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Japan Agency for Marine-Earth Science and Technology
(JAMSTEC) started to pursue a new path as a national research and
development agency on April 1, 2015. In addition to research and
development projects, which we have promoted autonomously,
we aspire to create new value and achieve innovation from the
oceanographic perspective so as to contribute to opening up the
future of Japan as an oceanic country.

This year marks the 25th anniversary of Shinkai 6500 and the 10th
anniversary of the completion of Chikyu and establishment of Kochi
Institute for Core Sample Research. We held many events in relation to
these anniversaries.

Chikyu was engaged in a drilling project commissioned by the
government of India, in which researchers at JAMSTEC also
participated. The project was a success.

In 2016, the wide-area submarine research vessel Kaimei will
finally enter service. Kaimei is an excellent vessel featuring new
functions. We need to utilize it to the fullest extent not only in
scientific research but also in other fields. In line with Kaimei's
troduction, Natsushima and Kaiyo will be decommissioned
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due to aging. It is difficult to say farewell to those vessels, but
fortunately Natsushima will start serving a new mission.

Public expectations for JAMSTEC are becoming higher as research on
environmental change in the Arctic Ocean and research on biospheres
in extreme and underground environments are entering a new phase.
There is also a strong social demand for clarifying the details of the
mechanisms of global warming and examining its countermeasures.
Furthermore, it is necessary to sophisticate disaster prevention and
reduction measures through natural disaster predictions. It is important
for us to propose national policies that may define Japas'future as
we promote research and development. This is exactly where we will
contribute to innovation.

In order to achieve these visions, we must tap into the power of science,
technology, operation, management, and networking. We will firmly
take steps forward without hesitation as we address various issues while
strengthening the network with relevant companies, universities, and
organizations.

We would deeply appreciate your continued support, understanding
and encouragement.

EFRR R A A BT R
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Japan Agency for Marine-Earth
Science and Technology

president Asahiko Taira
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Overview of the Japan Agency for Marine-Earth Science and Technology

1.0verview

The vital role of the Japan Agency for Marine-Earth Science and Technology
(JAMSTEC) is to create scientific knowledge of global environmental changes,
particularly the marine environment, that affect human society in a variety
of ways. To fulfill this role, JAMSTEC considers the ocean, Earth, and life as
integrated components of a single system and identifies patterns of various
processes viewed at different temporal and spatial scales. By doing so, we aim to
understand the ocean, Earth, and life systems as a whole and promote R&D that
contribute to solving issues of humankind and to the sustainable growth and
prosperity of Japan.

2.Personnel

The total number of employees has remained at almost the

same level from last fiscal year (from 1076 to 1074). Looking at the composition
by job category, both researcher and technician categories saw a decrease in the
number of fixed-term employees (researchers: from 275 to 224; technicians: from
153 to 133) and an increase in the number of regular employees (researchers:
from 80 to 130; technicians: from 95 to 117).

3.Budget

The following bar chart illustrates changes in JAMSTEC's budget over the past
five years. While the amounts of subsidies JAMSTEC receives to cover facility
maintenance and shipbuilding expenses vary from year to year, the amounts of
operational grants are decreasing every year. Thus, JAMSTEC needs to increase
operational efficiencies and acquire research funding from more diverse external
sources.

Figure 1. Personnel distribution (as of March 31, 2016)
Figure 2. Changes in the budget amount
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4.External research funding

The number of projects that acquired external research funding continued to
grow, although the amount of such funding acquired has slightly decreased from
the previous fiscal year. In FY2015, we carried out some new research projects
solicited from the public with a view to sharing our research achievements for
the common good, including projects based on specific political measures and
projects that are intended for social implementation.

5.Partnership agreements

JAMSTEC is working on education and research under cooperation with
universities and research institutions, etc. In FY2015, we concluded the following
partnership agreements.

ESIRRRFEEN B R RRFARIE T2/ R EFE FR
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BB #hi5E
AR H16.11.26
KEKE H18.7.27
BMRAAR - EBIEMERHEE (JOGMEC) H19.7.23
MEXRE - EERIKE H19.8.6
EEBMBAHRM (AIST) H20.3.7
REEFRP H21.3.18
BARSHtEY2— H21.41
EREL RSP H22.1.27
AR TBREATRREEBH o4 — H23.7.12
FEHMERRMAEEE (JAXA) H24.2.6
ALK H24.10.16
MEXZE H24.12.20
FOFNR—0itERES - BATRAEMISEHERE | H25.5.31
IR H25.9.5
REELHASH - BE™ H25.10.10
bAEEST T H26.3.27
SRR H26.3.28
LmEXRF H27.9.1
AFIEKXE H27.9.24
RERE H27.10.15
BRNRIBENPEEFIR H27.2.5
KEBRERREL 22— H27.2.17

5. e %

- Partnership agreement with Hokkaido University (September 1, 2015)
- Partnership and cooperation agreement with Hachinohe Institute of

Technology (September 24, 2015)

- Comprehensive partnership agreement with Kyoto University (October 15,

2015)

« Partnership and cooperation agreement with Kanagawa Prefectural Marine

Science High School (January 19, 2016)

- Comprehensive partnership agreement with the Japan Fisheries Research and

Education Agency (February 17, 2016)

Figure 3. Changes in the amount of external research funding acquired
Figure 4. Agreement signing ceremony
Figure 5. List of research and educational partnerships
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. EH%EBFH Research Sector
[ ﬁﬁmgﬁﬁ%%%%ﬁﬁk Strategic Research and Development Area ]

— IKIRIBER AT SR > 9 —

Research and Development (R&D) Center for Global Change (RCGC)

— R R I —

Research and Development (R&D) Center for Ocean Drilling Science (ODS)
— R B SR AR Y —

Research and Development (R&D) Center for Earthquake and Tsunami (CEAT)
—BFEGETRMRERE T Y—

Research and Development (R&D) Center for Marine Biosciences

— BEERMERFAE T Y—

Research and Development (R&D) Center for Submarine Resources

— 7 )r—3> TR

Application Laboratory (APL)

— RURZE) ) RVIEREIE SO T RN F—A

Project Team for Risk Information on Climate Change

— REREFERREEB@EIT O 7h—A

Project Team for Analyses of Changes in East Japan Marine Ecosystems

—tRRBEREREHTR T Y-

Institute of Arctic Climate and Environment Research (IACE)

[ HeFhff27581, Basic Research Area ]
— AUBFEEERMEDE

Department of Coupled Ocean-Atmosphere-Land Processes Research (DCOP)
— kR BB BRI T D EF
Department of Environmental Geochemical Cycle Research (DEGCR)
— RENUIEZE AT D
Department of Integrated Climate Change Projection Research (ICIiP)
— = AL AR TR E D EF
Department of Seamless Environmental Prediction Research (DSEP)
— HOERRERS 1 =0 AR D EF
Department of Deep Earth Structure and Dynamics Research (D-EARTH)

— HIERAER E BRI 5T 0 2

Department of Solid Earth Geochemistry (DSEG)
— SR R D B

Department of Marine Biodiversity Research (BIO-DIVE)
— A - HRRAEY B D B

Department of Subsurface Geobiological Analysis and Research (D-SUGAR)
— EYPIIR LRI R BF

Department of Biogeochemistry
— ¥OERLF - SRR D B

Department of Mathematical Science and Advanced Technology (MAT)
B F IR A A SR SR 0 B

Laboratory of Ocean-Earth Life Evolution Research (OELE)

& DRZRPT

Mutsu Institute for Oceanography (MIO)

SR 7R

Kochi Institute for Core Sample Research (KOCHI)
TS HEES

Research Support Department

. F;:ﬁ% ° E m EBFa Development and Operation Sector
[ :ﬁ:éﬁI?t y 9 __Marine Technology and Engineering Center]
3y

(MARITEC)

— (EEEE=E

Planning and Coordination Office
— BRI R FE S

Marine Technology Development Department
— BTSSR

Research Fleet Department
—EFM MRS RE

Research Vessel Construction Office

| HERfEmEE Y9 —

— EEREE
Planning and Coordination Office

— Joim BRI ZT R ED

Advanced Earth Information Research Department

— G IR BRI 7 R FEER
Geoinformatics Research Department
— 1B AT LS
Information Systems Department
— HEBR B R SR
Data Management and Engineering Department
—EREFRRERTI—
Global Oceanographic Data Center (GODAC)

| I RmRE 9 —

— (EEEEEE

Planning and Coordination Office
— EEFEER

Operations Department
— P AT EB

Technology Department
RIS iE

Science Services Department
—RIBERZ I

Health, Safety and Environment (HSE) Group

Luﬁﬁﬁﬁéﬁﬁﬁﬁmﬁ%ﬁﬁfuﬁzﬁ&—b]

Project Team for Development of New-generation Research Protocol for Submarine Resources)

Center for Earth Information Science
and Technology (CEIST)

Center for Deep Earth Exploration
(CDEX)

[%@E%EmﬁmﬁﬁjmyzﬂﬁﬁdA ]

(Project Team for Climate Change Adaptation Technology)

. ﬁg%iﬂgBFﬁ Administration Sector

— REREL
Planning Department
— K875
General Affairs Department
— A
Human Resources Department
— RRIRER
Finance and Contracts Department
— ERHES
Cooperation and Partnerships Department
— [LFREB
Public Relations Department
—ZE - RIREEE
Safety and Environment Management Office
- EEE
Audit Office

SBEFRERRAMA N — 23 U HEERER

Innovation Promotion Office via Marine-Earth Science and Technology
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7.1;5@%& hd Egﬁ Research Facilities

5§7kﬂ'a°ﬂﬁ*% ‘ Submersible and Underwater Vehicles

Deep-Sea Drilling Vessel
CHIKYU

Length: 210 m

Gross tonnage: 56,752 tons
Complement: 200 persons
Commissioned: 2005

Research Vessel

NATSUSHIMA (Retired in 2016)

Length: 67.3 m

Gross tonnage: 1,739 tons
Complement: 55 persons
Commissioned: 1981

Research Vessel

Manned Research Submersible
SHINKAI 6500

Depth capability: 6,500 m
Complement: 3 persons
Length: 9.7 m

Dry weight: 26.7 tons

Remotely Operated Vehicle
KAIKO

Depth capability: (Launcher) 11,000 m
(Vehicle (Mk-IV)) 7,000 m

Length/dry weight: (Launcher) 5.2 m/5.8 tons
(Vehicle (Mk-1V)) 3.0 m/5.5 tons

3,000 m class ROV
KAIY O (Retired in 2016) HYPER-DOLPHIN
Length: 61.5 m -
Gross tonnage: 3,350 tons Depth capability: 4,500 m
Complement: 60 persons Length: 3.0 m

Commissioned: 1985

Dry weight: 3.8 tons

Support Vessel Deep Sea Cruising AUV
YOKOSUKA URASHIMA
Length: 105.2 m Depth capability: 3,500 m
Gross tonnage: 4,439 tons Length: 10.0 m

Complement: 60 persons
Commissioned: 1990

Deep Sea Research Vessel

Dry weight: 7.0 tons

Autonomous Underwater Vehicle

KAIREI JINBEI

Length: 106.0 m N

Gross tonnage: 4,517 tons Depth capability: 3,000 m
Complement: 60 persons Length: 4.0 m

Commissioned: 1997

Oceanographic Research Vessel
MIRAI

Length: 128.5 m

Gross tonnage: 8,706 tons
Complement: 80 persons
Commissioned: 1997

Research Vessel

Dry weight: 1.7 tons

Autonomous Underwater Vehicle
OTOHIME

Depth capability: 3,000 m
Length: 2.5 m
Dry weight: 0.85 tons

Autonomous Underwater Vehicle

KAIMEI YUMEIRUKA
Length:100.5 m Depth capability: 3,000 m
Gross tonnage: 5,747 tons Length: 5.0 m

Complement: 65 persons
Commissioned: 2016

Research Vessel

HAKUHO MARU

Length: 100.0 m

Gross tonnage: 3,991 tons
Complement: 89 persons
Commissioned: 1989

Research Vessel

SHINSEI MARU

Length: 66.0 m

Gross tonnage: 1,635 tons
Complement: 41 persons
Commissioned: 2013

Dry weight: 2.7 tons

i ] | other Facilities

——

Earth Simulator
(Yokohama Institute for Earth Sciences)

Number of Processors: 5,120
Number of cores: 20,480

Peak quality: 1.31 petaFLOPS

Main memory capacity: 320 terabytes

Core Repository
(Kochi Institute for Core Sample Research)

JAMSTEC 2015 Annual Report (G
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[ 2/ MOU]
Australia The Commonwealth Scientific and
Industrial Research Organization

Brasil University of Sao Paulo

Germany Alfred Wegener Institute, Helmholtz
Centre for Polar and Marine Research

Indonesia The Agency for Meteorology,
Climatology and Geophysics

New Zealand GNS Science International Limited

Taiwan National Applied Research
Laboratories

UK National ~ Qceanography  Centre/
University of Southampton

USA Columbia University Lamont-Doherty
Earth Observatory

[4t Iilﬁf%‘{/lmplememing Agreemen t]

Australia Geoscience Australia

France IFREMER

Indonesia The Agency for Meteorology,

Climatology and Geophysics
USA J. Craig Venter Institute
Russia Institute  of  Volcanology  and
Seismology of Far Eastern Branch of
Russian Academy of Sciences
Thailand Faculty of Science, Mahidol Univ.
Palau Palau Community Collage

1.0 27 FEICHERE SN MOUIA

8.International Cooperation

In order to contribute to efforts to unravel such issues as global environmental
change, including climate change, and to promote more effective and efficient
ocean observation and research, JAMSTEC promotes international joint projects,
and builds and maintains good cooperative relationships with United Nations
bodies and other international organizations, as well as overseas research
institutions.

1) Contribution to Multilateral International
Cooperation

In relation to the Intergovernmental Oceanographic Commission (I0C) of the
United Nations Educational, Scientific and Cultural Organization (UNESCO),
JAMSTEC established the Japan Group of Experts to Advance IOC Programs as its
internal body to examine IOC-related activities in Japan. JAMSTEC has also sent
experts to relevant international meetings to study international trends, which
we need to understand for supporting IOC-related activities and implementing
ocean observation and research in a smooth manner. Moreover, JAMSTEC has

HRIOHLEULLBMT 2 HIKERICRETI2BMEEE
(GEO) I22W\WTHE, 128K s (AF>a0 11A) IT&ml. &
BEOHREFHRBEDRRAZ—BRPYI— LI F v —ETL
EHAEOHIRBAICHIIT2EHME S L REEBRMERICTE—
JWLE LT

O, 5% OBRINERECOFEHIRICET 2ERM GRS
Bigd ISR ZEIEH A2 1 BEESE (COP21L 1A 12
B). TRZEECRITZBUEF™R/ L (IPCO EMRaE] (7L
VR 5A). TEMEEMN L ERRY —ERICET 2 BATEERF-IK
/T 5w T+ —L (IPBES) FBRHIEPIR/ \XILI (CEPIRZIRE L
TNTNOERVEHCEMLE LT,

2) BNRAREEFLOWHN

T2 7 FEIBAAEEBEEF OB N ZED. KIDOHEEED
WHANHD B EDHIZ L ZFTWE LT,
Ffe. KEEFATT (NOAA) EOMOUILE DS EHREZHRR

JAMSTEC has MOUs and IAs with Organizations in 18 countries

FR27EERICE T HERGRE. HRAMEOFERKIR (195 E. 60H#E)

As of March 31, 2016

MOU only: 15 institutes. 2 consortums

DOl or LOI enly: 4 institutes

MOU and 1A 9 institutes.

1A only: 20 institutes

B Countries with Bilateral Agreement on Science and Technology Cocperation with Japan

2R 27 FERITHIT DEEIGE. HEARDMEERT

also continued with the secondment of its staff member that started in FY2013.
At the twelfth plenary meeting of the Group on Earth Observations (GEO),
an intergovernmental body comprised of more than 90 countries, which was
held in Mexico in November 2015, JAMSTEC demonstrated to the international
community Japan's
contributions and its presence in the field of Earth observation through posters
and short lectures on our research achievements.
Moreover, JAMSTEC has also sent experts and made contributions to the efforts
of the 21st yearly session of the Conference of the Parties (COP) to the United
Nations Framework Convention on Climate Change (COP21) (France, December),
which aimed at forming an international agreement on the future global
warming and CO, emissions reduction measures, the expert meeting of the
Intergovernmental Panel on Climate Change (Ireland, May), and the international
expert panel of the Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES).

Figure 1. Concluded MOU and IA in FY 2015
Figure 2. JAMSTEC has MOUs and IAs with Overseas Organizations in 19 countries
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2) Cooperation with Overseas Research Institutions

In FY2015, JAMSTEC promoted cooperation with overseas research institutions
and signed the following partnership agreements.

JAMSTEC has also promoted its efforts to strengthen cooperation with relevant
organizations, such as holding regular meetings with the US National Oceanic
and Atmospheric Administration in Tokyo to discuss the promotion of research
cooperation between the two institutions.

3) International Projects

As a member of international research projects, including the International
Ocean Discovery Program (IODP), Argo Program, and World Climate Research
Programme focusing on the variability and predictability (CLIVAR), JAMSTEC
participated in and hosted various research meetings, and it carried out
observation and investigation activities under international research plans.

ESIARRFEEN B FRRRFARIE T2/ R EFE TR

HPED)V - TRATARZIEBRIVMAIVAE Ab - ITA0R 2>
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4) Others

JAMSTEC hosted the 17th Annual Meeting of Partnership for Observation of the
Global Oceans (POGO-17), an international forum that major marine research
institutions participated in, held in Yokohama in January 2016 (supported by
the Yokohama City Government).

Moreover, we were honored to have many visitors at JAMSTEC, including the
President of the Istituto Nazionale di Oceanografia e di Geofisica Sperimentale
(OGS) (Italy) and her team, Mr. Gonzalo Benito, Ambassador of Spain in Japan,
Mr. Francisco Xavier Esteves, Ambassador of Portugal in Japan, Mr. Datuk
Madius Tangau, Minister of Science, Technology and Innovation of Malaysia, and
Mr. Hans-Otto Portner, Co-Chair of Working Group Il of the Intergovernmental
Panel on Climate Change (IPCC).

Figure 3. Argo Steering Team Meeting held at Yokohama Institute for Earth Sciences (YES)
Figure 4. POGO-17

Figure 5. Y.B. Datuk Madius Tangau, Minister of Science, Technology and Innovation (right), and Dr. Asahiko Taira, President of JAMSTEC
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Research and development of submarine resources

Overview

In recent years, various submarine resources, including submarine
hydrothermal deposits, cobalt-rich crusts, REY-rich mud, and methane
hydrate, have been discovered in the seas surrounding Japan, which has the
world’s sixth largest exclusive economic zone. For the sustainable utilization
of such resources, JAMSTEC addresses the following initiatives.

(i) Quantification of various elements concerning the formation process of
the submarine resources through oceanographic surveys and laboratory
experiments using the latest survey and analysis techniques, establishment of
a formation model, and determination of the causes of the formation of such
resources

(i) Establishment of efficient survey methods using advanced sensor
technologies and various platforms for wide-area surveys on the seafloor,
such as research vessels, manned research submersibles, remotely operated
vehicles, etc.

(iii) Surveys and studies for establishing new environmental impact
assessment methods

(iv) Reinforcement of cooperation with other research institutions, universities,
and private companies and promoting technology transfer to private
companies so that developed technologies can be immediately utilized in
practical offshore surveys

In order to promote the above initiatives in an efficient manner, we
specifically set the following four sub-topics.

(i) Clarification of the generation mechanism of submarine hydrothermal
deposits and establishment of survey methods based on such study

(i) Clarification of the generation mechanism of cobalt-rich crusts and REY-
rich mud and establishment of methods for discovering high-quality mineral
deposits based on such study

(iii) Clarification of the generation mechanism of submarine hydrocarbon
resources and research on continuous carbon and energy cycles

(iv) Establishment of environmental impact assessment methods
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Major achievements

1) Clarification of the generation mechanism of
submarine hydrothermal deposits and establishment
of survey methods

We are working on the clarification of the origin and formation process of
submarine hydrothermal deposits through investigations into the circulation
system and distribution (scale) of submarine hydrothermal activities. We are
also engaged in the studies concerning submarine hydrothermal system
investigation methods and the utilization of hydrothermal vents.
(Technological development for field observation of hydrothermal activities)
We succeeded in developing a voltammetric sensor for sensitive detection
of mercury as an field observation technique which is necessary for
understanding of elemental behaviors around hydrothermal activity areas.

By installing this sensor on under-water vehicles such as AUV or ROV, it is
expected to capture chemical reactions slightly progressing in underground
minerals that could not be easily identified with conventional observation

techniques and leads to a discovery of high-grade minerals.

Moreover, we have been developing a device for long-term monitoring of
hydrothermal activities as a platform for obtaining basic data and in this fiscal
year, we successfully installed our newly developed device at an artificial
hydrothermal vent (a hole drilled in a survey, from which heated water issues)
at the lheya North Knoll in the Okinawa Trough.

It is expected that we will obtain some new findings about factors in genesis
of hydrothermal activities in or after the next fiscal year.

2) Clarification of the generation mechanism of cobalt-
rich crusts and rare earth mud

(Collection of detailed topographical data for Takuyo 5th Seamount and
surveys on deep-sea cobalt-rich crusts)

It is known that the sea areas surrounding Minamitorishima (Marcus Island),
which is located about 1,800 km southeast of Japan, are covered by cobalt-
rich crusts (hereinafter referred to as the “crusts”), but no survey has yet been

Figure 1. hydrothermal vent and a monitoring device for a long-term observation of hydrothermal activities
Figure 2. Utilization image of the deep-sea mercury sensor By installing the sensor on the AUV, etc., it will be able to detect a tiny amount of mercury spreading in

the seawater around hydrothermal deposit and lead to a discovery of submarine deposits.

Figure 3. Distribution of cobalt-rich crusts on the slopes of Takuyo 5th Seamount and a picture from the seafloor at

around 5,500m depth

JAMSTEC 2015 Annual Report ()
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conducted to study their precise depth-wise distribution.

Therefore, JAMSTEC carried out intensive surveys on seafloor topography and
collected samples in this area through two survey cruises.

In these surveys, the detailed topographic data of Takuyo 5th Seamount
was collected with the AUV Urashima in 20m resolution using a multibeam
echosounder. The results revealed the relationship between the landform and
the occurrence of the crusts (thickness and width).

Moreover, a survey with the ROV Kaiko Mk-1V confirmed that the deep-sea
area at a depth of 5,500m below the sea surface is also entirely covered
by the crusts. This clarified that there is no significant difference between
different depths in the thickness of the crusts and the conditions of slopes,
which affect the volume of crusts, while the configuration of the crusts and
accumulated elements vary in different depths.

In the future, we will explore the concentration and accumulation process
of the crusts so that we can contribute to the discovery of new high-quality
mineral deposits.

3) Clarification of the generation mechanism of submarine
hydrocarbon resources and research on continuous carbon
and energy cycles

With a view to contributing to the establishment of a continuous carbon
and energy cycle for the future, JAMSTEC researchs the subseafloor carbon
cycle systems and the Earth’s ecological process of converting carbons to
resources and energy in order to understand the formation mechanisms of
hydrocarbon resources, including natural gas, coal, and methane hydrate.
(Discovery of the world’s newest species of subseafloor microbial
communities and the margin of the biosphere)

During IODP Expedition 337 titled “Deep Coalbed Biosphere off Shimokita”
using the deep-sea drilling vessel Chikyu, we took samples of sediments
containing coal beds to a depth of about 2.5km below the seafloor 80km off
the coast of Hachinohe City, Aomori Prefecture. As a result of analyzing these
samples, we found that there is a heterotrophic microbial ecosystem similar
to the one in the terrestrial environment and that the production of methane
is occurring through carbon dioxide reduction reactions even in the deep-sea
environment about 2.5 km beneath the seafloor.

In addition, we collected lignite seam samples at about 2 km beneath
the seafloor using a down-flow hanging sponge (DHS) bioreactor. Using
these samples, we succeeded in enrichment culture and simple separation
of subseafloor microbial communities, which are involved in methane
production at the world's deepest spot.
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We further plan to conduct genomic analyses on these microorganisms along
with the methane bacteria separated from the sediments taken from the
shallow parts below the seafloor at the same spot.

4) Establishment of environmental impact assessment
methods

With a view to developing cutting-edge environmental impact assessment
methods utilizing habitat mapping, distribution estimation, and ecosystem
model analysis, JAMSTEC collects survey data on the current status of and
changes in ecosystems in various sea areas, while producing observation
equipment with the latest technologies for highly accurate observations and
introducing advanced techniques, such as environmental metagenomics.
(Efforts for establishing analysis methods for ecological assessments)

We constantly monitored biological communities near the artificial thermal
vent at the lheya North Knoll in the Okinawa Trough which was installed
scientific drilling by the deep-sea drilling vesselChikyu. Based on the results,
we created habitat maps to plot biological distributions and environmental

fEHID 5 DREREEFE [A)

6. ATEVNELILEDDEEZL

conditions, and analyzed the formation process of and changes in biological
communities. Moreover, we analyzed the characteristics of the distribution of
benthos communities based on environmental data (coverage by the bottom
sediments, bacterial mats, water temperature, etc.) (Nakajima 2015) and
created a provisional general linear model for estimating populations based
on environmental factors.

The results of this study suggest that organisms move to another spot
immediately after a change in hydrothermal activities and rebuilt a
community at their destination. This finding provides us with an insight into
the process of the formation of an ecosystem in hydrothermally active areas.
The results of this survey enriched our knowledge on ecological stability and
resilience, and will contribute to the establishment of methods for monitoring
biological communities’ reactions to environmental variations.

Figure 4. (A) Carbon and hydrogen isotopic composition of methane and index value for the temperature at which methane is generated obtained by the clumped isotope analysis of methane, and
(B) depth profile showing the methane/ethane ratio and carbon isotope composition of CO;, based on the survey on the coal bed biosphere off the coast of Shimokita-Hachinohe. The depth of the
sediment and local temperature are shown as the Y axes in (A) and (B). These profiles show that methane is produced through carbon dioxide reduction reactions of the local microbial ecosystem even

in the deep-sea environment about 2.5 km beneath the seafloor.
Figure 5. The figure above: Distribution Transition of Shinkaia crosnieri
Figure 6. The figure below: Temperature change around the artificial hydrothermal vents

JAMSTEC 2015 Annual Report (B



TR H O K- R LLE G 9 O Mel e O R SR

KFRECIE. ABITESTREDFRECHHMBIRRDRIBHEEDRARICHII T, BF - AR - EEICH T DB DREZ EHITIRR.
HWIKRIEE S Z HENICERL. FREDBVFAZTVEY, [UREE. MEBERR. BFEEROE(L - BHICEIHHERET—2%
IVEE - BFE - DL, HERRIBOZEC OV CIENICERETBLLEIC. BDPEDIRENOXEE ML ET, [UREENIBITHEAFRE/ N\
FIV (IPCO) FDEBRNGEHRENBIZN G R ERM T HILICIIBBEEDNEDERNT L€ ADH EZBIELET,

O HHERIRZS DR E TR D D DE RS

HEKIRIBER B ZREHICIER - TRIT ST odlc. AEMERD. BRI 1. FRET 1 S0ORBRM® 4 X7or T —2EMEEM7ZER L T
ARREBFDEEIER BFER PREFORER. BFERRICET R4 G EAIRZRIEL MEKERIRDZ(L R Z [FHEICIEZ & T,

@ HIERZKE T H 1 B EEIRR

ARREBRE - MREEDARIRNM, EHERRDLENHES. E—BREOERXBEPAIHENEDKZEBNHESDZHRE
HICEBRY BTesdlc. HIERKREICHIFBMERUV IRIVF—DRERLT ICEFERRDOBERUHEDES ZNL. TholiEE.

AP ABEEDERZERSMNLET,
O HIRRIBEEH T ADBELELH

fEH - BATMICRECABIRRKROKRANGTFAZBEL T ¥ —

LLABREFAVATLZBRTDEEDIC. 2RERBETIV

(NICAM) ZEEftL. FROGEEZM EEEET, Fie. (LF - EMEREZSCRBEETIV ERZRATLETIV) ZAL. ABE
BN MIERIRIED (LI 5EASHEDFHE P BALRDORUBRES DMRZTVE T,

GLOTAL Ul SIUSWASIYDY 3]qeloN pue sdidoj Jo sauinQ

FHER
1) MBRIRIREENDIERLE TR DT
HOERIEAZE
(T =—ZaBROFAH T EER)
FARIREGEAT —25mallcr—4
YOS IV -3 RROEEICER
AT —BEBDEH T XV F—HEHE
HRETEBL WS EABESMNILE LT,

K EDZ NI

ZTOMBERIANDTET, T)V=—=3
DEFXDSDFAEENIAE<HELE 1FF
AITHKO. 6°CHIT—ER) THTLHRIT LD
LELTe R REFRICKKROIY
T TEBRUANSNZTETHRE. BE.
BOTHSRPETEND
BROHFINET,

(UBERIRZ BRI DHEHE)
WFACRIIE, R FeBRS CORFIR

ETLERRNDEENBRIEN.
Lo, MREADTURPRIBICKEGZE
EHEZBEBHESNITIEOTVET, &

2. MR PERBEDOTEEERFENT
WBE, Fftrlse R IS TR
filc L2EMOROSNTVET, TD—

Research and development on marine and global environmental change

Overview

In this project, to help solve global-scale environmental problems—a pressing
issue for humankind, we will accurately ascertain the real situation of changes
occurring in oceans, the atmosphere and land, comprehensively understand
global change, and perform reliable predictions. We intend to comprehensively
understand global change by collecting, accumulating and analyzing new
observational data related to changes and fluctuations occurring in the climate,
geochemical cycles and marine ecosystems, and to evaluate the impact of these
changes on meteorological phenomena in Japan. We also aim to increase the
international presence of JAMSTEC and Japan by providing scientific knowledge
useful in international efforts led by the Intergovernmental Panel on Climate
Change (IPCC) and other parties.

(i) Observations and studies for understanding and predicting global
environmental changes

To understand and predict global environmental changes in a comprehensive
manner, we precisely capture environmental changes and variations through
various observations and studies concerning the mutual interactions between
the atmosphere and the ocean, ocean circulation, carbon cycle, and marine

ecosystems, utilizing observation techniques using research vessels, drifting
buoys, moored buoys, etc. and four-dimensional data assimilation techniques.
(ii) Studies on material cycle on the Earth’s surface

In order to comprehensively understand gas exchange between the atmosphere
and the ocean or ground surface, changes in the wide-area distribution of
terrestrial ecosystems, material transportation process between the land and
the oceans, and changes in the time space distribution of atmospheric trace
substances, we analyze material and energy cycles on the Earth’s surface and
changes in the structures and functions of the terrestrial ecosystems and clarify
the relationship between these factors and the oceans, atmosphere, and human
habitat.

(iii) Sophistication and application of global environmental change predictions
With a view to providing practical predictions for extreme phenomena that
occur locally and last for a short term, we improve such predictions through the
establishment of a seamless environmental prediction system and sophistication
of the global cloud resolving model (NICAM). Moreover, we also assess the
influence of human activities on global environmental changes and carry out
studies on climate changes caused by natural factors using a Climate Model
(Earth System Model), which includes chemical and biological processes.
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Major achievements

1) Observations and studies for understanding and predicting
global environmental changes

(New progress in the prediction of El Nino)

With a dataset composed of available observation data, we revealed that the
amount of kinetic energy exchange between the atmosphere and the oceans,
which is an important factor for the development of El Nino, is varying over the
long term. Furthermore, we demonstrated that the precision of the predictions
of El Nino, which starts from the early spring, can be improved significantly
(reduction of error by about 0.6 °C for yearly predictions) by taking into account
the effects of the variation in the amount of kinetic energy exchange. These
research achievements are expected to benefit social and economic activities
in various fields, including fishery, agriculture, and disaster prevention, once the
concept of our study is introduced in operational forecasts.
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(Promotion of research on Arctic environmental changes)

In recent years, the oceans in the Arctic area have been acidified to the world's
most advanced level and its influence on the ecosystem is concerned. Moreover,
it has also been revealed that this may have a great impact on the climate and
environment of the whole globe. As possibilities for developing sea routes and
resources are discussed, there are great expectations for science technologies
to contribute to the sustainable use of the area. As a part of initiatives for
such purpose, a national project aiming to reveal climate and environmental
changes and their social impact has been established under the title of Arctic
Challenge for Sustainability Project (ArCS). To work in coordination with these
policy actions in a strategic and systematic manner, JAMSTEC established the
Institute of Arctic Climate and Environment Research in April 2015. Moreover,
in September of the same year, ArCS adopted an implementation plan that
positions the National Institute of Polar Research as its principal core institute
and JAMSTEC and Hokkaido University as its core institutes. These initiatives
contribute to Japan’s Arctic Policy, which was formulated in October 2015.

Figure 1. Results of El Nino prediction experiments for 1972/73 (above) and 2014/15 (bottom) with an Earth simulator (sea surface temperature in the NINO 3.4 region, which serves as an index for El
Nino). The red lines are the results that reflect the amount of kinetic energy exchange between the atmosphere and the ocean in each period, while the blue lines are the results of predictions with the
conventional scheme. The closer these lines are to the black lines (observations), the more precise the predictions are. The gray areas indicate the spring season in the Northern Hemisphere.

Figure 2. Research and development activities by JAMSTEC in the Arctic area

a: Observations in the Arctic Ocean with Mirai b: Automatic ocean, sea ice, and climate observations with drifting buoys installed on sea ice

¢: Simulation with a coupled sea ice-ocean model d: Research on marine ecological changes

JAMSTEC 2015 Annual Report
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JAMSTEC plays a core role in Arctic research to be addressed by the whole of
Japan and contributes to the enhancement of Japan’s presence in the Arctic
community by leading international debates.

2) Studies on material cycle on the Earth’s surface

(Possibility that the supply of aerosol from a forest fire increased biological
production by low-level organisms was suggested)

In 1997, the population of phytoplankton exploded in the equatorial eastern
Indian Ocean during the 10D (Indian Ocean Dipole) period, in which the
distribution of sea surface temperature becomes uneven between the east
part and west part of the Indian Ocean. Although this phenomenon was said
to have been caused by the upwelling of nutrient-rich seawater, that would
merely explain 50% or less of the increased population. Then, we found, based
on satellite observations, that there was an increase in the amount of aerosol
in the same period due to a forest fire on Sumatra, which led us to assume
that the supply of nutrient salts contained in aerosol particles from the forest
fire also contributed to the explosive growth of phytoplankton. This theory

L (ELBDEIFZNENEHHERIN), £IRH'S 6 DOHHDFEHEZHDFHEERLTNET,

suggests the possibility that materials of terrestrial origin may influence the
behavior of marine ecosystems through the atmosphere. JAMSTEC presents
new scientific insights to the mechanisms of material cycle and the behavior of
marine ecosystems, contributing to reasonable decision making toward global
environmental issues.

(Comparison of estimates of CO; absorption and exhaustion using

ground and satellite observation data)

We analyzed the consistency of estimated global CO; absorption and exhaustion
using two types of observation data, namely ground observation and satellite
observation data. While estimates based on these two types of data are highly
consistent at middle and high latitudes in the Northern Hemisphere, they are
significantly different in the tropical areas. We believe this is due to the scarcity
of ground observation data in the tropical areas. This study was the world’s first
attempt to compare CO; absorption and exhaustion amounts estimated from
the perspective of the ground and from that of the atmosphere. It is necessary
to conduct more extensive ground observations of CO2 absorption and
exhaustion amounts in the equatorial tropical rainforests. Such observations will
contribute not only to efforts of the IPCC (Intergovernmental Panel on Climate

Figure 3. (Left) The amount of low-level organisms, amount of nitrate, sea surface temperature, and aerosol optical thickness in the equatorial eastern Indian

Ocean in a normal situation and in IOD period in 1997.

(Right) Conceptual diagram of the increased production amount of low-level organisms, production increase of low-level organisms attributable to the upwelling,

and aerosol transportation from the land to the ocean.

Figure 4. Changes in CO; absorption and exhaustion estimated based on ground observation data (red lines) and satellite observation data (blue lines). The figure

shows average values of seasonal changes in six regions of the world.
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Change), but also to the sophistication of climate change predictions. Also, the
results will contribute to global warming predictions and measures.

3) Sophistication and application of global
environmental change predictions

(Sophistication and application of global environmental change predictions
based on observations and studies: Discovering Dakar Nino/Nina for the first
time in the world)

As a result of analyzing the observation data and reanalysis data along the coast of
Dakar in West Africa for the past 30 years, we discovered that there were six occasions
where sea surface temperature rose and five occasions where sea surface temperature
fell, and we named these phenomena Dakar Nino and Dakar Nina, respectively.
Furthermore, we also found that the change in sea surface temperature during these
times warms or cools the atmosphere immediately above the ocean and created
coastal winds. In turn, these coastal winds influence the sea surface temperature,
which further leads to the creation of more coastal winds (this air-sea interaction is
called “coastal Bjerknes feedback”). The upwelling currents make this area a rich fishing
ground, which suggests that they also have a great impact on the greater marine
ecosystem. By reflecting the generation mechanism of the upwelling currents on our

climate change prediction model, we expanded opportunities for contributing to the
regional society and economy.

(Predictability of a sharp decline in Arctic sea ice area using APPOSITE
experiment data)

JAMSTEC participated in APPOSITE, an international project concerning the
predictability of seasonal and yearly changes in the Arctic area, and analyzed
experimental data obtained in this project. Although this experiment did
not consider the warming trend, we found that there were two catastrophic
sea ice collapse events in the experiment period of 200 years. As was seen
in 2007, when the sharp decline of sea ice was actually observed, these
events were caused by winds associated with a dipole structure in sea level
pressure anomalies. These results suggest that a dipole structure in sea level
pressure anomalies is an important factor for the prediction of great sea ice
collapse. They also show that sea ice in the Arctic area can decline dramatically
without the warming trend and only with the natural (internal) changes that
are incorporated in the climate system. These findings contribute to the
development of proper measures for such events.

Figure 5. Dakar Nino/Nina index as of March. The values are normalized as standard deviations. The line represents the 0.8 standard deviation. Years in which the index

exceeded this line are defined as the years in which Dakar Nino/Nina occurred.

Figure 6. Above: Density distribution of sea ice in years in which sea ice declined dramatically (colored parts; %). The results of prediction experiments starting from

January (a), April (b), and July (c) and reference experiment for September (d).Bottom: The results of prediction experiments starting from January (e), April (f),

(9) and the average of the results of reference experiments for June to August (h).

and July
JAMSTEC 2015 Annual Report (&
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Research and development on seismogenic zones

Overview

In order to fulfill its role defined in government policies and plans, JAMSTEC
accumulates scientific knowledge on the causes of seismic and volcanic
activities in the Japanese islands and the Western Pacific, including a
predicted Nankai Trough megaquake. In this project, JAMSTEC also promotes
integrated research and development that involve elaborate observation and
research, advanced simulation studies, monitoring studies, analysis studies,
etc.

Major achievements

1) Research for understanding the precise conditions of
seismogenic zones along plate boundaries

(Social implementation of DONET and its contributions)

As a result of our continuous efforts to develop the Dense Oceanfloor
Network System for Earthquakes and Tsunamis (DONET 2) since FY2011,
we were able to start sampling observation data from 29 sites at the end of
FY2015. Together with the data obtained through DONET 1, which had been
already in operation, this data underwent detailed analyses for earthquake
and tsunami research. At the same time, we also developed a system to
distribute such data on a real time basis in order to reduce disaster risks in the
local areas. The data obtained through observations with DONET is used by
the Japan Meteorological Agency (JMA) for tsunami warnings (since March
2012) and earthquake early warnings (since March 2015). Thanks to this
system, the JMA is able to provide alerts for massive earthquakes along the
Nankai Trough quicker than before (earthquake warnings are announced in
less than 20 seconds) as it detects seismic waves and tsunamis earlier than
the conventional methods using land seismometers or coastal tide gauge
stations. Moreover, some local governments, etc. (Wakayama Prefecture,

Figure 1. Development status as of the end of FY2015
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Mie Prefecture, Owase City, and CHUBU Electric Power) are monitoring the
observation data on a real time basis, utilizing it for estimation of tsunami
height and arrival time.

(Clarification of the status of megathrust zone using DONET observation
data)

DONET 1 and DONET 2 detected ultra-low-frequency, shallow earthquakes
that occurred below these networks off Shiono-misaki, off Kii Channel, and in
Kumano Basin in succession from August to October 2015. These earthquakes
were unique in that the arrivals of P-waves and S-waves were unclear
compared to usual earthquakes and that they released strong energy through
long-period, slow vibration. The detailed mechanisms of ultra-low-frequency,
shallow earthquakes occurring off Kii Peninsula are not known since they only
occur with about 5-year intervals and thus there are few observation records.
Also, these earthquakes are difficult to detect precisely at on-land observation

points. Therefore, we determined the location of epicenters, focal depths,
and fault mechanism solutions based on the detailed analysis of DONET data.
As a result, we estimated that these earthquakes were caused by slips of the
bottom parts of accretionary wedges at plate boundaries. We need to further
investigate into the mechanisms of such earthquakes.

It is expected that we can reveal the status of megathrust zones at shallow
plate boundaries that extend in the sea area by continuously monitoring
crustal activities and studying the mechanisms of various types of
earthquakes associated with subducting plates based on detailed and highly
accurate observation data obtained by the development of DONET.

Figure 2. Distribution of DONET observation data

Figure 3. Seismic waveforms of a M5.8 earthquake observed by DONET (20 observation points) and DONET2 (28 observation points) at 11:21:12, January 5, 2016,

off the coast of Kagoshima Prefecture

Figure 4. DONET observation networks and distribution of epicenters. Ultra-low-frequency, shallow earthquakes (red) and usual earthquakes (yellow) seem to be

distributed in a complementary manner.

Figure 5. Running spectrum of ultra-low-frequency, shallow earthquakes (red arrows). These earthquakes release
not only short-period vibration, but also long-period, slow vibration, compared to a usual earthquake (green arrow)

JAMSTEC 2015 Annual Report  ({E]
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2) Comprehensive evaluation of disaster potential of
earthquakes and tsunamis

(JAMSTEC discovered a scenario in which a Nankai Trough megaquake is
induced by a M7-class earthquake occurring nearby and destruction occurs
from the west end of the focal area)

We carried out a simulation of an earthquake cycle that qualitatively conforms
to the huge changes in the size and occurrence intervals of a series of past
Nankai Trough megaquakes, in which we included as additional factors the
repeated M7-class earthquakes occurring in Hyuga-nada, which is located
at the western extension of the focal areas. The results of the earthquake
occurrence cycle simulation showed that a Nankai Trough earthquake (M8
class) may be induced by an earthquake occurring in Hyuga-nada and
destruction may start from the west end of the focal area when the fixation of
the area from the west end of Shikoku, at the west end of the focal area of the

7. N D T HED R R DB IR R

Nankai Trough earthquake, to its west extension is loose (Hyodo et al., EPS,
2016). We also revealed the details of the relationship between the timing of
the occurrence of Hyuga-nada earthquakes and the status of Nankai Trough
focal areas in such times through multiple simulations with a super computer.
These simulations revealed that induction by a Hyuga-nada earthquake may
shorten the intervals of a megaquake to half its original intervals.

These findings suggest that we may better understand various occurrence
patterns of Nankai Trough earthquakes with huge changes in their size and
occurrence intervals by taking into account their mutual reactions with other
earthquakes occurring near their focal areas. The discovery of the induction
scenario as explained above is especially important in terms of disaster
prevention and reduction measures as it extended the coverage of such
measures and excluded the risk of being forced to deal with unexpected
scenarios.

Figure 6. Example of a scenario in which a Nankai Trough earthquake is induced by another earthquake based on an earthquake cycle simulation (Hyodo et al., 2016)
Figure 7. Conditions on which a Nankai Trough earthquake occurs as an induced destruction starting from off Cape Ashizuri
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data was promoted (Figure 11). Such information was provided to the local
governments and fishermen in the affected areas, while also being widely
communicated to the public through the media.

3) Research on damage to ecosystems caused by earthquakes
and tsunamis, and research on recovery efforts

Under the Tohoku Ecosystem-Associated Marine Sciences (TEAMS) program,
JAMSTEC cooperates with Tohoku University, University of Tokyo, and Tokai
University in investigating the influence of the Great East Japan Earthquake
and tsunami on the marine ecosystem off the Sanriku coast. We promote
our study with a view to utilizing its results in the recovery of the local
fishery industry. In FY2015, we studied the detailed seafloor topography of
fishing grounds, distribution of debris, distribution of organisms, water mass
structure, and bioaccumulation of chemicals after the earthquake, while also
developing a database on which data obtained under the TEAMS program is
accumulated and publicized. As a result, we found that debris off the coast
of Miyagi Prefecture is declining thanks to minesweeping (Figure 8), that the
turbidity sharply increased near the seafloor after a major aftershock (Figure
9), and that the PCB contamination of organisms has not been advanced from
before the earthquake (Figure 10). Also, accumulation of TEAMS observation

Figure 8. Changes in the distribution of debris over time based on the analysis of data on minesweeping operations off the coast of Miyagi Prefecture

Figure 9. Impact of the M6.9 earthquake off the Sanriku coast on February 17, 2015, shot by a camera installed in the lander off Otsuchi Bay and changes in
turbidity

Figure 10. PCB concentration of organisms and sediments before and after the great earthquake. The concentration has not changed from before the earthquake.

PCB contamination has not advanced. JAMSTEC 2015 Annual Re port E

Figure 11. Records of the publication of observation data on the database
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Research and development on marine biosciences and engineering

Overview

There are two objectives in this project: (1) analyzing the functions of marine

ecosystems and (2) exploring, analyzing and utilizing the functions of extreme

biospheres.

Regarding objective (1), in order to understand the mechanism of forming

high marine biodiversity and the processes of organisms adapting to unusual

marine environments including the deep sea, we

- search for new phylogenetic groups of eukaryotes,

« analyze the basic structure of deep-sea ecosystems, and

- conduct analysis on uniquely developed marine ecosystems and their
evolutionary processes, diverse structures and functions.

Regarding objective (2), we explore extreme biospheres using JAMSTEC
deep-sea exploration systems, and

- accumulate scientific knowledge on microbial ecosystem structures,
symbiotic interactions among the environment, microorganisms and
microorganisms, and evolutionary processes,

- promote a better understanding of physical and chemical processes under
extreme environments, and demonstrate the potential utility of unique
biological functions through applied research, and

- conduct research on a new source of oxygen produced by deep-sea/marine
organisms and on functions of and technology to produce physiologically
active substances.

Overall, we aim to “promote a comprehensive understanding of marine
life and the Earth system, and form an intellectual basis for innovations
contributing to resolving various social issues.” To this end, we study
extreme biospheres in the deep sea and beneath the seafloor, and conduct
R&D to understand the structure/ evolution of ecosystems as well as
survival strategies uniquely developed by organisms inhabiting extreme
environments.
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B42. Expanding Functionality Within the Looking-Glass Universe
SR. Blanke, Science, 325, 1505-1506 (2009)

Major achievements
1) Analysis of the functions of marine ecosystem

(Isolation and identification of eukaryotic microorganisms that belong to
new phylogenetic groups

Even though it is a dominant group in the marine plankton community, the
nature of Hemistasia, which belongs to the Diplonema genus, Euglenozoa
phylum, was unknown as it had not yet been cultured. We succeeded in
the isolation and culturing of a line contained in the unknown family by
developing culture media that select species to culture from the marine
environment.

This study revealed that Hemistasia is a predator of diatoms. This suggests
that the Diplonema genus may influence the rise and fall of diatom bloom:s.
It is expected that this study will contribute to the understanding of plankton
ecosystems in the inland sea environment and the northern sea area, and
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research on the food chain, material cycle, and environmental change. It is
also expected to contribute to the sustainable use of marine products and
solutions to issues in various marine environmental fields.

2) Investigation, clarification and utilization of the functions
of biospheres in extreme environments

(The world of deep-sea microorganisms seen on the other side of the mirror:
Discovery of deep-sea microorganisms that utilize D-amino acid)

Amino acids that comprise protein are grouped into L-amino acids and
D-amino acids, which have symmetric steric structures, like a reflection in the
mirror. Traditionally, it was thought that organisms select and use L-amino
acids only. However, thanks to the development of analysis technologies, it
has recently been revealed that D-amino acids control various physiological
functions, including the higher brain function.

Figure 1. Biomass and diversity of the Diplonema genus, Euglenozoa phylum (Lukes et al. 2015)

Figure 2. Expanding Functionality Within the Looking-Glass Universe SR. Blanke, Science, 325, 1505-1506 (2009)

Figure 3. Culture using each type of amino acids as the sole nutrient source
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In this project, we successfully isolated 28 strains of microorganisms that
reproduce by utilizing D-amino acids from deep-sea sediments. From these
strains, we picked the ones that utilize D-amino acids most efficiently and
compared their ability to do so with that of the strains of a closely related
species that are isolated from the shallow sea area. Although there is little
difference in the genes of these two species, the results showed that only
microorganisms isolated from the deep-sea area have such an ability to utilize
D-amino acids efficiently. This suggests that there is a world that is completely
opposite from the terrestrial world where L-amino acids are dominant — these
two worlds are just like a reflection in a mirror.

For the future, we plan to further study the ecological role of the
microorganisms utilizing D-amino acids and the mechanisms of utilizing
D-amino acids inside their cells. In particular, if we could reveal functions, etc.
concerning the utilization of D-amino acids, we could apply them to new
medical technologies and biotechnological development.

I
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(Development and practical use of an emulsification device inspired by an
extreme deep-sea environment)

Inspired by the high-temperature, high-pressure environment around deep-
sea hydrothermal vents, JAMSTEC and AKICO Corporation jointly developed
an emulsification device that can efficiently produce nanoemulsions* within
10 seconds and started its distribution from March 2016.

This technological breakthrough saves time and costs for product
development and is expected to make great contributions to the research
and development of products in various industrial fields, including food,
pharmaceutical, cosmetics, chemicals, agriculture, printing, paint, ink, and
petroleum.

*Nanoemulsion: Oil droplets of 20-200 nm diameter dispersed in water (or
water droplets dispersed in oil). Tnm is one-millionth of Tmm.

Figure 4. Heated water issued from a deep-sea thermal vent. The water temperature exceeds 400° C in some spots.

Figure 5. Nanoemulsion production device “SFW-E40S"
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(Discovery of a whale fall at the world’s deepest spot)

We discovered a whale fall at a spot deeper than that of any other whale fall
in the world, off the coast of Brazil. It was revealed that 40 species of benthos
that appear in the whale fall are likely to be unregistered species and some of
them are very closely related to the species comprising the chemosynthetic
community in the eastern Pacific Ocean.

For the future, we plan to experiment with some whale carcasses set in
various sea areas to study the process from their decomposition until they
become stepping-stones for chemosynthetic communities and examine the
similarity of organisms of such biological communities around the world.

The whale fall explained above was found at a depth that is almost the
same as the abyssal plain across the Pacific Ocean. This suggests that whale
falls may exist all across the globe. Therefore, this finding is important for
the understanding of not only the mechanisms of global dispersion and

evolution of the species unique to whale falls, but also those of the species of
chemosynthetic communities. It also contributes to the understanding of the
life history of the whale.

Figure 6. Invertebrates that appeared in the whale fall off the coast of Brazil
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Promotion of comprehensive ocean drilling science

Overview

This project aims to reveal the entire picture of the ocean, Earth, and life
system, while creating a new drilling science by integrating technologies
for exploring the Earth's interior, such as the drilling technology using
the deep-sea drilling vessel Chikyu. Japan leads the world in the field of
advanced drilling science technologies. By promoting the development
of such technologies, JAMSTEC hopes to contribute to the prediction of
geohazards, projections of global environmental changes, innovation utilizing
microorganisms’ physiological and metabolic functions, and development of
ultra-deep drilling, for which demand is expected to grow.

In this annual report, we introduce four topics among the projects
implemented in FY2015.

Major achievements

1) Success in the simulation of a slow earthquake that occurred
in a subduction zone of the Japan Trench

In our laboratory experiment with samples collected by the deep-sea drilling
vessel Chikyu, we succeeded in the simulation of a slow earthquake that
was observed before the Great East Japan Earthquake.* The results revealed
that a slow earthquake also causes a large slip in the shallow part of the
plate boundary on which the earthquake occurs. This finding has significant
meaning as it requires us to look into a new massive earthquake model.

In the future, we hope to get a geological picture of slow earthquakes
occurring in the deep part based on the data on such earthquakes
obtained through on-land and deep-sea seismological and geodetic
observations. Through the exploration of the fundamental mechanisms of

Figure 1. Collected from the fault at a reference plate boundary used for the experiment
Figure 2. Overview of the experiment
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such earthquakes, we expect that our research will eventually contribute to
megaquake and tsunami risk assessment in the future.

*Slow earthquake: A phenomenon in which the distortion is released at a
slower fault slip velocity than usual earthquakes. A slow earthquake lasts for
a few days to over a year. Before the Great East Japan Earthquake, seafloor
pressure gauges and seismometers recorded tremors near the trench axis of
the Japan Trench.

2) Tairiku Project

We conducted a joint survey with NHK on the sea area surrounding
Nishinoshima. As a result, we found that the main body of the island,
including its seafloor part, is made of andesite lava and its foundation (more
than 800,000 years old) is made of basalt.

We presented a new hypothesis that the sea creates the continent. We also
communicated our research results through the media (NHK’s broadcast
program won the Minister of Education, Culture, Sports, Science and

Technology Award at the Science and Technology Film/Video Festival).

We plan to conduct further detailed analyses on various lava and volcanic ash
samples to study the characteristics of and changes in magma and review our
hypothesis on continent formation. Through these efforts, we hope to reveal
the formation process of the magma that makes the continental material,
andesite, on the Earth.

Figure 3. Sample collection points under the Tairiku Project and lithofacies Recent photograph of Nishinoshima

Figure 4. Recent photograph of Nishinoshima

JAMSTEC 2015 Annual Report
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3) Results of investigation on the coal-bed biosphere off the
coast of Shimokita-Hachinohe

We drilled to a depth of about 2.5km below the seafloor and took sediment
samples, including some from coal beds. From these samples, we found the
limit of life defined by water and energy supply. These samples contained
freshwater microorganisms that originate from terrestrial forest soil from
about 20 million years ago, suggesting a link between the historical changes
in the sediment environment and the current subseafloor microbial
ecosystem. These results were publicized in an article in Science, a US
magazine. The article was ranked in the top 3% of approximately 5 million
research outputs scored by Altmetric (as of one month after publication).

In order to reveal the metabolic functions, genetic characteristics, and
evolution process of microorganisms that are cultured by the enrichment
culture method using an anaerobic reactor, we plan to obtain pure strains
through batch culture and carry out detailed analyses, including comparative
genomic analysis and metagenome/metatranscriptome analysis on strains

cultured by the enrichment culture method.

Figure 5. A lot of discoveries were made during the IODP Expedition 337 titled “Deep Coalbed Biosphere off Shimokita” with Chikyu, including the subseafloor
microbial ecosystem at the world's deepest spot, limiting factors to life, and carbon cycle driven by microbial ecosystems and its mutual relationship with water and energy.
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4) Cooperation for Indian government’s methane hydrate
drilling survey

Upon the request of the government of India (Oil and Natural Gas
Corporation), JDC commissioned JAMSTEC to carry out a methane hydrate
drilling survey (contracted at about 5.8 billion yen). As a part of this project,
our researchers provide research and technical training for Indian crews
as they cruise together on Chikyu in the local area (human resources
development).

The success of the survey demonstrated the high level of Japan's

research activities to the world. The science and technology cooperation
centered on research has made great contributions to Japan’s science and
technology diplomacy. It is expected that the drilling experience and know-
how gained through this survey will also be useful in other IODP scientific
drilling projects in the future.

Figure 6. Deep-sea drilling vessel Chikyu
Figure 7. Sea area subject to the drilling survey (cited from the Japan Drilling Company website)
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Research and development on advanced synthetic information science

Overview

In R&D on advanced synthetic information science, we are utilizing the
knowledge we have obtained from an interdisciplinary perspective, making
full use of the Earth Simulator. In addition, we will continue to expand and
develop knowledge and promote the application of advanced synthetic
information science in marine and earth sciences to find sound actions and
solutions for the betterment of the future.

We are also conducting R&D to develop technology for creating value-added
information usable by society, and building global environmental information
infrastructure to pass on information to society in an extensive, easy-to-
understand and effective manner. To achieve these, we are working on the
following three specific projects:

(a) R&D of advanced process models

(b) Establishment of large-scale simulation technology for creating advanced
information

(c) R&D for integrating and synthesizing data/information and dissemination
of information to society

The research implementation system for this project is operating on the
premise of working in cross-organizational coordination, and the system has
been contributing to producing results in advanced process research, large-
scale simulations and creating value-added information. Also, regarding
coordination with non-JAMSTEC organizations, the research implementation
system has been used for exchanging information and conducting joint
model development with universities and research institutes in Japan and
overseas. We are also considering applying research products in society in
coordination with the industrial sector including autonomous bodies and
people involved in fisheries industries.

Figure 1. EARTH SIMULATOR

Figure 2. Example of a NICAM 3.5km experiment based on classification of clouds using cloud top height, cloud thickness, and strength of upward flow, applied to typhoon data
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Major achievements
1) R&D of advanced process models

(Study on radiative and reflectivity properties, and collision growth properties
of droplets dispersed in turbulence)

We quantitatively evaluated the influence of turbulent clustering on the
clouds’ radiative propertiesa. For the first time in the world, we revealed
that turbulent clustering affects the radiative intensity. Moreover, we also
found that turbulence clustering can be a significant error factor in cloud
radar observations. In addition, we proposed an inverse analysis method
concerning the collision frequency factor of particles in turbulence. These
findings were awarded with the JSME Medal for Outstanding Paper.

We further plan to quantify the influence of turbulence on the three-
dimensional radiation and radar reflectivity of clouds, using the results of a
direct numerical simulation (DNS) for a turbulence field.

Since these initiatives can sophisticate the three-dimensional radiation model
for clouds and allow for accurate turbulence calculation, they are expected

to contribute to the improvement of the precision of localized heavy rain
forecast and the development of innovative disaster prevention systems.

The radiation process of droplets in turbulence fields is one of the very
important basic processes of engineering devices, including spray
combustors. It is expected that the results of our study will have various ripple
effects not only in geoscience but also in other fields.

2) R&D for integrating and synthesizing data/information and
dissemination of information to society

(Improvement of the precision of ocean current predictions based on drift
observations with seabirds and domestic cargo vessels)

In every summer to fall, a clockwise whirlpool with a diameter of about 100 km
appears off the coast of Hokkaido and Tohoku (off the Tsugaru Strait). In order to
reproduce this whirlpool, we carried out a current prediction experiment using
a data assimilation system that can express realistic sea conditions by reflecting
observation data in an ocean current model. The results of this experiment

Figure 3. Turbulence clustering data obtained through DNS (Rel=204)
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showed that the observation data, namely, drift data obtained by biologging
with seabirds (traveling speed during their rests on the sea surface) and drift
data based on the navigation records of domestic cargo vessels (gap between
the ground speed and log speed), improves the precision of reproduced
whirlpools when it is used along with conventional satellite observation data
(Miyazawa et al. 2015, Scientific Reports). We publicized these results in our
press release, presenting the direction for a new way of data assimilation and
direction for the improvement of the precision of current predictions.

As a result of inspecting observation points of the drift data obtained by
seabirds and domestic cargo vessels, we found that these observation points
are filling the voids in the sea level observation satellite’s observation network,
which was a factor limiting the spatial resolution of ocean current detection.
By using these data along with data obtained with the conventional satellite
observation network, we can reinforce our ocean current observations.

As seen above, the results of the experiment to assimilate seabird and domestic
cargo vessel drift data with the current prediction model showed the possibility

that we can dramatically improve the resolution of ocean current observations
by increasing the number of observation points of drift data. In particular, if
once we could establish a feedback mechanism in which data assimilation
improves the precision of current predictions, and their results in turn improve
the efficiency of the domestic cargo vessels’ navigation, motivation to
continue such observations will naturally occur. This will lead to the creation of
sustainable and high-density ocean current observation networks. Moreover,
highly precise ocean current predictions will serve various marine industries,
including fishery and submarine resource development.

(Creation of four-dimensional variational ocean re-analysis (FORA) dataset and
development of a prototype distribution system)

We created and publicized a high-resolution long-term re-analysis dataset that
allows for the accurate reproduction of past ocean environments (FORA).

This is the world’s first oceanographic long-term re-analysis dataset that covers
over 30 years in high definition (0.1 degree (about 10 km) mesh). With this
dataset, we can express past changes in the Kuroshio and Oyashio Currents in a

Figure 4. Increase in radar reflection intensity due to turbulent clustering estimated based on the DNS results (Kolmogorov scale Ih = 0.5 mm, volume fraction f = 10%)
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detailed manner.

This dataset will contribute to the improvement of the precision of ocean
weather forecasts through clarification of the mechanisms of change in the
Kuroshio and Oyashio Currents. It will also help us to understand the coupled
atmosphere-ocean models, which will lead to the improvement of the precision
of typhoon path forecast.

Through this system, we provide basic ocean environmental information to
various fields, including the national and local governments that are involved in
marine policies for the coastal areas and isolated islands, and marine industries,
including the maritime transportation and fishery industries. We also hope that
the dataset will be used for the common good, too, such as impact assessments
based on the ocean environment and policy measures in response to the results
of such assessments.

Figure 5. Change in reproduced ocean currents before and after data assimilation (black arrows) and seabird drift data used for data assimilation (blue arrows)
Figure 6. Example of visualization of the dataset
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Construction of a research and development base for opening up ocean frontiers

Overview

In ocean R&D, developing more advanced ships, ocean observation networks,
and observation equipment for obtaining various data is essential for the
development of a comprehensive understanding of the vast ocean space
and is an extremely important part of advancing Japan’s marine science
and technology. Accordingly, as well as developing cutting-edge key
technology that will enable humankind to take on the challenge of opening
up unexplored frontiers and cultivating new fields, JAMSTEC is undertaking
proactive, cross-cutting efforts to build a research base to open up ocean
frontiers by making full use of these technologies, so that we can promote
R&D of submarine resources, marine and global environmental change,
seismogenic zones, and marine biosciences and engineering.

Specifically, deep sea investigation systems, such as manned submersibles
and remotely operated vehicles are essential key technologies for conducting
R&D, so as well as making these more advanced and developing the
necessary elemental technologies, JAMSTEC has set a five-year medium-term

goal of establishing operation technologies for each system, with the aim of
promoting more effective observation and surveys.

Moreover, the Next-Generation Deep-Sea Exploration System Committee
was established under the Subdivision on Ocean Development, Council for
Science and Technology, Ministry of Education, Culture, Sports, Science and
Technology, which has already started discussing approaches to the next-
generation deep-sea exploration system.

Major achievements

1) Establishment of an earthquake and tsunami monitoring
system

In relation to the development of an earthquake and tsunami monitoring
system (DONET 2), we activated observation devices at 22 new observation
points during four cruises on the research vessel Kaiyo and the research
vessel Shinsei Maru, which lasted for a total of 147 days. As a result, real-time
observation data is now obtained at a total of 29 DONET 2 observation points,
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which allows us to meticulously observe and monitor earthquakes and
tsunamis in a wider area that includes not only Kumano-nada but also off the
Kii Channel.

In FY2015, we could carry out construction works for DONET 2 in an efficient
and stable manner as we used an automated extension device for all extension
works, with a total cable length of 200km. Moreover, by connecting two sets of
extension cables in series, we successfully established an observation point 10km
away from the node.

2) Development and standardization of a deep-sea chemical
sensor

In order to contribute to research on climate change and research on

resources, we aim to develop a deep-sea chemical sensor, while also keeping

4.DONET1 & DONET2 CERRIE NI IR
201651 A58 112112 REHM5.8

in mind its standardization.

The colorimetric method and electrode method are both pH measurement
methods. They are different in their response speed, accuracy, power
consumption, long-term stability, and handiness. In this project, we
developed the world's first hybrid pH sensor that takes the advantages of
these two methods. Compared to conventional pH sensors, this power-saving
sensor can measure pH for a longer time and operate stably at a depth up to
3,000 m below the sea surface.

This sensor was developed under cooperation with the team of Kimoto
Electric Co., Ltd. and we together won the third prize (Accuracy Award) in the
Wendy Schmidt Ocean Health XPRIZE* international competition for seawater
pH sensors.

Moreover, in relation to this project, JAMSTEC, National Institute of Advanced

Figure 1. lllustration of an exploration system
Figure 2. ROV Kaiko Mk-1V
Figure 3. HYPER DOLPHINE with an automated cable extension device
Figure 4. Seismic waveforms observed by DONET 1 and DONET 2
M5.8 earthquake off the coast of Kagoshima Prefecture at 11:21:12, January 5, 2016
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Industrial Science and Technology, and Kanso Co., Ltd. jointly proposed a
seawater pH measurement method and obtained an ISO 18191 certification.
We expect that these achievements can be utilized in monitoring leakage
from sub-seafloor CO; storage, observation of ocean acidification (decrease
in alkalinity), and exploration of submarine hydrothermal deposits. Moreover,
the ISO certification that we acquired for the seawater pH measurement
method reduced the barrier to private companies’ participation in marine
observations and surveys, which will eventually contribute greatly to the
understanding of the vast sea.

*Wendy Schmidt Ocean Health XPRIZE: A competition for ocean pH sensors
conducted by the XPrize Foundation (US) with an aim to promote research
on ocean acidification through the improvement and dissemination of pH
SEensors.
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3) Acquisition of 3D seafloor data through underwater laser
scanning

An underwater laser scanner is a 3D visualization device that uses blue-
green semiconductor laser pulses. For example, it can visualize a 50m wide
swath of the seafloor in about a 2cm resolution scanned from 15m high. We
conducted 3D measurement with an underwater laser scanner installed on
the autonomous underwater vehicle Otohime in the submarine hydrothermal
vent area at Omuro Hole in Omurodashi Volcano, which is located south of
Izu Oshima. With this scanner, we could clearly visualize a chimney of several
tens of centimeters and heated water issued from there. We also succeeded
in obtaining geometric information in a few cm units (length, area, and
volume). In other words, in addition to capturing objects or phenomena, we
could also measure them.

Figure 5. Hybrid pH sensor (HpHS)
A hybrid pH sensor using the colorimetric method and electrode method

Figure 6. A picture from the Phase 4 (final observation test) conducted off Hawaii. Five teams that proceeded to the finals put their pH sensors mounted on water

samplers into the sea and carried out vertical observations.
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The above results suggest that this new observation technique is useful as
a medium-distance seafloor observation system to complement the short-
distance observation systems like conventional sonar systems (observed from
a comparatively high point) and systems using optical cameras (observed
from a comparatively low point). These results will significantly improve and
accelerate the efficiency of surveys on marine resources. We hope to enhance
the system’s versatility and environment adaptability in order to promote its

utilization in various fields.

Figure 7. Conceptual diagram of the operation of a laser scanner

Figure 8. Otohime with a 3D laser scanner. The system is contained in a pressure proof vessel. Lasers scan the underwater space through a glass window.

Figure 9. Survey with a laser scanner in Omurodashi Volcano conducted in FY2015. (Left) Location of Omurodashi Volcano. (Right) Bathymetric chart of Omurodashi
Volcano and tracks of the underwater explorer on which a laser scanner is installed
Figure 10. Images of a hydrothermal vent area observed by the 3D laser scanner installed on Otohime. The image on the right end is the entire bathymetric chart

along the track. The images on the left are enlarged images of a small-scale emission (bubbles) from a hydrothermal vent and small chimney (39 cm).

Figure 11.1mage of an object about m tall, created by the laser scanner. It is considered to be the same object as the one in the photograph shot by HPD (left bottom). The object is considered to be a

dead chimney.
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Operation of research vessels and deep-sea survey systems

Overview

In order to ensure the efficient use of facilities and equipment, JAMSTEC not only
uses them for its own projects, but also lends such facilities as research vessels
and manned and unmanned survey systems to external entities conducting R&D
and academic research concerning science and technology. We decide which
research vessel to lend based on the characteristics of each vessel. In addition,
we conduct various tests on newly developed AUVs and ROVs before they enter
full operation.

We completed the construction of a wide-area seafloor research vessel and
started its operation in March 2016.

Major achievements
1) Test run of Jinbei

We conducted a test run of the AUV Jinbei, which has been under development,
as a continuation from last year's test, to examine its practical application
in research cruises. In this test run, we carried out a scenario-based test run,
checked the operation of exploration equipment, and determined issues. We
took improvement measures against these issues and had a necessary discussion

in preparation for its full operation. Jinbei will enter full operation and be available
for use by external bodies from next fiscal year.

2) Decommissioning of the research vessels Natsuhima and
Kaiyo

The research vessels Natsushima (34 years old) and Kaiyo (30 years old) were
decommissioned in FY2015.

Natsushima was constructed in 1981 as a supporting mother ship for the already-
decommissioned manned research submersible Shinkai 2000 and the remotely
operated vehicle Dolphin 3K. In 1996, Shinkai 2000 discovered a submarine
hydrothermal deposit named Sunrise Deposit in Myojin Caldera in the Izu-
Ogasawara sea area. In addition to oceanographic research and studies, we also
conducted surveys at the government's request at the site of the Nakhodka
accident to investigate the condition of the ship and the situation of the oil spill,
using Deep Tow and Dolphin 3K. After the decommissioning of Shinkai 2000 and
Dolphin 3K, Natsuhima served as the mother vessel for the remotely operated
vehicle Hyper Dolphin.

Kaiyo was Japan'’s first underwater experiment vessel equipped with a dynamic
positioning system (DPS). It was constructed in 1985 as JAMSTEC's second
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vessel. Its mission at the time was the implementation of the New Seatopia
Plan. Under this plan, an experiment on saturation diving at a depth of 300 m
was carried out to examine the influence of a long-term stay in the deep-sea
environment on a human body. After the completion of the New Seatopia Plan,
Kaiyo was renovated into a multi-purpose vessel in 2010. With its broad deck
and a high level of stability and operability, Kaiyo served as an effective research
vessel for surveys at great depths below the seafloor. It also contributed to the
establishment of the earthquake and tsunami monitoring system DONET.

We would like to express our respect to those who were involved in the
operation of these two vessels for making such tremendous achievements. We
consider it is our responsibility to pass down the safe navigation techniques and
experiences gained through those years to the future crews on oceanographic
research vessels. While Kaiyo has been dismantled, Natsushima has been taken
over by a private company and has already gone into service as a renewed
oceanographic research vessel Concept. We hope the vessel will continue its
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active contributions in the future.

3) Construction of a new ship (wide-area submarine research
vessel Kaimei)

The construction of the wide-area submarine research vessel Kaimei was
completed on March 30, 2016. With this new ship, we aim to contribute to a
wide range of research fields, including the development of submarine resources
surrounding Japan, disaster prevention and reduction, and environmental
changes.

The construction of Kaimei started in FY2013. On June 7, 2015, the naming and
launching ceremony was held with the attendance of Princess Kako.

After that, the rigging work was conducted on the ship. Since October 2015,
we have conducted nine cruises to check the performance of the ship and its
observation equipment.

Figure 1. Jinbei under maintenance

Figure 2. Jinbei launching operation

Figure 3. Natsushima anchored at Yokosuka Headquarters
Figure 4. Kaiyo anchored at Yokosuka Headquarters
Figure 5. Drilling equipment being installed on the seafloor
Figure 6. Wide-area submarine research vessel Kaimei

The maximum operational depth is 3,000m below the sea surface. This equipment can drill down to 30m beneath the seafloor (core diameter: 61.1mm)

Figure 7. Naming and launching ceremony
Figure 8. Power grab (six nails, shell type)

The maximum operational depth is 6,000m below the sea surface. The capacity of the bucket is 1m>.
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Management of information infrastructure

Overview

The Center for Earth Information Science and Technology (CEIST) manages
the super computer Earth Simulator (Figure 1) and other computers and
networks. It aims to contribute to marine geoscience and innovation, while
also providing beneficial information useful for policymaking and society.

1) Operation of Earth Simulator

In FY2015, Earth Simulator started implementation of its third system. The
total number of domestic and international users as of the end of January
2016 was 124 institutions and 491 individuals. The computation nodes
maintained a high use rate of about 90% through the year (Figure 2).

2) Projects and technological support

There are two categories in projects using Earth Simulator. One is “JAMSTEC
projects,” under which research and development activities aiming at
achieving JAMSTEC's mid-term goal or plan are carried out (49 projects
have been conducted, excluding fee-based confidential-type projects) and
“solicited projects,” which mainly consist of geoscience projects solicited from
the public (18 projects have been conducted).

Lfco —EHBICGIEEIR
PHRBY RN BRI

Following the launching of the new system, we established a new sub-
category called “special projects” under the JAMSTEC projects category. Under
this sub-category, 12 projects were conducted by JAMSTEC and external
bodies, which accelerated the creation of results. Computing was conducted
over a certain term, utilizing computing resources, technical support, and
operation techniques. As a result, we saw such achievements as the creation
of FORA (four-dimensional variation ocean re-analysis)-WNP30, a long-term
re-analysis dataset for the northwest Pacific Ocean that covers more than
30 years, and the creation of d4PDF, a high-resolution, large-scale database
concerning future changes in the global mechanisms, which also covers
future projections on extreme weather. Moreover, the technical support
team received the award for the most excellent article at the HPCS2016 in
relation to the project concerning the high-resolution quantitative tsunami
simulation for estimating tsunami flooding risks in the case of a Nankai
Trough earthquake.

3) Industrial use of Earth Simulator

We carried out some activities to expand the fee-based confidential-type
usage of Earth Simulator, which started in FY2007. One of such activities is
the improvement of the use environment. For use by industry, we installed
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25 applications in the large-scale shared memory system, which serves as
the pre- and post-system of Earth Simulator, and tested its performance. As
a result of such efforts, we achieved higher revenue than the previous fiscal
year.

Under the Program for Strategic Industrial Use of Earth Simulator
commissioned by the Ministry of Education, Culture, Sports, Science
and Technology, we carried out 11 projects, which contributed to the
development of technologies for reducing environmental burden and
realizing safe and secure society.

4) Management and dissemination of marine-earth science
data and samples

The Data Management and Engineering Department of CEIST controls the
quality of data/samples collected by JAMSTEC through its research activities
related to marine and earth surveys and observations, and develops and
operates data publication systems. By FY2015, we released to the public

5 BFRERBESNERE LR L EEDKRTF

about 48,900 sets of metadata for observational data/samples and 53 sets
of metadata for databases and data sites. In addition, we opened a data site
for distributing ocean current data collected using a marine shortwave radar
deployed by the Mutsu Institute for Oceanography. Such data is utilized not
only for research on climate change, but also for fishery and sea accident
prevention (Figure 3).

To understand changes that have occurred in marine ecosystems in Tohoku
coastal areas since the earthquake struck and to contribute to the restoration
of the fisheries industry, we joined the Tohoku Ecosystem-Associated Marine
Sciences (TEAMS)—a program launched in February 2012 for surveys and
research on marine ecosystems—and are developing a data management
framework for disseminating and providing research results and information
obtained in this program and building data sharing/publication systems. In
FY2015, we created “TEAMS Video Gallery” on TEAMS' official website, which
is our communication base for this project, and have distributed interesting
video clips shot during surveys and observations since September 2015
(Figure 4).

Figure 1. Earth Simulator
Figure 2. Use of the nodes

Figure 3. Ocean currents in the eastern Tsugaru Strait (left: for personal computers; right: for smartphones)

Figure 4. Video and photo library on TEAMS' official website
Figure 5. Awarded by the Commandant of the Japan Coast Guard
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Operation of Chikyu and promotion of IODP

Overview

The Center for Deep Earth Exploration (CDEX) operates the deep sea scientific
drilling vessel Chikyu, a unique drilling platform for the International Ocean
Discovery Program (IODP), a 25 member country scientific program, including
Japan, the United States and a European consortium. CDEX manages
operations, drilling, scientific services, and technological development,
utilizing Chikyu under the IODP international framework.

In this annual report, we discuss four topics describing our activities in
FY2015.

Major achievements

1) IODP Expedition: “Nankai Trough Seismogenic Zone
Experiment (NanTroSEIZE)”

Successful completion of IODP Expedition 365 “Nankai Trough Seismogenic
Zone Experiment (NanTroSEIZE)" (March 26 to April 27, 2016). This research
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cruise recovered a temporary monitoring instrument (GeniusPlug) installed
in 2010 during Expedition 332, and deployed the second NanTroSEIZE long-
term borehole monitoring system (LTBMS) in the shallow megasplay at Site
C0010. This LTBMS includes a suite of sensors, including a strainmeter, fixed
inside the borehole. These sensors can carry out highly sensitive and accurate
long-term observations of small changes in the splay fault and its surrounding
accretionary prism. This LTBMS will be connected to the Dense Oceanfloor
Network system for Earthquakes and Tsunamis (DONET) established on the
seafloor near Nankai Trough to stream borehole monitoring data to a shore
station in real time.

Site C0010 (about 85 km off the coast of Shingu City, Wakayama Prefecture)

2) SIP Expedition: “Hydrothermal Sediments in
Okinawa Trough II”

Continuing Chikyu’s involvement in the cross-ministerial Strategic Innovation
Promotion Program (SIP), as part of the “next-generation technology for
ocean resources exploration” project, CDEX carried out the “Hydrothermal
Sediments in Okinawa Trough II" expedition. Two sites were explored, the

Figure 1. Site C0010 (about 85 km off the coast of Shingu City, Wakayama Prefecture)

m Figure 2. LTBMS wellhead and ROV platform, showing the installation of the data recorder
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lheya North Knoll and Noho in the Iheya Small Ridge region (February 11 to
March 17, 2016). CDEX developed monitoring devices for this expedition, and
examined their operation after deployment. CDEX obtained logging-while-
drilling (LWD) data from hydrothermal deposits, collected core samples, and
successfully installed two monitoring devices. With their heatproof temperature
and pressure sensors, these devices artificially precipitate minerals from
subsurface hydrothermal water collected in sampling volumes and also monitor
hydrothermal emissions.

3) Chikyu 10th anniversary project

We celebrated the 10th anniversary of Chikyu’s completion and delivery on July
29, 2005. CDEX conducted various events, including two symposiums, open
house of Chikyu at the Port of Yokohama, and a special exhibition during the
open house at the Yokohama Institute for Earth Sciences. In addition, CDEX
published a “10 year's anniversary review of Chikyu”, a special issue of JAMSTEC'
s Japanese-language “Blue Earth” magazine commemorating Chikyu's 10th
anniversary, a regular issue of “Blue Earth” focused on Chikyu, and an English
—language précis of the same regular issue. CDEX also created video clips
highlighting Chikyu’s scientific achievements.

At a symposium for middle-school students (October 4, 2015), researchers
and engineers introduced Chikyu to about 200 participants. At the anniversary
symposium (November 12, 2015), we held lectures and panel discussions on
the 10 year history of Chikyu, its scientific achievements, and visions for the
future. The open house at the Port of Yokohama had 6,673 people visit Chikyu
(November 21 to 22, 2015).

4) Periodic inspection of Chikyu

Chikyu was built in 2005, and CDEX conducts periodic dry dock inspections on
a five year schedule. In addition to regular maintenance, CDEX also installed
large equipment, including the Drilling Control Instrumentation System
(DCIS), and carried out laboratory and workspace renovations. The research
environment was significantly improved thanks to the renovations based
on feedback from past expedition scientists, including separating the core
sample and riser drilling cuttings samples processing flow, and a flexible room
layout for the laboratory that allows the scientists to configure the layout
to fit the goals of the cruise, and an expansion of the geochemical analysis
laboratory.

Figure 3. Drilling sites of the “Hydrothermal Sediments in Okinawa Trough II” expedition.
Figure 4. Monitoring device installed on wellhead on sea floor.

Figure 5. Crowds at the Port of Yokohama open house.

Figure 6. Chikyu in dry dock undergoing periodic inspection.
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Supporting Member System (JAMSTEC Partners)

Overview

With an aim to create a core institution for research and development in
the field of ocean science and technology, the Japan Marine Science and
Technology Center, the predecessor of JAMSTEC, was established in October
1971 as an authorized corporation based on the Japan Marine Science and
Technology Center Act in response to a proposal by the Japan Business
Federation, with close cooperation and support of industry, government, and
academia. Along with the establishment of the Center, a supporting member
system(JAMSTEC Partners) was started to widely seek understanding and
support in research and development activities. The purpose of this system
is to advance the development of Japan’s ocean science and technology
together through donations from many industries and organizations and

to connect JAMSTEC and members of the system with a partnership for
activating oceanographic research and development activities.

Hl Membership Privileges

JAMSTEC Partners offers various membership privileges for utilizing our

research and development results.

- Information sharing on the research and development results through
various seminars, engineering exchange meetings, etc.

- Business support for the members, such as support for engineering
development using JAMSTEC's equipment and facilities including research
vessels, manned research submersibles, remotely operated vehicles, etc. and
various types of preferential treatment for the use of such equipment and

Picture 1. Seminar for JAMSTEC Partners
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facilities.

- Technical support through the dispatch of technical advisors and lecturers
for in-house training programs

These privileges are available if you join JAMSTEC Partners.

For inquiries about the system, please contact us at:

Administration Department, Tokyo Office, JAMSTEC

Address: Fukokuseimei Bld. 23F, 2-2-2 Uchisaiwaicho, Chiyoda-ku, Tokyo 100-
0011 Japan

TEL: +81-3-5157-3900

FAX: +81-3-5157-3903

Email: sanjokai@jamstec.go.jp

Picture 2. Trial cruise
Picture 3. Facility Tour
Picture 4. Technology exchange meeting
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