.), Hitoshi Mikada, Earthquake
Observation on the seafloor by the Fiber-Optic Interferometer.,
The 2000 Fall Meeting of the Seismological Society of Japan

18) Yugo Shindo (Oki Electric Industry Co. LTD.), Takashi
Y oshikawa (Oki Electric Industry Co. LTD.), Koji Dobashi
(Oki Electric Industry Co. LTD.), Akishi Hamada (Okiseatec
Co. LTD.), Hitoshi Mikada, Earthquake observation on
the seafloor by the Fiber-Optic Accelerometer, The 2000
Research Meeting of the MARINE ACOUSTICS SOCIETY
OF JAPAN (with a proceeding paper)

19) Katsuyoshi Kawaguchi, Kenji Hirata, Yuka Kaiho, Hitoshi
Mikada, Ryoichi lwase, An expandable deep seafloor monitor-
ing system for earthquake and tsunami observation network,



Appendix A
Research Achievements

Japan Marine Science and Technology Center

Oceans 2000

20) Katsuyoshi Kawaguchi, Ryoichi Iwase and Yuichi Shirasaki,
Construction of Multidisciplinary Geophysical Measurement
Observatory Utilizing Decommission Submarine Cable,
Techno—Ocean 2000 International Symposium

21) Katsuyoshi Kawaguchi, Kenji Hirata, Hitoshi Mikada and
Y uka Kaiho, Development of Thin Fiber Cable Laying
System, Techno-Ocean 2000 International Symposium

22) Katsuyoshi Kawaguchi, Kenji HIRATA, Hitosh MIKADA,
Yuka KAIHO, and Hajimu KINOSHITA, Adaptable seabed
observatory and thin fiber submarine cable laying system
for ocean bottom geo-scientific network, Western Pacific
Geophysical Meeting (WPGM) (Poster Session)

23) Katsuyoshi Kawaguchi, Long-Term Deep Seafloor
Observation Project Group, Long-Term Deep Seafloor
Observatory Networks in Japan, World Automation Congress
2000 (Symposium on Underwater Robotic Technology 2000)

24) Katsuyoshi Kawaguchi, Underwater Operations for Constructing
Versatile Eco-monitoring Network Utilizing Decommission
Submarine Cable., Symposium 2000 "Science and Technology
for Tomorrow"

25) Hideaki Machiyama, Rika Takeuchi (Univ. Tokyo), Mutsuo
Hattori, Takeshi Matsumoto, Mamoru Nakamura, Masaaki
Kimura (Univ. Ryukyu), Ryo Matsumoto (Univ. Tokyo), Cold
seep carbonates from the Kuroshima Knoll, off Yaeyama
Islands: their isotopic composition and depositional environ-
ment., 107th Annua Meeting of the Geological Society of Japan

26) Hideaki Machiyama, Mutsuo Hattori, Takeshi Matsumoto,
Calcareous Chimneys from the Kuroshima Knoll, South of
Y aeyama Islands, Japan., 2000 Western Pacific Geophysics
Meeting (poster session)

27) Hideaki Machiyama, Mutsuo Hattori, Takeshi Matsumoto,
Sandstone chimneys discovered on the Kuroshima Knoll, south
of Yaeyama |slands., Japan Earth and Planetary Science Joint
Meeting (poster session)

28) Toshiya Fujiwara, Toshitsugu Yamazaki (Geological Survey of
Japan), Masato Joshima (Geological Survey of Japan),
Bathymetry and magnetic structure of the southern Lau Basin
and Havre Trough, Japan Earth Planetrary Science Joint Meeting

29) Toshiya Fujiwara, C. Tamura, A. Nishizawa, K. Fujioka,
K. Kobayashi, Y. Iwabuchi, Morphology and Tectonics of
the Y ap Trench, Marine Geophysical Researches, Vol.21, 69-86

30) Mutsuo Hattori, Orihiko Togawa (JAERI), Masaharu Okano,
SEA BOTTOM GAMMA RAY MEASUREMENT BY
Nal (TI) SCINTILLATION SPECTROMETERS INSTALLED
ON MANNED SUBMERSIBLES, ROV AND SEA
BOTTOM LONG TERM OBSERVATORY, UT-2000

(Underwater Technology 2000)

31) Mutsuo Hattori, Masaharu Okano, Sea bottom Gamma ray
surveys at hot Thermal Vent areas in the World, 2000WPGM
(poster session)

32) Kyohiko Mitsuzawa, Harue Masuda (Osaka City Univ.),
Nobukazu Seama (Kobe Univ.), Yuichi Hasegawa (Chiba
Univ.), Motoyuki Miyamoto (MWJ), Naotaka Togashi (MWJ),
Akira So (MWJ), Hitoshi Yamanobe (MWJ), Ko-ichi
Nakamura (GSJ), Deep Tow Surveys at central and southern
Mariana Hydrothermal Area by R/V Y okosuka, 2000 Fall
Meeting, AGU (poster session)

(3) Marine Technology Department

1) Kazuaki Itoh (Nihon univ.), Hisaaki Maeda (Tokyo univ.),
Koichi Masuda (Nihon univ.), Yukihisa Washio, Hiroyuki
Osawa, Tomoki Ikoma (Tokyo univ.), Mamoru Arita (Nihon
univ.), Experimental Study on Response Reduction of A Very
Large Floating Structure with Oscillating Wave Column,
Technical Paper of Annual Architectural Institute of JAPAN

2) Yoshinori NAGATA, Y ukihisa WASHIO, Hiroyuki OSAWA,
Fuminori FUJII, Hiroki FURUYAMA, Toshisuke FUJITA,
The Open Sea Tests of The Offshore Floating Wave Power
Device Mighty Whale —Environmental Conditions and
Response of Motions—, 15th OCEAN ENGINEERING SYM-
POSIUM

3) Yoshinori NAGATA (IHI), Tetsuya YASUDA (IHI), Y ukihisa
WASHIO, Hiroyuki OSAWA, Construction of Offshore
Floating Wave Power Device Mighty Whale, IHI Engineering
Review, Vol.33, No.1, pp.24-29

4) Hiroshi Ochi, Takuya Shimura, Takao Sawa, Y asutaka
Amitani, Toshiaki Nakamura, Kohji Futa (NDA), Toshiaki
Kikuchi (NDA), Analysis of Surface Refrected Wave by
Wigner Distribution Function, The 2000 spring meeting of the
acoustical society of Japan

5) Junzo Kasahara (ERI), Yuichi Shirasaki (KDD Reseach
Laboratory) and H. Momma, Multi-disciplinary Geophysical
Measurements on the Ocean Floor Using Decommissioned
Submarine Cables: VENUS Project, IEEE Journal of Oceanic
Engineering, Vol.25, No.1, 111-120

6) Tomoki Ikoma (Tokyo Univ.), Hisaaki Maeda (Tokyo Univ.),
Y ukihisa Washio, Hiroyuki Osawa, Koichi Masuda (Nihon
Univ.), Prediction Method for Hydroelastic Response of an
Elastic Floating Body with Air-cushion, Technical Papers of
Annua Meeting Architectural Institute of JAPAN

7) Toshihiko Kanazawa (ERI, Univ. Tokyo), M Shinohara (ERI,
Univ. Tokyo), M Mochizuki (ERI, Univ. Tokyo), K Hirata,
E Araki, ODP Leg 191 Shipboard Scientific Party, NEREID
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—191- New Borehole Seismological Observatory in the
Northwestern Pecific Basin—, 2000 AGU Fall Meeting
8) Masao MIYOSHI (Mitsubishi Heavy Industries LTD,
Shimonoseki Shipyard & Machinery Works), Keizo TERADA
(Mitsubishi Heavy Industries LTD, Shimonoseki Shipyard &
Machinery Works), Jun MIZUHAYA, Akira OHSHIMA,
lwao HONDA (Mitsubishi Heavy Industries LTD, Nagasaki
Research & Development Center), Takuya SHIMURA,
Underwater Noise Reduction on Research Vessel Mirai,
The Marine Acoustics Society of Japan
9) Ryosuke Yamamoto (CREPEI), Nobukazu Tanaka (CREPEI),

Hiroyuki Osawa, Y ukihisa Washio, Kiyotomo Y agihashi
(Furukawa Electric Co.,Ltd), Ken-ichi Ishii (Furukawa Electric
Co.,Ltd), Experimental and Analytical Study of Drawing up
Deep Seawater With Air-Lift Pump, Japan Association of
Deep Ocean Water Research

10) Ryosuke Yamamoto (CREPEI), Nobukazu Tanaka (CREPEI),
Hiroyuki Osawa, Y ukihisa Washio, Kiyotomo Y agihashi
(Furukawa Electric Co.,Ltd), Ken-ichi Ishii (Furukawa Electric
Co.,Ltd), Experimental and Analytical Study of Drawing up
Deep Seawater With Air-Lift Pump, Japan Association of
Deep Ocean Water Research

11) Ryosuke Y amamoto (CREPEI), Nobukazu Tanaka (CREPEI),
Hiroyuki Osawa, Y ukihisa Washio, Ken-ichi Ishii (Furukawa
electric Co.,Ltd), A study on Performance of Air-Lift pump
using deep sea water, Summaries of Technical Papers of 54th
Annual Meeting Japan Society of Civil Engineers

12) Ryosuke Y amamoto (CREPEI), Nobukazu Tanaka (CREPEI),
Hiroyuki Osawa, Y ukihisa Washio, Ken-ichi Ishii (Furukawa
Electric Co.,Ltd), Kiyotomo Y agihashi (Furukawa Electric
Co.,Ltd), Experimental study on performance of Air-Lift pump
in open sea test, Summaries of Technical Papers of 55th
Annual Meeting Japan Society of Civil Engineers

13) Ryosuke Yamamoto (CREPEI), Nobukazu Tanaka (CREPEI),
Hiroyuki Osawa, Y ukihisa Washio, Ken-ichi Ishii (Furukawa
electric Co.,Ltd), Experimental and Analytical study of
Performance of Air-Lift Pump, Research Report of the Central
Research Ingtitute of Electric Power Industry, pp.1-24

14) Tetsuo Ichimura (Nihon Univ.), Hiroyuki Osawa, Koichi
Masuda (Nihon Univ.), Fundamental study on a system
creating tranquil sea by Mighty Whale crowds, Technical
Papers of Annual Meeting Architectural Institute of JAPAN

15) Taro Aoki, Toshiaki Nakamura, Kenkiti Tamura, Hiroshi Ochi,
Takashi Murashima, Satoshi Tukioka, Hidehiko Nakajo,
Development of Deep Sea Cruising AUV URASHIMA,
The Japan Machinary Federation

16) Ken-ichi Ishii (Furukawa Electric Co.,Ltd), Kiyotomo

Yagihashi (Furukawa Electric Co.,Ltd), Yukihisa Washio,
Hiroyuki Osawa, Nobukazu Tanaka, Ryosuke Yamamoto,
Design and Installation of the Flexible Pipe for Air-Lift
System, TECHNO-OCEAN 2000 International Symposium

17) Hisaaki MAEDA (University of Tokyo), Yukihisa WASHIO,
Hiroyuki OSAWA, Chiaki SATO (Technological Research
Association of MEGA-FLOAT), Tomoki IKOMA (University
of Tokyo), Yasufumi ONISHI (University of Tokyo), Mamoru
ARITA (Nihon UNiv.), Characteristics of Hydroelastic
Responses for Elastic Floating Structure with Wave Energy
Absorption System in Waves, 15th OCEAN ENGINEERIG
SYMPOSIUM, The Society of Naval Architects of Japan

18) Hisaaki Maeda, Yasufumi Onishi (MOT), Chang-Kyu Rheem
(Tokyo Univ.), Tomoki Ikoma (Tokyo Univ.), Yukihisa
Washio, Hiroyuki Osawa, Mamoru Arita (Nihon Univ.),
Flexible Response Reduction on a Very Large Floating
Structure due to OWC Wave Power Devices, Journal of the
Society of Naval Architects of Japan, 188, 279-285

19) Hisaaki Maeda (Tokyo Univ.), Yukihisa Washio, Hiroyuki
Osawa, Chang-Kyu Rheem, Tomoki Ikoma (Tokyo Univ.),
Y asushi Onishi (Tokyo Univ.) and Mamoru Arita (Tokyo
Univ.), Hydro-elastic Response Reduction System of a Very
Large Floating Structure with Wave Energy Absorption
Devices, OCEANS 2000 MTS/IEEE

20) HISAAKI MAEDA (Univ. Tokyo), CHANG-KYU PHEEM
(1S, Tokyo Univ.), TOMOKI IKOMA (IIS, Tokyo Univ.),
YUKIHISA WASHIO, HIROYUKI OSAWA, KOUICHI
MASUDA (Nihon Univ.), MAMORU ARITA (Nihon Univ.),
Fundamental study on response reduction of elastic floating struc-
ture by energy absorption equipment, TECHNO-OCEAN 2000

21) Takashi Murashima, Taro Aoki, Toshiaki Nakamura, Y asutaka
Amitani, Kenkichi Tamura, Katsufumi Akazawa, Hiroshi
Ochi, Satoshi Tsukioka, Tadahiko Ida, Hidehiko Nakajoh,
Takuya Shimura, Takao Sawa, Tadahiro Hyakutome, Deep
Sea Cruising AUV URASHIMA, TECHNO OCEAN 2000

22) Hiroyuki OSAWA, Y ukihisa WASHIO, Characteristic of
response of the offshore floating type power device in actual
sea conditions, Technical Papers of Annual Meeting
Architectural Institute of JAPAN

23) Hiroyuki OSAWA, Wave energy conversion, The Piping
Engineering, Jan, 2000, pp.48-54

24) Hiroyuki OSAWA, Y. Washio, Y. Nagata, F. Fujii, H. Furuyama
and T. Fujita, The Offshore Floating Type Wave Power Device
Mighty Whale Open Sea Tests, The US-Japan Cooperatetive
Program in Natural Resources Marine Facilities Panel

25) Toshiaki Nakamura, Tomoyuki Kanaizumi, Hidetoshi

Fujimori, lwao Nakano, Tomography experiments in the
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Central Equatoria Pacific using multiple M-sequence codes.,
Acoustical Society of Japan

26) Toshiaki Nakamura, Tomoyuki Kanaizumi, Hidetoshi
Fujimori, Iwao Nakano, Kurt Metzger (Univ. of Michigan),
Separation of overlapping signals using multiple M-sequence
codes for the tomography experiments in the Central
Equatorial Pacific., ECUA2000

27) Toshiaki Nakamura, Application of M-sequence signals to
long-range sound propagation, |SNIC Workshop

28) Toshiaki Nakamura, Hiroshi Ochi, Taro Aoki, Y asutaka
Amitani, Kenkichi Tamura, Satoshi Tukioka, Takashi
Murashima, Takuya Shimura, Takao Sawa, Hidehiko Nakajoh,
Tadahiko Ida, Tadahiro Hyakutome, Acoustic equipments
installed on the AUV"URASHIMA", Marine Acoustics
Society of Japan

29) Toshiaki Nakamura, Iwao Nakano, Akiyoshi Kawamori (OKI1),
Takashi Yoshikawa (OKIl), Characteristics of giant magne-
tostrictive materials of very low frequency sources for global
ocean monitoring., Marine Acoustics Society of Japan

30) Toshiaki Nakamura, Tomoyuki Kanaizumi, Hidetoshi
Fujimori, Iwao Nakano, Separation of overlapping signals
by simultaneous transmission in the Central Equatorial
Pacific tomography experiments, TECHNO-OCEANZ2000
(poster session)

31) Toshiaki Nakamura, Hidetoshi Fujimori, Iwao Nakano,
Water temperature observation on 1000 km square scale
using ocean acoustic tomography systems, The 23th Marine
Facilities Panel /UINR meeting

32) Toshiaki Nakamura, lwao Nakano, Tomohiro Tsuboi (Oki),
Measurement of characteristics for M-sequence signal of
a 200 Hz source for ocean acoustic tomography, The Acoustic
Society of Japan

33) Toshiaki Nakamura, lwao Nakano, Akiyoshi Kawamori (Oki),
Takashi Yoshikawa (Oki), Static and dynamic characteristics
of giant magnetostrictive materials under high pre-stress
condition, USE2000

34) Kenkichi Tamura, Toshisuke Fijita, Marine Science and
Deep Sea Technology of JAMSTEC, Deep Seaand CO, 2000

35) Kenkichi Tamura, Taro Aoki, Toshiaki Nakamura, Satoshi
Tsukioka, T. Murashima, H. Ochi, H. Nakajoh, T. lda,
T. Hyakudome, THE DEVELOPMENT OF THE AUV
—URASHIMA—, OCEANS 2000 MTS/IEEE

36) Kenkichi TAMURA, Taro AOKI, Satoshi TSUKIOKA, Takashi
MURASHIMA, Hidehiko NAKAJOH, The Development of
the Deep Sea Cruising AUV Urashima, UINR/MPF

37) Fuminori Fujii, Yukihisa Washio, Hiroyuki Osawa, Y shinori
Nagata, Hiroki Furuyama, Toshisuke Fujita, The Open Sea

Tests Offshore Floating Type Wave Power Device "Mighty
Whale" —Characteristics of Wave Energy Absorption and
Power Generation—, TECHNO-OCEAN 2000

38) Masanori Hamamatsu (Kawasaki Heavy Industries, Ltd.),
Kazuyasu Wada, Development of a Dynamic Positioning
System with a LMI-based Controller, TECHNO-OCEAN 2000

39) Hiroyasu Momma, Deep Ocean Technology at JAMSTEC,
MTS Journal, Vol.33, No.4, 49-64

40) Mamoru Arita (University of Nihon), Koichi Maeda (University
of Nihon), Hisaaki Maeda (University of Tokyo), Tomoki
Ikoma (University of Tokyo), Yukihisa Washio, Hiroyuki
Osawa, Fundamental Study on Compound-Type Ocean Energy
Absorption System Using Very Large Floating Structure,
Technical Papers of Annual Architectural Institute of JAPAN

41) Y ukihisa Washio, The Offshore Floating Type Wave Power
Device Mighty Whale and Its Multi-Purpose Utilization,
International Symposium of Marine Engineering Tokyo 2000
(ISME TOKYY O 2000)

42) Y ukihisa Washio, Hiroyuki OSAWA, Yoshinori NAGATA,
Fuminori FUJII, Toshisuke FUJITA, The Offshore Floating
Type Wave Power Device Mighty Whale Open Sea Tests
—Characteristics of Wave Energy Absorption—, JAPAN
SOLAR ENERGY SOCIETY

43) Y ukihisa Washio, H. Osawa, Y. Nagata, F. Fujii, H. Furuyama
and T. Fujita, The Offshore Floating Type Wave Power Device
Mighty Whale Open Sea Tests, The Tenth International
Offshore and polar Engineering Conference

(4) Ocean Observation and Resear ch Department

1) Donohue, Kathy (Univ. of Hawaii), E. Firing (Univ. of Hawaii),
G. D. Rowe (Univ. of Hawaii), A. Ishida, H. Mitsudera,
Comparison Between Observed and Modeled Pacific Equatorial
Subsurface Countercurrents, American Geophysical Union,
Ocean Science Meeting 2000

2) John P. Christensen (NSF), Andreas Munchow (U. Delaware),
Patricia A. Wheeler (OSU), Koji Shimada, Offshore Nutrient
Supplies to the Chukchi Sea, Shelf-Basin Interactions
Pan—Arctic Meeting

3) Kay 1. Ohshima (Hokkaido Univ.), Toshiyuki Kawamura
(Hokkaido Univ.), Takatoshi Takizawa, Shuki Ushio (NIRS),
Takuya Miyakawa (Meteorological Agency), Currrent vari-
abilities under landfast sea ice in Lutzow—Holm Bay,
Antarctica, J. Geophy. Res, Vol.105, No.C7, 17121-17132

4) Koji Shimada, Bering summer water in the western Arctic
Ocean, Shelf-Basin interactions Pan Arctic meeting, 105, C7,
17121-17132

5) Tom Weingartner (Univ. of Alaska), K. Aagaard (Univ. of
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Washintong), K. Shimada, D. Cavalieri (NASA), A. Roach
(Univ. of Washintong), Circulation on the Central Chukchi
Sea Shelf, AGU 2000 Ocean Science Meeting (poster session)

6) Tomohiro Nakamura (Hokkaido National Fisheries Research
Institute), Toshiyuki Awaji, Takaki Hatayama, Kazunori
Akitomo, Takatoshi Takizawa, Tokihiro Kono (Hokkaido
National Fisheries Research Institute), Yasuhiro Kawasaki
(Hokkaido National Fisheries Research Institute) and Masao
Fukasawa (School of Marine Science and Technology Univ.
Tokal), The generation of large-amplitude unsteady lee waves
by subinertial K1 tidal flow: a possible vertical mixing mecha-
nism in the Kuril Straits, J. Phys. Oceanogr, 30, 1601-1621

7) Tomohiro Nakamura (Kyoto Univ.), Toshiyuki Awgji (Kyoto
Univ.), Takaki Hatayama (Kyoto Univ.), Kazunori Akitomo
(Kyoto Univ.), Takatoshi Takizawa, Tidal Exchange Through
the Kuril Straits, J. Phys. Oceanogr, 30, 1622-1644

8) Kentaro Ando, Y oshifumi Kuroda, Variability of surface salin-
ity and temperature in the western Tropical Pacific Ocean
observed by TRITON buoy array in 1999, AGU Western
Pacific Geophysical Meeting (poster session)

9) Kentaro Ando, Y oshihumi Kuroda, Variation of surface tem-
perature and salinity in the surface layer of the Tropical
Pacific, Autumn Meeting of the Oceanographic Society of
Japan (poster presentation)

10) Kentaro Ando, Y oshifumi Kuroda, Tetsuya Nagahama (MWJ),
Takehiro Matsumoto (MWJ), Keisuke Mizuno, Y asushi
Takatsuki, Kenji |zawa, Takeshi Kawano, Kensuke Takeuchi,
Toshio Suga, Naoto Iwasaka, Motoki Miyazaki, On the cali-
bration of conductivity and temperature sensors for TRITON
buoys, Japan Society for Marine Surveys and Technology

11) Hisayuki Y. Inoue (MRI), M. Ishii (MRI), H. Matueda (MRI),
S. Saito (MRI), K. Nemoto (MRI), T. Tokieda (MRI),
T. Kawano, |. Asanuma, A. Murata, Temporal and spatial
variations in carbonate system of the central and western
equatorial Pacific during the period from 1987 to 2000.,
International Symposium North Pacific CO, data synthesis

12) Hisayuki Y. Inoue (MRI), M. Ishii (MRI), H. Matsueda
(MRI), S. Saito (MRI), T. Tokieda (MRI), M. Aoyama (MRI),
A. Ktzinger (UW), T. Kawano, |. Asanuma, M. Murata,
Long-term Variations in Oceanic pCO, in the Central and
Western Equatorial Pacific, 2000 Western Pacific Geophysics
Meeting (AGU)

13) Takeshi Kawano, Y asushi Takatsuki, Michio Aoyama
(MRI), Lot dependency of KCL standard solution, 2000 Fall
Meeting of Oceanographic Society of Japan

14) Takeshi KAWANO, Masao ISHII (MRI), Hisayuki INOUE,
Hirofumi OKANO, Shu SAITOH (MRI), Kazuhiko MAT-

SUMOTO, Ichio ASANUMA, Longitudina Distribution of
Macronutrients in the Western Equatorial Pacific, 2000
WESTERN PACIFIC MEETING (AGU)

15) Takeshi Kawano, Yasushi Takatsuki, Michio Aoyama (MRI),
Comparison of some recent batches of IAPSO Standard
Seawater, Journal of the Japan Society for Marine Surveys and
Technology, 12, 2, 49-55

16) Takeshi Kawano, H. OKANO (HD/JCG), A. Yasuda (MWJ),
K. Matsumoto, I. Asanuma, M. Lewis (DAL), Photosynthetic
Parameters in the Western Equatorial Pecific, Proceeding of
SPIE series

17) Takeshi Kawano, Michio Aoyama (MRI), Yasushi Takatsuki,
Inconsistency in the conductivity of the standard KCl sokution
made from different high-quality chemicals, WOCE
Newsletter, 40, 23-25

18) Takashi Kikuchi, Koji Shimada, Chikashi Kobayashi, Shigeto
Nishino, Kiyoshi Hatakeyama, Takatoshi Takizawa,
Hydrographic and current structures along the Beaufort shelf
break, AGU 2000 Spring Meeting (poster session)

19) Hisayuki Y. Inoue, M. Ishii (MRI), H. Matsueda (MRI), S. Saito
(MRI), T. Tokieda (MRI), T. Kawano, |. Asanuma, A. Murata,
K. Ando, Y. Kuroda, Annual Fluctuation of Partial Pressure of
Carbon Dioxide in the Central and Western Equatorial Pacific.,
2000 Fall Meeting of Oceanographic Society of Japan

20) Kenshi Kuma (Hokkaido Univ.), Shigeto Nakabayashi, Isao
Kudo (Hokkaido Univ.), Masashi Kusakabe, Characteristic
vertical profiles of Fe (I11) hydroxide solubility in the north-
western North Pacific Ocean., PICES Iron Fertilization
Experiment Panel Planning Workshop on Designing the Iron
Fertilization Experiment in the Subarctic Pacific. October
19-20, 2000. Tsukuba, Japan

21) Tomomi Kondo (MWJ), Naomi Harada, Masao Iwai (Kochi
Univ.), Chronology of marine sediments by amino acid racem-
ization reaction., Japan Earth and Planetary Science Joint
Meeting 2000

22) Y uichiro Kumamoto, Akihiko Murata, Makio Honda, Masashi
Kusakabe, Yasuyuki Shibata (NIES), Minoru Yoneda (NIES),
Distribution of anthropogenic radiocarbon in the western
North Pacific, Autumn Meeting of the Oceanographic Society
of Japan (poster presentation)

23) Yuichiro Kumamoto, Makio C. Honda, Akihiko Murata,
Naomi Harada, Masashi Kusakabe, Kazuhiro Hayashi,
Noriyuki Kisen, Masanobu Katagiri, Kiyotaka Nakao, J. R.
Southon, Distribution of radiocarbon in the western North
Pacific: Preliminary results from MR97-02 cruise in 1997,
Nuclear Instruments and Methods in Physics Research B 172
(2000) 495-500
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24) Naomi Harada, Nobuhiko Handa (Aichi Pref. Univ.), Koh
Harada (National Institute for Resources and Environment)
and Hiromi Matsuoka (Kochi Univ.), Alkenones and particu-
late fluxes in sediment traps from the central equatorial
Pecific., Deep-Sea Res.|, 44, p1975-1979

25) Naomi Harada, Tomomi Kondo (MWJ), Koji Fukuma
(Kumamoto Univ.), Masao lwai (Kochi Univ.), Masafumi
Murayama (Kochi Univ.), Masashi Kusakabe, Progress of
amino acid chronology, Kaiyo Monthly, 32, 613-617

26) Y asushi Takatsuki, Koichi Ishikawa, Ikuo Kaneko (JMA),
Takuro Nakagawa (SEA), Development of a Submerged
Telemetry Buoy Using Messenger Floats, Umi no Kenkyu, 9,
5, 249-263

27) Masaki Katsumata, Kunio Yoneyama, Temporal variation of
the precipitating systems observed in Western Pacific ITCZ,
2000 Fall Meeting of Meteorological Society of Japan

28) Masaki Katsumata, Nauru99 R/V Mirai Observation Group,
Structure of the mesoscale precipitating system observed in
Nauru99 10P, Joint Meeting of Marine Meteorological
Society and Kansai Brunch of Japan Meteorological Society

29) Masaki Katsumata, Hiroshi Uyeda, Koyuru Iwanami and
Guosheng Liu, The responce of 36- and 89-GHz microwave
channels to convective snow clouds over ocean: Observation
and modeling., Journal of Applied Meteorology, Vol. 39,
pp2322-2335.

30) Kazumasa Oguri (Nagoya Univ.), Eiji Matsumoto (Nagoya
Univ.), Yoshiki Saito (Geological Survey of Japan), Makio C.
Honda, Naomi Harada, Masashi Kusakabe, Evidence for
the offshore transport of terrestrial organic matter due to
therise of sealevel: The case of the East China Sea continental
shelf., Geophysical Research Letters, Vol.27, No.23, p.3893-
3896

31) Hiroshi Matsuura, Yoshihumi Kuroda, Kentaro Ando, On
the relationship between currents into surface layer and surface
winds in the western tropical Pacific Ocean, Autumn Meeting
of the Oceanographic Society of Japan (poster presentation)

32) Kazuhiko Matsumoto, Takeshi KAWANO, Ichio ASANUMA,
Phytoplankton pigments and primary production in
the equatorial Pacific, 2000 fall meeting of the oceanographic
society of Japan

33) Kazuhiko MATSUMOTO, Takeshi KAWANO, Hirofumi
OKANO, Ichio ASANUMA, Relations with phytoplankton
distribution and spectral absorption coefficients in the equato-
rial Pecific, Proceedings of SPIE Vol. 4154

34) Shiro NISHIDA (Nara Univ. of Educ.), Takeshi KAWANO,
Kazuhiko MATSUMOTO, Hideto TSUTSUI (Grad. School of
Kanazawa Univ.), Water Masses and Current in the mid- and

low- Latitude Western Equatorial Pacific Characterized by
the Distribution of Coccolithophorids — R/V Mirai MR99-K07
Cruise—., 107th meeting of the geological society of japan
(poster session)

35) Shigeto Nishino, Takatoshi Takizawa, Kiyoshi Hatakeyama,
Koji Shimada, Takashi Kikuchi, Flow Fields of the Atlantic
Water and Those Dynamics in the Canada Basin of the Arctic
Ocean, American Geophysical Union, 2000 Ocean Science
Meeting (poster session)

36) Shigeto Nishino, Shoshiro Minobe (Graduate School of
Science, Hokkaido University), Buoyancy- and Wind-Driven
Circulation in an Extended Model of Potential Vorticity
Homogenization, Journal of Physical Oceanography/
American Meteorological Society, 30, 9, 2391, 2403

37) Kaori Aoki (Hokkaido Univ.), Hirofumi Yamamoto, Middle
and late Quaternary tephrostratigraphy of marine cores colleet-
ed from the north-west Pacific, Japan Association for
Quaternary Research

38) Shu Saito (MRI), M. Ishii (MRI), H. Y. Inoue (MRI),
T. Kawano, The Distribution of pH in the Central and
Western Equatorial Pacific in 1999., 2000 Fall Meeting of
Oceanographic Society of Japan (poster session)

39) Shu Saito (MRI-JMA), Masao Ishii (MRI-JMA), Hisayuki
Inoue Y. (MRI-JMA), Takeshi Kawano, Kazuhiko Matsumoto,
Ichio Asanuma (NASDA), Variation in pCO, in surface waters
of the central and western tropical Pacific observed in
1998/992, 2000 Japan Earth and Planetary Science Joint
Meeting

40) Masao ISHII (MRI), T. Tokieda (MRI), S. Saito (MRI),
H. Yoshikawa (MRI), Takeshi Kawano, K. Matsumoto,
H. Okano, |. Asanuma, Net Community Production in
the central and western equatorial Pacific evaluated from
the distributions of the oceanic CO, system, International
Symposium North Pecific CO, Data Synthesis

41) Masao Ishii (MRI), S. Saito(MRI), H. Y. Inoue (MRI), T.
Kawano, K. Matsumoto, H. Okano, |. Asanuma, Distribution
of the inorganic carbon in the central and western equatorial
Pacific, 2000 Western Pacific Geophysics Meeting (AGU)

42) Akio Ishida, Yuji Kashino, Humio Mitsudera (IPRC), Teruaki
Kadokura (Fuji RIC), High-resolution Ocean General
Circulation Modeling —Interannual variation of the equatorial
Indo-Pacific Oceans—, AGU, Western Pacific Geophysics
Meeting 2000

43) Akio Ishida, Yuji Kashino, Humio Mitsudera, Teruaki
Kadokura, The Subsurface Countercurrents and Circulation
beneath Pycnocline in the Equatorial Pacific, American
Geophysical Union, Ocean Science Meeting 2000
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44) Akio Ishida, Yuji Kashino, Humio Mitsudera, Teruaki
Kadokura (FRIC), The Subsurface Countercurrents in the
Equatorial Pacific Ocean —Forcing Mechanisms from GCM
study—, Fall meeting 2000, Japan Oceanographic Society

45) Akio Ishida, Yuji Kashino, Humio Mitsudera, Teruaki
Kadokura, Study of Oceanic Variability with High-Resolution
Ocean General Circulation Model —Interannual Variation
Experiment—, Sprint meeting 2000, Oceanographic Society of
Japan

46) Akio Ishida, Yuji Kashino, Humio Mitsudera, Teruaki
Kadokura, Globa High Resolution Ocean Circulation Model
Experiments, Techno Ocean 2000 International Symposium

47) Akio Ishida, High-resolution Ocean Genral Circulation
Modeling for Ocean Data Assimiltion, The 2nd International
Workshop on Next Generation Climate Models for Advanced
High Performance Computing Facilities

48) Ichio ASANUMA (NASDA), K. Matsumoto, T. Kawano,
Primary Productivity Model Based on Photosynthetically
Available Radiation, Proceedings of SPIE seris

49) Ichio ASANUMA (NASDA), Kazuhiko MATSUMOTO,
Takeshi KAWANO, Depth Resolved Primary Productivity
Model using Satellite Data, 2000 Japan Earth and Planetary
Science Joint Meeting

50) Ichio Asanuma (NASDA), Kazuhiko Matsumoto, Takeshi
Kawano, Hisayuki Inoue Y., Marlon Lewis, Temporal
Variability of Primary Productivity along the Equator
Estimated from Ocean Color Sensor, 2000 Western Pacific
Geophysics Meeting

51) Yoshitaka Muraji (EscoT), Shinya Kakuta, Simulation on
Tracking of Sea |ce and its characteristics in the Arctic Ocean,
2000 General Assembly of the EGS (poster session)

52) Takatoshi Takizawa, Advanced Marine Science and
Technology Society

53) Iwao Nakano, Hidetoshi Fujimori, Tria on the automatic ray
identification for Ocean Acoustic Tomography, Japan Society
for Marine Surveys and Technology

54) lwao Nakano, Inverse problem and its optimal solution for
Ocean Acoustic Tomography, The 2000 annual conference of
the Japan Society for Industrial and Applied Mathematics

55) Iwao Nakano, Ocean structure and its reconstracture of Ocean
Acoustic Tomography, The Journal of The Marine Acoustic
Society of Japan, 27, 4, 191-192

56) Iwao Nakano, Toshiaki Nakamura, Tomoyuki Kanaizumi,
Hidetoshi Fujimori, Central Equatorial Pacific Tomography
Experiment (3) —Reconstruction of current field using acoustic
tomography—, The Marine Acoustics Society of Japan

57) lwao Nakano, Hidetoshi Fujimori, Junichi Kimura, Cooling in

winter at Okino-tori Shima, The Oceanographic Society of
Japan

58) Iwao Nakano, EVOLUTION OF JAPANESE ACOUSTIC
TOMOGRAPHY, The Seventh Western Pacific Regionnal
Acoustics Conference

59) Shigeto Nakabayashi, Kenshi Kuma, Masashi Kusakabe,
Characteristic vertical profiles of Fe (I11) hydroxide solubility
in the northwestern North Pecific Ocean., 2000 Fall Meeting
of Oceanographic Society of Japan

60) Shigeto Nakabayashi, Masashi Kusakabe, Distribution of Fe
in the Northwestern North Pacific duriing spring., 2000 Fall
Meeting of Oceanographic Society of Japan

61) Miki Amo, Masao Minagawa (Hokkaido Univ.), Hirofumi
Y amamoto, Paleoceanography of the wetern North Pacific
middle latitudal region using biomarkers and C N stable iso-
tope analyses for deep sea sediment cores., The Geochemical
Society of Japan

62) Eiko WATANABE (SOKA Univ.), Takeshi KAWANO,
Satoru TAGUCHI (SOKA Unov.), Photosynthetic characteris-
tics of summer phytoplankton in the Arctic, Symposium on
Polar Biology

63) Koji Shimada, Kiyoshi Hatakeyama, Takashi Kikuchi, Shigeto
Nishino, Takatosi Takizawa, Summer Bering Sea Water in
the Western Arctic Ocean, AGU 2000 Ocean Science Meeting
(poster session)

64) Hidetoshi Fujimori, Iwao Nakano, Toshiaki Nakamura,
Tomoyuki Kanaizumi, Takashi Kamoshida (OKI), Central
Equatorial Pacific Tomography Experiment (1) —Time serise
of sea water temperature change and comparison to anothor
observation.—, The Marine Acoustics Society of Japan

65) Yuji Kashino, Akio Ishida, Ocean circulation at the Pacific
entrance of the Indonesian Throughflow simulated by the glob-
al high-resolution ocean circulation model, 2000, Spring
Meeting of Oceanographic Society of Japan

66) Yuji Kashino, E. Firing (Univ. of Hawaii), H. Hase, P. Hacker
(Univ. of Hawaii), Rahadian (Badan Pengkajian Dan
Penerapan Teknologi), J. Udarbe (Univ. of Philippines),
Variability and Structure of the Mindanao Current near the
Mindanao Coast, AGU 2000 Western Pacific Geophysics
Meeting

67) Takaki Hatayama, Transformation of the Indonesian
Throughflow water due to tide-induced internal waves
generated at sill-shaped topography, AGU Western Pacific
Geophysical Meeting (WPGM)

68) Takaki HATAYAMA, Study on transformation of Indonesian
throughflow water (3) —a role of the tide-induced internal
waves at multiple sills around the Southern Makassar Strait—,
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69) Toru Miyama, T. G. Jensen, J. Loschnigg, J. P. McCreary,
S. Godfrey (CSIRO), Akio Ishida, Structure and Dynamics of
the Indian-Ocean Cross-Equatorial Cell, Fall meeting 2000,
Japan Oceanographic Society

70) Kunio Y oneyama, On the Atmospheric and Oceanographic
observations conducted by the R/V MIRAI, Bulletin of
the Kansai Society of Naval Architects, Japan, 47, 13-18

71) Kunio Yoneyama, On the Atmospheric Features in the
Tropical Western Pacific during the Convectively Suppressed
Nauru99 Intensive Observation Period, Joint Meeting of
the Marine Meteorological Society and the Meteorological
Society of Japan, Kansai Branch

72) Kunio Yoneyama, On the Activities of the R/V MIRAI,
Navigation, 143, 159-171

73) Kunio Yoneyama, Osamu Tsukamoto (Okayama Univ.),
Masayuki Sasaki (MRI), Tetsuya Takemi (Osaka Univ.),
Masaki Katsumata, Takehiko Kono (Okayama Univ.),
Masanao Kusakari (Maritime Univ. of Kobe), Tomoko
Ilwamoto (Maritime Univ. of Kobe), Kazuyoshi Kikuchi
(Univ. of Tokyo), Report on Nauru99 Data Workshop,
Tenki, Bulletin of the Meteorological Society of Japan, 47, 2,
115-121

74) Kunio Y oneyama, On the convective activity during the R/V
MIRAI Nauru99 cruise, Umi to Sora (The marine meteorol ogi-
cal Socity), Vol.76, No.2, 65-71

75) Kunio Yoneyama, Masaki Katsumata, Overview of the R/V
MIRAI Nauru99 cruise, Umi to Sora (The marine meteorologi-
ca Socity), Val.76, No.2, 59-63

76) Makio Honda, Masashi Kusakabe, Fumiko Hoshi, Katsutoshi
Sugawara (MWJ), Sediment trap experiment in the northwest-
ern North Pacific, 2000 Spring Meeting of Oceanographic
Society of Japan

77) Makio Honda, Masashi Kusakabe, Fumiko Hoshi, Toshikatsu
Sugawara (MWJ), Sediment trap experiment in the northwest-
ern North Pacific: compariosn of biogenic materials between
1998 and 1999, Fall meeting 2000, Japan Oceanographic
Society

78) Makio C. Honda, Masashi Kusakabe, Shigeto Nakabayashi,
Masanobu Katagiri (Kansai Environmental Engineering Center
Co., Ltd.), Radiocarbon of sediment trap samples from the
Okinawa trough: lateral transport of 14C-poor sediment from
the continental slope, Marine Chemistry

79) Makio. C. Hond, Fumiko Hoshi, Toshikatsu Sugawara (MWJ),
Masashi Kusakabe, Ichio Asanuma (NASDA), Export flux of
organic carbon in the Northwestern North Pacific, PICES 9th

annual meeting (poster session)

(5) Marine Ecosystems Resear ch Department

1) Mineo Okamoto, Satoshi Nojima (Kyushu Univ.), IN SITU
CORAL RESPIRATION MONITORING BY USING AN
UNDERWATER LABORATORY AQUARIUS, 8th
International Coral Reef Symposium

2) M. Mohri, N. Kawanishi, H. Yamaguchi, CHANGES OF
SERUM TRANSAMINASE ACTIVITY IN SATURATION
DIVING AND CLOSED ENVIRONMENT., Annual
Scientific Meeting, The Undersea and Hyperbaric Medical
Sociaty, The Millenium Mesting

3) Yoshihiro FUJIWARA, Ken TAKAI, Katsuyuki UEMATSU,
Shinji TSUCHIDA, James C. HUNT, Jun HASHIMOTO,
Phylogenetic characterization of endosymbionts in three
hydrothermal vent mussels: influence on host distributions.,
Marine Ecology Progress Series, 208, 147-155

4) Y u-Chong Lin (Univ. of Hawaii), Motohiko Mohri, Hyperbaric
Bradycardia, The Japanese Journal of Hyperbaric Medicine,
33,4, 57-68

5) Yu-Chong Lin (Univ. of Hawaii), Nobuo Naraki, Motohiko
Mohri, Sueko Sagawa and Keizo Shiraki, Autonomic nervous
system involvement in the development of hyperbaric brady-
cardia in sleeping, Annual Scientific Meeting, The Undersea
and Hyperbaric Medical Sociaty, The Millenium Meeting

6) Mineo Okamoto, Morita Susumu, Y oshiwara Y oshiyuki,
Development of three dimensional video system and applica-
tion for fish measurement., Fisheries Engineering

7) Mineo Okamoto, Sato Takao, Morita Susumu, Takatsu
Naoyuki, Investigation of long term durability for steel marine
structure for mariculture, Fisheries Engineering

8) Mineo Okamoto, Kato Satoshi, Nojima Satoshi (Kyushu
Univ.), Coral distribution and health at Sekisei Lagoon,
Y aeyama Islands, JAMSTEC International Coral Reef
Symposium

9) Mineo Okamoto, Morita Susumu, Sato Takao, Fundamental
Study to Estimate Fish Biomass around Coral Reef Using 3-
dimensional Underwater Video System, OCEANS2000
MTS/IEEE

10) Mineo Okamoto, Sato Takao, Morita Susumu, Takatsu
Naoyuki, Investigation of long term durability for steel marine
structure, Techno-Ocean 2000

11) Okamoto Mineo, Sato Takao, Morita Susumu, Basic coral
distribution data for long term monitoring at Sekisei Lagoon,
OCEANS2000 MTS/IEEE

12) Satoshi Kato, Hitoshi Nakamura, Yasuo Furushima, Seasonal
changes of zooplankton in and around the Sekisel lagoon, south-
west Okinawa, Japan, JAPANESE CORAL REEF SOCIETY
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13) Yasuo Furushima, Teruhisa Komatu (Ocean Research
Ingtitute, the University of Tokyo)., Mineo Okamoto, Attempt
to achieve simple measurements of water motion in shallow
areas, Ocean 2000 MTS/IEEE

14) Y asuo Furushima, Teruhisa Komatu (Ocean Research
Institute, the University of Tokyo)., Mineo Okamoto,
Simple measurements of water motion in shallow region,
The Japanese Society of Fisheries Engineering. 2000

15) Yasuo Furushima, Hitoshi Nakamura, Hitoshi Yamaguchi,
The variability of water quality in Ohmura Bay., The Japanese
society of Fisheries Oceanography

16) Junji Kuroyama, JAMSTEC's Deep Ocean Water Analyzing
Facilities, that is a research base for deep ocean water, News
of Japan Association of Deep Ocean Water Application
(JADOWAnNews)

17) Junji Kuroyama, Hiroyuki Tsutsui, Tomohiro Mitsumori,
Takeshi Yasukawa, Takayoshi Toyota, and Toshimitsu
Nakashima, Characteristics of current in the intake sea area for
Suruga deep ocean water off Yaizu, The 4th meeting of Japan
Association of Deep Ocean Water Application in Kobe

18) Junji Kuroyama, "Deep Ocean Water", dream resources whose
research and development have proceeded for practical
use., The monthly Journal of GLOBAL ENVIRONMENT
(The Japan Industrial Journal)

19) Hiroshi Miyake, Deep sea animal's, Enoshima Aquarium

20) Hiroshi Miyake, Amazing environmental adaptative ability
in Aurelia aurita, nvironmental Changes in Marine Coastal
Waters and Jellyfish Blooms

21) Hiroshi Miyake, Jun Hashimoto, Katsunori Fujikura,
Y oshihiro Fujiwara, Tsuchida Shinji, Dhugal J. Lindsay,
James C. Hunt, Hajime Watabe, The habitat environment of
vestimentiferan tube worm, Lamellibrachia satsuma and
observations of its behavior in transparent tube.,, TECHNO-
OCEAN 2000 International Symposium

22) Hiroshi Miyake, Hiroshi Miyake, Jun Hashimoto, Katsunori
Fujikura, Yoshihiro Fujiwara, Tsuchida Shinji, Dhugal J.
Lindsay, James C. Hunt, Hajime Watabe, Vertical distribition
of the deep sea jellyfish, Solmisuss sp. in Japan water.,
The Oceanographic Society of Japan (poster session)

23) Hitoshi Y amaguchi, Motohiko Mohri, Keizo Shiraki (UEOH),
Suppression of cutaneous insensible water loss during hyper-
baric exposure in humans, Jpn. J. Physiol.

24) Hitoshi Y amaguchi, Motohiko Mohri, Keizo Shiraki (UOEH),
Suppression of cutaneous insensible water loss during hyper-
baric exposure in humans, The 79th Annual Meeting of the
Physiological Society of Japan (poster session)

25) Hitoshi Y amaguchi, Hitoshi Nakamura, Yasuo Furushima,

Y ukihisa Washio, An example of the field experiment using
mesocosms for the remediation of the eutrophied inland sea,
The Japanese society of Fisheries Oceanography

26) Toshiro Yamanaka, Chitoshi Mizota, Y onosuke Maki,
Kstsunori Fujikura, Hitoshi Chiba, Sulfur Isotope Composition
of Soft Tissues of Deep-sea Mussels, Bathymodiolus spp.,
in Japanese Waters, Benthos Research, 55, 2, 63-68

27) Hiroyuki YAMAMOTO (St. Marianna Univercity, School of
Medicine), Kenji KATO (ITAN Shinshu Univ.), Akira
HIRAISHI (Toyohashi Univ. of Technology), Katsunori
FUJKURA, 16SrRNA Phylogeny and Quinone Profiles of
Bacterial Endosymbionts and Animals dwelling Hydrothermal
Vent and Cold Seep Area, Japan society for Microbia Ecology
(poster session)

28) Tomoko Y amamoto, What are factors determining community
structure of chemosynthetic community?, The 45th Annual
Conference of Ecological Society of Japan

29) HIDEYUKI KOBAYASHI (Miyazaki Medical College)
MINAMI, S., YAMAMOTO, R., MATSUMOTO, K.,
YANAGITA, T., UEZONO, Y., TSUCHIYA, K., MOHRI,
M., KITAMURA, K., ETO, T., WADA, A., Receptors specific
for adrenomedullin in rat cerebral microvessels, Second
International Symposium on Adrenomedullin and PAMP
(poster session)

30) Hitoshi Nakamura, Yasuo Furushima, Satoshi Kato,
Norio Tanaka (Marine Work Japan), Water mass stracture
on Sekisei lagoon in spring 1999., 3rd Japanese Coral Reef
Society Conference

31) Hitoshi Nakamura, Yasuo Furushima, Hitoshi Yamaguchi,
The behavior and the factor of oxygen-deficient water mass
in Omura Bay, Japanese Society of Fisheries Oceanography

32) Hajime Watabe, Taxonomic system of symbiosis: Application
of cGAT to general biology, Bioscience

33) Hajime WATABE, Axiomatidation of animal taxonomy:
Abstract and application of the axiomatic system, cGAT,
Specia symposium in 55th annual meeting of the Biogeographic
Society of Japan

34) Shinji Tsuchida, Katsunori Fujikura, Heterochely, Relative
Growth, and Gonopod Morphology in the Bythograeid Crab,
Austinograea williamsi (Decapoda, Brachyura)., Journal of
Crustacean Biology

35) Yoshihiro FUJIWARA, Shigeaki KOJMA (Ocean Research
Institute), Chitoshi MIZOTA (Iwate University), Yonosuke
MAKI (lwate University), Katsunori FUJIIKURA, Phylogenetic
characterization of the endosymbionts of the deepest-living
vesicomyid clam, Calyptogena fossajaponica, from the Japan
Trench, VENUS, 54, 4, 307-366
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36) Katsunori FUJIKURA, Deep-sea biological communities
associated with cold seeps, Abstracts the 107th spring meeting
of the geological society of Japan

37) Katsunori Fujikura, Shinji TSUCHIDA, Jun HASHIMOTO,
Density estimate of the beni-zuwai crab Chionoecetes
japonicus, by an in-situ observation method, Fisheries Science

38) Katsunori Fujikura, Bivalves associated with cold seeps in
the trenches and troughs, Kaiyo Manthly

39) Katsunori FUJIKURA, Distributions of vesicomyid clams
in Japanese waters, Y OKOSUKA CITY MUSEUM

40) Masaya Toyokawa (National Research Institute of Fisheries
Science), Toda Tatsuki (Soka Univ.), Kikuchi Tomohiko
(Yokohama National Univ.), Miyake Hiroshi and Hashimoto
Jun, Dense occurrence of Bolinopsis infundiblum near the sea
floor (1260 m) off Kushiro, Hokkaido, Japan., Environmental
Changes in Marine Coastal Waters and Jellyfish (poster session)

41) Takayoshi Toyhota, The property of deep seawater and
fields of the utilization, Society of marine Biotechnology

42) MOHRI MOTOHIKO, Diving of Marine Scientist, Kanto
Medical Medical Congress, 3, 2, 101-103

43) MOHRI MOTOHIKO, The present condition of the scientific
diving in Japan, The Journal of Kanto Hyperbaric Medicine

44) Tomohiko Suzuki, Hozumi Kawamichi, Ryuji Ohtsuki, Masao
Iwai, Katsunori Fujikura, Isolation and cDNA-derived
amino acid sequences of hemoglobin and myoblobin from
the deep-sea clam Calyptogena kaikoi, Biochimica et
Biophysica Acta

45) Tomonori Hamatsu (HNF), Suguru Y anagimoto (HNF),
Hiroshi Miyake, Observation of the swimming behavior of
walleye pollock by using a diving vessel., Hokkaido branch
convention of the academic meeting of the Japanese society of
fisheries science, 2000

(6) Frontier Research Program for Deep-Sea

Extremophiles

1) Chiaki Kato, Kaoru Nakassone, Mohammad Hassan Qureshi,
Koki Horikoshi, How do deep-sea microorganisms respond
to changes in environmental pressure?, Cell and Molecular
Response to Stress (JAI PressInc.), Vol.1, pp.277-291

2) Elka S. Basheva (Sofia Univ.), Dragomir Ganchev (Sofia
Univ.), Nikolai D. Denkov (Sofia Univ.), Kenichi Kasuga
(Kao Corp.), Naoki Satoh (Kao Corp.), Kaoru Tsujii, Role of
Betain as Foam Booster in the Presence of Silicone Oil Drops,
Langmuir, 16, 3, 1000-1013

3) Francesco Canganella (Univ. Tuscia), Agata Gambacorta
(CNR), Chiaki Kato, Koki Horikoshi, Effects of hydrostatic
pressure and temperature on physiological traits of

Thermococcus guaymasensis and Thermococcus aggregans
growing on starch, Microbiological Research, 154, 297-306

4) Francesco Canganella (Univ. Tuscia), Chiaki Kato, Koki
Horikoshi, Effects of micronutrients on growth and starch
hydrolysis of Thermococcus guaymasensis and Thermococcus
aggregans, Microbiological Research, 154, 297-306

5) Kantaro Fujioka, T. Kanamatsu, Y. Ohara, K. Okino, C.
Tamura, S. E. Lallemand, A. D. Champs, J. A. Barretto, N.
Togashi, H. Yamanobe, A. So, Parece Vela Rift and Central
Basin Fault revisited -STEPS-1V (Structure, Tectonics and
Evolution of the Philippine Sea) - Cruise summary report,
InterRidge News, Vol. 9, 18-22.

6) Mitra Sohirad Natale, Fumiyoshi Abe, Tetsuya Miwa and
Masuo Aizawa, VISUALISATION OF ACTIN ASSEMBLY
IN LIVING MAMMALIAN CELLS SURVIVING UNDER
EXTREMELY HIGH HYDROSTATIC PRESSURE, 10th
International Conference on Biomedical Engineering, Singapore

7) Mitra Sohirad Natale, Tetsuya Miwa, Fumiyoshi Abe and
Masuo Aizawa, VISUALISATION OF ACTIN ASSEMBLY
IN LIVING MAMMALIAN CELLS SURVIVING UNDER
EXTREMELY HIGH HYDROSTATIC PRESSURE, The first
international conference on high pressure bioscience and
biotechnology

8) Rossitza Alargova, Shigeru Deguchi, Kaoru Tsujii, Koki
Horikoshi, COLLOIDAL DISPERSIONS OF FULLERENES
IN POLAR ORGANIC SOLVENTS, Surfactant in Solution
2000 (S1S-2000)

9) Rossitza Alargova, Shigeru Deguchi, Kaoru Tsujii, Koki
Horikoshi, COLLOIDAL DISPERSIONS OF FULLERENES
IN POLAR ORGANIC SOLVENTS, The Nagoya COE-
RCMS Conference on Materials Science and Nanotechnology
(poster session)

10) Fumiyoshi Abe, Koki Horikoshi, Pressure-sensing pathway
in budding yeast, 23rd annual meeting of themolecular biology
society of Japan (poster session)

11) Fumiyoshi Abe, Koki Horikoshi, Pressure-regulated metabo-
lism in microorganisms, European Society for Comparative
Physiology and Biochemistry-Leige2000

12) Fumiyoshi Abe, Koki Horikoshi, HPG Genes Confer High
Pressure Growth in Yeast —A Study in Piezophysiology—,
Extremophiles 2000

13) Fumiyoshi Abe, Koki Horikoshi, Tryptophan permease gene
TAT2 confers high-pressure growth in yeast., International
conference on high pressure bioscience and biotechnology

14) Akira Inoue, Yuri Sakihama, Tetushi Komatu, Fumio Inagaki,
Ken Taka and Koki Horikoshi, Microbial flora in deep-sea
sedimentary rock on Japan Trench, The 3rd international
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congress on Extremophiles 2000 (poster session)

15) Fumio Inagaki, Ken Takai, Tetsushi Komatsu, Toshiya
Kanematsu, Kantaro Fujioka, Koki Horikoshi, Archaeology of
Archaea Reveals the Pleistocene Geothermal and
Hydrothermal Events Concealed in Subseafloor Environment,
2000 American Geophysical Union (AGU) Fall Meeting
(poster session)

16) Fumio Inagaki, Ken Takai, Koki Horikoshi, Transition of
microbial community structures in deep-sea subseafloor sedi-
ments at the West Philippine Basin., Annual Meeting of The
Society for Extremophiles (poster session)

17) Fumio Inagaki, Ken Takai, Koki Horikoshi, Vertical Shifts of
Microbial Community Structures in a Deep Subseafloor
Environment, the West Philippine Basin., The 3rd International
Congress on Extremophiles (poster session)

18) Chiaki Kato, Lina Li, Shinsuke Fujii, Koki Horikoshi, A
Pressure Regulated Outer Membrane Protein from Deep-Sea
Piezophilic Bacterium, Moritella japonica, 100th General
Meeting of the American Society for Microbiology

19) Chiaki Kato, Kaoru Nakasone, Akihiko Ikegami, Ron Usami,
Koki Horikoshi, Molecular mechanisms of pressure-regulation
on gene expression, 1st annual meeting of the extremophile
society in Japan

20) Chiaki Kato, Kaoru Nakasone, Diversity and physiological
characterization in deep-sea microorganisms, KAIYO
MANTHLY

21) Chiaki Kato, Mohammad Hassan Qureshi, Mitsunori Y amada,
Kaoru Nakasone, Koki Horikoshi, High Pressure Response of
Respiratory Proteins in Deep-sea Piezophilic Bacteria.,
Science and Technology of High-Pressure Research, AIRAPT-
17 volume, 319-324

22) Chiaki Kato, Yu-ichi Nogi, Koki Horikoshi, The genus
Shewanella and their ecology in deep-sea and cold environ-
ments —Relationship between deep-sea and polar area in
microbial diversity—, Techno Ocean 2000

23) Chiaki Kato, Kaoru Nakasone, Akihiko Ikegami, Ron Usami,
Koki Horikoshi, Molecular mechanisms of transcriptional reg-
ulation under pressure conditions, The 3rd International
Congress on Extremophiles

24) Chiaki Kato, kaoru Nakasone, Akihiko Ikegami, MOLECU-
LAR MECHANISMS OF PRESSURE-REGULATION AT
TRANSCRIPTION LEVEL IN PIEZOPHILIC BACTERIA,
The First International Conference on High Pressure
Bioscience and Biotechnology

25) Chiaki Kato, A. Ikegami, K. Nakasone, K. Horikoshi, Analysis
of factors affecting piezoresponse in piezophilic bacterium,
Shewanella violacea strain DSS12, The Molecular Biology
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Society of Japan

26) Hiroyuki Kaneko, Kaoru Obuch, Koki Horikoshi, Differential
Scanning Calorimetry Study on the Inner Membrane Lipids
Prepared from Barotolerant Pseudomonas sp. BT1, 18th
International Congress of Biochemistry and Molecular Biology

27) Hiroyuki Kaneko, Obuchi Kaoru, Horikoshi Koki, Membrane
Composition and Property of Barotolerant Pseudomonas sp.,
1st International Congress on Extremophiles (poster session)

28) Hiroyuki Kaneko, Akira Inoue, Koki Horikoshi, A simple
method for estimating bacterial contamination in core samples,
2000 meeting of the Agricultulal Chemical Society of Japan
(poster session)

29) Hiroyuki KANEKO, Kaoru OBUCHI, Koki HORIKOSHI,
Differential Scanning Calorimetry Study on the Inner
Membrane Lipids Prepared from Barotolerant Pseudomonas
sp. BT1, The Journal of Biochemistry, 128, 727-729

30) Ken Takai, Koki Horikoshi, Thermosipho japonicus sp. nov.,
an extremely thermophilic bacterium isolated from a deep-sea
hydrothermal vent in Japan, Extremophiles

31) Ken Takai, Duane P. Moser, Tullis C. Onstott, James F.
Fredrickson, Existence of Unusual Archaea in Archaean Rock
Environments in South Africa Gold Mines, Extremophiles
2000

32) Ken Takai, Melanie R. Mormile, James P. McKinley, Fred J.
Brockman and Jim K. Fredrickson, Shifts in Subsurface
Microbial Community Structure Associated with Lithological
and Geochemical Variations in Cretaceous Rock, General
Meeting of American Society for Microbiology (poster session)

33) Ken Takai, Akihiko Sugai, Toshihiro Itoh, Koki Horikoshi,
Palaeococcus ferrophilus gen. nov., sp. nov., a Barophilic
Hyperthermophilic Archaeon from a Deep-sea Hydrothermal
Vent Chimney, International Journal of Systematic
Bacteriology, 50, 489-500

34) Hideto Takami, Koki Horikoshi, Analysis of the genome
of an alkaliphilic Bacillus strain from an industrial point of
view, Extremophiles

35) Hideto Takami, Terry Ann Krulwich, Re-identification of
facultatively alkaliphilic Bacillus firmus OF4 as Bacillus
pseudofirmus OF4, Extremophiles, 4, 99-108

36) Hideto Takami, Kaoru Nakasone, Y oshihiro Takaki, Go
Maeno, Rumie Sasaki, Noriaki Masui, Chie Hirama, Fumie
Fuji, Yuka Nakamura, Naotake Ogasawara, Satoru Kuhara,
Koki Horikoshi, Whole genome analysis of alkaliphilic
Bacillus halodurans and comparative study with Bacillus
subtilis, Extremophiles 2000

37) Hideto Takami, Kaoru Nakasone, Yoshihiro Takaki,
Go Maeno, Rumie Sasaki, Noriaki Masui, Chie Hirama,
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Fumie Fuji, Yuka Nakamura, Satoru Kuhara, Naotake
Ogasawara, and Koki Horikoshi, Complete genome analysis
of the alkaliphilic bacterium Bacillus halodurans and genetic-
sequence comparison with Bacillus subtilis, Nucleic Acid
Research, 28, 21, 4317-4331

38) Takako Sato, Tetsuya Miwa, Akihiro Ishii, Chiaki Kato,
Masaaki Wachi, Kazuo Nagai (Tokyo Institute of Technology),
Masuo Aizawa and Koki Horikoshi, THE DYNAMISM OF
Escherichia coli UNDER HIGH HY DROSTATIC PRESSURE
- ELONGATION AND REPRESSION OF THE FTSZ-RING
FORMATION AND CHROMOSOMAL DNA CONDENSA-
TION, The first international conference on high pressure bio-
science and biotechnology

39) Takako Sato, AKIHIRO ISHII, CHIAKI KATO, MASAAKI
WACHI (Tokyo Institute of Technology), KAZUO NAGAI
(Tokyo Institute of Technology), and KOKI HORIKOSHI,
The inhibition of FtsZ-ring formation and chromosomal
concentration under high pressure in Escherichia coli, 1st
annual meeting of the extremophile society in Japan

40) Takako Sato, Akihiro ISHII, Chiaki KATO, Masaaki WACHI
(T1 Tech), Kazuo NAGAI (TI Tech), and Koki HORIKOSHI,
High Hydrostatic Pressure Cause the Repression of the FtsZ-
ring Formation and Chromosomal DNA Condensation in
Escherichia coli, 23rd annual meeting of themolecular biology
society of Japan (poster session)

41) Takako Sato, Chiaki Kato, Koki Horikoshi, Effect of high
pressure and pH on gene expression of lysine decarboxylase
(CadA) in Escherichia coli, Annual meeting of Japan society
for bioscience, biotechnology, and agrochemistry in 2000
(poster session)

42) Takako Sato, Akihiro ISHII, Chiaki KATO, Masaaki WACHI,
Kazuo NAGAI, and Koki HORIKOSHI, High Hydrostatic
Pressure Represses the FtsZ-ring Formation and Chromosomal
DNA Condensation in Escherichia coli, Extremophile 2000
(poster session)

43) Akira SATO (Shonan Inst. of Tech.), Hiroyasu OGIWARA
(Shonan Inst. of Tech.), Tetsuya MIWA and Seichiro
NAKABAYASHI (Saitama Univ.), Effect of high magnetic
fields on acrack of steel, Annual conference on magnetics

44) Yusuke Sakai, Kaoru Nakasone, Akihiko Ikegami, Shinsuke
Fujii, Chiaki Kato, Ron Usami, Koki Horikoshi, Analysis in
piezoresponse of alpha operon of deep-sea piezophilic bacteri-
um, Shewanella violacea strain DSS12, The Molecular
Biology Society of Japan (poster session)

45) Yuri Sakihama (Toyo Univ.), Tetushi Komatsu, Akiralnoue, Ron
Usami (Toyo Univ.), Koki Horikoshi, Analysis of microbial com-
munity structures in a Deep-Sea rock, The Society for Bioscience

and Bioengineering, Japan

46) Takeshi Miura (Toyo Univ.), Fumiyoshi ABE, Akira INOUE
(Toyo Univ.), Ron USAMI (Toyo Univ.), and Koki
HORIKOSHI, Purification and characterization of extracellu-
lar endopolygalacturonases of the copper tolerant yeast
Cryptococcus sp. N6 isolated from the Japan Trench.,
Extremophiles 2000

47) Tetsuya Miwa, Akira FUJISHIMA (Tokyo Univ.), Structure
and Photoreaction of Molecular Monolayers and Template
Surfaces Using Particle Array Films, Precision Polymers and
Nano-Organized Systems, Edited by Toyoki Kunitake, Seiichi
Nakahama, Shigetoshi Takahashi, Naoki Toshima, p297-300
(2000) Kodansha Ltd, Tokyo.

48) Tetsuya MIWA, Mitra Sohirad, Sumihiro Koyama, Masuo
Aizawa, Morphological response of cultured cell under
extremely high hydrostatic pressure, The 2000 International
Chemical Congress of Pacific Basin Societies (poster session)

49) Tetsuya MIWA, Takako Sato, Chiaki Kato, Masuo Aizawa
and Kouki Horikoshi, Restoration of Escherichia coli from
high hydrostatic pressure - A study of the FtsZ-ring formation
using confocal laser microscopy, The first international con-
ference on high pressure bioscience and biotechnology

50) Shigeru Deguchi, Rossitza Alargova, Kaoru Tsujii,
Koki Horikoshi, FINE WATER SUSPENSIONS OF
FULLERENES C60 AND C70: PREPARATION, PROPER-
TIES, STABILITY, Surfactant in Solution 2000 (SIS-2000)
(poster session)

51) Shigeru Deguchi, Kaoru Tsujii, Koki Horikoshi, Microscopic
Observation of Biological Substances in Near- and
Supercritical Water, The First International Conference on
High Pressure Bioscience and Biotechnology

52) Shigeru Deguchi, Rossitza Alargova, Kaoru Tsujii, Koki
Horikoshi, Stable Suspensions of Fullerenes, C60 AND C70,
in Water, The Nagoya COE-RCMS Conference on Materials
Science and Nanotechnology (poster session)

53) Sumihiro Koyama, Masuo Aizawa, Mechanisms of electrically
regulated cellular functions., Chemistry and biology, 38, 8,
503-507

54) Sumihiro Koyama, Endoplasmic-reticulum-specific apoptosis
and cytotoxicity by amyloid-beta.,, Chemistry and Chemical
Industry, Vol.53-10, p.1223

55) Sumihiro Koyama, Molecular mechanisms for induction and
repulsion of neurite outgrowth., Chemistry and Chemical
Industry

56) Sumihiro Koyama, Shunsuke Fujii, Masuo Aizawa, Hydrostatic
Pressure Induced Interleukins and Cytokines Production

by Normal Human Dermal Fibroblasts., Congress on In vitro
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biology

57) Sumihiro Koyama, Masuo Aizawa, Tissue culture of
the deep-sea bivalve Calyptogena soyoae, Extremophiles

58) Sumihiro Koyama, Masuo Aizawa, Hydrostatic pressure stim-
ulated interleukins and cytokines production by human dermal
fibroblast., The Society for Bioscience and Bioengineering,
Japan

59) Hideki Kobayashi, Hideto Takami, Hlsako Hirayama,
Koki Horikoshi, Toluene-tolerant system of Pseudomonas puti-
da IH-2000, The 3rd international congress of extremophiles
(poster session)

60) Sachiko |. Matsushita (Univ. of Tokyo), Yoshie Yagi (Univ. of
Tokyo), Tetsuya Miwa, and Akira Fujishima (Univ. of Tokyo),
Fluorescence specific micro patterns in two-dimensional
ordered arrays composed of polystyrene fine particles,
International Conference on Colloid and Surface Science
(poster session)

61) Akihiko Ikegami, Kaoru Nakasore, Chiaki Kato, Ron Usami
(Toyo Univ.), Koki Horikoshi, Analysis of factors affecting
piezoresponse in piezophilic bacterium, Shewanella violacea
strain DSS12, Annual Meeting of The Society for
Extremophiles

62) Akihiko Ikegami, Kaoru Nakasone, Chiaki Kato, Ron Usami
(Toyo Univ.), Koki Horikoshi, Structural analysis of the ntrBC
genes of deep-sea piezophilic Shewanella violacea,
Bioscience, Biotechnology and Biochemistry, 64, 915-918

63) Akihiko Ikegami, Kaoru Nakasone, Y uka Nakamura, Ikuko
Y oshikawa, Chiaki Kato, Ron Usami and Koki Horikoshi,
Glutamine synthetase gene expression at elevated hydrostatic
pressure in a deep-sea piezophilic Shewanella violacea, FEMS
Microbiology Letters, 192, 91-95

64) Kaoru Nakasone, Characterization and comparative study of
the rrn operons of akaliphilic Bacillus halodurans C-125,
Extremophiles

65) Kaoru Nakasone, Hideto Takami, Yoshihiro Takaki, Rumie
Sasaki and Koki Horikoshi, Genome analysis of the deep-sea
halophilic Bacillus sp. strain HTE 831, Extremophiles 2000

66) Kaoru Nakasone, Isolation and piezoresponse of rpoA gene
encoding for RNA Polymerase a subunit from deep-sea
piezophilic bacterium Shewanella violacea, FEMS
Microbiology Letters, 193, 261-268

67) Nakasone Kaoru, Takaki Ken, Kobashi Koji, Takashina
Tomonori, Horikoshi Koki, Analysis of rrn operon in extreme-
ly halophilic archaeon Haloarcula japonica, Japanese research
conference on archaeabacteria

68) Kaoru Nakasone, Akihiko Ikegami, Chiaki Kato, Koki
Horikoshi, Molecular mechanisms of transcriptional regulation

in a deep-sea piezophilic bacterium, Recent Research
Developmentsin Microbiology, 4, 255-269

69) Kaoru Tsujii, Shigeru Deguchi, Dimitar K. Alargov, Koki
Horikoshi, Behaviors of Biological Substances in Near- and/or
Supercritical Water, Annual Meeting of The Society for
Extremophiles

70) Kaoru Tsujii, Shigeru Deguchi, Dimitar K. Alargov, Koki
Horikoshi, Behaviors of Biological Substances in Near- and/or
Supercritical Water, Extremophiles 2000

71) Kaoru Tsujii, Aggregation Behavior of Surfactants in Polymer
Gel Networks, International Conference on Colloid and
Surface Science, The Chemical Society of Japan

72) Kaoru Tsujii, Aggregation behavior of surfactants in polymer
gel networks, Special Symposium on Surfactants and Water-
soluble Polymersin the Bulk Phase and at Interfaces

73) Kantaro Fujioka, Hitoshi Chiba (Okayama Univ.), Harue
Masuda(Osaka-City. Univ.) Evolution and large change of
TAG hydrothermal mound in the Mid-Atlantic Ridge, 2000
fall meeting of Volcanologica Society of Japan

74) Kantaro Fujioka, K. Okino(ORI), T. Kanamatsu, Y. Ohara
(JHD), O. Ishizuka (GSJ), S. Haraguchi (ORI), T. Ishii (ORI),
Enigmatic extinct spreading center in the West Philippine
backarc basin unveiled Geilogy, December, 1999; v.27,
p.1135-1138.

75) Kantaro Fujioka, Submarine active faults (thrust) and chi-
mosynthetic communities-Sanriku Escarpment of Japan
Trench, Japan Association for Quaternary Research

76) Kantaro Fujioka, Kazuo Kobayashi, Kazuhiro Kato (Shizuoka
Univ.), Misumi Aoki (NME), Kyohiko Mitsuzawa, Masataka
Kinoshita (Tokai Univ.) and Azusa Nishizawa (Maritime
Safety Agency), TIDE-RELATED VARIABILITY OF
HYDROTHERMAL ACTIVITY AT THE TAG
HYDROTHERMAL MOUND, MID-ATLANTIC RIDGE,
The 14th International Symposium on Earth Tides

77) Kantaro Fujioka, Going to deep sea No.1 Dive to the Japan
Trench, UP No. 327 p.30-31 (UNIVERSITY OF TOKYO
PRESS)

78) Kantaro Fujioka, Hiromi Matsuoka (Kochi Univ.),
Sedimentation rate curves as a key to understand the evolution
of arc and backarc basin -Arc type and Basin type-, WPGM
(Western Pacific Geophysics Meeting)

79) Kantaro Fujioka, Kyoko Okino, Y asuhiko Ohara, and Toshiya
Kanamatsu, Morphology and origin of the Central Basin Fault
in the West Philippine Basin, WPGM (Westren Pacific
Geophysics Meeting)

80) Yuichi Nogi, Chiaki Kato, Koki Horikoshi, Microbial
Diversity and Isolation of Novel Piezophilic Bacteria from the
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chemosynthesis-based animal communities within the Japan
Trench., 1st International Congress on Extremophiles (poster
session)

81) Yuichi Nogi, Munehiro Mori (Toyo Univ.), Chiaki Kato, Ron
Usami (Toyo Univ.), Koki Horikoshi, Microbia Diversity and
Isolation of Novel Piezophilic Bacteria from the bivalves com-
munities area within the Japan Trench., 4th Annual Meeting of
Japanese Society for Marine Biotechnology

82) Yuichi Nogi, Munehiro Mori, Chiaki Kato, Ron Usami, Koki
Horikoshi, Microbial Diversity and Isolation of Novel
Piezophilic Bacteria from the Cold-Seep Sediments within the
Japan Trench., EXTREMOPHILES 2000 (poster session)

83) Yuichi Nogi, Chiaki Kato, Koki Horikoshi, Microbial diversity
and isolationof novel piezophilic bacteria in the cold-seep
sediments from Japan Trench., Japan Society for Bioscience,
Biotechnology, and Agrochemistry 2000 annual meeting

84) Yuichi Nogi, Chiaki Kato, Koki Horikoshi, Isolation
and Taxonomy of Deep-sea Barophilic (Piezophilic)
Microorganisms, Recent Research Developments in
Microbiology Voal. 4 Part |

85) Hisako Hirayama, Hideki Kobayashi, Akira Inoue, Koki
Horikoshi, Changes of cellular components in toluene-accli-
matized Pseudomonas putida IH-2000 related to toluene-
tolerance mechanisms of the bacterium., The Japanese
Biochemical Society (poster session)

86) Shigeru Deguchi, Rossitza G. Alargova, Kaoru Tsujii,
Koki Horikoshi, FIne Suspensions of Fullerenes, C60 and C70,
in Water: Preparation and Characterization, International
Conference on Colloid and Surface Science (poster session)

87) Kantaro Fujioka, Tetsuya Miwa, Serpentinites as a capsule of
deep biosphere —Geobiological approach to the serpentine
diapir in the Mariana Forearc seamount part 1—, 107th Annual
Meeting of the Geological Society of Japa

88) Kantaro Fujioka, SUGAR Group, Serpentinites; their tectonic
significance and as a capsule of deep biosphere —serpentine
biosphere—, AGU 2000 Fall Meeting

89) Kantaro Fujioka, Toshiya Kanamatsu, Kyoko Okino (ORI,
Univ. tokyo), Yasuhiko Ohara (Hydrographic Department of
Japan), Unveiled morphology at the world's deepest point in
the southern Mariana Trench, AGU Fall Meeting

(7) Frontier Research Program for Subduction
Dynamics
1) Juichiro Ashi (Univ. Tokyo), Satoshi Hirano, |ODP Seismogenic
Zone Drilling Project —Preliminary Report of Working Group—,
Night Session of the 107th Annual Meeting of Geological
Society of Japan

2) Masanori Kameyama, Takane Hori, Phil R. Cummins, Satoshi
Hirano, Toshitaka Baba, Koichi Uhira and Y oshiyuki Kaneda,
Temperature-Dependence of Constitutive Parameters of
Friction Law inferred from Shear Deformation of Viscoelastic
Fluid with Frictional Heating, AGU 2000 fall meeting (poster
Session)

3) Masanori Kameyama, Masaki Ogawa (Univ. of Tokyo),
Transitions in thermal convection with strongly temperature-
dependent viscosity in a wide box, Earth and Planetary
Science Letters, 180, 3-4, p355-367

4) Masanori Kameyama, Takane Hori, Phil Cummins, Satoshi
Hlrano, Toshitaka Baba, Y oshiyuki Kaneda, Numerical exper-
iments of shear deformation with frictional heating, Japan
Earth and Planetary Science Joint Meeting, 2001

5) Masanori Kameyama, Takane Hori, Phil R. Cummins, Satoshi
Hlrano, Toshitaka Baba, Koichi Uhira, Yoshiyuki Kaneda,
An Optimistic interpretation of friction law from thermal-
mechanical coupling in shear deformation of viscoelastic
material, Seismologica Society of Japan, 2000 Fall Meeting

6) Masanori Kameyama, Takane Hori, Phil R. Cummins, Satoshi
Hlrano, Toshitaka Baba, Koichi Uhira, Yoshiyuki Kaneda,
An Optimistic interpretation of friction law from thermal-
mechanical coupling in shear deformation of viscoelastic
material, The 2nd ACES Workshop, APEC Cooperation for
Earthquake Simulation (poster session)

7) Seiichi Miura, Tetsuro Tsuru, Narumi Takahashi, Shuichi
Kodaira, Ayako Nakanishi, Jin-Oh Park, and Y oshiyuki
Kaneda, Subduction zone structure of the Japan Trench con-
strained by seismic experiments, American Geophysical
Union, 2000 Fall Meeting

8) Seiichi Miura, Tetsuro Tsuru, Narumi Takahashi, Shuichi
Kodaira, Ayako Nakanishi, Jin-Oh Park, and Y oshiyuki
Kaneda, Structural variation along the Japan Trench obtained
by multichannel and wide-angle onshore-offshore seismic
data, International symposium on DEEP SEISMIC PROFIL-
ING OF THE CONTINENTS AND THEIR MARGINS(poster
session)

9) Seiichi Miura, S. Kodaira, A. Nakanishi, T. Tsuru, J. O. Park,
N. Takahashi, and Y. Kaneda, Seismological studies to
investigate the mechanisms of large earthquakes around
the subduction zones, Japan Earth and Planetary Science Joint
Meeting

10) Seiichi Miura, Tetsuro Tsuru, Narumi Takahashi, Shuichi
Kodaira, Ayako Nakanishi, Jin-Oh Park, and Y oshiyuki
Kaneda, Deep crustal structures of the Japan Trench con-
strained by multichannel and wide-angle onshore-offshore
seismic experiments, Western Pacific Geophysics Meeting
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(poster session)

11) Kohtaro Ujiie (Nat'l Sci. Museum), Satoshi Hirano, Y uki
Murakami (Univ. Hiroshima), Toshio Hisamitsu (ORI, Univ.
Tokyo), Asahiko Taira (ORI, Univ. Tokyo) and ODP Leg 190
Scientific Party, Changes in physical properties associated
with frontal accretion —preliminary result from ODP Leg 190
part 2—, The 107th Annual Meeting of Geological Society of
Japan

12) Kodaira Shuichi, E. Kurashimo (ERI, Univ. Tokyo), M.
Tokunaga (Nihon Univ.), N. Takahashi, A. Nakanishi, S.
Miura, J.-O. Park, T. Iwasaki, N. Hirata, K. Ito (Kyoto Univ.),
Y. Kaneda, What Control a Rupture Process of the 1946
Nankaido Earthquake: Results from 1999 Onshore - Offshore
Seismic Survey in the Nanka Seismogenic Zone, 2000 AGU
Fall meeting

13) Kodaira Shuichi, N. Takahashi, A. Nakanishi, S. Miura,
J.-O. Park, Y. Kaneda, E. Kurashimo (ERI, Univ. Tokyo),
T. Iwasaki (ERI, Univ. Tokyo), N. Hirata (ERI, Univ. Tokyo),
Integrated onshore - offshore seismic study in the Nankai
Trough seismogenic zone, Japan Earth and Planetary Science
Joint Meeting

14) Tatsuo MATSUDA (NIED), Takashi ARAI (Univ. Shinshu),
Ryuji IKEDA (NIED), Kentaro OMURA (NIED), Kenta
KOBAYASHI (Univ. Niigata), Koji SHIMADA (Univ.
Waseda), Hidemi TANAKA (Univ. Ehime), Tomoaki TOMI-
TA (Univ. Tsukuba) and Satoshi HIRANO, The distribution
pattern of minerals, chemical elements in three fracture zones
(at depths of 1140m, 1300m and 1800m) of the NIED core
penetrating the Nojima fault, The 107th Annual Meeting of
Geologica Society of Japan

15) Ayako Nakanishi, Narumi TAKAHASHI, Shuichi KODAIRA,
Seiichi MIURA, Jin-Oh PARK, Yoshiyuki KANEDA, Deep
crustal structure across the Nankai seismogenic zone, 2000
Western Pacific Geophysics Meeting (poster session)

16) Ayako Nakanishi, Shuichi Kodaira, Narumi Takahashi,
Jin-Oh Park, Seiichi Miura, Tetsuro Tsuru, Y oshiyuki Kaneda,
Subduction structure of the Nanka Trough seismogenic zone,
American Geophygical Union 2000 Fall Meeting

17) Ayako Nakanishi, Narumi Takahashi, Shuichi Kodaira, Seiichi
Miura, Yoshiyuki Kaneda, Deep crustal structure across
the Nankai seismogenic zone, Japan Earth and Planetary
Science Joint Meeting

18) Ayako Nakanishi, Kuril Trench Seismic Survey Research
Group (Seiichi Miura, Shuichi Kodaira, Koichiro Obana, Tesuro
Tsuru, Jin-Oh Park, Toshihiko Higashikata, Y oshiyuki Kaneda,
Eiji Kurashimo, Naoshi Hirata, Takaya Iwasaki), A challenge to
high resolution deep seismic imaging -2000 Kuril Trench seis-

mic survey (overview), Seismologica Soceity of Japan

19) Ayako Nakanishi, Shuichi KODAIRA, Narumi TAKAHASHI
Seiichi MIURA, Jin-Oh PARK, Y oshiyuki KANEDA, Crustal
Transects of the Nankai Trough seismogenic zone -Summary
of recent JAMSTEC seismic studies-, The Millennial 9th
Internatinal Symposium on Deep Seismic profiling of the con-
tinents and their margins

20) Tetsuro Tsuru, Jin. O. Park, Seiichi Miura, Narumi Takahashi,
Shuichi Kodaira, Ayako Nakanishi, Toshihiko Higashikata,
Yukari Kido, Yoshiyuki Kaneda, Earthquake Generation and
Structural Heterogeneity at the Japan Trench Subduction Zone,
American Geophysical Union (poster session)

21) Tetsuro Tsuru, Jin-Oh Park, Narumi Takahashi, Shuichi
Kodaira, Yukari Kido, Yoshiyuki Kaneda, Y oshiteru Kono,
Tectonic features of the Japan Trench convergent margin off
Sanriku, northeastern Japan, revealed by multichannel seismic
reflection data, J. Geophys. Res., Vol.105, N0.87, Pagesl6,
403-16, 413

22) Tetsuro Tsury, J. -O. Park, S. Miura, S. Kodaira, A. Nakanishi,
N. Takahashi, T. Higashikata, Y. Kido, Y. Kaneda, Consideration
on relationship between earthquake generation and regional
difference of tectonic erosion at the Japan Trench region, Japan
Earth and Planetary Science Joint Meeting (poster session)

23) Tetsuro Tsuru, Jin-Oh Park, Narumi Takahashi, Shuichi
Kodaira, Yukari Kido, Yoshiyuki Kaneda, Y oshiteru Kono,
Consideration on the updip limit of seismogenic zone of inter-
plate earthquakes off Sanriku area from a seismic reflection
data, Society of Exploration Geophysicists of Japan

24) Tetsuro Tsuru, J.-O. Park, T. Hayashi, S. Miura, N. Takahashi,
S. Kodaira, Y. Kaneda, Effect of tectonic erion versus earth-
quake generation at the Japan Trench region, Society of
Exploration Geophysicists of Japan (poster session)

25) Tetsuro Tsuru, Shozaburo Nagumo, Pre-stack profiles under
the Japan Trench lower-slope, off Sanriku, Society of
Exploration Geophysicists of Japan (poster session)

26) Tetsuro Tsuru, J.-O. Park, S. Miura, N. Takahashi, S. Kodaira,
A. Nakanishi, Y. Kido, T. Higashikata, Y. Kaneda, Earthquake
generation and structural heterogeneity at the Japan Trench
subduction zone, TECHNO-OCEAN 2000 Interbational
Symposium (poster session)

27) Shozaburo Nagumo (OY O Corp.), Tetsuro Tsuru, Sliding
aspects along the subduction boundary (Japan Trench, Off
Sanriku), Seismological Society of Japan (poster session)

28) Toshitaka Baba, Takane Hori, Satoshi Hirano, Phil Cummins,
Jin-Oh Park, Masanori Kameyama, Y oshiyuki Kaneda,
Deformation of a seamout subduction beneath an accretionary
prism, American geophysical union fall meeting 2000 (poster
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Session)

29) Toshitaka Baba, Takane Hori,Satoshi Hirano, Phil Cummins,
Masanori Kameyama,Y oshiyuki Kaneda, Effects of friction
forces on a subducting seamount, Japan Earth and Planetary
Science Joint Meeting, 2000

30) Toshitaka Baba, Takane Hori, P. R. Cummins, Masanori
Kameyama, Koichi Uhira, Yoshiyuki Kaneda, Shape of
the Philippine Sea Plate Estimated from Sesimic Surveys and
Sesmicity, The Seismlogical Society of Japan 2000, Fall
Meeting

31) Koichiro Obana, Kimihiro Mochizuki (ORI, Univ. Tokyo),
Masanao Shinohara (ERI, Univ. Tokyo), Shuichi Kodaira,
Kiyoshi Suyehiro, Yoshiyuki Kaneda, Seismicity Around
the Updip Limit of Nankai Seismogenic zone Inferred from
OBS Observations off cape Muroto, AGU 2000 Fall Meeting

32) Koichiro Obana, Hiroshi Katao, Masataka Ando, Seafloor
Positioning System with GPS-acoustic Link for Crustal
Dynamics Observation -a preliminary result from experiments
in the sea-, Earth, Planets and Space, 52, 415-423

33) Koichiro Obana, K Mochizuki, S Kodaira, M Shinohara,
N Takahashi, E Araki, S Yoneshima, T Higashikata,
Y Nakamura, K Suyehiro, Y Kaneda, Seismicity around
the updip limit of the seismogenic zone along the Nankai
Trough off cape Muroto, Japan Earth and Planetary Scienece
Joint Meeting

34) Koichiro Obana, Shuichi Kodaira, Kiyoshi Suyehiro,
Yoshiyuki Kaneda, Kimihiro Mochizuki (ERI, Univ. Tokyo),
Masanao Shinohara (ORI, Univ. Tokyo), Seismicity around
the updip limit of Nankai seismogenic zone, The seismological
socierty of Japan

35) Asahiko Taira (ORI, Univ. Tokyo), Greg Moore (Univ.
Hawaii), Adam Klaus (ODP, TAMU), Satoshi Hirano, Kotaro
Ujiie (Nat'l Sci. Museum), Toshio Hisamitsu (ORI, Univ.
Tokyo), Yuki Murakami (Univ. Hiroshima), ODP Leg 190
Scientific Party, Development of Nankai Trough Accretionary
Prism - Preliminary Results of ODP Leg 190, Night Session of
the 107th Annual Meeting of Geologica Society of Japan

36) Asahiko Taira (ORI, Univ. Tokyo), G. Moore (Univ. Hawaii),
A. Klaus (Texas A&M Univ.), Satoshi Hirano, Kohtaro Ujiie
(Nat'l Sci. Museum), Toshio Hisamitsu (ORI, Univ. Tokyo),
Y uki Murakami (Univ. Hiroshima), and ODP Leg 190
Scientific Party Nankai Accretionary Prism Revisited -
Preliminary Results of ODP Leg 190-, The 107th Annual
Meeting of Geological Society of Japan

37) Satoshi HIRANO, Yukari NAKASA KIDO, Jin-Oh PARK,
Toshihiko HIGASHIKATA, Takashi HAMAJIMA (JGI Inc.),
Koichi UHIRA & Yoshiyuki KANEDA, Crustal Structure of

off Shikoku Nankai Trough Forearc Region Deduced From
Reflection Seismic Survey Data set of JAMSTEC and JNOC,
Seismological Society of Japan FY2000 Fall Meeting (poster
Session)

38) Satoshi Hirano, Kiichiro Kawamura (Fukada Geol. Inst.),
Yujiro Ogawa (Univ. Tsukuba), Early-Stage Compaction
Process of Unlithified Sediments Under Passive Tectonic
Setting Deduced From Microtexture and Magnetic Fabrics:
ODP Leg 174B, Site 1074A, Symposium on Recent ODP
Results and Future Plan for IODP

39) Satoshi Hirano, Kohtaro Ujiie (Nat'l Sci. Museum), Y uki
Murakami (Univ. Hiroshima), Toshio Hisamitsu (ORI, Univ.
Tokyo), Asahiko Taira (ORI, Univ. Tokyo), and ODP Leg 190
Scientific Party, Thermal Structures of off Shikoku
Accretionary Prism Deduced From Borehole Measurements:
Preliminary Report of ODP Leg 190, Part 3, The 107th Annual
Meeting of Geologica Society of Japan

40) Jin-Oh Park, Tetsuro Tsuru, Shuichi Kodaira, Narumi
Takahashi, Ayako Nakanishi, Seiichi Miura, Y oshiyuki
Kaneda, Y oshiteru Kono, Out-of-sequence thrust faults
developed in the coseismic dlip zone of the 1946 Nankai earth-
quake (Mw=8.2) off Shikoku, southwest Japan, Geophysical
Research Letters, 27, 7, 1033-1036

41) Jin-Oh Park, T. Tsuru, T. Hamajima, Y. Kaneda, A. Taira, S.
Kuramoto, EW9907/08 Shipboard scientific party, AVO
analysis using the Nankai Trough 3D seismic reflection data:
Preliminary result, Society of Exploration Geophysicists of
Japan (poster session)

42) Jin-Oh Park, Tetsuro Tsuru, Narumi Takahashi, Shuichi
Kodaira, Ayako Nakanishi, Seiichi Miura, Y oshiyuki Kaneda,
UNDERPLATING AND DEWATERING IN THE NANKAI
SEISMOGENIC ZONE, The 9th International Symposium on
Deep Seismic Profiling of the Continents and their Margins
(poster session)

43) Jin-Oh Park, T. Tsuru, N. Takahashi, T. Hori, S. Kodaira,
A. Nakanishi, S. Miura, Y. Kaneda, A deep strong reflector of
the Nankai accretionary wedge from multichannel seismic
data: Implications for underplating and locked seismogenic
zone, the Nankai Trough Joint Symposium of JAMSTEC and
Kochi University (Poster presentation)

44) Takane Hori, Toshitaka BABA, Phil R. CUMMINS,
Y oshiyuki KANEDA, Effects of Subducted Seamounts on
the Source Process of th 1946 Nankai Earthquake, off
Southwest Japan, American Geophysical Union, 2000 Fall
Meeting

45) Takane Hori, Toshitaka BABA, Phil R. CUMMINS,
Y oshiyuki KANEDA, Effects of Seamount Subduction on
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the Source Process of Interplate Earthquake -the 1946 Nankai
Earthquake-, Seismological Society of Japan, 2000 Fall
Meeting

46) Takane Hori, Phil R. CUMMINS, Masanori KAMEYAMA,
Y oshiyuki KANEDA, Estimation of Postseismic Deformation
Caused by Viscous Flow in the Asthenosphere and Thickness
of the Lithosphere in Northeast Japan, Western Pacific
Geophysical Meeting (poster session)

47) Yukari Kido, Toshihiko Higashikata, Y oshiyuki Kaneda,
Kantaro Fujioka, Y oshiteru Kono (Kanazawa Univ.), Shiki
Machida (ORI, Univ. Tokyo), and Hiroshi Sato (ORI, Univ.
Tokyo), Geophysical properties across the eastern Shikoku and
off Muroto, American Geophysical Union, Western Pacific
Geophysical Meeting 2000

48) Yukari Kido, Geophysical Properties of the Northern South
China Sea, A New Scenario of Syn-Rifting and Spreading
Stage of the Continental Margin, American Geophysical
Union, Western Pacific Geophysical Meeting 2000

49) Y ukari Kido, Tetsuro Tsuru, Jin-Oh Park, Toshihiko
Higashikata, Y oshiyuki Kaneda, Y oshiteru Kono, Three
Dimensional Overview of the Japan Trench -an example of
Utilization of the Frontier Database System-, Computers &
Geosciences, 27, 1, pp.43-57

50) Yukari Kido, Toshihiko HIGASHIKATA, Kantaro FUJIOKA,
Yoshiyuki KANEDA, Y oshiteru KONO, Hiroshi Sato (ORI)
and Shiki Machida (ORI), Geophysical features along
subducted plate off Nankai trough to eastern Shikoku,
Geoinformatics

51) Yukari Kido, Kantaro Fujioka, Shiki Machida (ORI, Univ. of
Tokyo), Hiroshi Sato (ORI, Univ. of Tokyo), Geomagnetic
dipole anomalies on the Shikoku, Geologica Society of Japan

52) Yukari Kido, Satoshi Hirano and Jin-Oh Park, Tectonics of the
central Nankai accretinary prism, Hydrogeology of the Nankai
Trough and Cascadia Accretionary Prisms —Synthesis of Recent
Progress—

53) Yukari Kido, Satoshi Hirano, Koichiro Obana, Toshihiko
Higashikata, Yoshiyuki KANEDA, Three-dimensional crustal
and potential model off Sanriku and Shikoku by Frontier
research program, Japan Earth and Planetary Science Joint
Meeting, 2000

54) Yukari Kido, Toshihiko HIGASHIKATA, Kantaro FUJJOKA,
Y oshiyuki KANEDA, Y oshiteru KONO, Hiroshi Sato (ORI)
and Shiki Machida (ORI), Magnetic depth estimation along
subducted plate off Nankai trough to the eastern Shikoku,
Japan Earth and Planetary Science Joint Meeting, 2000 (poster
Session)

55) Yukari Kido, Kiyoshi Suyehiro (Ocean Research Institute,

Univ. Tokyo), Hajimu Kinoshita, Rifting and Spreading of
the Continental Margin of the South China Sea -as a case of
Frontier Database study-, Marine Geophysical Research

56) Y ukari Kido, FRPSD and R/V Kairei cruise participants, Four
year geomagnetic survey data by R/V Kairei around Japan
Trench and Nankai Trough, Seismological Society of Japan,
2000 Fall Meeting

57) Yukari Kido, T. Tsuru, J. O. Park, T. Higashikata, K. Uhira,
Y. Kaneda, T. Yukutake, and R/V Kairei Shipboard scientific
party, Geophysical Investigation of the Japan Trench and Kuril
Trench - a preliminary result of a box survey by R/V KAIREI
KR00-04 cruise-, Society of Geomagnetism and Earth,
Planetary and Space Sciences

58) Yukari Kido, T. Higashikata, K. Fujioka, Y. Kaneda, Y. Kono
(Kanazawa Univ.), S. Machida (ERI, Univ. Tokyo), H. Sato
(ERI, Univ. Tokyo), Origin of magnetic dipole anomalies
onshore and offshore Shikoku, the Nankai Trough Joint
Symposium of JAMSTEC and Kochi University

59) Yukari Kido, T. Higashikata, S. Hirano, K. Uhira, Y. Kaneda,
"Three-dimensional crustal structure and potential analyses off
Muroto", the Nankai Trough Joint Symposium of JAMSTEC
and Kochi University (Poster presentation)

(8) Frontier Research System for Global Change
a. Publications
1)A. Sugimoto, A. Numaguti, N. Kurita, K. Ichiyanagi, K.

Takata, T. Yamazaki, R. Suzuki, T. Hiyama, Regional-scale
Observation on Radiation, Precipitation, Isotopic

Compositions of Precipitation and Alas and Lake Water, and
Surface Soil Moisture, Activity Report of GAME-Siberia
2000, GAME Publication, No.26, 75-80

2) Behera, S. K. and T. Yamagata, Subtropical SST dipole events
in the southern Indian Ocean: Geophysical Research Letter,
Vol. 28, No. 2, 327-330

3) Behera, S. K., Salvekar, P. S. & T. Yamagata, Simulation of
interannual SST variability in the tropical Indian Ocean,
Journal of Climate, Vol.13, No.19,3,487-3,499

4)Biao G., K. Tsuboki, T. Takeda, and Y. Fujiyoshi,
Relationship between low-level airflow and a stationary rain-
band along the Nagasaki Peninsula during Baiu season,
Proceedings of International Conference on Mesoscale
Convective Systems and Heavy Rain in East Asia, 24-26 April
2000, Seoul, Korea, 213-216

5) B. Taguchi, Y. Yoshikawa, H. Mitsudera, and H. Nakamura,
Oceanic variahility in the Kuroshio Extension - Comparison
between the Kuroshio/Oyashio System Model results and the
TOPEX/POSEIDON altimetry data JAMSTECR, 40,145-160.



Appendix A
Research Achievements

Japan Marine Science and Technology Center

(In Japanese with English abstract)

6) Cohen, J., K. Saito, and Entekhabi, D., The Role of the
Siberian high in the Northern Hemisphere climate variability,
Geophysical Research Letter, 28, 299-302

7) Covey, C., A. Abe-Ouchi, G. J. Boer, G. M. Flato, B. A.
Boville, G. A. Meehl, U. Cubasch, E. Roeckner, H. Gordon, E.
Guilyardi, L. Terray, X. Jiang, R. Miller, G. Russell, T. C.
Johns, H. Le Treut, .L. Fairhead, G. Madec, A. Noda, S. B.
Power, E. K. Schneider, R. J. Stouffer and J. von Storch, The
Seasonal Cycle in Coupled Ocean-Atmosphere General
Circulation Models, Climate Dynamics, 16, 775-787

8) Feng, M., H. Mitsudera, and Y. Y oshikawa, Structure and vari-
ability of Kuroshio current in Tokara Strait. J. Phys.
Oceanogr., 30, 2,257-2,276

9) Geng, B., K. Tsuboki, T. Takeda, Y. Fujiyoshi, and H. Uyeda,
Evolution of a meso- a -scale convective system associated
with a Mei-yu front, Proceedings of 13th International
Conference on Clouds and Precipitation, 1156-1158

10) Guan, Z., S. lizuka, M. Chiba, S. Yamane, Ashok, K., M.
Honda and T. Yamagata, Frontier Atmospheric General
Circulation Model Version 1.0 (FrAM1.0): Model climatology
Technical report FTR, May 10, 2000

11) Hall, A., S. Manabe, Effect of water vapor feedback on inter-
nal and anthropogenic variation of the global hydrologic cycle,
Journal of Geophysical Research 105,D5,6935 - 6944

12) Hall, A., S. Manabe, Supression of ENSO in a coupled model
without water vapor feedback, Climate Dynamics, 16, 393-403

13) H. Hukuda, Greatbatch, R. J., and Hay, A. E., A two-layer
model of shelf break jets with application to the Labrador cur-
rent. J. Phys. Oceanogr., 31, 324-335

14) H. Kusaka, F. Kimura, H. Hirakuchi, and M. Mizutori, The
Effects of Land-use Alteration on the Sea Breeze and Daytime
Heat, Island in the Tokyo Metropolitan Area, Journal of
Meteorological Society of Japan, 78, 405-402

15) H. Mitsudera, Y. Yoshikawa, and Shinke T., Research on
analysis methods for Ocean Acoustic Tomography data using
the Kalman filter (I) - Note on connection between quasi-
geostrophic equations and properties from acoustic tomogra-
phy measurement. JAMSTECR, 40, 161-167 (In Japanese with
English abstract)

16) H. Mitsudera, Y. Yoshikawa, B. Taguchi, and H. Nakamura,
Kuroshio and recirculation gyres. JAMSTECR, 40, 137-144
17) Jameson, L., and T. Waseda, Error estimation using wavelet

analysis for data assimilation: EEWADAI. J. Atmos. Oceanic
Tech., 17, 1,235-1,246

18) J. Inoue, M. Kawashima, K. 1. Ohshima, Y. Fujiyoshi, and K.

Maruyama, Wind Fields over Funka Bay and Their Effect on

Water Circulation in the Bay, Journal of Oceanography, 56,
507-515

19) Kanada, S., Biao, G., Minda, H., K. Tsuboki, and T. Takeda,
Heavy rainfall produced by along-lived line-shaped precipitat-
ing convective-cloud system, Proceedings of 13th International
Conference on Clouds and Precipitation, 429-432

20) K. Iwamoto, K. Domon, M. Honda, Y. Tachibana and K.
Takeuchi, Estimation of surface heat flux based on rawinsonde
observation in the southwestern part of the Sea of Okhotsk
under ice-covered condition, J. Met. Soc. of Japan, 79-2, 101-
108

21) K. Kawamura, T. Nakazawa, T. Machida, S. Morimoto, S.
Aoki, M. Ishizawa, Y. Fujii, and O. Watanabe, Variations of
the carbon isotopic ratio in atmospheric CO? over the last 250
years recorded in an ice core from H15, Antarctica, Polar
Meteorology and Glaciology, 14, 47-57

22) K. Miyaoka, H. Matsuyama, and. Oki, T., Validation of the
Output from JMA-Sib Using the Combined Water Balance
Method and a River Routing Scheme -A Case Study in the
Mackenzie River Basin, Journal of Geophysical Research, 104,
No. D24, 31, 199-31, 206

23) K. Ninomiya, Comments on Analytical and numerical studies
of a quasi-stationary precipitation band observed over the
Kanto area assocuated with Typhoon 9426 (Orchid) by H.
Seko et d., J. Met. Soc. Japan, 79, 229-231.

24) K. Takaya, and H. Nakamura, A formulation of a phase-inde-
pendent wave-activity flux of stationary and migratory quasi-
geostrophic eddies on a zonally- varying basic flow, J. Atmos.
Sci., 58, 608-627

25) K. Tsuboki, Geng B., and T. Takeda, Severe Tornadoes and
Their Parent Meso-Cyclones Formed in the Outermost Region
of Typhoon 9918 in Tokai District on 24 September 1999,
Tenki, 47, 777-783

26) K. Tsuboki, Geng B., and T. Takeda, Structure of the Squall
Line Observed over the Continent during the HUBEX
Intensive Field Observation, Proceedings of the 13th
International Conference on Clouds and Precipitation, 14-18
August 2000, Reno, Nevada, USA, 1263-1266

27) Leland Jameson and Toru Miyama, Wavelet Analysis and
Ocean Modeling: A dynamically adaptive numerical model
"WOFD AHO" Monthly Weather Review, 128, 1536-1549

28) Ma, X., Y. Fukushima, T. Hiyama, T. Hashimoto, and T.
Ohata, A Macro-scale Hydrological Analysis of the Lena River
Basin, Hydrological Process, 14, 639-651

29) M. Fujii, M. Ikeda and Y. Yamanaka, Roles of physical
processes in the Carbon cycle using a simplified physical
model. J. Oceanogr., 56, 655-666
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30) M. Honda, H. Nakamura, J. Ukita, |. Kousaka, K. Takeuchi,
Interannual seesaw between the Aleutian and Icelandic lows.
Part I: Seasonal dependence and life cycle. J. Climate, 14,
1029-1041

31) M. Honda, H. Nakamura, J. Ukita, Seasonal dependence and
evolution of interannual seesaw between the Aleutian and
Icelandic lows (in Japanese) Gross Wetter, 38, 67- 86

32) M. Honda, H. Nakamura, Influence of the North Pecific vari-
ability on the North Atlantic (in Japanese), Kaiyo Monthly,
Special issue, 24, 123-129

33) M. Ikeda, and Y. Sasai, Reconstruction of subsurface DIC and
akalinity fields in the North Pacific using assimilation of
upper ocean data. Mar. Chem., 72, 343-358

34) M. Ogi, , Y.Tachibana, F. Nishio, and M.A. Danchenkov,
Does the Fresh Water Supply from the Amur River Flowing
into the Sea of Okhotsk Affect Sea Ice Formation? Journal of
the Meteorogical Society of Japan, 79, 123-129

35) M. Satoh, H. Tomita, M. Tsugawa, Xiao, F., Development of a
next generation atmospheric general circulation model at
Frontier Research System for Global Change, Nagare VVolume
: 20 Number : Page : 37- 46 March 2001

36) M. Toda, N. Saigusa, T. Oikawa, and F. Kimura, Seazonal
Change of CO? and H?O Exchanges over a Temperate
Grassland, Journal of Agricultural Meteorology, 56, 195-207

37) N. Hirasawa, H. Nakamura, and T. Y amanouchi, Abrupt
changes in meteorological conditions observed at an inland
Antarctic station in association with wintertime blocking for-
mation, Geophys. Res. Lett., 27, 1911-1914

38) Ostrovskii, A. G.and Leonid, |., Piterbarg, Inversion of upper
ocean temperature time series for entrainment, advection, and
diffusivity, Journal of Physical Oceanography, 30, 201-214

39) Panteleev, G.G., N.A. Maximenko, B. deY oung, C. Reiss, and
T. Yamagata, Anisotropic Optimization of the Current Field
with the Variational Method. Oceanology, 40, 451-457

40) Payne, T, Ph. Huybrechts, A. Abe-Ouchi, and others, Results
from the EISMINT Phase2 Simplified Geometry Experiments:
the effects of the Thermo mechanical coupling, Journal of
Glaciol. 46, 153, 227-238.

41) Redelsperger, J., Brown, P., Guichard, F., Hoff, C., M.
Kawasima, Lang, S., Montmerle, T., K. Nakamura, K. Saito,
Seman, C., Tao, W., Donner, L., A GCSS Model
Intercomparison for a Tropical Squall Line Observed During
TOGA-COARE. Part 1: Cloud-Resolving Models, Quarterly
Journal of the Royal Meteorological Society, 126, 823-863

42) Rigor, 1. G., Colony, R. L. and Martin, S., Variationsin surface
air temperature observations in the Arctic, 1979-1997, Journal
of Climate, 13, 5, 896-914
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43) Rigor, |. G., R. L. Colony and S. Martin, Variations in surface
air temperature observations in the Arctic, 1979-1997, Journal
of Climate, 13, 5, 896-914

44) R. Suzuki, K. Yoshikawa, and Maximov, T., Phenological
Photographs of Siberian Larch Forest from 1997 to 2000 at
Spasskaya Pad, Republic of Sakha, Russia;
http://picard.suiri.tsukuba.ac.jp/~siberia/spaphoto/index/index.
htm

45) R. Suzuki, S. Tanaka, and T. Y asunari, Relationships between
Meridional Profiles of Satellite-derived Vegetation Index
(NDVI) and Climate over Siberia, International Journal of
Climatology, 20-9, 955-967

46) R. Suzuki, S. Tanaka, T. Nomaki, and T. Yasunari, Plant
Geographical Aspects of Vegetation as Revealed by
Vegetation Index in Siberia, Proceedings of the International
Workshop on Global Change: View of Siberian from NOAA
Satellite in 2000, 29-32

47) R. Suzuki, T. Hiyama, Strunin, M., T. Ohata, and T. Koike,
Airborne Observation of Land Surface by Video Camera and
Spectrometers Around Y akutsk, Activity Report of GAME-
Siberia 2000, GAME Publication, No.26, 61-64

48) R. Suzuki, T. Nomaki, and T. Yasunari, Spatial Distribution
and its Seasonality of Satellite-derived Vegetation index
(NDVI) and Climate in Siberia, Activity Report of GAME-
Siberia 2000, GAME Publication, No.26, 211-216

49) R. Suzuki, Data Archive and Distribution Policy of GAME and
GAME-Siberia; Research Report of IHAS, Nagoya University-
Proceedings of the GAME-MAGS International Workshop,
1999, 7, 141-142

50) R. Suzuki, Land Surface Aspect in Lena River Region Based
on 1km Resolution Vegetation Index Data, Activity Report of
GAME-Siberia 1999, GAME Publication, No.21, 81-82

51) R. Suzuki, What Does NDVI Tell us on the Surface Condition
over Siberia? - A Review, Research Report of IHAS, Nagoya
University-Proceedings of the GAME-MAGS International
Workshop, 1999, 7, 35-38

52) Shinke, T., Y. Yoshikawa, and H. Mitsudera, Research on
analysis methods for Ocean Acoustic Tomography data using
the Kalman filter (I1): Coupling scheme. JAMSTECR, 40, 167-
177 (In Japanese with English abstract)

53) S. Manabe, Knuston, T.R. Stouffer, Delworth, T.L., Exploring
Natural and Anthropogenic Variation of Climate, Quarterly
Journal of The Royal Meteorological Society 127, 571, 1-24

54) S. Minobe, Y. Kanamoto, N. Okada, H. Ozawa and M. Ikeda,
Plume Structures in Deep Convection of Rotating Fluid.
Nagare Multimedia.

(internet journal, http://www.nagare.or.jp/mm/ 2000/minobe/index.htm)



Appendix A
Research Achievements

Japan Marine Science and Technology Center

55) S. Minobe, Spatio-Temporal Structure of the Pentadecadal
Variability over the North Pecific. Progress in Oceanography,
47,99-102

56) S. Nishino, and S. Minobe, Thermohaline- and wind-driven
circulation in an extended model of potential vorticity homog-
enization. Journal of Physical Oceanography, 30, 2391-2403

57) S. Shimokawa, H. Ozawa, On the thermodynamics of the
oceanic genera circulation: Entropy increase rate of an open
dissipaitve system and its surroundings, Tellus A. 53, 266-277

58) S. Yamane, and Y oden, S., Finite-time evolution of small per-
turbations superposed on a chaotic solution:Experiment with
an idealized barotropic model, Journal of the Atmospheric
Sciences, Vol. 58, No.9, 1066-1078

59) Tanaka, H. L. and Akiyo Y atagai, Comparative study of verti-
cal motions in the global atmosphere eveluated by various
kinematical schemes. J. Meteo. Soc. Japan, 78, 289-298

60) T. Numaguti, K. Takata, and N. Endo, Atlas of Synoptic
Charts for the Atmosphere-land Surface Interaction Intensive
Observation in Yakutsk, Siberia, April-August, 2000,
Technical Report, FRT-3, 01-454 (published)

61) T. Segawa, and F.Hasebe, Statistical Characteristics of Total
Ozone Measurements by the Total Ozone Mapping
Spectrometer, Advances in Space Research (includes Cospar
information Bulletin) 25, 5, 989-992

62) T. Takeda, Shusse, Y., Minda, H., Y. Wakatsuki, Geng, B.,
and K. Tsuboki, Three-Dimensional Structure of Deeply
Developed Long-lived Cumulonimbus Cloud in the
Atmospheric Situation of Weak Vertical Wind Shear,
Proceedings of 13th International Conference on Clouds and
Precipitation, 1296-1299

63) T. Tomita, The longitudinal structure of interannual variability
observed in sea surface temperature of the equatorial oceans. J.
Meteor. Soc. Japan, 78, 499-507

64) Wang, J. and M. Ikeda, Arctic oscillation and arctic sea-ice
oscillation. Geophys. Res. Lett., 27(9), 1287-1230

65) Y. Fujiyoshi, K. Kurihara, H. Uyeda, K. Tsuboki, Biao G., and
T. Takeda, Meso-scale Features of the Mei-yu Front Observed
by Triple Doppler Radars during GAME/HUBEX-IOP '98,
Proceedings of International Conference on Mesoscale
Convective Systems and Heavy Rain in East Asia, 24-26 April
2000, Seoul, Korea, 25-27

66) Y. Kanaya, Measurements of tropospheric BrO radicals by
long-path differential optical absorption spectroscopy, Journal
of the Spectroscopical Society of Japan, 1, 50, 24-26

67) Y. Miyazawa, S. Minato, Two-way nesting POM study of
Kuroshio damping phenomenon caused by a strong wind, J.
Oceanogr., 56, 275-294

68) Y. Sasai, , M. Ikeda and N. Tanaka, Air-sea CO? flux during
the mixed layer development in the northern North Pacific. J.
Geophys. Res., 105, 3465-3481

69) Zheng, X., H. Nakamura, Renwick, J. A., Potential
Predictability of Seasonal Means Based on Monthly Time
Series of Meteorological Variables, J. Climate, 13 (14), 2591-
2604

70) Rikie Suzuki, Data transmission via geostationally meteorol og-
ical satellite from automatic weather station in remote-site,
Kisyo Kenkyu Note

71) Y. Tachibana, Okhotsk seaice, Amur river discharge, and thier
relation to decadal variations, Kaiyo Monthly, Special issue,
24, 162-166

72) K. Tadokoro, Sugimoto, T., 2001: Variations of biological pro-
ductivity related to the global climate changes in the North
Pacific Ocean, Bulletin of Plankton Society of Japan, 48, 1,
34-40

73) K. Tadokoro, Geographical variation of Chl-a seasonality in
the subarctic North Pacific Ocean, Bulltein of Plankton Society
of Japan, 47, 2, 111-115

74) H. Nakamura, Masuda, K., 2000: Fluctuations in the hydrolog-
ical and energy budgets in the earth-atmosphere system over
the North Pacific and Far East, Kaiyo Monthly, 32, 333-338

75) H. Nakamura, Decadal Climate variability over the North
Pacific and Far East and its influence upon the storm track
activity, Kaiyo Monthly (special issue), 24, 2001, 14-21

76) H. Nakamura, Influence of decadal fluctuations in the East
Asian winter monsoon upon the activity of synoptic-scale dis-
turbances, Gross Wetter, 38, 32-44

77) Kaji Yamazaki, Inreraction between the wintertime atmospher-
ic circulation and the variation in the sea ice extent of the Sea
of Okhotsk., Seppy, 62, 345-352

78) S. Yamane, Predictability, Oceanographic data assimilation
seminar 2000, Japan Marine Science Fundation, 73-78

79) S. Yamane, Predictability, Kaiyo Monthly 33, 2, 118-123

b. Talksand Presentations

80) A. Abe-Ouchi, Mass Budget of Continental Ice Sheets. Past,
Present and Future, FRSGC Annua Symposium 2000, March
24-25, 2000

81) A. Ishida, IGCR activity in the OCMIP (Ocean Carbon-Cycle
Model Intercomparison Proiect), FRSGC Annua Symposium
2000, March 24-25, 2000

82) A. Ishida, Y. Kashino, H. Mitsudera, T. Kadokura, Oceanic
variability in a high-resolution ocean general circulation
model: Experiment with interannual forcings, Spring meeting
of the Oceanographical Society of Japan, March 28-31, 2000
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83) A. Ishida, Y. Kashino, H. Mitsudera, T. Kadokura, The
Subsurface Countercurrents and Circulation beneath
Pycnocline in the Equatorial Pacific, The Ocean Science
Meeting 2000, American Geophysical Union Ocean Science
Meeting 2000, January 24-27, 2000

84) Behera, S. K., and Evolution of 1994 Indian Ocean dipole
mode in response to NCEP, FSU and SSM/I winds, Space
Application Center, March 2000

85) Behera, S. K., GCM simulation of the 1997-98 Indian Ocean
warming, Seminar Talk in Indian Institute of Tropical
Meteorologu, March 2000

86) Behera, S. K., Model simulation of SST variability in the tropi-
cal Indian Ocean, Seminar Tak in Indian Institute of Tropical
Meteorology, February 2000

87) Behera, S. K., T. Yamagata, Evolution of SST dipole eventsin
the subtropical Indian Ocean, Workshop on Sustained
Observations of Climate in the Indian Ocean (SOCIO), Perth,
Australia, 13-15 November 2000

88) Behera, S. K., T. Yamagata, Ocean-atmosphere processes in
the evolution of subtropical dipole in the southern Indian
Ocean, SINTEX meeting, Bolgna, Italy, Dec. 4-Dec. 6, 2000

89) Behera, S. K., Y. Masumoto, T. Yamagata, Seasonal variabili-
ty in the South China Sea Circulation, Japanese Ocenographic
Society Meeting, Fukuoka. Sep. 2000

90) Biao G., K. Tsuboki, T. Takeda, and Y. Fujiyoshi,
Relationship between low-level airflow and a stationary rain-
band along the Nagasaki Peninsula during Baiu season,
International Conference on Mesoscale Convective Systems
and Heavy Rain in East Asia, 24-26 April, 2000

91) Brockmann, P., Orr, J. C., Aumont, O., Monfray, P., N&jar, R
G, Louanchi, F., Schlitzer, R., Weirig, M., Matear, R., Lenton,
A., Y. Yamanaka, A.lshida, Caldeira, K., Wickett, M.,
Follows, M., Maier-ReimerE., Lindsay, K., Doney, S.,
Plattner, K., Joos, F., Stocker, T., Slater, R., Gruber, N.,
Sarmiento, J., Key, R., Yool, A., Totterdell, I., Sabine, C.,
2000: Constraining Oceanic Uptake of Anthropogenic CO?
through 3-D Model-Data Comparison, AGU Fall meeting 2000

92) Donohue, K., Firing, E., Rowe, D., A. Ishida, H. Mitsudera,
Comparison Between Observed and Modeled Pacific
Equatorial Subsurface Countercurrents, American Geophysical
Union Ocean Science Meeting 2000, January 24-27, 2000

93) Fedoseev, N., Maksyutov, S., T. Machida and G. Inoue,
Seasonal Cycle and Diurnal Variations of Atmospheric Carbon
Dioxide near Yakutsk, East Siberia, International \Workshop
for Advanced Flux Network and Flux Evaluation, September
27-28, 2000

94) F. Kimura, Cloud Activity Around Himaraya and Tibetan
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Plateau in Monsoon and Pre-Monsoon Period, US-Japan
Workshop on Monsoon Systems, November 28-30, 2000
95) F. Kimura, Effects of Soil Moisture of the Asian Continent
upon the Baiu Front, The 14th TOY OTA Conference, October
3-6, 2000
96) G. Inoue, Maksyutov, S., Sorokin, M., Krasnov, O. and
Vasiliev, S., Methane and CO? flux observations in West
Siberian wetland during 1998-1999, 6th meeting of J. Soc.
Atm. Chemistry, May 31-June 2, 2000
97) G. Inoue, T. Machida, Y. Takahashi and Maksyutov. S.,
Aircraft and Ground base Monitoring of CO? in Siberia,
Workshop on CO? boundary-layer budget flux methods,
October 5-8, 2000
98) Geng, B., K. Tsuboki, T. Takeda, Y. Fujiyoshi, and Uyeda, H.,
Evolution of a meso- a -scale Convective System Associated
with a Mei-yu Front, 13th International Conference on Clouds
and Precipitation, 14-18 August, 2000
99) Geng, Q., Sugi, M. and S. Manabe, Cyclone activities in the
Northern Hemisphere. Analyzed from the NCEP Reanalysis
Data and simulated in a high-resolution AGCM, FRSGC
Annua Symposium 2000, March 24-25, 2000
100) Geng, Q., M. Sugi, Cyclone activities in the Northern
Hemisphere analyzed from the NCEP reanaysis data and sim-
ulated in a high-resolution AGCM, 2000: 2000 Spring Meeting
of Japan Meteorological Society, May 24-26, Tsukuba, Japan
101) Geng, Q., M. Sugi, Variability of the North Atlantic Cyclone
Activity in Winter Analyzed From NCEP/NCAR Reanalysis
Data, AGU Chapman Conference on "The North Atlantic
Oscillation”, November 28-December 1, 2000, University of
Vigo (Ourense Campus), Ourense, Galicia, Spain
102) H. Akimoto, Comparison of Regional Background Ozone in
East Asia and Europe, International Conference on
Engineering and Technological sciences 2000, October 11-12,
2000
103) Guan, Z., T. Yamagata, Interhemispheric Oscillations of Air
Mass, Symposium on Indo-Pacific Climate, March 6-7, 2000
104) Guan, Z., T. Yamagata, Principal Modes of Interhemispheric
Oscillations of Air Mass, FRSGC Annua Symposium 2000,
March 24-25, 2000
105) Guo, X., H. Hukuda, Y. Miyazawa, and T. Yamagata, A triple
one-way nested ocean model for the Kuroshio simulation,
Workshop on coastal circulation and its impact on climate,
Qingdao, Novermber 27-30, 2000
106) Guo, X., Y. Miyazawa, H. Hukuda, and T. Yamagata, On the
Kuroshio variation in East China Sea and origins of the
Tsushima Current, Symposium on "The oceanic current system
in the eastern East China sea and its variability" held in
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Kagoshima University, Dec. 13, 2000 (In Japanese)

107) H. Akimoto, Y. Kanaya, Y. Sadanaga, K. Nakamura, J.
Matsumoto, U. Sharma, S. Kato, J. Hirokawa and Y. Kajii,
Measurement of HOx radicals in the marine boundary layer at
Oki and Okinawa, 7th International Conference on
Atmospheric Sciences and applications to Air Quality, October
31-November 2, 2000

108) H. Akimoto, Pochanart, P., J. Hirokawa, Y. Kajii and
Khodzher, T. V., Boundary Layer Ozone and Carbon
Monoxide in Eurasian Continent: Studying of the Influence of
East Asian Precursor emissions and Hemispheric Vachgtound
by Trafectory Analysis, Quadrennial Ozone Symposium-
Sapporo 2000-, July 3-8, 2000

109) H. Akimoto, Regional Background Air Quality in East Asia,
The Third Vereshchagin Baikal Conference, August 23, 2000

110) H. Akimoto, Regional Air Pollution Problemsin East Asia and
International Role of Research Exchange, Fall Meeting of
Korean Society for Atmospheric Environment, November 10-
11, 2000

111) H. Tomita, Motohiko Tsugawa, Masaki Satoh, Development of
dynamical core for high resolution general circulation model
(1) --- Next generation climate model (icosahedral grid sys-
tem), Meteor. Soc. Japan, Spring Meeting 2000, May 2000

112) H. Tomita, Motohiko Tsugawa, Masaki Satoh, Development of
dynamical core for high resolution general circulation model
(2) --- Next generation climate model (icosahedral grid sys-
tem) Meteor. Soc. Japan, Fall Meeting 2000, October 2000

113) H. Tomita, Motohiko Tsugawa, Masaki Satoh, Development of
Shallow Water Model on Spherical Homogeneous Grid
Systems--- Toward the Next GenerationAGCM --- Japan
Society of Fluid Mechanics July 2000

114) H. Tomita, Motohiko Tsugawa, Masaki Satoh, Research and
development of dynamical core on an icosahedral grid system
Workshop for numerical agorithm of fluid dynamics on rota-
tional sphere Decdember 2000

115) Hameed, S. N., A view of the Indian Ocean climate system
from the vantage point of Dipole Mode events, US - Japan
Workshop on Monsoon Systems, Nov 28 - 30, 2000,
Washington DC

116) Hameed, S. N., A view of the tropical Indian ocean climate
system from the vantage point of Dipole Mode events, COLA
(Maryland), University of Maryland, IRl (New York), GFDL
(Princeton), UCAR (Denver), Scripps Institute of
Oceanography (San Diego), University of Washington
(Seattle), International Pacific Research Center (Honolulu) ,
Nov to Dec, 2000

117) Hameed, S. N., Brewing climate in the tropical Indian Ocean -

essential ingredients, CCSR, University of Tokyo, Japan, May,
2000

118) Hameed, S. N., Dipole Mode - ENSO response or air-sea inter-
action?, Poster at AGU Fall meeting, Dec 15-19, 2000, San
Francisco

119) Hameed, S. N., On the Indian Ocean Dipole, FRSGC Annual
Symposium 2000, March 24-25, 2000

120) Hameed, S. N., Suppose there was no ENSO!, Graduate
School of Environmental Earth Science, Hokkaido University,
Sapporo, Japan, July, 2000

121) Hameed, S. N., The Indian Ocean Dipole Mode - mechanisms
and climatic implications, International Conference on Climate
and Environment Variability and Predictability, August 7 - 11,
2000, Shanghai

122) Hameed, S. N., The Indian Ocean Dipole Mode, Spring mest-
ing of the Japanese Oceanographic Society, May, 2000, Tokyo

123) Hameed, S. N., Why is not the equatorial thermocline shallow
at the eastern Indian Ocean?, Symposium on |ndo-Pacific
Climate, Mar 6-7, 2000, Tokyo

124) Hameed, S., On the Indian Ocean Dipole Mode,
Oceanographic Society of Japan Spring Meeting, March 2000

125) Hideaki Kitauchi, An application of a prismatic spectral/hp
element ocean model to awind-driven circulation, 2000 Annual
Meeting, Japan Society of Fluid Mechanics, Kyoto, July 2000

126) Hideaki Kitauchi, A nonhydrostatic ocean model in the Arctic,
XXV General Assembly, European Geophysical Society, Nice,
April 2000

127) H. Hukuda, Hindcast of Furiwakeshio, The autumn conference
of the oceanographic society of Japan, Fukuoka, Sep.28, 2000
(In Japanese)

128) H. Hukuda, Modelling Japanese Coastal Oceans using a
Nested GCM, FRSGC Annua Symposium 2000, March 24-
25, 2000

129) H. Hukuda, Models of the Kuroshio and Japanese Coastal Sea
by the nested method, The 1st workshop on Marine
Environmental Committee Model held in Tokyo University,
Nov. 30, 2000 (In Japanese)

130) H. Hukuda, The Earth Frontier Research System and Japan
Coastal Ocean Predictability Experiment, Hiroshima
University, July 25, 2000 (In Japanese)

131) H. Kitauchi, A prismatic spectral/hp element ocean model,
FRSGC Annual Symposium 2000, March 24-25, 2000

132) H. Mitsudera, Modeling of the Mixed Water Region with a
primitive equation model, FRSGC Annual Symposium 2000,
March 24-25, 2000

133) H. Mitsudera, Y. Yoshikawa, B .Taguchi, and H. Nakamura,
Blocking and amplification of the Kuroshio meander due to
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baroclinic interaction with the |zu Ridge, American
Geophysical Union Ocean Science Meeting 2000, January 24-
27, 2000

134) H. Mitsudera, Y. Yoshikawa, B .Taguchi, and H. Nakamura, ,
Kuroshio-Oyashio system model (V) : Modeling of the Mixed
Water Region, Spring meeting of the Oceanographical Society
of Japan, March 28-31, 2000

135) H. Mitsudera, Modeling of the Kuroshio and Oyashio
Confluence. PICES, Hakodate, Japan, November 2000

136) H. Mitsudera, On the modeling of the Kuroshio and Oyashio
System. (Invited) Tohoku University, November 2000

137) H. Mitsudera, Y. Yoshikawa and B. Taguchi, Blocking of the
Kuroshio Large Meander by baroclinic bottom pressure torque.
Oceanographic Society of Japan, Fukuoka, Japan, October
2000

138) H. Mitsudera, Y. Yoshikawa, B. Taguchi and H. Nakamura,
Modeling of the Kuroshio and Oyashio Confluence. American
Geophysical Union, San Francisco, December 2000

139) H. Mitsudera, Y. Yoshikawa, B. Taguchi, and H. Nakamura,
Modeling of the Mixed Water Region. American Geophysical
Union, Western Pacific Geophysics Meeting, Tokyo, Japan,
June 2000

140) H. Nakamura, and M. Honda, Aleutian-Icelandic Low seesaw
and its relationship with the Arctic Oscillation, Intl. Workshop
on Global Change, Sendai, August 2000

141) H. Nakamura, and M. Honda, Influence of Aleutian-lcelandic
Low Seesaw upon the Leading Mode of Interannual
Variability in the Extratropical Northern Hemisphere, NOAA-
University Consortium for Modeling of Large-Scale
Atmospheric Phenomena, Princeton, NJ, U.S.A., September
2000

142) H. Nakamura, and M. Honda, Influence of Aleutian-lcelandic
Low Seesaw upon the Seasonality of the Leading Variability in
the Extratropical Northern Hemisphere, Chapman Conference
on the North Atlantic Oscillation, Vigo, Spain, November
2000

143) H. Nakamura, Current Research Activities in the Climate
Diagnosis Group: Towards Our Deeper Understanding of the
Low-Frequency Climate Variability, FRSGC Annual
Symposium 2000, March 24-25, 2000

144) H. Nakamura, Influence of the recent decadal weakening of the
East Asian Monsoon on the North Pacific climate, Symposium
on Indo-Pacific Climate, March 6-7, 2000

145) H. Nakamura, Influence of the Recent Decadal Weakening of
the East Asian Winter Monsoon on the Hydrological Cycle
over the North Pacific. West. Pac.Goophys. Meeting, Tokyo,
June 2000
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146) H. Nakamura, Kazmin, S., Wintertime decadal climate varia-
tions recently observed in the North Pacific and Far East,
West. Pac. Goophys. Meeting, Tokyo, June 2000

147) H. Nakamura, M. Honda, Y. Tachibana, and K. Takaya, Large-
Scale Atmosphere-Ocean-Ice Interactions in and around the
Sea of Okhotsk, Intl. Symp. Atmos.-Ocean-Cryos. Interecation
in the Sea of Okhotsk and Surr. Envrn., Sapporo, Japan,
December 2000

148) H. Ozawa, Optimal dissipative properties of the earth climate
system as a forced-dissipative turbulent fluid system, FRSGC
Annua Symposium 2000, March 24-25, 2000

149) H. Ozawa, S. Shimokawa, H. Sakuma, Entropy increase by
turbulent dissipation: Unification of maximum transport prop-
erties, Annual Meeting of the Physical Society of Japan,
September, 2000

150) H. Ozawa, S. Shimokawa, H. Sakuma, Rate of entropy
increase by turbulent dissipation: Unification of the maximum
transport properties of turbulence, Annual meeting of the mete-
orological Society of Japan. October, 2000

151) H. Sakuma, Brief summary on the current activities for the
preparaion of our future A and OGCM, FRSGC Annual
Symposium 2000, March 24-25, 2000

152) H. Sakuma, Towards a unified stability criterion for three-
dimensional perfect flows; Lyapunov stability of stratified
shear flow with Zonal symmetry?, FRSGC Annual
Symposium 2000, March 24-25, 2000

153) Jin, M., Wang, J., Saucier, F. J.,, M. Ikeda, General circulation
and Transport in the Pan Arctic and North Atlantic Ocean,
FRSGC Annual Symposium 2000, March 23, 2000

154) J. Inoue, M. Kawashima, and Y. Fujiyoshi, Numerical experi-
ment on air mass transformation and associated sea surface
cooling, 15th International Symposium on Okhotsk Sea & Sea
ice, 2000, 113-120

155) J. Takahashi, J. Wang and M. Ikeda, On the eddy transport
mechanism of the Dense shelf water in the Arctic, AGU 2000
fall meeting, December 2000

156) J. Yoshimura, A. Noda, M. Sugi, Influence of Greenhouse
Warming on Tropica Cyclone Frequency, Part II, AMS 24th
Conference on Hurricanes and Tropical Meteorology

157) Kanada, S., Biao, G., Minda, H., K. Tsuboki, and T. Takeda,
Heavy rainfall produced by along-lived line-shaped precipitat-
ing convective-cloud system, 13th International Conference on
Clouds and Precipitation, 14-18 August, 2000

158) Karumuri, A., Guan, Z., T. Yamagata, The tropical atmospher-
ic response to the Indian Ocean Dipole, AGU fall meeting,
Dec. 15-Dec. 19, 2000

159) Karumuri, A., The tropical atmospheric response to the 1994
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ndian Ocean Dipole event: An AGCM study at the IMA annu-
a conference, Kyoto, 18-20, Oct., 2000

160) Kim, Y.-W., N. Tanaka, Effect of forest fire on the fluxes of
trace gases in boreal forest ecosystems, interior Alaska,
FRSGC Annual Symposium 2000, March 24-25, 2000

161) Krishnan, R., M. Sugi, Dynamics of Breaks in the Indian
Summer Monsoon, Symposium on Indo-Pacific Climate,
March 6-7, 2000

162) Krishnan, R., M. Sugi, S. Manabe, Summer Rainfall
Anomalies around Japan and Teleconnections over Continental
Asia, FRSGC Annua Symposium 2000, March 24-25, 2000

163) K. Baba, On data assimilation method for ocean dynamics and
meteorology, The Japan Society of Mechanical Engineers June
2000

164) K. Masuda, and A. Tanidagai, Macroscopic Water Balance of
Reanalysis Data Sets, Meteorological Society of Japan 2000
Autumn Meeting, October 18-20, 2000

165) K. Motoya, A. Saito, K. Mabuchi, T. Aoki, and T. Yamazaki,
Application to the Airborne Multi-Spectral Scanner (AMSS)
Observation in 1998 of the Vegetation and Snow Indices,
Based on the Spectral Reflectance Characteristic,
Meteorological Society of Japan, Fall Meeting, October 18,
2000

166) K. Motoya, T. Yamazaki, and N. Yasuda, Evaluating the
Spatial and Temporal Distribution of Snow Accumulation,
Snowmelts and Discharge in a Multi basin Scale: An
Application to the Tohoku Region, Japan, Japan Society of
Hydrology and Water Resource, Annual Meeting, August 7,
2000

167) K. Motoya, T. Yamazaki, and N. Yasuda, Spatial and
Temporal Distributions, and their Sensitivity in Climatic
Changes of Snow Accumulation, Snowmelt and Runoff,
Tohoku area, Japan, Meteorological Society of Japan, Spring
Meeting, May 26, 2000

168) K. Nakamura, K. Saito, and M. Yoshizaki, A Numerical
Experiment of a Cloud system associated with the cyclone
observed during FASTEX 10P 16, Annua Meeting of Japan
Meteorological Society, October 20, 2000

169) K. Ninomiya, Systems of East Asia and American Monsoon.
US-Japan Workshop on Monsoon System, Nov. 28-30, 2000,
NASA/GSFC, Greenbelt MD, USA November 2000

170) K. Takata, and S. Emori, Development of a Land Surface
Model MATSIRO and Its Large-Scale Sensitivity to the
Treatment of Snow Albedo, AGU Fall Meeting, December 15-
19, 2000

171) K. Takata, Effects of Soil Freezing on the Monsoon Systems
Using an AGCM, US-Japan Workshop on Monsoon Systems,

November 28-30, 2000

172) K. Tanaka, Consideration of CO? absorption in a forest with a
multi - layer model, Japanese Forestry Society /Forest
Hydrology Workshop, April 2, 2000

173) K. Tsuboki, B. Geng, and T. Takeda, Structure of the Squall
Line Observed over the Continent during the HUBEX
Intensive Field Observation, 13th International Conference on
Clouds and Precipitation, August 14-18, 2000

174) K. Tadokoro, T. Saino and T. Sugimoto, Geographical varia-
tion of Chl-a seasondlity, and its interannual variation in the
subarctic North Pacific Ocean, 2000 ICES Annual Science
Conference, September 28, 2000

175) K. Tadokoro, T. Saino, and T. Sugimoto, Long term variation
of Chl-a concentration, zooplankotn biomass, and the hydro-
graphic structure in the Oyashio water, PICES ninth annual
meeting, October 20-28, 2000

176) K. Yamazaki and H. Hatsusika, Long-range transport of
gaseous and particulate materials by forest fire, 2000 Fall
Meeting of Americal Geophysocal Union, San Francisco,
USA, 15-19, December 2000 (presented paper)

177) Lu, M., T. Koike, Evaluation of Land Surface Heterogeneity
and Integration of River Routing Model Towards a Grid-based
Global Hydrological Model, FRSGC Annual Symposium
2000, March 24-25, 2000

178) M. Fujii, Kishi, M. J,, Ngjiri, Y., Y. Yamanaka, Application of
one-dimensional ecosystem model to time series station KNOT
observation, North Pacific Marine Science Organization
(PICES) Ninth Annual Meeting

179) M. Honda, H. Nakamura, Dynamic and thermodynamic char-
acteristics of atmospheric response to anomalous sea-ice
extent in the Sea of Okhotsk, International Symposium on
Atmosphere-Ocean-Cryosphere Interaction in the Sea of
Okhotsk and Surrounding Environment, December 13, 2000

180) M. Honda, H. Nakamura, Interannual/decadal seesaw between
the Aleutian and Icelandic lows, 2000 Western Pacific
Geophysics Mesting, June 29, 2000

181) M. Honda, H. Nakamura, J. Ukita, Interannual seesaw between
the Aleutian and Icelandic lows: Seasonal dependence and life
cycle, AGU Chapman Conference, The North Atlantic
Oscillation, November 28, 2000

182) M. Honda, H. Nakamura, J. Ukita, Seasonal dependence and
life cycle of the interannual seesaw between the Aleutian and
Icelandic lows, International Workshop on Global Change:
Connection to the Arctic, August 23, 2000

183) M. Honda, H. Nakamura, Seasonal dependence of prevailing
variability in Northern Hemisphere circulation during winter,
Autumn Conference of Meteorological Society of Japan,
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October 19, 2000

184) M. Honda, Interannual seesaw between the Aleutian and
Icelandic Lows, FRSGC Annual Symposium 2000, March 24-
25, 2000

185) M. Honda, Seasonal dependence and characteristics of interan-
nual variability in Norhtern Hemisphere circulation during
winter, 12th Summer School of Meteorological Society of
Japan, July 16, 2000

186) M. Ishizawa, T. Nakazawa and K. Higuchi, Numerical smula-
tion study on variability of isotopic ratios of the atmospheric
CO?, Carbon Cycle Workshop (ESTO), December 25, 2000

187) M. Ishizawa, T. Nakazawa, S. Aoki, S. Sugawara and F.
Matsumoto, Global CO* Budget Evaluation by Double
Deconvolution Analysis, Meteorological Society of Japan,
May 25, 2000

188) M. Ishizawa, T. Nakazawa, S. Aoki, S. Sugawara and F.
Matsumoto, Variability in Carbon Sinks from Double
Deconvolution, Atmospheric Chemistry Workshop, June 2000

189) M. Satoh, Conservative scheme for mass and energy of the
non-hydrostatic model with the HE-VI integration method,
Meeting of Meteorological Society of Japan, Autumn 2000

190) M. Satoh, Hirofumi Tomita, Motohiko Tsugawa, Feng Xiao,
Development of a next generation atmospheric general circula-
tion model at Frontier Research System for Global Chang,
16th Mesoscale Study Meeting December 2000

191) M. Satoh, H. Tomita, M. Tsugawa, Development of the
dynamical core of high resolution atmospheric general circula-
tion model, FRSGC Annual Symposium 2000, March 24-25,
2000

192) M. Takahashi, Development of Global Chemical Transport
Model, FRSGC Annua Symposium 2000, March 24-25, 2000

193) M. Tsugawa, Development of dynamical core for high resolu-
tion genera circulation model(2) --- Next generation climate
model (cubic grid), Meteor. Soc. Japan, Fall Meeting 2000,
October 2000

194) M. Tsugawa, Hirofumi Tomita, Masaki Satoh, Development of
a global model based on cubic grid Workshop for numerical
algorithm of fluid dynamics on rotational sphere December
2000

195) M. Tsugawa, Hirofumi Tomita, Masaki Satoh, Devel opment of
Dynamical Core for high resolution general circulation
model (1) --- Next Generation Climate Model (Cubic grid
model), Meteor. Soc. Japan, Spring Meeting 2000, May 2000

196) M. Tsugawa, Hirofumi Tomita, Masaki Satoh, Development of
Dynamical Cores with Quasi Uniform Grids on the Sphere
Japan Society of Computational Fluid Dynamic December
2000
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197) M. Ueno, J. Y oshimura, Relationship between tropical cyclone
frequency and precipitation as simulated in GCM experiments,
Meeting of Meteorological Society of Japan, Autumn 2000

198) M. Yamasaki, A Numerical Experiment of Cloud clusters
Associated with Bain Font Observed on 16-17 July, 1933,
International GAME/HUBEX Workshop, September 12-19,
2000

199) M. Yamasaki, Development of a New Version of a Mesoscale
Convection Resolving Model, FRSGC Annual Symposium
2000, March 24-25, 2000

200) K. Yamazaki, The Arctic Oscillation and Polar Night Jet
Oscillation seen in a perpetual February simulation,
International Workshop on Global Change: Connection to the
Arctic, Sendai, 23-25 August 2000 (presented paper)

201) Monfray, P., Najar, R. J., Orr, J., Stoens, A., Y. Yamanaka, et
al 2000, Global distributions of upper ocean CO?* and O?,
JGOFS (Joint Global Ocean Flux Study)

202) N. Endo, A Problem on the Aerological Data of China and
Intercomparison between Aerological Data and 4DDA
Datasets, Spring Meeting of Meteorological Society of Japan,
May 26, 2000

203) N. Endo, The Relationship between the Diurnal Variation of
the Water Vapor and Topography over the Tibetan Plateau,
Ninth Conference on Mountain Meteorology, August 7-9,
2000

204) N. Endo, T. Yasunari, N. Yamazaki, and K. Takahashi,
Diurnal Variation of Precipitable Water over China during
GAME-IOP, Autumn Meeting of Meteorological Society of
Japan, October 18-20, 2000

205) N. Kuba, Effect of Cloud Condensation Nuclei on the Optical
Properties of a Layer Cloud, Numerical Simulation with a
Cloud-microphysical Mode, Asian Atmospheric Particle
Environment Change Studies (APEX), April 4, 2000

206) N. Kuba, and H. lwabuchi, K. Maruyama, T. Hayasaka, and T.
Takeda, Effect of Cloud Condensation Nuclei on the Optical
Properties of a Layer Cloud, Numerical Simulation with a
Cloud-microphysical Model, 13th International Conference on
Clouds and precipitation (ICCP), August 14-18, 2000

207) N. Kuba, and |. Iwabuchi, The Effect of Anthropogenic
Aerosols on the Optical Properties of Layer Clouds,
Meteorological Society of Japan, May 24-26, 2000

208) N. Kuba, and K. Nakamura, Cloud Model with Multi Parcels,
WMO Cloud Modeling Workshop, August 7-11, 2000

209) N. Kuba, and Nakamura, K., Cloud Model with Multi Parcels -
in Connection with WMO Cloud Modeling Workshop -,
Meteorological Society of Japan, October 18-20, 2000

210) N. Tanaka, Long term science plan for IARC multidisciplinary
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group and interim report on 1999 "R/V Miral" arctic expedi-
tion, FRSGC Annua Symposium 2000, March 24-25, 2000

211) N. Yoshie, Kishi, M. J.,, H. Saito, Y. Yamanaka, 2000: A
detailed consideration of the parameters GRmax and Vmax in
an oceanic ecosystem model applied to the Oyashio region,
The Oceanographic Society of Japan/Fall meeting 2000

212) Ostrovskii, A., Stuart-Menteth, A. and T. Y amagata, Dynamic
height variations in the Kuroshio and the subtropical gyre, The
KOP Workshop, March 15, 2000

213) Qu, T., S-P. Xie, H. Mitsudera, and A. Ishida, Eddy effect on
the formation of the North Pacific mode waters in a global
GCM, American Geophysical Union Fall Meeting, San
Francisco, California, December 2000

214) R. Suzuki, Characteristics of Spectral Reflectance of the Land
Surface, GAME-Siberia Workshop, October 12, 2000

215) R. Suzuki, T. Hiyama, M. Strunin, T. Ohata, and T. Koike,
Airborne Observation of Land Surface by Spectrometer and
Video Camera Around Y akutsk, 3rd Remote Sensing
Symposium of CERES, Chiba University, December 12, 2000

216) R. Suzuki, T. Hiyama, M. Strunin, T. Ohata, T. Koike,
Spectrometer and Video Observation over Siberia by Aircraft,
Activity Report of GAME, December 7, 2000

217) R. Suzuki, Land Surface Around Lena River Basin Based on
1km Resolution Vegetation Index data, International
Conference "The role of Permafrost Ecosystems in Global
Climate Change", May 4, 2000

218) R. Suzuki, S. Tanaka, T. Nomaki, and T. Y asunari, Vegetation
Index and Climate over Siberia, 431st Meteorological Seminar
in NIAES, September 28, 2000

219) R. Suzuki, S. Tanaka, T. Nomaki, T. Yasunari, Plant
Geographical Aspects of Vegetation as Revealed by
Vegetation Index in Siberia, International Workshop on Global
Change: View of Siberian from NOAA Satellite, August 22,
2000

220) Rao, S.A., Behera, S. K., Y. Masumoto, and T. Yamagata,
Interannual Variability in the subsurface tropical Indian Ocean,
Pacific Ocean Remote Sensing Conference, December 2000

221)Rao, S. A., Gopalakrishna, V. V., Shetye, S. R. and T.
Y amagata, On the absence of cool SST anomalies in the Bay
of Bengal during the 1997 Dipole Mode Event in the Indian
Ocean, Oceanographic Society of Japan Fall meeting,
September 2000

222) Rao, S. A., T. Yamagata, Interannual Variability the Upper
Ocean Temperatures of the North Indian Ocean, FRSGC
Annua Symposium 2000, March 24-25, 2000

223)Rao, S. A., T. Yamagata, Quasi-biennial and quasi-pentadal
oscillations in the tropical Indian Ocean, Western Pacific

Geophysics Meeting of American Geophysical Union, June
2000

224) S. Chiba, T. Ishimaru, Hosie, G. W., and M. Fukuchi, Large
scale interaction between sea ice dynamics and zooplankton
community off east Antarctica., 2000 ICES Annual Science
Cenference (poster session), September 28, 2000

225) S. Chiba, T. Ishimaru, Hosie, G. W., and M. Fukuchi, Large
scale interaction between sea ice dynamics and zooplankton
community off east Antarctica, XXIII Symposium on Polar
Biology, December 7-8, 2000

226) S. Manabe, Exploring Natural and Anthropogenic Variation of
Climate, Royal Meteorological Society, Symons Memorial
Lecture, London

227) S. Manabe, Exploring the natural and anthropogenic variation
of climate, 25th Anniversary Symposium of Max-Planck
Ingtitute fur Meteorologie, MPI Hamburg Germany

228) S. Manabe, Global Warming and Continental Hydrology,
International Conference on Climate and Environment
Variability and Predictability (CEVP), Institute for atmospher-
ic Research Chinese Academy of Science, China

229) S. Manabe, Global Warming and Continental Hydrology,
Symposium on Global Change Research - New Findings and
Future Direction, Nippon Zaidan

230) S. Manabe, Global Warming, Past, Present and Future,
Retirement Symposium in hohor of Jerry Mahlman, Beyond
the Science of Climate Change Princeton, U.S.A.

231)S. Manabe, Natural and Anthropologic Variation of
Continental Hydrology, Institute of Atmospheric Physics,
International Conference on Climate Enviromental Variability
and Predictability, China

232) S. Manabe, Study of abrupt climate change by a coupled ocean
- atmosphere model Spring meeting of polar cold region
research group, Japan Meteorlogical Society

233) S. Manabe, and Knutson, T. R., Model assessment of decadal
variability and trends in the Pacific Ocean, Symposium on
Indo-Pecific Climate, March 6-7, 2000

234) S. Manabe, Exploring natural and anthropogenic variation of
climate, Max-Plank-Institut fur Meteorologie, 25th
Anniversary Symposium, 31 March 2000

235) S. Matsumura, Shang-Ping Xie., Atusi Numaguti, Koji
Y amazaki, Response of a quasi-decadal Antarctic Oscillation
and its forcing, Meteor. Soc. Japan, Fall Meeting 2000,
October 2000

236) S. Matsumura, S-P. Xie., A. Numaguchi, K. Yamazaki, On the
influence of decadal variatio of the Southern Hemisphere
atmosphere, Meteor. Soc. Japan, Fall Meeting 2000, October
2000
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237) S. Minobe, Century-scale changes of the bidecadal oscillation
over the North Pacific, North Pacific Marine Science
Organization 9th Annual Meeting. Hakodate, October 2000

238) S. Minobe, Pacific pentadecadal oscillation: its nature and
impact. Interdecadal/interannual variability in the Pacific
Ocean, American Geophysical Union (AGU)/Western Pacific
Geophysical Meeting (WPGM), Tokyo, 29, June 2000

239) S. Minobe, Seasonal dependencies of Pacific Pentadecadal
Oscillation, Spring meeting of J. Met. Soc., Tsukuba, Japan,
May, 2000. (in Japanese)

240) S. Minobe, Spatio-Temporal Structure of the Pentadecadal
Variability over the North Pacific, AGU Fall Meeting,
December 2000

241) S. Minobe, T. Manabe and A. Shouji, Interdecadal SST and
SLP variability in the North Pacific, International workshop on
preparation, proceccing and use of historical Marine meteoro-
logical data, Tokyo, 28-29, Nov. 2000

242) Smith, S. L., Kishi, M. J,, Y. Yamanaka, 2000, Incorporating a
Microbial Food Web (MFW) model into an oceanic ecosystem
model, The Oceanographic Society of Japan/Fall meeting 2000

243) T. Hiyama, J. Asanuma, R. Suzuki, A. Sugimoto, T. Ohata,
and Strunin, M., Airborne Observation around Y akutsk in
Eastern Siberia, Abstracts for Autumn Meeting of
Meteorological Society of Japan, October 20, 2000

244) Tian, S.-F., Possible Role of Snow-cover on the Vegetation
Activities in Arid and Semi-Arid Asia, FRSGC Annual
Symposium 2000, March 24-25, 2000

245) T. Koike, CEOP Asia-Australia, Monsoon Project (CAMP) in
Thailand, 2000 Workshop on GAME-T, 2000

246) T. Motoi, Structure and Evolution of Simulated Antarctic
Circumpolar Wave, Symposium on Indo-Pacific Climate,
March 6-7, 2000

247) T. Nakazawa, Maksyutov, S., M. Ishizawa, Global tracer trans-
port model and global CO? budget evaluation, FRSGC Annual
Symposium 2000, March 24-25, 2000

248) T. Ono, Watanabe, Y. W., Y. Midorikawa and T. Saino,
Decadal Variation of DIC in the North Pacific During 1968-
1995: An estimation from the Multi-regression Approach,
American Geophysical Union, December 15-19, 2000

249) T. Takeda, Y. Shusse, H. Minda, Y. Wakatsuki, B. Geng, and
K. Tsuboki, 2000, Three-dimensional Structure of Deeply
Developed Long-lived Cumulonimbus Cloud in the
Atmospheric Situation of Weak Vertical Wind Shear, 13th
International Conference on Clouds and Precipitation, 2000

250) T. Tomita and S.-P. Xie, Spatiotemporal structure of decadal
variability observed in the North Pacific subarctic frontal zone.
American Geophysical Union, Western Pacific Geophysics
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Meeting, Tokyo, Japan, June 2000

251) T. Tomita, B. Wang, T. Yasunari, and H. Nakamura,
Spatiotemporal structure of decadal scale variability observed
in the global SST and lower-tropospheric circulation fields.
American Meteorological Society 10th Conference on
Interaction of the Sea and Atmosphere, Ft. Lauderdale,
Florida, U.S.A., May 2000., FRSGC Annual Symposium 2000

252) T. Tomita, M. Nonaka and S.-P. Xie, Decada surface and sub-
surface variability in the Kuroshio-Oyashio Extension: GCM
simulation and observations. Western Boundary Current
Virtual Poster Session, Graduate School of Oceanography,
University of Rhode Island, Narragansett, Rhode Island,
U.S.A. November 2000

253) T. Tomita, Relationship between period and spatial pattern in
the monsoon intraseasonal variation, Meteor. Soc. Japan,
Spring Meeting 2000, May 20-25, 2000

254) T. Tomita, S.-P. Xie, and M. Nonaka, Decadal SST variability
and the vertical structure observed in the midlatitude North
Pecific during 1975-1993. American Geophysical Union Fall
Meeting, San Francisco, California, U.S.A., December 2000

255) T. Tomita, Wang, B., T. Yasunari, and H. Nakamura,
Spatiotemporal structure of deccadal scale variability observed
in the global SST and lower-tropospheric circulation fields,
FRSGC Annual Symposium 2000, March 24-25, 2000

256) T. Waseda, H. Mitsudera, B. Taguchi, and Y. Y oshikawa,
Eddy-Kuroshio interaction. Western Boundary Current Virtual
Poster Session, Graduate School of Oceanography, University
of Rhode Island, Narragansett, Rhode Island, U.S.A.,
November 2000; and at the joint 140th Meeting ASA/NOISE-
CON 2000, Newport Beach, California, U.S.A., November
2000

257) T. Waseda, H. Mitsudera, B. Taguchi, and Y. Y oshikawa,
Numerical study of the Eddy-Kuroshio interaction. American
Geophysical Union, Western Pacific Geophysical Meeting,
Tokyo, Japan, June 2000

258) T. Waseda, H. Mitsudera, B. Taguchi, and Y. Y oshikawa,
Numerical Study of the Eddy-Kuroshio interaction:
Initialization and Evolution of the Mesoscale Eddy, FRSGC
Annua Symposium 2000, March 24-25, 2000

259) T. Waseda, H. Mitsudera, B. Taguchi, and Y. Yoshikawa, On
the eddy-Kuroshio interaction, Japan Oceanographic Society
Spring meeting, March 28-31, 2000

260) T. Yamagata, Behera, S. K., Dynamics of the South China Sea
Circulation, Pacific Congress on Marine Science &
Technology (PACON), Hawaii, June 5 - June 9, 2000

261) T. Yasunari, Seasonal and Interannual Variability of
Snowcover over the Tibetan Plateau and Associated
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Atmospheric Circulation Changes, GAME-Tibet International
Workshop, July 20-22, 2000

262) T. Yasunari, Transitivity of ENSO/Monsoon System in the
Seasonal Cycle and Possible Rle of Land-Surface Processes in
Triggering Anomalous States of the System, US-Japan
Workshop on Monsoon Systems, November 28-30, 2000

263) T. Yasunari, Research Activities of the Hydrologica Cycle
Process Over a Wide Area Group, FRSGC Annual Symposium
2000, March 24-25, 2000

264) Tanaka, H. L. and H. Tokinaga, A study of Arctic Oscillation
induced by a positive feedback between the polar vortex and
baroclinic instability. International Workshop on Global
Change (Connection to the Arctic), Sendai, August 23-25 2000

265) Tanaka, H. L., A study of Arctic Oscillation induced by a posi-
tive feedback between the polar vortex and baroclinic instabili-
ty in high latitudes. AGU 2000 Fall Meeting, San Francisco,
California, USA, December 15-19 2000

266) Tsuyoshi Wakamatsu, Assimilation Scheme for Evaluating the
Surface Ocean Circulation in the Marginal Sea-Ice Zone, 2000
American Geophysical Union Spring Meeting, Washington,
D.C., May 30 -June 3, 2000

267) Tsuyoshi Wakamatsu, Development of Data Assimilation
Scheme for Reconstructing Ocean Current Structure from
Satellite Ice Concentration Data, 2000 American Geophysical
Union Fall Meeting, San Francisco, December 15-19, 2000

268) Wang, J., A Pan Arctic-North Atlantic coupled ice-ocean
model, IARC Workshop in Qingdao, China, April 2000

269) Wang, J., Arctic Oscillation and Arctic Sea-Ice Oscillation,
European Geophysical Union Assembly, Nice, France, May
2000

270) Wang, J., Arctic Sea Ice Oscillation: Regional perspective,
IARC Workshop in Fairbanks, September 2000

271) Wang, J., Arctic Sea Ice Oscillation: Regional perspective,
International Glaciology Meeting in Fairbanks, June 2000

272) Wang, J., A theoretical, two-layer, reduced-gravity mode! for
descending dense water flow on continental shelves/slopes; A
3-D ocean model in Bering-Chukchi Seas, AGU Ocean
Science Meeting, St Antonio, January 15-19, 2000

273) Wang, J., Decadal variability of freshwater thickness and heat
content in the Arctic Ocean and Regional and seasonal per-
spectives of Arctic Sea |ce Oscillation: Wavelet analysis, AGU
Fall Meeting, San Francisco, 14-19 December 2000

274) Wang, J., Regional and seasonal perspectives of Arctic Sea lce
Oscillation: Wavelet analysis, NSF SBI Project Pl Workshop,
Atlanta, November 2000

275) Wang, J., M. Ikeda, Arctic Oscillation and Arctic Sea-lce
Oscillation, American Geophysical Union Ocean Science

Meeting, January 24-28, 2000

276) Wang, J., M. Ikeda, A Simulation of General Circulation of the
Arctic and North Atlantic Ocean, FRSGC Annual Symposium
2000, March 24-25, 2000

277) W. Ohfuchi, Interannual variation of the Madden-Julian
Oscillation, Meteorological Society of Japan, Spring Meeting
2000

278) W. Ohfuchi, On combination of horizontal and vertical resolu-
tion for AGCMs, SINTEX/SIDDACLICH Il meeting, 2000

279) W. Ohfuchi, Sensitivity of Hadley circulation intensity to SST
distributions in idealized AGCM simulations, Meteorological
Society of Japan, Fall Meeting 2000

280) Y. Fujiyoshi, K. Kurihara, Uyeda, H., K. Tsuboki, Biao G.,
and T. Takeda, Meso-scale features of the Mei-yu front
observed by triple Doppler radars during GAME/HUBEX-
10P, '98 International Conference on Mesoscale Convective
Systems and Heavy Rain in East Asia, 24-26 April, 2000

281) Y. Fujiyoshi, Research Activity of the Cloud/Precipitation
Group, FRSGC Annual Symposium 2000, March 24-25, 2000

282) Y. Fujiyoshi, The Role of Mid and Low Level Vortices in the
Development of Convective Cloud Systems and Localization
of Heavy Precipitation, Workshop on Flood Forecasting, 2000

283) Y. Fukushima, Activities of Land Surface Group in 1999FY,
FRSGC Annua Symposium 2000, March 24-25, 2000

284) Y. Fukushima, and Ma, X., What are Issues Left for Macro-
Hydrological Modeling in a Cold Region, 2000 Western
Pacific Geophysics Meeting, June 27-30, 2000

285) Y. Iwasa, Y. Abe, H. Tanaka, Horizontal scale independece of
the equilibrated atmosphere sustained by radiatively-driven
circulation, Meteor. Soc. Japan, Spring Meeting 2000, May
2000

286) Y. Iwasa, Why the tropospheric atmosphere is NOT SO desic-
cated?, FRSGC Annual Symposium 2000, March 24-25, 2000

287) Y. Kanaya, K. Nakamura, Y. Sadanaga, J. Matsumoto, Y.
Kajii and H. Akimoto, Photochemical ozone production in the
boundary layer over the Okinawa main island during summer,
Sixth discussion meeting on atmospheric chemistry, June 1,
2000

288) Y. Kanaya, K. Nakamura, H. Tanimoto, J. Matsumoto, S. Kato
and H. Akimoto, HOx Radical Measurements at Rishiri Island
(45degN), Japan, in Early Summer, American Geophysical
Union Fall Meeting, December 19, 2000

289) Y. Kanaya, Y. Sadanaga, K. Nakamura, J. Matsumoto, S.
Kato, J. Hirokawa, Y. Kgjii and H. Akimoto, Summertime
measurements of OH/HO2 radicals at a subtropical island of
Okinawa, Japan, and implications for photochemical ozone
production, Quadrennial ozone symposium 2000, July 3, 2000
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290) Y. Masumoto, T. Kagimoto, T. Yamagata, I ntraseasonal
Eddies in Sulawesi Sea Simulated in a High Resolution
OGCM, FRSGC Annua Symposium 2000, March 24-25, 2000

291) Y. Masumoto, T. Kagimoto, T. Yamagata, M. Yoshida, M.
Fukuda, N. Hirose, Intraseasonal Variability in the Indonesian
Archipelago Simulated by a High Resolution Global Ocean
General Circulation Model, 2000 Ocean Sciences Meeting,
American Geophysical Union, January 2000

292) Y. Matsumoto, T. Kagimoto, T. Yamagata, Interseasonal
eddies in Sulawesi Sea and their impact on the Indonesian
Throughflow, Symposium on Indo-Pacific Climate, March 6-7,
2000

293) Y. Miyazawa, Guo, X., H. Hukuda, and T. Yamagata, Japan
Coastal Ocean Predictability Experiment: Development of
Eddy Resolving Kuroshio Model, The Autumn Conference of
the Oceanographic Society of Japan, Sep. 28, 2000 (In
Japanese)

294) Y. Tachibana, Influences of the Arctic Oscillation on the sea
Ice over the sea of Oknotsk, AGU 2000 Fall Meeting, San
Francisco, California, USA, 15-19 December 2000

295) Y. Tanimoto, Inter-hemispheric decadal climate variability in
the troposphere and near-surface ocean, FRSGC Annual
Symposium 2000, March 24-25, 2000

296) Y. Yamanaka, Aita-M. N., M. Fujii, Kishi, M. J,, N. Yoshie,
an Ecosystem model coupled with Nitrogen-silicon-Carbon
cycles, The Oceanographic Society of Japan

297) Y. Yamanaka, M. Fujii, Kishi, M. J,, N. Yoshie, An ecologi-
cal-chemical-physical coupled model applied to Station
KNOT, 2000, JGOFS (Joint Global Ocean Flux Study)

298) Y. Yamanaka, M. Fujii, Kishi, M. J., N. Yoshie, NEURO
MODEL FOLLOW UP, North Pacific Marine Science
Organization (PICES) Ninth Annual Meeting

299) Y. Yamanaka, M. J. Kishi, Development of coupled marine
ecosystem and biogeochemical model, FRSGC Annual
Symposium 2000, March 24-25, 2000

300) Yuan, G., H. Mitsudera, H. Fujimori, |I. Nakano, Y.
Y oshikawa, T. Nakamura, A comparison of acoustic tomogra-
phy and TOPEX/POSEIDON altimeter measurements in the
Kuroshio Extension region in Summer 1997. American
Geophysical Union, Western Pacific Geophysics Meeting,
Tokyo, Japan, June 2000. Also given at the Western Boundary
Current Virtual Poster Session, Graduate School of
Oceanography, University of Rhode Island, Narragansett,
Rhode Island, U.S.A., November 2000; and at the joint 140th
Meeting ASA/NOISE-CON 2000, Newport Beach, California,
U.SA., November 2000

301) FBFrE, A, EHEREIE, 11WEES, Current system in
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the East China Sea simulated by a 1/18-degree resolution
OCGM, Oceanographic Society of Japan Spring Meeting,
March 27-31, 2000

302) Guo Xinyu, Fukuda, H., Miyazawa, Y., Yamagata, T., Current
system in the East China Sea simulated by a 1/18-degree reso-
lution OCGM, Oceanographic Society of Japan Spring
Meeting, March 27-31, 2000

303) Toshiaki Kotake, Jumpeu Kubota et. al., The water budget on
the active layer of a larch forest in the eastern Siberia, The
annual conference of the Japanese Forestry Society, March,
2000

304) H. Sakuma, Lyapunov stability of the two dimensional strati-
fied shear flow Oceanogtaphic Society of Japan Spring
Meeting, March 27-31, 2000

305) Y. Tanimoto, Xie, S.-P., Kachi, M., Dynamical and thermal
responses of the ocean surface layers to the atmospheric vari-
ability associated with the North Atlantic decadal oscillation,
Oceanographic Society of Japan Spring Meeting, March 27,
2000

306) Kozo NAKAMURA, Model intercomparison of cloud resolv-
ing models. Second workshop of next generation non-hydro-
static models, Faculty of Science, Tohoku University, 2000
March 17-20.

(9) Frontier Observational Research System for

Global Change

1) Alexander G. Ostrovskii, Setoh, T., Imawaki, S., Umatani,
S., Interdecadal variations of ENSO signals and annual cycles
revealed by wavelet analysis, Journal of Oceanography

2) Alexander G. Ostrovskii, Kaneko, A., Yamagata, T.,
The Kuroshio Observation Project, Seminar at P.P. Shirshov
Inst. of Oceanology

3) Eitarou Oka, Naoto Iwasaka, Toshio Suga, Akio Ishida,
Keisuke Mizuno, Kensuke Takeuchi, Observation south of
the Kuroshio Extension using profiling floats (3), FY 2001
Oceanographic Society of Japan, Spring meeting

4) Eitarou Oka, Masaki Kawabe, Dynamic structure in Kuroshio
at Tokara strait with relation between variations flow in Japan
south course, FY 2000 Oceanographic Society of Japan
Autumn meeting

5) Naoto Iwasaka, Kensuke Takeuchi, Toshio Suga, Taiyo
Kobayashi, Eitaro Oka, Hiroshi Matsuura, Motoki Miyazaki,
Yasuko Ichikawa, Masahiro Endoh, Keisuke Mizuno, Kentaro
Ando, Yasushi Takatsuki, Akio Ishida, Kenji Izawa,
Observation south of the Kuroshio Extension using profiling
floats (11), Oceanographic Society of Japan, Spring meeting

6) Hisayuki Kubota, "Moring Monday is cold" One week cycle
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of temperature in city area, Meteorological society of Japan

7) Hisayuki Kubota, Atsusi Numaguti, Seita Emori, Diurnal vari-
ation of cumulus convection over tropical ocean- The impor-
tance of low-level clouds for developing the nocturnal convec-
tion -, AGU 2000 Western Pacific Geophysics Meeting

8) Hisayuki Kubota, Cumulus convection activity observed in
West tropical pacific, Meteorologica society of Japan summer
specia seminar

9) Motoki Miyazaki, Yasushi Takatsuki, Asako Inoue, Kentaro
Ando, Kenji lzawa, Keisuke Mizuno, Kensuke Takeuchi,
Assessment of CTD sensor sensitivity for profiling floats (1),
Oceanographic Society of Japan, Spring meeting

10) Yasushi Takatsuki, Yasuko Ichikawa, Taiyo Kobayashi,
Toshio Suga, Keisuke Mizuno, Kensuke Takeuchi, Data
manegement of ARGO data, Oceanographic Society of Japan,
Spring meeting

11) Kaoru Ichikawa, A Kaneda, Coastal impacts of offshore meso-
scale eddies through the Kuroshio variatio, LaMer

12) Kaoru Ichikawa, Atsushi Kaneda, Coastal Temperature
Variations Induced by Meanders of the Kuroshio, American
Geophysical Union Western Pacific Geophysical Meeting
(poster session)

13) Taiyo Kobayashi, Estimation of the fresh water transport and
the water exchange through the Kuril Straits, Oceanographic
Society of Japan, Autumn meeting

14) Taiyo Kobayashi, Estimation of the freshwater transport and
the water exchange through the passages of the Kuril Islands
The Marine Meteorological Society, Umi To Sora

15) Taiyo Kobayashi, Yasuko Ichikawa, Yasushi Takatsuki, Toshio
Suga, Naoto Iwasaka, Kentaro Ando, Keisuke Mizuno, Kensuke
Takeuchi, Quality control of ARGO data by HydroBase, FY
2001 Oceanographic Society of Japan Spring meeting

16) Hiroshi Matsuura, Y oshinori Kuroda, Kentaro Ando, On
the relationship between ocean current and surface wind in
the western equatorial Pacific, FY 2000 Oceanographic
Society Fall Meeting

17) Hiroshi Ishida, Osamu Tsukamoto, The Air-Sea Interaction
Data Observed on Board the R/V MIRALI in the Western
Pacific Equatorial Ocean, The 2nd NAURU 99 Workshop

18) Alexander G. Ostrovskiii, Piterberg, L. Inversion of the upper
ocean temperature time series for the vertical entrainment
velocity and horizontal diffusivity and advection velocity, 31st
International Liege Colloquium on Ocean Hydrodynamics

19) Akiko Sakai, Nozomu Takeuchi, Koji Fujita, Masayoshi
Nakawo, Role of supraglacial ponds in the ablation process of
a debris-covered glacier in the Nepal Himalayas, |AHS publi-
cation (Proceedings of international workshop on debris-cov-

ered glaciers)

20) Akiko Sakai, Nozomu Takeuchi, Koji Fujita, Masayoshi
Nakawo, Role of supraglacial ponds in the ablation process of
a debris-covered glacier in the Nepal Himalayas, IAHS publi-
cation (Proceedings of international workshop on debris-cov-
ered glaciers)

21) Akiko SAKAI, Nozomu TAKEUCHI, Koji FUJITA, Masayoshi
NAKAWO, Role of supraglacia pond in the ablation process
of a debris-covered glacier, Annual Conference of Japanese
society of snow and ice

22) Nozomu Takeuchi, Glacial-biology in Himalayan Glaciers,
Seppyo: Journal of the Japanese society of snow and ice

23) Nozomu Takeuchi, Optical characteristics of surface dust (cry-
oconite) on glaciers: relationship between the light absorbency
and property of organic matter contained in the cryoconite,
Annals of Glaciology

24) Nozomu Takeuchi, Surface albedo reduction of snow and ice
by cryo-microbial activity: biological impact on Arctic cryos-
phere, Oceanographic Society of Japan/Spring meeting
Symposium

25) Nozomu Takeuchi, Shiro Kohshima, Kumiko Goto-Azuma,
Roy M. Korner, Biological characteristics of dark colored
material (cryoconite) on Canadian Arctic ice caps, Memoirs of
National Institute of Polar Research

26) Nozomu Takeuchi, Shiro Koshima, Effect of debris over on
species composition of living organisms in supraglacial lakes
on a Himalayan glacier, IAHS publication (Proceedings of
international workshop on debris-covered glaciers)

27) Nozomu Takeuchi, Kohshima, S., Shiraiwa, T., Kubota, K.,
Characteristics of cryoconite (surface dust on glaciers) and sur-
face albedo of a Patagonian glacier, Tyndall Glacier, Southern
Patagonia I cefield, Bulletin of Glaciological Research

28) Nozomu Takeuchi, Kohshima, S., Shiraiwa, T., Kubota, K.,
Biological investigation of Tyndall Glacier in the Southern
Patagonia lce Field - Biotic albedo reduction of the glacier sur-
face and biological analysis of ice cores, in Patagonia Ice
Field, Annual conference of Japanese Society of snow and ice

29) Nozomu Takeuchi, Kohshima, S., Effect of debris cover on
species composition of living organisms in supraglacial lakes
on a Himalayan glacier, International Workshop on Debris
Covered Glaciers

30) Fumio Nakazawa, K. Ohta, M. Nakawo, K. Fujita, S. Kohshima,
N. Takeuchi, Possibility on revealing environmental record with
amino acid in ice core, Annual Conference of Japanese society
of snow and ice

31) Tomoyuki Tanaka, Toshiro Saino, Takeshi Kawano, Effect of
El-Nifio Southern Oscillation Events on the Distribution of
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Isotopic Composition of Nitrate Nitrogen and Suspended
Particulate Nitrogen in the Western and Central Equatorial
Pacific, WPGM (2000Western Pacific Geophysical Meeting)

32) Nozomu Takeuchi, Shiro Kohshima, Katsumoto Seko, Structure,
formation, and darkening process of albedo-reducing material
(cryoconite) on a Himalayan glacier: a granular algal mat grow-
ing on the glacier., Arctic, Antarctic, and Alpine Research

33) Tomoki USHIYAMA, Heating distribution by cloud systems
derived from Doppler radar observation in TOGA-COARE
0P, International Conference on Clouds and Precipitaion

34) Kimpei Ichiyanagi, Atsushi Numaguchi, Kikuo Kato,
Relationship between stable isotopes in Antarctic precipitation
and El Nino-Southern Oscillation, Hydrological and water
resource society

35) Kimpei Ichiyanagi, Atusi Numaguti, Kikuo Kato, Temporal
variation of stable isotopes in Antarctic precipitation response
to El Nifio-Southern Oscillation, Year 2000 Autum meeting
Weather society of Japan

36) Kimpei Ichiyanagi, Atusi Numaguti, Kikuo Kato, Temporal
variation of stable isotopes in precipitation at Algentine Island
response to El Nifio-Southern Oscillation, The 23rd far area
climate and hydrological zone symposium

37) Tomoki Ushiyama, Hiroshi Seko, Kazuhisa Tsuboki, Kozo
Nakamura, Masanori Y oshizaki, Rain fall number experiment
for reappearance acutal rainfall system accord toARPS experi-
ment which oberserved at north Kiyushu areain July 17, 1997,
Meteorological society of Japan 2000 Spring meeting

38) Naoyuki Kurita, Atsuko Sugimoto, Atusi Numaguti, Kimpei
Ichiyanagi, Variation of the stable isotopes of snow over the
Siberia, The 23rd Symposium on Polar Meteorology and
Glaciology

39) Atsushi Sato, Konosuke Sugiura, Hiroshi Kubota, Japanese Title
Only, Snow and ice society of Japan in Tohoku branch meeting

40) Atsushi Sato, Konosuke Sugiura, Hiroshi Kubota, Heat bal-
ance at Taiga far areain Finland, Snow ice society of Japan in
Tohoku branch meeting

41) Hiroyuki Yamada, Hiroshi Ueda, Masayuki Maki, Koyuru
lwanami, The factor causes differance of growth convection
cell which compose snowfail and crowdfail, Meteorological
society of Japan (Poster setion)

42) Hiroyuki Yamada, Growth process of convection cell which
obseved by radar, Thel5th Meso weather research meeting

43) Kenichi Ueno, Hiroyuki Ohno, Kotaro Y okoyama, Y asuhiro
Kominami, Masahiro Hachikubo, Konosuke Sugiura, Atsushi
Sato, Testuo Ohata, Report of the workshop of solid precipita-
tion measurement in Japan, SEPPY OU (Journal of the Japanese
Society of Snow and Ice)

44) Shuichi Mori, Sodar: Boundary Layer Observation in West
Sumatra, BPPT One Day Seminar in Jakarta, Indonesia

45) Shuichi Mori, Katsuhiro Kikuchi, Hiroshi Uyeda, Observational
studies of Low Altitude Wind Shear (LAWS) formed in the lee
of mountains, Journal of the Meteorological Society of Japan

46) Shuichi MORI, Manabu D. Yamanaka, Seasona and Diurnal
Variations of Convective Activity Observed by Boundary
Layer Radar over West Sumatra, Indonesia, 2001 International
Workshoop on GAME-Tropicsin Thailand

47) Konosuke Sugiura, Norikazu Maeno, Kenji Kosugi, Takeshi
Sato, Atsushi Sato, Tetsuo Ohata, Distribution of saltation
lengths at different particle diameters in drifting snow,
The 2000 JSSI (Japanese Society of Snow and Ice) Conference

48) Konosuke Sugiura, Norikazu Maeno, Perticle size dependence
of horizontal snow mass flux in drifting snow, The International
Snow Science Workshop 2000

49) Konosuke Sugiura, Atsushi Sato, Hiroshi Kubota, Heat budg-
etsin ataigaforest, the Finnish Arctic, Ice and lifein Tohoku

50) Akihiro Hachikubo, Konosuke Sugiura, Akira Tanaka, Hideki
Oohara, Sinji Ikeda, Naoki Mizukami, Atsushi Sato, Report of
the International Snow Science Workshop 2000, SEPPY O
(Journal of the Japanese Society of Snow and Ice)

51) Hironori Yabuki, The development of the model which esti-
mates the precipitation from snow depth, Snow and ice society
of Japan whole meeting (poster setion)

52) Hironori Y abuki, Yuji Kodama, Tetsuo Ohata, A meteorologi-
cal observation in the Siberia Tiksi 2, Snow and ice society of
Japan whole meeting

53) Kazuyoshi Suzuki, Development of snowmelt model under
forest canopy and sensitivity study on albedo and air tempera-
ture, Year 2000 research press meeting of hydrological and
water resource society

54) Kazuyoshi Suzuki, Jumpei Kubota, Tetsuo Ohata, Soil temper-
ature and moisture in a forest drainage basin at the Mogot
experimental site, in south-eastern Siberia, Activity report of
GAME-Siberia 2000 GAME Publication

55) Kazuyoshi Suzuki, Jumpei Kubota, Tetsuo Ohata, Spatial vari-
ation in land covers, and water and energy cycle in Mogot
experimental watershed, south-eastern Siberia, Work Shop of
GAME-Siberiain domestic

56) Kazuyoshi Suzuki, Energy balance above forest canopy in
snowy regions, Snow and ice area and Climate research meeting

57) Kazuyoahi Suzuki, Takeshi Ohta, Tustomu Nakamura, Water
and energy balances above japanese red pine forest in snowy
and cold region, Japan, The 111th whole country meeting
Wood society of Japan

58) Jun-lchi HAMADA, Manabu D. Y amanaka, Tien Sribimawati,
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Intraseasonal variations of southern-hemispheric summer mon-
soon over Indonesia, Autumn symposium of Meteorological
Society of Japan

59) Jun-lchi HAMADA, Manabu D. Yamanaka, Jun Matsumoto,
Shoichiro Fukao, Paulus Agus Winarso, Tien Sribimawati,
Geographical and Interannual Differences of Rainy Season
over Indonesia, Journa of Meteorologica Society of Japan

60) Geng Biao, K. Tsuboki, T. Takeda, Y. Fujiyoshi, and H. Uyeda,
Evolution of ameso- a -scale convective system associated with
aMei-Yu front, Reno Area, Nevada, USA

61) Hatsushika hiroaki, Kim Yongwon, Long-range Transport
Simulation of Emitted Materials on Forestfire Experiment, 8th
Symposium on the Joint Siberian Permafrost Studies between
Japan and Russiain 1999

62) Hiroaki Hatsushika, Yongwon KIM, Long-range Transport
Simulation of Emitted Materials on Forestfire Experiment, 8th
Symposium on the Joint Siberian Permafrost Studies between
japan and Russiain 1999

63) Hiroaki Hatsushika, Yongwon KIM, Long-term Transport of
Gaseous and Particulate Materials by Forest Fire, FROSTFIRE
Synthesis Workshop: The Role of Firein the Boreal Forest and
its Impacts on Climate Processes

64) Kyuug-Hoon Shin, T. Hama, N. Y oshie, S. Noriki, S. Tsunogai,
Dynamics of fatty acids in newly biosynthesized phytoplankton
cells and seston during a spring bloom off the west coast of
Hokkaido Island, Japan, Marine Chemistry 1750 (2000)

65) Yongwon KIM, Noriyuki TANAKA, Effect of forest fire on
the fluxes of CO,, CH, and N,O in Alaskan boreal forest, 2000
AGU Fall Meeting

66) Yongwon KIM, Noriyuki TANAKA, Tempora Variation of
Fluxes of CO,, CH, and N,O in Boreal Forest, Alaska, 2nd
International Workshop on Global Change: Connection to the
Arctic

67) Yongwon KIM, Noriyuki TANAKA, Effect of Forest Fire on
the Fluxes of CO,, CH, and N,O in Borea Forest, Interior
Alaska, Japanese Oceanographic Society: Sympisoum Arctic
Biogeochemistry

68) Kim Yongwon, Noriyuki TANAKA, Variation of N,O and
CH, Fluxes through two Winter Seasons in sub-Boreal Forests,
Japan, Non-CO, Greenhouse Gases: Scientific Understanding,
Control and Implementation

69) Yongwon KIM, Noriyuki TANAKA, Effect of Forest Fire on
the Fluxes of CO,, CH, and N,O in Borea Forest Soils, Interior
Alaska, Journal of Geophysical Research/ 2000 Fall AGU
Meeting

70) Yongwon KIM, Noriyuki TANAKA, Tempora Variation of
Fluxes of CO,, CH, and N,O in Boreal Forest, Alaska, Bulletin

of Research Center for North Eurasia and North Pacific
Regions/ 2nd international Workshop on Global Change:
Connection to the Arctic

71) Yongwon KIM, Noriyuki TANAKA, Effect of Forest Fire on
the Fluxes of Trace Gases in a Boreal Ecosystem, Interior
Alaska, FROSTFIRE Synthesis Workshop: The Role of Firein
the Boreal Forest and its Impacts on Climate processes

(10) Planning Department International Affairs
Division
1) Tashiro, Shozo., Recently American Research Vessel, Japan
Deep Sea Technology Association

(11) Research Support Department

1) WATANABE MASAY UKI, MOMMA HIROYASU, Search
for the H-1I Rocket Flight No.8 and Recovery of the Engine,
Society of Naval Architects of Japan

2) Masayuki Watanabe, Hiroyasu Momma, Search & Recovery
of The H-1I rocket fright No.8 engine, TECHNO OCEAN
2000 International Symposium

3) Toshinobu Mikagawa, Tutomu Fukui, Kazuyoshi Hirata
(NME), 10,000m class deep sea ROV KAIKO and result of
underwater operation, TECHNO-OCEAN 2000 International

Symposium

(12) Computer and Information Office

1) Hideki Yamamoto (MWJ), Jun Naoi, Akira Sonoda, Jun Imai,
Kentaro Ohyama (MWJ), JAMSTEC Data Management
Activity -CTD data-, Japan Society for Marine Surveys and
Technology (poster session)

2) Toru Kodera (NME), Jun Naoi, Akira Sonoda, JAMSTEC
Data Management Activity -SeaBeam data-, Japan Society for
Marine Surveys and Technology (poster session)

3) Jun Naoi, Ocean observation data exchange at JAMSTEC,
Internet Workshop 2000-APAN Earth Monitoring WG

4) Jun Naoi, Akira Sonoda, Toru Kodera (NME), Hideki Y amamoto
(MWJ), Yozo Motegi (GODI), Hiroe Suzuki (ESTO), Outline
of JAMSTEC Data Management, Japan Society for Marine
Surveys and Technology

5) Jun Naoi, Hiroshi OCHI, Hideaki SAITO, Yasutaka AMITANI,
Toshio TSUCHIYA, Toshio OHYAGI (Toyo Corporation), Sea
Trial Results of a Cross Fan Beam Type Sub-Bottom Profiler,
Japanese Journal of Applied Physics, Vol.39, pp.3209-3211
Part 1, No.58

6) Youzo Motegi (GODI), Jun Naoi, Akira Sonoda, JAMSTEC
Data Management Activity -Air temperature data-, Japan
Society for Marine Surveys and Technology (poster session)
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Y oshiaki TOBA
Scientific Adviser to the President

Mikihiko MORI
Scientific Adviser to the President

Takashi OKUTANI
Scientific Adviser to the President

Hiroshi HOTTA
Scientific Adviser to the President

Toshiyuki NAKANISHI
Technological Adviser

Deep Sea Resear ch Department

Kiyoshi SUEHIRO
Director

No.1 Group

Wataru AZUMA
Senior Scientist

Jiro NAKA
Associate Scientist

Saneatsu SAITOH
Associate Scientist

No.2 Group
ToshiyaKANAMATSU
Hideaki MACHIYAMA
Hidenori KUMAGAI

No.3 Group

Takeshi MATSUMOTO
Associate Scientist

Ryoichi IWASE
Katsuyoshi KAWAGUCHI
Toshiya FUJIIWARA
Tadanori GOTOH

No.4 Group

Hitoshi MIKADA
Associate Scientist

Kenji HIRATA

Yuka SATOH

Narumi TAKAHASHI
Eiichiro ARAKI

Marine Technology Department

Toshisuke FUJITA
Director

No.1 Group

Masafumi NOGUCHI
Associate Engineer

Yasutaka AMITANI
Associate Engineer

Toshiaki NAKAMURA
Associate Engineer

Takao SAWA
Takuya SHIMURA
Hiroshi OCHI

No.2 Group

Taro AOKI
Senior Engineer

Kenkichi TAMURA
Associate Engineer

Satoshi TSUKIOKA
Takashi MURASHIMA
Tadahiro HY AKUDOME
Hidehiko NAKAJO

No.3 Group

YukihisaWASHIO
Associate Engineer

Hiroyuki OHSAWA

Ocean Observation and Research

Department

Masahiro ENDO
Director

No.1 Group

Keisuke MIZUNO
Senior Scientist

Y oshifumi KURODA
Associate Scientist

Kentaro ANDOH

Yuji KASHINO

Y asushi TAKATSUKI
Hideaki HASE

Kunio YONEYAMA
Masaki KATSUMATA

No.2 Group

Masao FUKASAWA
Senior Scientist

Akio ISHIDA

Yasushi YOSHIKAWA
Hirofumi YAMAMOTO
Takaki HATAYAMA

No.3 Group

Takatoshi TAKIZAWA
Senior Scientist

Kiyoshi HATAKEYAMA
Shinya KAKUTA

Koji SHIMADA

Takashi KIKUCHI
Shigeto NISHINO

No.4 Group

Ilwao NAKANO
Senior Scientist

Hidetoshi FUJIMORI

No.5 Group

Makio HONDA

Akihiko MURATA
Naomi KOBAYASHI
Hajime KAWAKAMI
Kazuhiko MATSUMOTO
Takeshi KAWANO

Y uichiro KUMAMOTO

Marine Ecosystems Resear ch

Department

Motohiko MOHRI
Director

No.1 Group

Mineo OKAMOTO
Senior Scientist

Hitoss YAMAGUCHI
Associate Scientist

Nobuo NARAKI
Associate Scientist
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Hitoshi NAKAMURA
Y asuo FURUSHIMA
Satoshi KATO
Tamano OMATA

No.2 Group

Jun HASHIMOTO
Senior Scientist
Toshimitsu NAKASHIMA
Associate Scientist

Takayoshi TOYODA
Associate Scientist

Junji KUROYAMA

No.3 Group

Katsunori FUJIKURA
Y oshihiro FUJWARA
Shinji TSUCHIDA

ODZ21 Program Department
Technology Research Group

Shin-ichi TAKAGAWA
Senior Engineer

Masanori KYO
Associate Engineer

Y oshifumi SHIBAMIYA
Associate Engineer

Kazuyasu WADA
Eigo MIYAZAKI
Yusuke YANO

Computer and Information
Department

Jun NAOQOI
Hideaki SAITOH

Mutsu I nsutitute for Oceanography
Naokazu AHAGON
Katsunori KIMOTO

Frontier Research Program for
Deep-sea Extremophiles

Koki HORIKOSHI
Director-General
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Program Director
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Toshio TAKAGI
Adviser

William D.Grant
Adviser

AkiraINOUE
Research Supervisor

Kantaro FUJIOKA
Head of Research Team

Mitsuko TANIMURA

Bilogical Response Research Team
Tetsuya MIWA

Hiroyuki KANEKO

Sumihiro KOYAMA

Metabolism and Adaptation Research
Team

Chiaki KATO
Head of Research Team

David Mclean Roberts
Adviser

Y uichi NOGI
Takahiko NAGAHAMA
Takako ITO

Genome Analysis Research Team

Kaoru TSUJII
Head of Research Team

Hideto TAKAMI

Kaoru NAKASONE

Fumiyoshi ABE

Tetsushi KOMATSU

Hideki KOBAY ASHI

Y oshihiro TAKAGI

Shigeru DEGUCHI

Nobuaki MASUI

Hisako HIRABAYASHI

Fumio INAGAKI

Ken TAKAI

JeLU

Rossitza Gueorguieva ALARGOV A
Dimitor Kostadinov ALARGOV

Akemi HIDESHIMA
Hanako OIDA
Mikiko TSUDOME
Hidemi UCHIYAMA

Frontier Research Program for
Subducion Dynamics

Takeshi YUKUTAKE
Director-General

Y oshiyuki KANEDA
Program Director

Asahiko TAIRA
Adviser
Kouichi UHIRA
Head of Research Team

Phill R.CUMMINS
Head of Research Team

Shuichi KODAIRA
Sub-Group Leader

Tetsuro TSURU
Sub-Group Leader

Satoshi HIRANO
Jin-Oh PARK

Seiichi MIURA

Ayako YAMADA
Masanori KAMEYAMA
Takamine HORI
Koichiro OBANA
Toshihiko HIGASHIKATA
Toshitaka BABA

Y ukari KIDO

Y ukiyo KOSUMI

Frontier Research System for
Global Change

Taro MATSUNO
Director-General

Shin-ichi ISHII
Executive Assistant to the Director-
General

Roger LUKAS
Adviser

Y oshihiro NISHIMURA
Adviser

Emi SUMIYA
YukaNAKAO
Satoshi HATTORI
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Japan Marine Science and Technology Center

Yuhri YASUNAKA
Chie HAYASHI
Harumi AKIBA
Keiko TAGUCHI
Chie MIKAMI
Akihiro SATOH
Naoko MOTOSUGI
Chiemi MATSUDAIRA
Y oshiko TAKEOKA
Junko KUBOTA
Chiharu BADA
Hanako IHARA
Hisayo TORII
Kanako SHIMADA
Takeshi MAEDA
Sayuri WAKAMORI
Eri OHTA

Climate Variations Research Program

Toshio YAMAGATA
Program Director

Hisashi NAKAMURA
Group Leader

YukioMASUMOTO
Sub-Group Leader

Hisashi FUKUDA
Takashi KAGIMOTO
Masato FURUY A

Hisashi OZAWA

Akiharu HONDA
YasumasaMIYAZAWA
Aya OKUZONO

Syozo YAMANE

Yoichi TANIMOTO
Swadhin Kumar BEHERA
Saji N. HAMEED

Ashok KARUMUEI
Anguluri Suryachandra RAO
Gang FU

Xinyu GUO

Alxexei IAREMTCHOUK
Yuko KANBE

Hidenori SASAKI

Kaori KITTA

Ruochao ZHANG

Hydrological Cycle Research Program

Tetsuzo YASUNARI
Program Director

Fujio KIMURA
Group Leader

Kumiko TAKATA
Sub-Group Leader

Masanori YAMASAKI
Sub-Group Leader

Rikiei SUZUKI
Kazuhisa TSUBOKI
Xieyao MA

Y asuhisa KUZUHA
Y asushi FUJI'Y OSHI
Takeshi YAMAZAKI
Taikan OKI

Naomi KUBA

Ken MOTOYA
Kozo NAKAMURA
Y oshiki FUKUTOMI
Kazuyuki SAITOH

Global Warming Research Program

Shukuro MANABE
Program Director

Yasuhiro YAMANAKA
Group Leader

Ayako ABE
Group Leader

Tatsuo MOTOI
Sub-Group Leader

Y oshiharu IWASA
Teruyuki NISHIMURA
Wataru OHFUCHI
Quanzhen GENG
Jun YOSHIMURA
Michio KISHI

Y oshikazu SASAI
S.Lan SMITH
Hyungmoh Y IH
Tomonori SEGAWA
Maki AITA

Atomospheric Composition Research
Program

Hajime AKIMOTO
Program Director

Masaaki TAKAHASHI
Group Leader

Takakiyo NAKAZAWA
Group Leader

Toshimasa OHHARA
Sub-group Leader

Yoshizumi KAJII
Sub-Group Leader

MisaSHIZAWA
Yugo KANAYA
Manish NAJA

Jun HIROKAWA
Masayuki TAKIGAWA
Prabir PATRA

Kazuyo YAMAJI

Ecosystem Change Research Program

Yoshifumi YASUOKA
Program Director

Toshiro SAINO
Group Leader

Sanae CHIBA
Kazuaki TADOKORO
Kugako SUGIMOTO

Integrated Modeling Research Program

Hirofumi SAKUMA

Deputy Program Director
Keiji TANI

Group Leader

Yoshio KURIHARA
Senior Scientist

Hirofumi TOMITA
Motohiko TSUGAWA
Yukio TANAKA

Feng XIAO

Hidemi MUTSUDA
Masaki SATOH

Seng Young YOON
Takayuki UTSUMI
Takashi NAKAMURA
Hue ZHUNG
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Kozo NINOMIYA
Tatsuo SUZUKI
Shinji MATSUMURA

Program for Geochemical Evolution

Y oshiyuki TATSUMI
Program Director

Yoshihiko TABATA
Group Leader

Kazunori SHINODUKA
Hiroshi SYUKUNO
Masatoshi HONDA

Research at the International
Pacific Research Center (IPRC)

Fumio MITSUDERA
Group Leader

Takuji WASEDA
Tomohiko TOMITA

Research at the International
Arctic Research Center (IARC)

Motoyoshi IKEDA
Group Leader

Roger COLONY
Group Leader

JiaWANG
Sub-Group Leader

Hideaki KITAUCHI
Hiroshi TANAKA
Shoshiro MINOBE

Koji YAMAZAKI

Y oshihiro TACHIBANA
Masayuki TAKAHASHI
Tsuyoshi WAKAMATSU
Jun TAKAHASHI

Kyoko IIDUKA

Frontier Observational Research
System for Global Change

Hiroshi HOTTA
Director-General

Mitsuo HAYASHI
Executive Assistant to the Director-
General
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Shota SASAOKA
Yumiko KATOH
Ikuko NARUSE
Masae Y OSHIDA

Climate Variations Observational
Research Program

Kensuke TAKEUCHI
Program Director

Alexander G. OSTROVSKIY
Group Leader

Hiroshi ISHIDA
Sub-Group Leader

Arata KANEKO
Sub-Group Leader

Ryuichi SHIROOKA
Sub-Group Leader

Naoto IWASAKA
Sub-Group Leader

Toshio SUGA
Sub-Group Leader

Hisayuki KUBOTA
Masanori KONDA
Jingyang CHEN
Taiyo KOBAYASHI
Eitaro OKA

Kaoru ICHIKAWA
Ichiro YASUDA
Xiao HuaZzHU
Takashi TYUDA
Jae-Hun PARK

Qin JANG

Hiroshi MATSUURA
Y asuko ICHIKAWA
Motoki MIYAZAKI
Chan-Su YANG

Hydrological Cycle Observational
Research Program

Hiroshi UEDA
Group Leader

Manabu YAMAGATA
Group Leader

Tetsuo OHHATA
Group Leader

Atsushi NUMAGUCHI
Sub-Group Leader

Hironori YABUKI
Sub-Group Leader

AkiraWAKATA
Sub-Group Leader

Tsutomu KADOTA
Sub-Group Leader

Biao GENG
Sub-Group Leader

Jun-ichi HAMADA
Tomoki USHIYAMA
Shao-Fen TIAN
Kohnosuke SUGIURA
Kazuyoshi SUZUKI
Hiroyuki YAMADA
Takeshi OHTA
Junpei KUBOTA
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Shu-ichi MORI
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Research at the International
Arctic research Center (IARC)

Noriyuki TANAKA
Group Leader
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Y ougwon KIM
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Tomoyuki TANAKA
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Administration Department

Takeaki MIYAZAKI
Director

Yasuo TANAKA

Deputy Director
Koji KITAGAWA

Administration Division Manager
Yasushi TAYA

Public Relations Division Manager

Hiromasa TACHIBANA
Personnel Division Manager

Katsumi SAKAKURA
Safety Control Division Manager

Finance and Contracts Department

Shin-ichi TAKAYAMA
Director

Nobuharu OMOTE
Deputy Director

Tomio SAKAMOTO
Finance Division Manager

Masao OKUYAMA
Accounting Division Manager

Yoshiharu FUJISAKI
Contracts Division Manager

Planning Department

Eiji URUSHIHARA
Director
Hitoshi HOTTA
Planning division Manager
Masao WADA
International Affairs Division
Manager
Eiichi KIKAWA
Japan Marine Science and

Technology Center Washington
Office

Haruyuki IWABUCHI
Program Management Division
Manager

OD21 program Department

Hiroshi FUJITA
Director

Takeo TANAKA
Coordination Division Manager

Frontier Research Promotion
Department

Naoki INOUE
Director

Hiroshi INOUE
Research Program Planning
Division Manager

Hajime NISHIMURA
Research Program Management
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Research Support department

Mishihiko KATOH
Director
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Deputy Director
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Facilities and Equipment Division
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Ship Operations Division Manager
Katsura SHIBATA
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Submersible Operations Team
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Operation Manager
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Deputy Operation Manager

Shin-ichi SUZUKI
Haruhiko HIGUCHI

Y oshitaka SASAKI
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Tetsuji MAKI
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Tsuyoshi YOSHIUME
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Masanobu Y ANAGITANI
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Department

Toshio TSUCHIYA
Manager

Mutsu I nstitute for Oceanography
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Director

Ken-ichi TAKAHASHI
General Affairs Division Manager
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Manager
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