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FY2017 marked the fourth year of the mid-term plan of the Japan Agency
for Marine-Earth Science and Technology (JAMSTEC). JAMSTEC
researchers have pursued their respective projects using a variety of
approaches towards an “integrated understanding of the ocean, Earth and
life"—the overall goal of the mid-term plan.

In May 2017, JAMSTEC and NHK jointly developed a full-depth mini lander
(remotely operated vehicle) equipped with a 4K camera in a technology
development project for next-generation deep-sea exploration systems.
The joint group then conducted test operations of the lander in the
Mariana Trench's Challenger Deep, in which it was sent to the greatest
depth ever reported (approximately 10,900 m deep). During these test
operations, the lander succeeded in recording an image of fish (a close
relative of the hadal snailfish) swimming at a depth of 8,178 m in the
Mariana Trench. This marked a new world record for the greatest water
depth at which the existence of fish was confirmed using both images
and accurate, sensor-based water depth measurements. In future studies,
we plan to investigate food web structures and estimate population
densities in biological communities at depths greater than 8,000 m by
making observations and collecting samples at these depths and
analyzing the data collected.

From July to October 2017, JAMSTEC, the National Museum of Nature
and Science, NHK, NHK Promotions Inc. and the Yomiuri Shimbun
co-hosted a special “Deep Sea 2017” exhibition at the National Museum
of Nature and Science. Various JAMSTEC departments presented their
research projects and findings—including deep-sea organisms, submarine
resources and natural disaster indicators surveyed using remotely
operated vehicles and the drilling functions of Chikyu—through displays
and orally. A total of more than 600,000 people visited this event, which
translates to 7,811 visitors per day on average, a record high for a special
exhibition at the Museum.

In addition, a joint research team named “Team KUROSHIO" (consisting of
JAMSTEC, the University of Tokyo Institute of Industrial Science, the
Kyushu Institute of Technology, the National Institute of Maritime, Port
and Aviation Technology, Mitsui E&S Shipbuilding Co., Ltd., Nippon Marine
Enterprises, Ltd., KDDI Research, Inc., Yamaha Motor Co., Ltd.) has been
competing in the “Shell Ocean Discovery XPRIZE," a global competition
intended to promote the development of deep-sea exploration
technologies, including robots, which enable quick mapping of wide areas
of the seafloor. Viewing this event as a perfect publicity opportunity, the
team hopes to convey Japan’ s advanced technological capabilities in
oceanographic surveys to the world and to launch a new oceanographic
survey community that will promote revitalization of existing survey
activities and the initiation of new survey projects.Team KUROSHIO
passed the “Round 1 Technology Readiness Test” in January 2018 and
was notified in March 2018 that it had advanced to the "Round 2 Final
contest”. We appreciate all the support the team has received from
everyone, including crowdfunding.

We intend to continue tackling challenges in a wide range of fields in
collaboration with various organizations and companies in the hope of
supporting the sustainability of humankind in a rapidly changing world.
We will steadily advance our R&D efforts through cross-sectoral
coordination and effective utilization of technologies. Thank you for your
continued support, understanding and advice.
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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.

AE Personnel
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The total number of JAMSTEC personnel decreased from 1,024 in FY2016 2 ! 2 3 3 3
to 1,013 in FY2017. Looking at the composition by job category, both w | w | w | w |
researcher and technician categories saw a decrease in the number of o | o | N ‘
non-permanent employees (researchers: from 175 to 156; technicians: ﬁi’gi& 1 %I’?H)ﬁf : %jfﬁit : ’§$H§4f&ﬁ : %ffk
from 106 to 98) and an increase in the number of permanent employees . . .
(researchers: from 157 to 175; technicians: from 131 to 141). i ! i ! i ! i
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AEBR (FRE30E3A31HIER)
Personnel distribution (as of March 31, 2018)
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FE Budget funded by Japanese government
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The following bar chart illustrates changes in JAMSTEC's budget over the
past five years. While the amounts of grants JAMSTEC receives vary from
year to year, the amounts of operational bonus are decreasing every year.
Thus, JAMSTEC needs to increase operational efficiencies and acquire
research funding from more diverse external sources.
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HEIEHE  Partnership agreements
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JAMSTEC is working on research and education under cooperation with
universities and research institutions, etc.

NERFREES  External research funding
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The number of projects that acquired external research funding in FY2017
remained at the record level established in FY2016. In FY2017, JAMSTEC
newly acquired funding from two MEXT programs: the Integrated
Research Program for Advancing Climate Models [TOUGOU] and the
High-Performance Computing Infrastructure (HPCI) initiative.
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Changes in the amount of external research funding acquired
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FUNKRZ H16.11.26 MILE H25.09.05
BHRAAR - EEIYEREE (JOGMEC) H19.07.23 FRENGAR - BB - BXRIPRITMRR (H28FE8M) H25.10.10
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FIAN-I#ERES - SNIRAFHEERE H25.05.31 BBERE H29.12.22

BEEIRSE#E—EE List of research and educational partnerships
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EPEHH7]  International Cooperation
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JAMSTEC has been promoting international joint projects and building and maintaining solid cooperative relationships with international organizations,
including United Nations bodies and overseas research institutes. These initiatives are intended to contribute to solving the issues surrounding global

environmental change, including climate change, and to promote more effective and efficient ocean observation and research.

ZEHERBANORR
Contribution to Multilateral International Cooperation
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The goal of the Intergovernmental Oceanographic Commission (I0C) of
the United Nations Educational, Scientific and Cultural Organization
(UNESCO) is to promote scientific surveys in the sea. JAMSTEC has
internally established the Japan Group of Experts to Advance 10C
Programs to ascertain the latest developments in international research
plans/projects involving the IOC. JAMSTEC representative participated in
the 10C Executive Council as a Japanese government delegation member.
The Council gave the representative the opportunity to provide expert
opinions, coordinate with other national governments and collect

information from them. These activities facilitated the I0C’s
decision-making processes. Since FY2013, JAMSTEC dispatches one of

JAMSTEC 2017 Annual Report

the administrative employees to the 10C secretariat and supports major
tasks at the I0C Headquarters. The I0C Sub-Commission for the Western
Pacific (WESTPAC) has selected a JAMSTEC member as a
vice-chairperson.

As far as UN-related activities are concerned, JAMSTEC also participated
in the UN Regular Process for the Second World Ocean Assessment and
supported discussion about a new legal framework to preserve
biodiversity in areas beyond national jurisdiction.

The Group on Earth Observations (GEO) is an intergovernmental body
composed of more than 100 countries. At GEO's 14th plenary meeting in
the U.S., 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. JAMSTEC also
participated in the meeting of the Oceans and Society Working Group
during the 10th GEOSS-Asia-Pacific Symposium. Moreover, JAMSTEC has
recommended and sent experts to the Intergovernmental Panel on
Climate Change (IPCC) and the international expert panel of the
Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services in order to facilitate their efforts.

The Tsukuba Communiqué, issued at the G7 Science and Technology
Ministers’ Meeting in Tsukuba, describes issues concerning “the future of
the seas and oceans.” JAMSTEC dispatched an expert to a follow-up
discussion on scientific initiatives to address these issues.

At the United Nations Conference to support the Implementation of SDG
14 (the 14th Sustainable Development Goal), JAMSTEC announced that it
would take voluntary action toward achieving SDG 14 by expanding ocean
observation networks and opening, sharing and using data related to
marine organisms and marine debris.

BAREREF L D

Cooperation with Overseas Research Institutions
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In FY2017, JAMSTEC strengthened its cooperation with overseas
research institutes and other groups by concluding and updating a
research collaboration document with Natural Resources Canada. It also
signed joint research agreements with 13 overseas research institutes
and other entities.

In addition, JAMSTEC and the U.S. National Oceanic and Atmospheric
Administration held a regular meeting in accordance with their
memorandum of understanding (MOU). They discussed promoting
research collaboration, among other subjects, in order to strengthen their
relationship.

NF T RAEGRELOMRBAICRIXEEZEH
JAMSTEC and Natural Resources Canada update research collaboration
document
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EE7OY YR RE  International Projects
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JAMSTEC participated in various international research projects (e.g., the
International Ocean Discovery Program (IODP), the Argo Program and the
World Climate Research Programme’s Climate and Ocean: Variability,
Predictability and Change project (CLIVAR)), hosted various research

meetings and carried out observations and investigations under
international research plans.
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HERNIRE: 25 #E + 2 VY —ITA
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No. of agreements signed in FY2017

Partnership agreement/MOU: 25 institutes + 2 consortiums

Joint research agreement/implementation agreement: 45 institutes

ZOftt Others
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Many officials from other countries visited JAMSTEC, including the
Ambassador of Australia to Japan, the Viethamese Deputy Minister of
Natural Resources and Environment, members of the Institute of
Oceanology of the Chinese Academy of Sciences, APEC officials, ASEAN
officials and members of the European Parliament Fisheries Committee.

JAMSTEC 2017 Annual Report
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ILEREED  Public relations activities
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To promote public understanding of science and technology, JAMSTEC has been engaged in the following public relations activities.

R OMERREDRE
Publication of latest research findings and other
information
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We publicized JAMSTEC's latest research findings via press releases and
held briefing sessions for reporters. We also held study sessions for
members of the mass media on attention-grabbing topics, such as an
anticipated Nankai Trough earthquake and research in the Arctic Ocean. A
press release commentary entitled, “In-depth understanding of selected
research projects,’ was prepared and posted on the JAMSTEC website

press release page as part of our efforts to convey timely,
easy-to-understand information to the Japanese public.
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MEEREDAR HEBEMHFHIWEBR—Y
Press release commentary, “In-depth understanding of selected research
projects” on the JAMSTEC website
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Special “Deep Sea 2017” exhibition at the National
Museum of Nature and Science
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In 2017, we co-hosted a special “Deep Sea 2017" exhibition (subtitle:
Oceanographic research in the abyssal zone) with the National Museum
of Nature and Science, NHK, NHK Promotions Inc. and the Yomiuri
Shimbun. This event, visited by about 620,000 people, allowed us to
convey a message to the public that deep-sea research has the potential
to offer solutions to scientific and social problems.

FSEHCOTARBESELE=—

Ceremony commemorating 600,000 visitors

NHKEBHBF1 =T A= v 1 ENDHH

Cooperation on the NHK TV program “Deep Ocean”
F29FE8BABENHK A~ + )L TDEEP OCEAN #8%&E
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MOPFIBNUE U,

We assisted in the production of NHK’s special TV program, “Deep Ocean:
Challenging the depths;" aired in August 2017, by testing deep-sea survey

equipment. Findings from this expedition were also displayed at the
special “Deep Sea 2017” exhibition at the National Museum of Nature and
Science during which we explained JAMSTEC R&D activities to the
general public.

TUT7FBEDKES, 1 78mICEWTREDBTICHY
This research expedition was conducted under a Special Use
Permit (#12541-17001) issued by the Mariana Trench National
Wildlife Refuge, U.S. Fish and Wildlife Service, Department of
the Interior.

HEE% - ARl — AR A B EE U Tc B RILEREED
Public relations activities through open house of JAMSTEC
facilities and ships
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We held public open house of JAMSTEC facilities at various locations (the
Yokosuka Headquarters, the Yokohama Institute for Earth Sciences, the
Mutsu Institute for
Oceanography, the Kochi
Institute for Core Sample
Research and the Global
Oceanographic Data Center).
JAMSTEC ships and materials
related to leading-edge marine
research were also publicly
exhibited at various locations
(Tateyama, Imabari, Mutsu,
Hakodate, Harumi in the
Tokyo Port, Kobe, Hachinohe,

SERBETO VNV —RAR

Ishinomaki and Shimizu).
Public exhibition of Kairei at the Imabari Port

F20ELERBET/N\AFICHISBEDOEIVTAN,
20th elementary school student drawing contest (named
“Let’s draw a picture on a postcard to express our
ocean-related dreams”)

FELENLDBENDOEVEN. BKRZRET D/cHIc, £2EH
DINFEEFREU: N\AFICHTSEFEOEIV TR, =
UE Ul BERIERMICOVWTIEWTWS B A EM & L, /\AFIC
WGP CC. PATHT7 2BETHHDT, 23,8221ERDIHEN
HDFEUI, £200BORELZSIVEEBOERSBICHEZ
WefeEg% Ul

We held a drawing contest (named “Let’s draw a picture on a postcard to
express our ocean-related dreams”) to stimulate interest in the oceans
among elementary students. We asked students to visualize an exciting
marine science and technology-related motif and express it on a postcard
in the form of a drawing, computer illustration or composition and
received a total of 23,822 postcards in response. JAMSTEC supporting
members co-sponsored this 20th commemorative contest.

AHEZFREMICES

Contest winners were invited to ride on a JAMSTEC ship.

JAMSTEC 2017 Annual Report
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¥B#E Organization chart

%E Executives

HER President BESIEBYIEE  Executive Director B2 Auditor
SE #HE  Asahiko Taira B 1E Wataru Azuma ERE FAXA Yukihisa Washio

TfgeiH4IBE  Executive Director

fFZERFY  Research Sector

BREEEEYEE  Executive Director
Hil /X Yoshihisa Shirayama &% X Motoshi Shinozaki

ECE(GEEE))  Auditor (part-time)
Bl #F Yuko Maeda

| BB R SR

Strategic Research and Development Area

| ERmiRESE

Basic Research Area

— HERIRIESRAMERREEY Y —
Research and Development Center for Global Change (RCGC)

— EFREHREMERREEY Y —
Research and Development Center for Ocean Drilling
Science (ODS)

— MEEREES MRz —
Research and Development Center for Earthquake and
Tsunami (CEAT)

— EEERNETPHRRREY—

Research and Development Center for Marine Biosciences

— BEERMEREEYT—

Research and Development Center for Submarine Resources

— 77Vr—v3vIi
Application Laboratory (APL)

— RAXBFERREHER 7O IMF—L
Project Team for Analyses of Changes in East Japan Marine
Ecosystems

— BRI TSR AR —
Institute of Arctic Climate and Environment Research (IACE)

— [BRETIEBECARTOSIMF—L
Project Team for Advanced Climate Modeling

LOMFFR
Mutsu Institute for Oceanography (MIO)

SHI7HRER
Kochi Institute for Core Sample Research (KOCH]I)

TFUHEERR

Research Support Department
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— RRBFHEEERMRESE
Department of Coupled Ocean-Atmosphere-Land Processes
Research (DCOP)

— MAENSREREETFRATSE
Department of Integrated Climate Change Projection
Research (ICIiP)

— Y—LLAREFHIRRTE
Department of Seamless Environmental Prediction Research
(DSEP)

— MEKCREYAF IV AMRT T
Department of Deep Earth Structure and Dynamics
Research (D-EARTH)

— MERAERYE BRI EF
Department of Solid Earth Geochemistry (DSEG)

— BFEYSRENEDEF
Department of Marine Biodiversity Research (BIO-DIVE)

— e MRAEYBRR ST
Department of Subsurface Geobiological Analysis and
Research (D-SUGAR)

— EYIR{LFRR S E
Department of Biogeochemistry

— BOERP - SRR R S5
Department of Mathematical Science and Advanced
Technology (MAT)

FA%-ERERFY Development and Operation Sector

I B¥T¥tEyy—
Marine Technology and Engineering Center (MARITEC)

I ERiEmREE 5 —
Center for Earth Information Science and Technology (CEIST)

— EREE
Planning and Coordination Office

— R FOER

Department of Engineering for Geo-Marine Science

— EAEEER

Research Fleet Department

— TR ST R R AR

Department of Marine Technology Development

| IRFEREE L5 —
Center for Deep Earth Exploration (CDEX)

— REREE
Planning and Coordination Office

— ZEFAER
Operations Department

— BeAlTER
Technology Department

— BE R

Science Services Department

- RERRIIN—T
Health, Safety and Environment (HSE) Group

EEEIREFY  Administration Sector

— BEREE
Planning and Coordination Office

— Sl iE R TR R R AR

Advanced Earth Information Research Department

— RE IR IE R TR FAR

Geoinformatics Research Department

— BRI RTLER
Information Systems Department

— IR IEERBLATER

Data Management and Engineering Department

— EE¥RREREY Y —
Global Oceanographic Data Center (GODAC)

I Rt RAERTARBE IO I F—L
Project Team for Development of New-generation Research
Protocol for Submarine Resources

| RIREEECEMAETOS LI MF—L

Project Team for Climate Change Adaptation Technology

lEYIF—ERFA7OY I MF—L
Project Team for HPC Advanced Predictions utilizing Big Data

—EERIREMA /R—Y 3 U HEERER
Innovation Promotion Office via Marine-Earth
Science and Technology

— REEER — A/R—2ay-BREHEE
Planning Department Innovation promotion, Cooperation and Partnerships
Department
— ROHEER
General Affairs Department — [LERER
Public Relations Department
— AEHR
Human Resources Department — Re.EETEE
Safety and Environment Management Office
— $RIBER
Finance and Contracts Department L ety
Audit Office
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BETR RS DEIE  JAMSTEC OVERVIEW

TENER - B

akRmEEm 5w 3,
Deep-Sea Drilling Vessel CHIKYU

FEEkREmEESN TRKITH
Support Vessel YOKOSUKA

s o

EEREmEm THuvhyg
Deep Sea Research Vessel KAIREI

EEHIRERZM THSLY

Oceanographic Research Vessel MIRAI
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Research Facilities

2 K£:210.0m
V¥ 156,752~

E B:2004

FAMIEE : 20054
Length: 210 m

Gross tonnage: 56,752 tons

Complement: 200 persons
Commissioned: 2005

£ £:1052m
h# 4,439

E B:60%

BN 1 19904
Length: 105.2 m

Gross tonnage: 4,439 tons

Complement: 60 persons
Commissioned: 1990

£ &:106.0m
fh8 4517k

f T BE:60%

B 1 1997 F

Length: 106.0 m

Gross tonnage: 4,517 tons
Complement: 60 persons
Commissioned: 1997

£ f£:1285m
#8706 k>

F B:80%

M 19974
Length: 128.5 m

Gross tonnage: 8,706 tons

Complement: 80 persons
Commissioned: 1997

£ &£:100.5m
B 5,747~

E B:65%

M 20164F
Length: 100.5 m

Gross tonnage: 5,747 tons

Complement: 65 persons
Commissioned: 2016

BIEILIERZEM THLELY,
Research Vessel KAIME]

£ £ :100.0m
fahv# 13,991 k>

. € B :189%

TG - 19894
Length: 100.0 m

Gross tonnage: 3,991 tons

Complement: 89 persons
Commissioned: 1989

itrizenn TEBAL.
Research Vessel HAKUHO MARU

£ £:66.0m
% 1,635h

T B:414

M 20134F
Length: 66.0 m

Gross tonnage: 1,635 tons

Complement: 41 persons
Commissioned: 2013

RiEEEERAERER TS AL
Research Vessel SHINSEI MARU

RABMARE : 6,500m
E B!

£ K:97m
EHES 1 26.7hY

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

Dry weight: 26.7 tons

BAEKHEER "TUADGE500)
Manned Research Submersible SHINKAI 6500

,.

mAFaEE ThHWIS,

Remotely Operated Vehicle KAIKO

Faxmram 'S50F;
Deep Sea Cruising AUV URASHIMA

FVFv—/

E—2IL (Mk—IV)
RABMARE

11,000m / 7,000m
2 £K:52m/3.0m
PHhEE:5.8hy /55y

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

RABMZEE : 4,500m
£ &:30m
ZHEE 1 4.3k

Depth capability: 4,500 m
Length: 3.0 m
Dry weight: 3.8 tons

RABMZEE : 3,500m
£ K£:10.0m
EHEE7.0hY

Depth capability: 3,500 m
Length: 10.0 m

! Dry weight: 7.0 tons

BERmARas TUANLY

Autonomous Underwater Vehicle JINBE/

BEREARER THE00,

Autonomous Underwater Vehicle OTOHIME

BEREARER ThHWVDIH
Autonomous Underwater Vehicle YUMEIRUKA

SABIMERE : 3,000m
£ K:14.0m
ZHEE 1.7k

Depth capability: 3,000 m
Length: 4.0 m
Dry weight: 1.7 tons

RABMZEE : 3,000m
£ K:25m
ZhEE 1 0.85h

Depth capability: 3,000 m
Length: 2.5 m

| Dry weight: 0.85 tons

RRBZEE : 3,000m
£ K£:50m
EHEE: 2.7k

Depth capability: 3,000 m
Length: 5.0 m
Dry weight: 2.7 tons

MERS = 2 L—% (BRFHZAT)
Earth Simulator
(Yokohama Institute for Earth Sciences)

7Oty 5,120
(O7%% . 20,4801@)
E—okge:
1.31R&70v7X
FLRAE:
32072/~

Number of Processors: 5,120
(Number of cores: 20,480)
Peak quality: 1.31petaFLOPS

Main memory capacity:
320 terabytes

A7 {REE (BT HRILRR)
Core Repository
(Kochi Institute for Core Sample Research)

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

BEICIRSERZRET S

Exploring untapped submarine resources

HAFECMDETDOHMIREKBZFOR
HEORIZEEICIE, EE, BEHMKILRK, O
NILRNIYFOSAN LPTP—=RR AT VINA
RL—FEDOBEEROEFEINERINTLE
9o YHB TR, ThSOBRENLRFERICH
17T, BEEROREBACHENLZRAEAE
DO, B EZEE L ZRBFICANLCRERE
THESFEDBEREICIDEM. TEREDERRZ
EIFTWET,
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In recent years, various submarine resources such as
submarine hydrothermal deposits, cobalt-rich crusts,
REY-rich mud and methane hydrate have been discovered
in the waters surrounding Japan, which has the world’s
sixth largest exclusive economic zone. In the pursuit of
sustainable ocean development, JAMSTEC worked to
clarify the resource generation environment, establish
efficient survey methods and develop environmental
impact assessment methods suitable for use as
international standards. As a result, we produced the
following results.

BESKILROREEREZNICEDRHEFEDEE

Study of ore genesis at submarine hydrothermal deposits and utilization of the results in the development of survey

methods

AUVZRWHRNRILREREIC
miFT

KR BREERICHCZIENHEZE
BIEAREEE (AUV) ZAWT, Z1EMIC
T ORI EITSIch DR R T #E
LTWET, BEBEOHREAUVIE TUAN
W TS HY TED, ThsHRIAUVIC
BHTEDLOICHARUCEMNEERBEER
EREZEHLUCRBARRZEBLUE U,
TOANRW) ZAWBEER TR, B
BICRThT &3, BBEBERAILT TR
BENBABMT 9D 5T T4 Xk
ROE L THELGEDEABUERHIR
Hahxz U (Kawada and Kasaya, EPS,
2018)o —A. THWVBD (FHIHTDAR
KRGEIREERTH D, B TORBREM
[N, 3 Erhifkds (ASV) ZFHWERD
e DEERFERROEBLUE U,

INSORBRMBERT BHRDAUVE
ASVZERWHIDOESR - BRBUREZT
SHEBMENEMIN. TCANRW HEE
EURERZ HW\Wahy ICEH LB
HTREITZIEICHIMLEL, £/ 1
EEOHEBEEEICIE. AUV TFIED A BIFRA
L. S DAUVZ B RS R TV
Wy EASVTERI B EICEHERIULE LT,

AUVs could conduct efficient ore deposit
surveys

We are developing an efficient sub-seafloor
visualization device that can be installed in
highly maneuverable autonomous underwater
vehicles (AUVs). We developed an underwater
(electric) power source and receiver, installed
them in JAMSTEC' s medium-sized AUVs (Jinbei
and Yumeiruka) and tested their performance at
sea. The system was successfully tested using
the Jinbei AUV in the caldera of Myojin Knoll,
detecting clear negative self-potential anomalies

E1:AUVFCARW, TI&

HEhlcBDBEREUNE

B EEESAMEEAIL

Nk

TI0Y Y T4 XKD
B (BHLED) & —B9 %,

Figure 1 : Negative
self-potential anomalies
detected by the Jimbei AUV.
The anomalous area
coincided with the location

of the Sunrise deposit in the
caldera of Myojin Knoll.

above the Sunrise deposit (Kawada and Kasaya.
2018). The first official test using the Yumeiruka
AUV also confirmed the performance of the
electrical survey system. An acoustic
communication device installed both in the AUV
and in an autonomous surface vehicle (ASV)
was also tested.

Following these tests, we carried out multiple
platform tests with AUVs and ASVs in the first
electrical and self-potential surveys ever
conducted in the ocean. In these tests,
Yumeiruka successfully received signals from
Jinbei. In another test in Sagami Bay, we added
the Hobalin AUV and successfully operated all
three AUVs using the research vessel Kaimei and
ASVs.

H2:REBEB7 LA ZRMUIAUVIOHWNDD .
BAICRZBDIZASV,

Figure 2 : AUV Yumeiruka towing an array of
electrode receivers. An ASV can be seen in the
distance.

ANIKNIYFISAN L7 7—RRDBEFRREZNICEISERULTERERICERI 5FEDREE

Investigation of genesis of cobalt-rich crust and rare earth-rich mud and development of methods to detect high-quality
mineral deposits based on the genetic model developed

ANEBICAET SHFE3EBLUDK
#1500m~5500mOFHEICENT
YHYOZANDIEHD ZHERR

EBLOMEICIEY Y AV EROBILY % E
FELEEMMDNS10cmbEDDEZ DY
VAV SANDAHULTED, /LM B
&, L7 T—AEDLT7 AN 2 ECEBER
ELVTEESNTWET, INETEICHARS
EhoE<ENHFEESEIL (K3) £F
FTILBILEMNED . EARBREZRW

T, 1100m~5500m D 7K ;E TR KA R R
FHREARZT>TEH U, ZnzEId
KEEOBLMNEICIEYYHYIIZAME
BRICEEL. ISICHREENEVNT T
MEEWEBILICRET DZEWSREERLTE
UTeo

BREEDT. EEHEHTM DUV
KR17-07CHiiE (FR2944823H~5A8
TR ICT HWHEESE3IBIL (E2TA
£, M3) #RABELF U, 2R, FHE
D, AELCRE—FNINTEVNWIVHY

s

ISARNTEDLNTVWELEZ (K5), E5IC.
FBIFRTHEARRZRILIcE T3, B
BINTICBEWIN VYAV IS ANDES
5cmZBA B EBNEVNSDTHD. 13cm
ISETZHDHHDFURE (K4), MEiFEHIC
BEUFRITTEWI SR NS ATHE D
HHFET,

U EDERMNS HRTIL—TDIRELT
WBEEETILOBRIEDN KW ERF LT,
T RANRNB SRR EDORESE 3
B (B ¥ 5 DRERKI350kmiF) (&,
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BIESREIHZEIS  Research and Development (R&D) Center for Submarine Resources

RYAVIZANDERCEEBEDIZOHIC
BRBZ1—ILRERBIZIFTIERL KT
VAV ZANDRE - BREREMOERER
EULTORBHERFTEERT (FR29F68
TLAFKR) .

Confirmation of thick manganese crust on
the slope of the 3rd Takuyo Seamount in
the vicinity of Japan’s main island at
depths of 1,500-5,500 m

Some seamount slopes are covered with a
manganese crust composed mainly of oxides of
manganese and iron from several millimeters to
over 10 cm in thickness. This crust is attracting
attention as a potential source of useful metals,
including cobalt, platinum and other rare metals.

LIt 1420
? B T ST

M TEORE
i = 3460m T4 5 2 HR

= 1600
‘IJ.I#R 100 Ea?

B3 #mFE 3L S ELUOME

Figure 3:Locations of the Takuyo Daito and
Daisan Seamounts

Our previous systematic scientific surveys using
remotely operated vehicles and other means at
depths of 1,100-5,500 m mainly focused on the
Takuyo Daigo Seamount, a designated model
seamount, located a great distance from

Japan’ s main island. Based on these surveys,
we hypothesized that manganese crust is
ubiquitous on the slopes of seamounts in the
North Pacific, with slow-growing crust
developing on the slopes of old seamounts.

To verify this hypothesis, we conducted surveys
at the old Takuyo Daisan Seamount (120 million
years old, Figure 3) using the deep sea research
vessel Kairei during Expedition KR17-07C (April
23 to May 1,2017). As a result, we found that
the slopes of the seamount we surveyed were
entirely covered with thick manganese crust
consistent with the hypothesis (Figure 5). In

EANINWL
Ik wE
SBAE

S N KA

-

B4 &KRICHITBIANILNIYFISANDER

Figure 4:Cobalt-rich crust from different oceanic
depths (the black part of the rock)

addition, we collected samples of the
manganese crust at various depths and found
that its thickness exceeds 5 cm at all depths,
reaching up to 13 cm in thickness at some
depths (Figure 4), indicating undisrupted growth
over a long period of time.

These results greatly facilitated verification of
the cobalt-rich crust formation model proposed
by this research group. Because the Takuyo
Daisan Seamount (approximately 350 km from
the coast of the Boso Peninsula) is relatively
easily accessible from Japan’ s main island, it
serves as a useful research site to investigate
the characteristics of and mechanisms
generating manganese crust. It also serves as a
potential site for manganese crust research and
testing of newly developed technologies
(source: JAMSTEC press release on June 5,
2017).

6T 3 W

B5:KE3200mFEDEZHT13cmDI/NIL
UyFISANDEER
Figure 5:Appearance of cobalt-rich crust sampled

at different depths from the Takuyo Daisan
seamount

BER(CKREROBEFRAEFHRNRRER  TRILF—BRICET MR

Clarification of the generation mechanism of submarine hydrocarbon resources and research on continuous carbon and

energy cycles

Mg~ > 7REFHOR AL ICHEYE
BDAIVNARL—2FER

HWERCRIBIREM "5E 0>, TIRHILEE
HiERADBERXUNSESNIHEEYR
BHCDWT, #ERMEF - MAEMZNFEICEK
BAMT—YEMBRET - =lH+ED
BB ENRBITZITWE Uz, COER
EALDILTEANS590MDEI ETAY I\
ARL—rDEEL. HI32EM3DAT U H
T‘E?“%Zt I5IC. ZD0ONLU LD XY

. BET400~700mD B ICE S
Tf%w‘%ﬁ(i#%t:é:Diﬁzénf::&b‘EHBb\L:
BOEUI, ZOREICIE. FHCEET
TkmBUR) O IAED S, ¥+ 559 D B 7K
[k THEHE NTARIRE D DD ISR E =
BUTHIEE N, B THEM DAYV SR %E
RELTWREEZISNET,
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Ffo, KAERAATZAHDOBEKICERT
S TEMEYN S, BRECOZAWNTA
IUEERT BHMENBEECEBIBEET S
EICMULE U,

Fio, KEDSHNIZAEDBETICH
IOV YA XDOWINK Y AVRLFH, ¥V
AYEBPI/NILNI Y FISZAMCEEFNT
WBYYHYD100~1000fFDEICHY T
B RBECHEETDIEEREDHFELI,

Discovery of microorganism-produced
methane hydrates at a mud volcano in the
Nankai Trough Kumano forearc basin

We analyzed a sediment core sample retrieved
from an active submarine mud volcano in the
Kumano forearc basin using D/V Chikyu. Using
geochemical and geophysical data combined
with microbiological methods, we estimated
that methane hydrates could exist as deep as

590 m below the summit. The amount of
methane was estimated at 3.2 billion m®*—ten
times the amount expected to be found at a
single mud volcano. In addition, more than 90%
of the methane appears to be microbial in origin
and to have been produced in sediments
400-700 m below the seafloor, the mud
volcano’s source layer. In this environment,
low-salinity water derived from clay mineral
dehydration is supplied from an old accretionary
prism through a mega-splay fault; this fluid
seems to promote microbial activity, such as
hydrogenotrophic methanogenesis.

We used a voltage-applied bioreactor to
stimulate subsurface methanogenic microbial
communities. On the cathode, an
electromethanogenic biofilm converted CO, and
electrons to methane.

We identified micron-size ferromanganese
mineral particles in an abundance 100-1000
times greater than the manganese budget for
nodules and crust on the seafloor.

6: BB ESRANIUNICEITEAT VERD E7:BRECONEXY Y EERT BHENBEDKRT

BEE Figure 7: SEM images of electrogenic biofilm on anode and
Figure 6:Schematic figure showing the electromethanogenic biofilm on a cathode.
methanogenesis in the No. 5 mud volcano in

Kumano basin.

i%iﬁav = n*ﬁ%lf@ﬁﬂ

B8 : MY IV R FOEER EFHEMREE

Figure 8:SEM images of ferromanganese mineral
particles found in open-ocean subseafloor sediment.

Development of environmental impact assessment methods

HETHINREO D EFHME
BEFEIMICIIELVWDEZNAMEN
KT, BT, FRMNABENZULTEL
TWBEZFVEDOEYICIE. Z<DERKE
MNEELTVWSEEZSNTVET,

Taxonomic research on species relevant to
environmental impact assessments

Taxonomic information is important when
conducting environmental impact assessments.
Many cryptic species of gelatinous organisms,
whose ecology is largely unknown, are believed
to exist.

;%ﬁj{%gﬁ)(70)ﬁﬁit7'—’5’/\—1’\ Use of high-resolution cameras to improve
DR databases

ZIT. BRBREAATERRORESR
DODNAZ T ZBEL T BV S5 8 (K9) @
PEERREFRILIZECS, bREOERKE
NEFEEITDIEZRELDHFE U, TOHER
BEOELFRUEYHIET —IN—IH
BIESh, BFRIEZEMMOBEZ LTS
e DREBEMEB>IcEBRALTVET,

We observed some members of the order
Narcomedusae (Figure 9) using high-resolution
cameras and analyzed their DNA in order to
reexamine their taxonomic relationships. As a
result, we discovered five cryptic species, which
led to revision of the OBIS (Ocean Biogeographic
Information System) database, potentially
increasing the accuracy of marine environmental
impact assessments.

ER4SAZREUSIRERENMT
EORES
EREEEBIIBHICHBEE
RiE TABHROME, TN, SR
(FR EEICH T HRMIEDROSNTNE
o HAM B EENROTWBREHET
itz E B LoD, BRI

TWET, effective environmental impact assessment

Studies on internationally acceptable
environmental impact assessment
techniques

Developed countries have an obligation to
provide technical assistance to developing
countries to ensure that submarine resources
that are beyond the jurisdiction of any country
are properly managed as “common assets of
humankind.” We have been striving to provide

techniques to developing countries while taking
their needs into account.

ROSNBEMDFRM LA DEDFEH

EIZRMEEREIC AN, RifiHD/NEER
BIYATLPREABEE KB DR FICED
HATWET, ZO—A T, BEFRIERVE
BREAEE OBA(LREICEEL. i 7O
J—LOFITPEBRERE TOINY N
EiEL. & EEICHER TE2RERZETM
RMOBEM - HERICEHTNET,

Development and dissemination of
techniques that meet the needs of
developing countries

We have been developing low-cost, compact
survey systems and automatic long-term
observational equipment in an effort to provide
more economical products. In addition, we have
prepared technical protocols to ensure accurate

measurements that meet international
standards. We have also held events hosted by
international organizations to provide developing
countries with information on environmental
impact assessment techniques.

X9 : Pseudaegina rhodina

196 1 FEICEEHSNTLER. 4FRE DRI 71
118 (Aegina citrea) &SN TWeh FAHFRICK
D3R6ETHIIENIM T,

Figure 9:Pseudaegina rhodina

Since its publication in 1961, this four-tentacled
member of the order Narcomedusae had been
thought to be a single species, Aegina citrea.
However, this research revealed that it actually
consists of six species in three families.

X10: RERZEFNEEFo7OMNM—ILYY—X
Figure 10:Series of protocols for various
environmental impact assessment techniques
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S

WERIRIETEI DI FILEE5Z25

Detecting signals of global environmental change

AARFEFETIE. ABICE>TERBRDOEETH
SHERRIEDRIBEEDRERICMIT T, B -
AR - BERICEITIECDOREBZIEREICIRZ.
HRBRIEZEZRENICEREL. SEEDEW
FHZTWET, [UEZS. MERER. B*LE
RBROZI - TBICBT I BBNT—5%
UNEE - B - DTL. HIRRBOZEICDOWT
BENICEBEIIEEDIC. BRPEOTREN
DEEZFMUET, [URZEHICET ZEATHE
JXxIL (IPCC) F D E R EHEANRZ 7%
MBZREBIICLICEDEB LRI EDOEE
N7LEYZ20OREZBELEY,
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In this research and development, 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.

ORI ZENDIEFEE FRI Db DELH
i
WIRRIEZBZHEMNICERE TR 5

HIC AR EIRDFR T FRETAED

BRAIRMP4RTT — YRR EERL
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ZOEROBFLERRICET BRI GE TR

REREL HIRRIEOE (P EE Z IEfEIC

RAET,

OHIRKRE KT DY ERIRAR
RREBRE - HIREE DH AR,

ERRDOLBDHED. E-BEOYER
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YMERVIRILF —OERIL O CRER AR

ROBERVEEOEB ZDMTL. ZN5E

HEARIPABBEOBERERSHICLE
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QFHAMRICEDHIKREZE FHOE
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EHR - BATRYICRE C 2R IR R DR AR
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(i) Observational research to understand and
predict global environmental changes

In order to comprehensively understand and
predict global environmental changes, we
accurately observe and measure
atmosphere-ocean interactions, oceanic
circulation, carbon cycles and marine
ecosystems using research vessels,
observational techniques (e.g., drifting and
moored buoys) and four-dimensional data
assimilation techniques.

(ii) Research on material cycles on the Earth’s
surface

The objectives of this research are to
comprehensively understand temporal and

EEDRFRKD IR EDKINZZERDD?

spatial changes in gas exchanges between the
atmosphere and ocean/ground surfaces,
terrestrial ecosystem distribution across wide
areas, land-ocean substance transport
processes and atmospheric trace substances.
To achieve these objectives, we analyze material
and energy cycles on the Earth’s surface and
changes in the structures and functions of
terrestrial ecosystems to determine the
relationships between these variables and the
oceans, atmosphere and human habitats.

(iii) Sophistication and application of global
environmental change predictions based on
observational research

With the goal of achieving practical and reliable
prediction of local short-term extreme
phenomena, we are developing seamless
environmental prediction systems and
increasing the sophistication of the global cloud
resolving model (NICAM). In addition, we are
assessing the impact of human activities on
global environmental changes and studying
climate changes induced by natural causes
using a climate model that takes into account
chemical and biological processes (an Earth
system model).

Does precipitation along tropical coasts determine the Earth's water budget?
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L, HIR FEKDZ KR KBEBROWERD
‘EZRL, PREOSEICHEFEEZEX

TWEY, 22T BRDIRDEFEWZIEET
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Figurel : Schematic diagrams depicting the Earth’s water budget. Precipitation in the coastal zone (area
between the coastline and 150 km inland) is either taken into account (right) or not (left). Adapted from Ogino

etal. (2017).
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The heat generated by clouds and precipitation
in the tropics drives global atmospheric
circulation, impacting mid-latitude climates. To
understand the behavior of the heat source, we
carried out intensive atmospheric and oceanic
observations on the west coast of Sumatra,
Indonesia. These were the first intensive
observations made as part of the 2017-2020
international "Years of the Maritime Continent”
(YMC) project in which 20 countries and regions
are participating. Many intensive observations
are scheduled to be made during the YMC
project, mainly along the coast of the maritime
continent. Can you guess why these locations
were selected? Our recent research results
provide an answer to this question.

Rainfall is often observed along coasts in the
tropics. We closely analyzed moisture transport
between land and sea using satellite data and
reanalysis product. As a result, we found that
half of the water vapor falls as precipitation on

coastal regions before penetrating inland.

The Earth’ s water budget has conventionally
been perceived as an ocean-land system. Our
research demonstrated that it can more
accurately be viewed as an ocean-coast-inland
system. Why does it rain frequently along
coasts? The mechanisms remain unknown. The
objective of the YMC project is to find answers
to this question.

While making our observations in Sumatra as a
YMC core organization, we globally publicized
our activities—observation planning, data
collection and publication of a variety of
information. We also described the scientific
significance of studying coastal precipitation in
this project.

Through these initiatives, we provided this
multi-year international project with strong
leadership. Our initiatives encouraged the
international community by verifying the
possibility of obtaining research permission

within the Indonesian region, where such
observations are usually not permitted. This led,
for example, to the decision allowing ship-based
observation for this project in the United States
and Australia. In addition, a call for proposals
was made in the UK. Our paper on the
three-component water budget system concept
was selected by the American Geophysical
Union as a “research spotlight” article,
increasing the scientific community’ s
awareness of the importance of coastal
precipitation research. The distribution of
nutrient salts in the coastal zones is influenced
by precipitation and rivers—significant fresh
water sources. The presence of nutrient salts is
of great interest to various coastal industries,
including the fisheries industry. Therefore,
demand for information on coastal precipitation
is expected to grow.
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Determining the impact of deforestation on the CO2 budget: IPCC AR5 challenges resolved
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Figure2 :Latitudinal-temporal variations of CO2 levels as observed by the OCO-2 satellite during peak EI-Nifio
activity (left) and levels by which CO2 concentrations were underestimated by JAMSTEC's ACTM model

simulations for normal years (right).
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The budget of CO2—the most important
greenhouse gas—is influenced by both fossil
fuel emissions and changes in climate and
ecosystems. The effects of these two factors
therefore need to be estimated separately. In
FY2017, we analyzed the respective impacts of
El-Nifio and deforestation, two major factors
driving changes in climate and ecosystems.

(1) We quantified the perturbative effect of the
2015 EI-Nifio event on the CO2 budget through
an integrated analysis using OCO-2 satellite data
and JAMSTEC's atmospheric
chemistry-transport model (ACTM).

(2) Using an ecosystem model, we assessed the
impact of deforestation in Southeast Asia on the
CO2 budget between 2000 and 2010, a period
during which EI-Nifio did not occur.

As a result, we found the following.

(1) The impact of the 2015 EI-Nifio event was
equivalent to additional CO2 emissions of
2.4+0.2 PgC/year (approximately a quarter of
annual fossil fuel emissions). In addition, we
found CO2 emissions from forest fires and the
effect of decreased CO2 absorption capabilities
for forests due to drought to have major
impacts.

(2) We found that during the period in which
El-Nifio events did not occur, deforestation
reduced the amount of CO2 absorbed by
vegetation. Taking this effect into account, our
CO02 budget results matched those generated by
independent analysis using an atmospheric

model, resolving a difficult issue raised by the
IPCC ARS5.

These results demonstrated the importance of
separately analyzing the impact of climate and
ecosystem changes on CO2 budget from the
perspective of strategically managing CO2

FERILIRE  BFAES o MR K FRIR DR KEE =&

emissions from anthropogenic sources in
accordance with the Paris Agreement. In
addition, our advanced use of CO2 data obtained
from satellites may encourage future satellite
development and utilization.

Local jet streams promote the transport of warm water originating in the Pacific Ocean into the western Arctic Ocean
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Rapid sea ice reduction in the western Arctic
Ocean north of the Pacific Ocean may be
impacting marine ecosystems there in addition
to the physical and chemical environment. The
objective of this research was to investigate the
impact of sea ice reduction on marine
environments, including ecosystems.We carried
out observations in the Arctic Ocean using the
research vessel Mirai, time-series mooring
measurements and numerical experiments
using the JAMSTEC Earth Simulator to estimate
the current status of heat transport, carbon
cycles and ocean acidification and their impacts
on the Arctic marine environment. We focused
on the autumn and winter seasons, when the
impact of sea ice reduction was expected to be
particularly apparent.

Based on previous observations using moored
systems, we decided to focus our efforts on the
study of transport processes (flow toward
basins) by which warm water originating from
the Pacific Ocean permeates the subsurface
layer of the Arctic Ocean during winter.We
performed interannual experiments from 2001 to
2004 using a high-resolution pan-Arctic sea
ice-ocean model. The analysis revealed that
westward jet streams from the Barrow Canyon
to the edge of the Chukchi continental shelf
promote the transport of warm water originating
in the Pacific Ocean, potentially influencing sea
ice melt in the Arctic Ocean.

Based on these scientific results, we were
nominated as contributing authors for the AMAP
environmental assessment reports compiled by
the Arctic Council Working Group. We
contributed to two reports (SWIPA 2017 and
AACA BCB) that were published in 2017. These
reports are useful in discussions at the Arctic
Council and formulation of adaptation measures
for indigenous Arctic communities. JAMSTEC
also contributes to ICES/PAME/PICES-led
WGICA (Working Group on Integrated Ecosystem
Assessment for the Central Arctic Ocean) as one
of the committee members. Members from
various countries with ties to the Arctic
participated in discussions and are writing the
assessment report, which will be published
soon.
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Research and development on seismogenic zones
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Understanding seismogenic zones, and contributing to disaster mitigation

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 research and
development, JAMSTEC also promotes integrated R&D that
involves elaborate observational research, advanced
simulation studies, monitoring studies and analysis
studies, etc.
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Research for understanding the precise conditions of seismogenic zones along plate boundaries
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We discovered that “slow slips” occur cyclically
in the vicinity of the trench axis in the focal area,
an assumed source of a Nankai Trough
megaquake.

This discovery resulted from the analysis of two
types of data collected for six years from 2011
to 2016: first, data derived from continuous
measurement of water pressure in boreholes
drilled at two locations—the focal area of the
1944 Tonankai Earthquake in the Kumano Sea
and south of the Kumano Sea—and second,
ocean floor seismometer data collected by the
Dense Oceanfloor Network System for
Earthquakes and Tsunamis (DONET).

This research also found that slow slips occur at
intervals of eight to 15 months, are triggered by
earthquakes and are accompanied by
very-low-frequency earthquakes. In addition,
these slips were found to relieve approximately
30-55% of the strain induced in the oceanic plate
by subduction. We demonstrated for the first
time in the world that slow slips relieve plate
strain in the vicinity of the trench axis by
analyzing observational data collected
continuously at and below the seafloor using
highly sensitive observation equipment. These
results, combined with other recent seafloor
observation results, suggest that slow slips are
closely associated with the accumulation and
release of strain energy occurring in
seismogenic zones where tectonic plates
adhere to each other. We recommend closer
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Figure 2:Magnitudes and locations of eight slow slips detected by borehole observations between 2011

and 2016

observation of slow slips going forward.

This research project was supported by
Grants-in-Aid for Scientific Research from the
Japan Society for the Promotion of Science
(JSPS).
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Figure 1: Locations of DONET (brown) and two
observation boreholes: one in the focal area of the
1944 Tonankai Earthquake off the coast of the Kii
Peninsula (C0002G, blue triangle) and the other
further south and in the Nankai Trough (C0010A, red
triangle). Stars indicate the epicenters of the 1944
Tonankai Earthquake and the earthquake that
occurred southeast of the coast of Mie Prefecture in
2016. Contours indicate slips caused by the
Tonankai Earthquake (Kikuchi et al. 2014).
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Research and development on seismogenic zones

Comprehensive evaluation of the disaster potential of earthquakes and tsunamis
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We developed a method to estimate temporal
and spatial changes in the degree of locking
between tectonic plates based on information
(i.e., spatial gradients in surface displacement
rate fields and temporal changes in spatial
gradients) obtained from Global Navigation
Satellite System (GNSS) observations. We then
implemented the method using the data
collected from eastern Japan between Hokkaido
and the Kanto region. As a result, we found that
locking between the subducting Pacific Plate
and a continental plate weakened

semi-periodically during an approximately
10-year period prior to the 2011 Great East
Japan Earthquake. We also found that the
northern limit of the area where the locking
weakened moved northward toward the
epicenter of the Earthquake during this period.
This research indicated that the use of observed
displacement rate fields enables monitoring of
strain accumulation processes in plate
boundary seismogenic zones without needing to
take into account various assumptions related
to plate boundaries, such as their structures and
slipperiness and the smoothness of spatial
distribution of locking strength along the
boundaries. We are currently preparing systems
capable of continuously (in near real time)
analyzing observational data and publicizing
analytical results.

Part of this research project was supported by a
JSPS Grant-in-Aid for Scientific Research.
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Figure 3: Temporal change in displacement rate gradients in the plate
convergence direction. Each time series for the profile is plotted in a color
corresponding to the profile latitude at E140.0°, as shown at the right-hand
side of the panel. The latitude numbers used to label the horizontal lines
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Figure 4: Areas (circles in different colors) in which locking between plates was

plotted in Figure 3.

correspond to the zero displacement rate gradients for each profile. al. 2012).
Rectangles outlined in blue, red and magenta represent displacement rate
gradient ranges in which locking between plates was weakened (positive,

abnormal spatial gradients) due to geological activities.

23 JAMSTEC 2017 Annual Report

presumably weakened. Also shown on the map are some of the survey lines

Contour lines indicate distributions of areas in which large (>20 m) and very
large (>50 m) slips occurred during the Great East Japan Earthquake (linuma et
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Research on damage to ecosystems caused by earthquakes and tsunamis, and research on recovery efforts
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We conducted topographic and geological
surveys in several Sanriku fishing grounds,
mainly in deep-sea areas (depths of 200-300 m
or more) in Onagawa Bay and Otsuchi Bay. As a
result, we gained in-depth insight into
topography, bottom sediments, fish reefs and
sunken ships serving as fish reefs in these
areas. In addition, we analyzed annual changes
in the distribution of debris and correlated it to
topography. This analysis found that debris
accumulation is common in submarine valleys
but uncommon in flat areas (Figure 5).

Fishermen who engage in trawling off the coast
of Miyagi Prefecture have been removing debris
from these areas. We estimated that the amount
of debris will be reduced significantly by 2021,
assuming that the removal of debris continues
at the current rate (Figure 6).

We monitored PCB concentrations in marine
organisms and sediments from soon after the
Great East Japan Earthquake until 2017. They
remained below environmental standards,
indicating that PCB pollution is not a problem.
The data we collected has been used by local
governments in the disaster-affected areas and
the Fisheries Agency to select fishing grounds,
formulate measures to prevent fishermen from
losing fishing gear in the ocean and plan the
cleanup of marine debris. Our monitoring data
indicated that PCB accumulation levels in
marine organisms are below environmental
standards and therefore ensures the safety of
fish caught in the Sanriku fishing grounds.
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Figure 5: Density distribution of debris on the deep seafloor off the Sanriku
Coast. Debris accumulation was common in submarine valleys but

uncommon in flat areas.
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Figure 6: Annual change in the amount of debris removed from the ocean.
We analyzed the amount of debris collected by trawling in the ocean off the
Sanriku Coast. By performing a regression analysis on the debris data, as
shown in this graph, we estimated that debris densities on the seafloor will
be reduced to one-twentieth of the 2011 level by 2020 and to one-hundredth
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Research and development on marine biosciences and engineering
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Exploring the unknown Extremobiosphere to solve the mystery of life
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This research and development has two objectives: (1) to
analyze the functions of marine ecosystems and (2) to
explore, analyze and utilize the functions of extreme
biospheres.

The overall goals of this research and development are to
promote comprehensive understanding of marine life and
the Earth system and to develop an intellectual basis for
innovations that contribute to resolving various social
issues. We will survey extreme biospheres in the deep sea
and subseafloor, and conduct R&D to understand the
structures and evolution of ecosystems and the unique
survival strategies developed by organisms that inhabit
extreme environments.
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Discovery of large-scale, deep-sea hydrothermal power generation and the formulation of a metabolism-first origin of life
hypothesis driven by electrochemistry in deep-sea hydrothermal fields
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Our research objective is to analyze marine
ecosystems that have developed in unique
ways, the evolutionary processes at work in
such ecosystems and the ecosystems’ diverse
structures and functions. We used theoretical,
observational and experimental research to
investigate the relationships between
physical/chemical processes in deep-sea
hydrothermal environments and the origin of life
and early evolution that are assumed to have
taken place there.

We hypothesized that geoelectricity occurring in
deep-sea hydrothermal environments plays a
key role in explaining interactions between the
energy metabolisms that drive ecosystem
functions and the global environment. Thus, for
the first time in the world, we conducted detailed
electrochemical measurements in deep-sea
hydrothermal fields and surveyed the
“electrosynthetic microbial communities”
expected to inhabit them.

We conducted a comprehensive electrochemical
analysis of seafloor hydrothermal fields and
detected electricity generated in the vicinity of
deep-sea hydrothermal vents and below these
areas at large temporal and spatial scales. We
also discovered that electrochemical reactions
are driving primordial metabolisms.

These findings led us to discover a primordial
and reversible TCA cycle in deep-sea organisms,
which may offer beneficial functions to humans.
Our findings also allowed JAMSTEC to
formulate a new “metabolism-first origin of life
model driven by electrochemistry in deep-sea

$_fﬁ okl i

hydrothermal fields,” which aims to explain the
relationship between physical/chemical
processes in deep-sea hydrothermal
environments and the origin of life and early
evolution that are assumed to have taken place
there.

Based on these results, we estimated the effect
of geoelectricity and autocatalytic
electrochemical reaction networks in deep-sea
hydrothermal environments about 4 billion years
ago on prebiotic chemical/metabolic
evolutionary processes thought to have led to
the origin of life. We also formulated a
metabolism-first origin of life hypothesis driven
by electrochemistry in deep-sea hydrothermal
fields which supports a scenario in which
mineral catalysts and electrochemical reactions
in this environment may have led to the origin of
monophyletic life with multiple metabolic
pathways.

Formulation of this hypothesis was made
possible by a creative JAMSTEC-led research
project entitled “Coevolutionary processes of life
and early Earth.” This hypothesis was received
very positively not only by the scientific
community but also by the general public. A
proposal calling for international cooperation in
the conservation of deep-sea hydrothermal
ecosystems prepared by the JAMSTEC-led
research team was incorporated into NASA's
Ocean Worlds program as an important issue.
Thus, this research project has had an
international impact.
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Figure:This book, edited by Ken Takai (Director of
the Department of Subsurface Geobiological
Analysis and Research, JAMSTEC) was published in
March 2018. It was written for laypeople with the
aim of disseminating the new theory to the general
public in addition to the scientific community.
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Research and development on marine biosciences and engineering
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Discovery of primordial metabolic systems: demonstrating a novel TCA cycle through multi-omics research
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We have been attempting to understand the
unknown metabolisms of primordial
phylogenetic groups of thermophiles inhabiting
deep-sea hydrothermal environments. This
effort is important from the perspective of
investigating the origins of life and exploring
new biological resources. In this research
project, on which we collaborated with other
Japanese organizations, we performed a
multi-omics analysis (i.e., analysis of genomes,
transcriptomes and proteomes) on
Thermosulfidibacter, a thermophilic,
hydrogen-oxidizing, sulfur-reducing bacterium.
We also measured enzyme activities involved in
the TCA cycle and carried out a biochemical
analysis of key enzymes. As a result, we
discovered a novel, reversible TCA cycle. This
cycle was found to be capable of reversing the
reaction pathway direction depending on the
availability and type of organic material in a
culture medium, although these pathways are
driven by identical sets of enzymes. This finding
defies what had been the conventional wisdom
on the TCA cycle.

The citrate cleavage reaction is a viral carbon

fixation step in the TCA cycle. It had been widely
accepted that the citrate cleavage reaction is
thermodynamically irreversible in the absence of
ATP. However, this study found this reaction to
be reversible in Thermosulfidibacter even in the
absence of ATP It would have been extremely
difficult to detect this solely via genome
analysis. This study discovered the existence of
previously unknown carbon-fixation services in
deep-sea microbial ecosystems. It also
indicated that the microbial metabolisms found
in this ecosystem, including the life-sustaining
TCA cycle, may deviate from conventional
scientific wisdom. Thus, this study exhibited the
great potential of exploring novel functions in
deep-sea microorganisms. Our discovery
unveiled the fact that the TCA cycle—believed to
have developed as early as the period of
chemical evolution—is an inherently reversible
metabolic pathway. It also suggested that the
emergence of mixotrophs—capable of surviving
as autotrophs during periods of organic matter
shortage—during the course of evolution may
have been associated with their possession of a
reversible TCA cycle. These novel findings are
expected to greatly promote the understanding
of interactions between the functions of marine
ecosystems and their environments and add
new insights to biochemistry and the evolution
of life.

In addition, this study demonstrated that the
new metabolic analysis technique we developed,
which requires only tiny quantities of samples, is
applicable to research on the metabolisms of
environmental microorganisms. This technique
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will enable scientists to search for novel
metabolic pathways in environmental
microorganisms that have been perceived as a
mere genetic research resource. In other words,
this technique may have the advantage of
applicability to the detection of new beneficial
functions in environmental microorganisms with
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low proliferation potential, compared to
conventional metabolic analysis techniques
which have only limited applicability to model
microorganisms and other species with similarly
high proliferation potential. Thus, this
accomplishment will be very significant in
facilitating biotechnological innovation.

r—»ﬂﬁRﬂ:I!-!H’.’JL’E?E

T FICoh
3
#F O ST
el ) AT IR
co
7% 2
e FH VT2
m!
IR A7 2= I-CoA

E: TCAEIBREEIE VB PEFILCoOA AF Y OMB. AXVIILIILE. RIVZIL

CoADR&

Figure:Relationship of TCA cycle with pyruvate, acetyl-CoA, oxaloacetate, oxoglutarate

and succinyl-CoA
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Figure:Hydrothermal vent

Figure: Thermosulfidibacter takaii, a thermophilic, hydrogen-oxidizing,

sulfur-reducing bacterium
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Getting to know the Earth from beneath the seabed
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This research and development 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.

Promotion of comprehensive ocean drilling science
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Development of High Precision, High Resolution Analytical Techniques: Scientific Achievements and Industrial Applications
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We conducted ultra-high spatial resolution
analysis of rock at the atomic level using a
transmission electron microscope, and found a
new ultra-high pressure metastable phase
(epsilon phase) of olivine. The existence of this
phase had been theorized but never observed
either in nature or a lab setting (Figure 1). This
result will open up new horizons for research on
the minerals that constitute the Earth’ s deep

interior and their distribution.
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We also developed a technique for analyzing the
isotope ratios of neodymium using total
evaporation thermal ionization mass
spectrometry. With this technique, the isotope
ratio of sub-nanogram-sized neodymium (one
nanogram = one billionth of a gram) can be
analyzed to a precision of +0.01% (Figure 2).
This technique can be used to analyze skeletal
carbonates of coral, foraminifera, etc. contained
in sediment core samples. Analysis of this kind
will help in understanding changes in oceanic
circulation patterns in the past.

The analytical methods we developed are used
both scientifically and in industrial applications.
For example, high spatial resolution analysis
techniques using ion beams called NanoSIMS
and SIMS are used in the development of new
materials, etc. In FY2017, we had eleven
analysis requests and technical consultations.
In one instance, we identified the reason for the
malfunctioning of a very small electronic
component and solved a problem that had
troubled our client for years.
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Figure 1:Ultra-high resolution electron microscope image and
crystalline structure (bottom left) of the epsilon phase.
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Figure 2:High-precision nanogram-level isotope analysis of
neodymium contained in Porites coral.
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Promotion of comprehensive ocean drilling science
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Newly Developed Method of Evaluating Rock Strength Finds Increased Strength above the Mega-thrust Fault in the Nankai Trough
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We developed a method of evaluating the strength of subseafloor rock
using drilling data obtained aboard the Chikyu. The strength profile of the
Nankai trough accretionary prism over 3000 meters below the seafloor
was estimated using this method (Figure 3). The results suggest that rock
at depths between 2,200 and 3,000 m is more resistant to pressure
overburdening than expected. This implies that even the shallow part of
the hanging wall of a plate boundary fault can store larger amounts of
strain energy, which can have a large impact on the behavior of plate
boundary faults in large earthquakes.
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Figure 3:Strength of subseafloor rock at C0002 in the Nankai Trough measured in the study
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Quartz Melting Point Depresses on Fault Plane
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Frictional heat on a slip surface often melts rock, lubricating a fault. This
melt lubrication of a fault during an earthquake has been considered an
earthquake generation mechanism. We therefore carried out high-velocity
friction experiments using a quartzite mainly composed of quartz, one of
the major constituent minerals in the Earth's crust (Figure 4). The
experiments demonstrated that quartz could melt due to rapid frictional
heating at temperatures from 1,350 to 1,500°C—220 to 370°C lower than
generally expected. This suggests that frictional melting can trigger large
earthquakes more easily than expected. With this finding, we took another
large step toward understanding earthquake mechanisms.

Figure 4:Frictional melting of quartzite during a high velocity friction experiment (left) and microstructures of frictional melting (right)
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Predicting the Earth'’s future by simulations
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Research and development on advanced integrated information science

In R&D on advanced integrated 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 integrated 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 the technology to generate information that is
valuable and useful to society and the infrastructure to
effectively and widely convey easy-to-understand global
environmental information to the public.
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R&D of advanced process models
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Synchronization analysis of flagellar
movement in sponges: Can phase
reduction theory-based biomimetics
facilitate creation of efficient pumps?

The overall goal of our research activities is to
understand various synchronization phenomena
occurring on Earth from the perspective of
phase reduction theory. In FY2017, we applied
the theory to the analysis of the oscillatory
movement of choanocyte flagella in sponges.

We first used a partial differential equation
model to describe the oscillatory movement of
flagella, into which the phase reduction method
was mathematically integrated. As a result, the
mathematical model found the existence of
phase synchronization between a pair of
hydrodynamically interacting flagella. In
addition, the model quantitatively indicated that
the base of the flagella plays a particularly vital
role in synchronizing hydrodynamic flagellar
movements (Figure 1).

For future studies, development of
biomimetics-based phase equations that
describe the synchronized movements of
multiple flagella in sponges may facilitate
engineering of more efficient water pumps. In
addition, the approach developed in this
research may be applicable to the study of
metachronal waves generated by Paramecium
and other organisms.
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Figure 1. Waveform (h) and phase sensitivity (Z) of oscillatory flagellar movement at a given moment.
Phase sensitivity refers to the quantified phase response of flagella to weak perturbation applied to a
given point in space at a given time. This research found that the absolute phase sensitivity value for the
left side of the flagella is greater than for the right side, indicating that the bases of flagella play a vital
role in synchronizing flagellar movements.
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Research and development on advanced integrated information science
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Development of large-scale simulation technology for creating advanced information
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Experiments (CMIP6) initiated in
preparation for the 6th IPCC report

We began performing the experiments required
by the Coupled Model Intercomparison Project
Phase 6 (CMIP6) protocol using the MIROC6
climate model—the physical core of the latest
earth system model (ESM), whose
specifications were fixed in FY2016. We
completed about 50% of the experiments
required by the CMIP6 protocol, including
control experiments under preindustrial
boundary conditions and experiments to
reproduce climate variations in the second half
of the 19th century. These experiments
confirmed that MIROCS6 is capable of
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appropriately reproducing both internal climate
variations and temperature trends (Figure 2). As
of FY 2017, we are waiting to receive the
boundary condition data we need to conduct
two other types of experiments: future scenario
experiments and experiments to forecast
climate change at various temporal scales, from
a seasonal to a multiyear scale. These
experiments are expected to produce more
reliable climate projections. We plan to actively
distribute the climate projection data generated
through these experiments to promote 1) use of
the information by JAMSTEC and other
organizations in Japan and overseas in their
impact assessment research, 2) data analysis
leading to improved understanding of the
physical processes contributing to errors and
uncertainties in climate change projections and
3) the development of accurate and versatile
next-generation climate models by combining
them with other types of models, such as river
models capable of simulating floods and
socioeconomic models.
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Figure 2.Five-year running mean time series showing anomalies in global mean surface temperature (°C) relative to the 1961-1990 average,
both observed (black line) and as simulated by MIROC6 (red) and MIROC5 (an older version used in the IPCC's 5th Assessment Report)

(blue). Note that the slowing temperature increases from 1940 to 1960 and in the decade after 2000 are better represented in MIROC6 than

in MIROCS.
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R&D for integrating and synthesizing data/information and dissemination of information to society
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Development and practical use of a
malaria incidence prediction model in
South Africa

The number of people suffering from infectious
diseases, including malaria, has been rising in
recent years. Malaria has been confirmed in 91
countries and regions (WHO 2017). The
reproductive rates and activities of
malaria-carrying mosquitoes are greatly

influenced by environmental factors in their
habitats, particularly temperature and
precipitation. Ikeda et al. (2017) found that
changes in temperature and precipitation in
southern Africa, where malaria is particularly
common, are influenced by La Nifa events
originating in the tropical Pacific Ocean and
subtropical dipole events originating in the
southern Indian Ocean. Using these
relationships, we developed a machine
learning-based model capable of predicting
malaria incidence up to three months ahead
(Figure 3), and we began making test predictions
in FY2017 (Ikeda et al., in review), demonstrating
a high degree of accuracy. We are currently
preparing to introduce the model to Limpopo
Province in northeast South Africa by the end of
FY2018 as an early warning system capable of
predicting malaria risk in relation to time and
location in the province.

Limpape, ctres, Train (RMSE = 0.73, r = .87, rhe = 0.82), Test [RMSE = 1,18, r= 0,61, rhe = 0.51)

1 am T
] AN I
U A f
L R 4 '

| ‘

- H;i':l i.’CI'Jﬁ 2'.':10 20:15

®3:@7 7V A YYRRMICE T BBEDY T YT DREF A REHROT— 5 ZAWEEHFEBICK D FRBE FR L.

Figure 3. Past example of malaria incidence prediction in Limpopo Province in South Africa. The model, which was trained using the data in red through
machine learning, was used to generate the prediction values in blue.
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Opening up the future by technological development
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In marine R&D, developing more advanced ships, ocean
observation networks, and observation equipment to
collect various types of data is essential to comprehensively
understand the vast ocean space and is an extremely
important part of advancing Japan’s marine science and
technology. We have been developing advanced
fundamental technologies that enable the pursuit of
cutting edge research challenges and the exploration of
new scientific fields. In addition, we facilitate various
JAMSTEC R&D activities (submarine resource R&D, R&D
related to marine and global environmental changes,
seismogenic zone R&D and marine bioscience and
engineering R&D) by allowing researchers in different
JAMSTEC sections to fully access these technologies.
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Figurel : Conceptual image of a next-generation deep-sea exploration system
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Development of underwater wireless optical communication technology
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We are attempting to achieve practical use of
underwater wireless optical communication
technology (laser communication technology) to
enable higher-capacity communication than is
possible with conventional acoustic
communication technology. Laser
communication devices were installed in the
launcher and vehicle components of the ROV
Kaiko and test communications were attempted
between them. At a depth of 700 m, we
confirmed successful communications at a rate
of 20 Mbps (approximately 1,000 times faster
than acoustic communication) when the two
components were 120 m apart. At this depth, we
also confirmed the establishment of wireless
LAN between the two components when they
were 100 m apart, enabling us to run remote
desktop connection. This test demonstrated
stable communication between ROV
components moving continuously and unstably
in a sea environment containing suspended
solids, such as marine snow. These results
indicate the feasibility of developing stable
wireless networks using underwater wireless
optical communications (i.e., optical Wi-Fi).
Installation of this technology in ROVs and
underwater stations will enable researchers to
remotely collect observational data from ROVs
and remotely update their software. Thus, the
technology is expected to be applicable to a
broad range of underwater activities in addition

to marine research, such as submarine resource
development, port and harbor engineering and
diving.
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Figure2 : Underwater wireless optical
communications in action

This image of an ROV vehicle viewed from above
was taken by a monitoring camera on an ROV
launcher.

The intense light in the bottom center (blue arrow)
is the optical signal from the vehicle. The green
light originating from the bottom left and
illuminating the vehicle is the optical signal from
the launcher.
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Figure3 : Bidirectional communication between an ROV launcher
and a vehicle—both equipped with underwater wireless optical
communication systems—simultaneously transmitting and

Construction of a research and development base for opening up ocean frontiers

Improving the earthquake and tsunami monitoring system

WEERRAERIRTAEEELRT S
fzb, %BIBER (B 1 X & ERT Bl
WESEBET —Y 7 DBICWETIET S
fE%E) MBI EICLD,. BRERLS
BRI A BE TRRUE U, oo B
B EDEEERIB THBIELE I
HDUBRPIREM BE w5, ICLDIEH
7L (C0006 :7k%E3,871.5m. EE F495m)
ICEBEMECENGREOERDEY
HoEmahiz TREBANEAILESE) £5%E
FrEEHIC, AEBEMEERERERY
A7 L (DONET) ICE# LEUTco 2DV
TLZ, "OBETRRETSERBANZE
RIZBHALANO LYY ZBREM. '@
REBOVZILYALBAERETZEE
T—T7 VBRI O EFRE M. TOLKN
F—#%DODONETF —FR—2 - F—F i
- BTV AT LANDFE (VRATAE) ) @
SERNSERINTED, TOIBHRINT
ZHIREBESTIEORRETYT, 29
FEICIEHZREL. DONETICERK UK
ek, UZILE A L= RITHIHEENE
AN I N, BEAEDEFEBENS
RECRERTZEEZSNDMREED
RABEIDNE LU HERE AN X LD
RPHEREETILOMEREEREGER
SEBRENAREEBDF U,

We improved the earthquake and tsunami
monitoring system by burying it in sand (filling
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the gaps between the seismometers and their
seafloor casings to reduce observational noise),
thereby increasing the sensitivity of wide-area
earthquake monitoring on the seafloor. In
addition, we installed a Long-Term Borehole
Monitoring System (LTBMS) composed of
several sensors, including a highly sensitive
seismometer and dipmeter, within a borehole
(3,871.5 m below sea level and 495 m below the
seafloor) created by the deep-sea drilling vessel
Chikyu at Site C0006 in a predicted earthquake
focal area off the coast of the Kii Peninsula. We
then connected the LTBMS to the Dense
Oceanfloor Network system for Earthquakes and
Tsunamis (DONET). LTBMS enables (1)
advanced sub-seafloor monitoring within a
borehole, which had previously been difficult to
achieve, (2) connection with the sea-floor cables
and its long-term, real-time monitoring
capabilities and (3) integration of borehole
monitoring data into the DONET database and
its data distribution and analysis system.
JAMSTEC had the appropriate technologies to
achieve these aims. In FY2017, we deployed the
third LTBMS and connected it to the DONET. As
aresult, the DONET's real-time
three-dimensional crustal movement monitoring
capabilities were enhanced and its ability to

e
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Figure4 : Installation of LTBMS within a borehole

detect crustal movements thought to be closely
linked to the development and occurrence of
megaquakes was increased. These
improvements may allow significant progress to
be made in research on seismogenic
mechanisms/models and other related subjects.
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Figure5 : Schematic diagram of the Long-Term
Borehole Monitoring System (LTBMS) at Site C0006
The LTBMS was installed within a deep borehole
(extending to 495 m below the seafloor) drilled into
the deep ocean seafloor (3,871.5 m below sea
level).
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Construction of an innovative AUV system which does not require a mother vessel

|EADE EikeR (ASV) CEEREA
BREH (AUV) EHEEROER M Z A
WTFEICADIZEASRWN, TR0DEX
EMEREEURWORTATEEMF AL
TS DERM R E T E MO EE
THBLE U, fER. MICAENTEDIAHM,
D SREEE RS L BRI A HAELT
WEUTeA ADFELICHEZZERL BAD
ORy Mek->THBEMEZHAETTZEND
HDT, COFEERVBIETHERED
MEANRAENT T, ER29F E (F.
ASVICEBEHAUVORERERZ. EAR
BICHEGHEROEHREZTVWE U,

e, BHROBSEEENELELTIIE LT
fc "Team KUROSHIO, (&, B+ OMRY &
ZAWT, BAEEREEYYEY T DER
ZHEETDBERRERMOERIVRT 1

2 3 ¥ TShell Ocean Discovery XPRIZE
(BUF. XPRIZEEWS)  [CHkEELTH D, H
Aho— EEETZEBLERE
(Round1) IC#EH U F U 7o Round1 T &
AUVICLZKIEDEICH DT —T v MaED
TEVANL —YavEEEmMULI U,
ROER. FHRIVEEICHES NS RE
(Round2E=EEH#) IGEH (19F—L—
9F—L) UFUr

We have initiated joint basic research with
several other organizations to develop a system
in which an Autonomous Surface Vehicle (ASV)
controls the operation of multiple Autonomous
Underwater Vehicles (AUVs) conducting
bathymetric surveys without sending scientists
to the sea. Conventionally, such surveys are
carried out using manned vessels or by
operating submersibles. This new system may

greatly increase oceanographic survey
efficiency by robotically conducting bathymetric
surveys without sending scientists to the sea. In
FY2017, we engaged in various development
and testing activities, such as the simultaneous
operation of multiple AUVs using an ASV, in an
effort to construct an unmanned survey system.
Team KUROSHIO—organized jointly by
JAMSTEC and other organizations—has been
competing in the Shell Ocean Discovery XPRIZE,
a global competition intended to promote the
development of deep-sea exploration
technologies, including robots, which enable
quick mapping of wide areas of the seafloor.
Team KUROSHIO represents the only Japanese
team to have advanced to the semifinals (Round
1) by passing document-based screening. In
Round 1, the team successfully filmed target
objects at the bottom of a water tank using an
AUV. As a result, the team was one of nine
finalists selected out of 19 teams to advance to
the final Round 2 contest to be held in FY2018.
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Figure6 : Marine tests in progress (July 2017)
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Figure7 : Round 1 Technology Readiness Test underway (January 2018)
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Construction of database to increase the efficiency of JAMSTEC ship operations
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Continuing efforts begun in FY2016, we worked
in FY2017 to enhance a JAMSTEC database as
part of the process of constructing a “ship
operation database” with the purpose of
increasing the efficiency of JAMSTEC ship

operations. Because this database can be used
to quantify ship downtime (frequency at which
observations are cancelled) due to typhoons,
equipment malfunctions and other causes, it
may serve as a helpful tool in planning more
efficient ship operations. The database may also
be useful for ship-operating private companies
and other related organizations.
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Operation of research vessels and deep-sea survey systems
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Operation of research vessels and deep-sea
survey systems
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JAMSTEC maintains its own facilities and equipment (e.g., research vessels and manned/unmanned deep-sea survey systems) and uses
them efficiently in its R&D activities. The agency also makes its research vessels available for use by other parties engaging in scientific

and technological R&D or academic research while giving consideration to the characteristics of individual vessels. JAMSTEC has been
making modifications to manned/unmanned deep-sea survey systems to enhance their performance and efficiency.
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Filming of fish at hadal depths in the Mariana Trench
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JAMSTEC and NHK carried out Expedition
KR17-08C to survey the hadal biosphere in the
Mariana Trench using the deep-sea research
vessel Kairei from May 5 to 24, 2017. One of the
objectives of this expedition was to record
images of organisms living close to the bottom
of the trench using a remotely operated vehicle
(a small full-depth lander) equipped with a newly
developed UROV11K system and a 4K camera.
The UROV11K system, equipped with a
high-precision 4K camera and a 100 G optical
transmitter, was lowered to a depth of 10,899 m
in the Mariana Trench's Challenger Deep.
Although we lost the lander when it ceased

ascending at a depth of about 5,300 m, we
succeeded in recording real-time, high-resolution
images of the bottom of the Mariana Trench.
The lander also recorded an image of a fish (a
close relative of the hadal snailfish) at a depth
of 8,178 m—close to the maximum depth
assumed to be habitable by any organism (8,200
m)—breaking the previous world record depth at
which fish images were captured (8,152 m).

B1:UROV1 1K AT
Figurel : UROV11K system

288,178 X— ML R D&Y
BEPRDBD VA7 H A OfE

Figure2 : Organism detected at a depth of 8,178 m
A close relative of the hadal snailfish swimming at the center
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Figure3 : Small full-depth lander (remotely operated

vehicle)
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Unscheduled excursion to retrieve and reinstall the KEO buoy
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The moored buoy at the KEO (Kuroshio
Extension Observatory) site in the vicinity of
Minamijima Island, one of the Ogasawara
Islands, is a meteorological and oceanographic
observation buoy installed by the U.S. National
Oceanic and Atmospheric Administration
(NOAA)'s Pacific Marine Environmental
Laboratory. On October 18,2017, the buoy began
drifting away from the KEO site. Because NOAA
was not adequately prepared to recover the
buoy itself, it requested that JAMSTEC assist it
in recovering and reinstalling the buoy.
JAMSTEC accepted the request, partly because
it had some familiarity with the KEO buoy: joint
research between NOAA and JAMSTEC had led
to the installation of the buoy and JAMSTEC
provided some of the measurement instruments
in the buoy. We conducted an emergency
excursion using the support vessel Yokosuka to
find and reinstall the KEO buoy from December
19 to 28, 2017.

We made various preparations (e.g., selection of
an appropriate vessel, scheduling, search,
retrieval and reinstallation of the KEO buoy and
communication/coordination with relevant
organizations) as we expected the buoy to be
drifting rapidly under the influence of the
Kuroshio Current and stormy December weather.
We quickly prepared for the mission using our

experience in similar situations. We were able to
find, retrieve and reinstall the KEO buoy within
an unusually short period: only approximately
1.5 months after receiving the request from
NOAA. As aresult, the normal observational
data collection functions of the KEO buoy were
fully restored within only two months from the
onset of the drifting, enabling interrupted
international research projects to resume
quickly.

Consequently, JAMSTEC received a letter of
gratitude from NOAA'’s Assistant Secretary and
NOAA acknowledged our buoy rescue efforts in
its publication.

E4:KEO71
Figure4 : KEO buoy
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Management of information infrastructure
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The Center for Earth Information Science and Technology (CEIST) operates the Earth Simulator supercomputer and other computers and
networks to facilitate marine geoscience and innovative research. CEIST also develops technologies which are employed to produce useful
information for policymaking and society. In addition, CEIST manages the quality of marine and Earth survey/observation data and samples
obtained through various JAMSTEC research activities by keeping records of their reception, collection and storage. It also develops and
operates data publication systems, compiles datasets generated by large-scale simulations and operates the resulting database systems.
Through these activities, we widely publicize and promote public use of marine and Earth-related data/information.

Operation of Earth Simulator
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The third-generation Earth Simulator has been
stably operating without a problem since 2015.

As of the end of FY2017, there are 521
registered users from 138 organizations in
Japan and overseas. A high proportion (96.83%)
of computing nodes were in use through the
year.

Projects and technological support
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There are two categories in projects using Earth

Simulator. One is “JAMSTEC projects,’ under
which R&D activities aiming at achieving
JAMSTEC's mid-term goal or plan are carried out
(34 projects have been conducted in FY2017,
excluding fee-based confidential-type projects)
and “solicited projects,” which mainly consist of
geoscience projects solicited from the public (27

projects have been conducted in FY2017). CEIST
promoted advances of these projects by
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increasing computational speed through
application of operational and utilization

techniques and by assisting users to efficiently
utilize computational resources.

Industrial use of Earth Simulator
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We improved the Earth Simulator use
environment to facilitate its use in confidential
fee-based projects. In addition, we participated
in exhibitions, visited companies and
collaborated with software developers. These
efforts led to user fee revenue of 24,814,000 yen
from 16 users in FY2017.

In FY2016, CEIST and other organizations jointly
launched the “Experimental and Computational
Fluid Dynamics Sharing Platform” program with
support from the MEXT Project for the Creation
of Research Platforms and Sharing of Advanced
Research Infrastructure. The platform continued
to operate through FY2017. During this period,
we received 88 inquiries and had 22 platform
users. We also held symposiums to promote this
program. Through these efforts, we strongly
promoted a numerical simulation approach to
industry users who had been performing wind
tunnel tests as a primary approach. These
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initiatives also further encouraged industry
researchers to use the platform (Figure 1).
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Figure 1 : Pressure distribution (contours) and
streamlines obtained from CFD experiments

Management and dissemination of marine-earth science data and samples
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In FY2017, we started assigning digital object
identifiers (DOIs) to data and samples we
manage and publicize in order to make them
easier to identify and promote open data
initiatives. We are also developing a DOI
management system to properly store and
manage DOI information to be assigned to vast
amounts of JAMSTEC datasets. When
completed, the system should enable efficient
assignment of DOIs to said data (Figure 2).

Dive surveys generate various video and still
images, including deep-sea organisms,
geological and topological features,
observational equipment installed and even
marine debris on the seafloor. Marine debris is a
serious worldwide issue, but information on
debris resting on the seafloor is limited. We
therefore extracted debris data from video and
still images of the deep ocean and publicized it
on the internet as a “Deep-sea Debris Database.”
This initiative has been covered by mass media
and many internet news sites. The database has
been accessed by large numbers of people and

used in classrooms. We will continue to
encourage public use of our data to raise
awareness of marine environmental issues. In
addition, we plan to prepare datasets for
academic use (Figure 3).

hitps-ffdol.org/ 10, 17556 /0000001
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Figure 2 : DOl management system
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Figure 3 : Deep-sea Debris Database
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Contribution to Research on Nankai Trough
Megaquakes and Tsunamis and a New Program
Using Chikyu
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The Center for Deep Earth Exploration (CDEX) conducts a variety of scientific activities, from operating Chikyu—the main vessel used in
the International Ocean Discovery Program—to scientific drilling and services and technological development.
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IODP Expedition: “Nankai Trough Seismogenic Zone Experiment (NanTroSEIZE)”

IODPE380RMAZEMIE FENZ 7HIE which is located in the frontal thrust zone of the
FATHERIGE) CFR30F1812H~28
7H) ZREL R Ulc. A RME T B
NST7DTL—MNERMERRICALBEY S
COO0BHIRICHE T BET495mETHE
HIL. FB N7 T3 R B & RERFLAER
B2 T L (LTBMS) DR BICEIILE U,
LTBMSIZ, EFFPENFBEDELDE A
Lo —TEBRIN IROBINEEE TS
RENMERBEICHANTZIENTEET,
SEIFRE LI LTBMSIE, B DLTBMS[E#k.
HE - ERERERI T L (DONET) I
wIN U TZILTALTIRER T — 5 Z B
"/LTVET,

accurately observing subtle changes in the
Earth's crust. The LTBMS installed on this
expedition is connected to the Dense Oceanfloor
Network system for Earthquakes and Tsunamis
(DONET) in the same manner as the other
previously installed LTBMSs, enabling borehole
observation data to be obtained on a real-time

Nankai Trough, and successfully deployed the
third Long-Term Borehole Monitoring System
(LTBMS) in the Nankai Trough. The LTBMS,
consisting of a strainmeter, a pressure sensor
and other sensors, is capable of sensitively and

basis.
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Figurel : Preparing the LTBMS head (the portion of
the LTBMS that rests above the seafloor). After
inserting the LTBMS into the borehole and fixing it
with cement, the LTBMS head was installed at the
top of the hole. The LTBMS head is connected to the
DONET with submarine cables.

The IODP Expedition 380 Nankai Trough
Seismogenic Zone Experiment (NanTroSEIZE)
was carried out from January 12 to February 7,
2018. During this Expedition, we drilled as deep
as 495 m beneath the seafloor at Site C0006,
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Launch of the Chikyu Shallow Core Program
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The Chikyu Shallow Core Program (SCORE) was
launched in FY2017. SCORE is a new program
aimed at using the Chikyu's excursions and
cruises to conduct typically short-term, shallow
scientific drilling experiments (drilling to depths
of approximately 100 m beneath the seafloor).
The program is intended to increase
opportunities for the domestic scientific drilling
community to engage in scientific drilling with
Chikyu. Expedition 910 Drilling off the west coast
of Cape Erimo (September 19 to 23, 2017)—the
first project in this program—examined whether
the subseafloor biosphere has been able to
evolve and adapt to rapid environmental
changes.
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Figure2 : Retrieval of a core sample on deck. The
sample was cut into pieces approximately 1.5 m
long in the core cutting area. The cut samples were
then brought to the onboard lab for analysis.

Analysis of Oman Core Samples on Chikyu
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As part of the International Continental
Scientific Drilling Program (ICDP), we
carried out a project to drill in multiple
locations in the Oman Ophiolite (a
formation of oceanic crust and upper
mantle uplifted and exposed above sea
level), which is located in northwestern
Oman on the southeastern coast of the
Arabian Peninsula. From July 15 to
September 15,2017, the approximately
1,500 m of rock core samples that had
been bored and collected were described
and analyzed in Chikyu's onboard lab,
which had the techniques and facilities
necessary. The project was a success due
to the full utilization of Chikyu's research
equipment by a large team of multinational
researchers with a wealth of operational

knowhow gained though the IODP expeditions.
At the same time, the crew also learned
methods of analyzing hard rock that can be
used in future mantle drilling.
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Figure3 : Carbonated peridotite sampled from
the bottom of the Oman Ophiolite
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EBh4&  Supporting Member System

SEH  Membership Privileges
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Members of JAMSTEC Partners are offered various privileges to use our R&D results.

* Information sharing on the R&D 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 (e.g., research vessels, manned research
submersibles and remotely operated vehicles) and preferential treatment of various
kinds in their use

* Technical support through the dispatch of technical advisors
These privileges are available to members of JAMSTEC Partners.

gHatIF— HREMS

JAMSTEC Partners seminar
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EBhE(CDUVT  Supporting Member System (JAMSTEC Partners)
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On-board Experience of a research vessel

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 thanks to the close cooperation and support of industry, government, and academia.
The Center’s founding was approved pursuant to the Japan Marine Science and Technology Center Act, promulgated in response to a proposal by the Japan
Business Federation. In addition, a supporting member system (JAMSTEC Partners) was formed to broaden understanding and seek R&D support. This
system allows JAMSTEC and JAMSTEC Partners to leverage donations from various industries and organizations to jointly promote the development of
Japan'’s ocean science and technology. JAMSTEC Partners has maintained a close relationship with supporting members to advance oceanographic R&D.
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FAX :03-5157-3903
E-MAIL : sanjokai@jamstec.go.jp

For inquiries about JAMSTEC Partners, please contact us at:

Innovation Promotion Division, Innovation promotion,

Cooperation and Partnerships Department, JAMSTEC Tokyo

Office

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

RE&
Guided tour of research facility

EBhRE4&E List of Supporting Members
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E%Fﬁ Offices and Institutes

RREHEFR
Tokyo Office

T100-0011

RREATAERAE2-2-2EE4mE)L 230

TEL (03) 5157-3900 (X%%)

GODAC (5135

(B REREEY 5 —)

Global Oceanographic Data Center
(established in 2001)

T905-2172
TRRRETTER224-3
TEL (0980) 50-0111 (fA)

[7 =2

0

SHIAFEARER (FR17ER)
Kochi Institute for Core Sample Research
(established in 2005)

T783-8502
EAIREEHY#Z 200
TEL (088) 864-6705 (%)

JAMSTE

COMEM  (FRTERR)
Mutsu Institute for Oceanography
(established in 1995)

T035-0022
BERECOMAFERFILEIRE690
TEL (0175) 25-3811 (%)

BT (R 144E6:R)
Yokohama Institute for Earth Sciences
(established in 2002)

T236-0001

AR/ EEEmERXEMET3173-25
TEL (045) 778-3811 ({{%XK)

BASEAXI (BH465EmH%
Yokosuka Headquarters
(established in 1971)
T237-0061

R BEAETMESHAI2-15
TEL (046) 866-3811 (ftz)

E I RAREEA
BERARAREEE

Japan Agency for Marine-Earth Science and Technology
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