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The Japan Agency for Marine-Earth Science and Technology (JAMSTEC)
has been implementing its mid-term plan. FY2016 marks the third year
and the halfway point of the implementation. We aim to solve issues that
humankind faces today, promote Japan's sustainable growth and
facilitate sound social development by accelerating our research and
development efforts in line with JAMSTEC's mid-term goals and plans.
The wide-area submarine research vessel Kaimei was transferred to
JAMSTEC in March 2016. The vessel's completion ceremony was held in
the Port of Tokyo on May 18, 2016, with the attendance of Princess Mako
of Akishino. During FY2016, we held advanced training sessions involving
maneuvering of Kaimei and operation of its survey and observation
instruments. In addition, we inspected various pieces of equipment
installed on the vessel and laboratory functions. Crew members,
researchers and technicians worked together to optimize the
performance of Kaimei.

We made IODP Expedition 370 to investigate the temperature limit
(T-limit) of the deep biosphere off the coast of Cape Muroto by carrying
out drilling surveys using the deep-sea drilling vessel Chikyu. Drilling was
conducted through sub-seafloor strata of 130°C or higher—exceeding the
currently known upper biosphere temperature limit of approximately
120°C—at the edge of the Nankai Trough subduction zone off the coast of
Cape Muroto. This project is attracting a great deal of media attention—it
was featured on scientific TV programs. We are looking forward to seeing
the final research results in the near future.

Other recent research accomplishments that surprised the world include
the formulation of a novel hypothesis on the origin of the continental
crust based on research on Nishinoshima Island, the detection of black
carbon in the Arctic and the discovery of microorganisms that consume
D-amino acids.

In addition to continuing research and development efforts, we intend to
offer our suggestions on national policies which may have great impacts
on Japan’ s future. In order to achieve these visions, we must tap into the
power of science, technology, operation, management, and networking.
We will firmly take steps forward without hesitation as we address
various issues while strengthening the network with relevant companies,
universities, and organizations.

We would deeply appreciate your continued support, understanding and
encouragement.
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The following bar chart illustrates changes in JAMSTEC's budget over the
past five years. While the amounts of subsidies JAMSTEC receives to
cover facility maintenance and shipbuilding expenses vary from year to
year, the amounts of operational grants are decreasing every year. Thus,
JAMSTEC needs to increase operational efficiencies and acquire research
funding from more diverse external sources.
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The number of projects that acquired external research funding continued
to grow. Although the total amount of external funding acquired in
FY2016 decreased from FY2015, a greater number of research projects
were approved in FY2016, partly because for the first time two
competitive funding sources funded JAMSTEC-proposed projects.
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Changes in the budget amount Changes in the amount of external research funding acquired

HEIEHE  Partnership agreements
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JAMSTEC is working on education and research under cooperation with
universities and research institutions, etc.

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.
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EPE1/]  International Cooperation
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In order to contribute to efforts to unravel such issues as global environmental change, including climate change, and to promote more effective and efficient
ocean observation and research, JAMSTEC promotes international joint projects, and builds and maintains good cooperative relationships with United

Nations bodies and other international organizations, as well as overseas research institutions.

ZERERBZANDER
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 I0C Executive Council as a Japanese government delegation member.
At the council, the representative provided expert opinions and
coordinated with and collected information from other national
governments. These activities facilitated the 10C’s decision-making
processes. In addition, JAMSTEC held the sixth steering committee
meeting at its Global Oceanographic Data Center to discuss the Ocean
Biogeographic Information System (OBIS) operated by the I10C. Since
FY2013, JAMSTEC member has periodically served as an I0C secretariat
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member and performed major tasks at the I0C Headquarters.

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

At the 13th plenary meeting of the Group on Earth Observations (GEO), an
intergovernmental body comprised of more than 100 countries, which
was held in Russia, 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 ninth GEOSS-Asia-Pacific
Symposium. Moreover, JAMSTEC has also sent experts and made
contributions to the efforts of the Intergovernmental Panel on Climate
Change (IPCC), and the international expert panel of the
Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services.

At the G7 Science and Technology Ministers’ Meeting in Tsukuba, Ibaraki,
JAMSTEC contributed to the formulation of the Tsukuba Communiqué
and communicated with policymakers from various countries during the
special exhibition event. JAMSTEC also dispatched an expert to a
follow-up discussion on scientific initiatives to address issues concerning
“the future of the seas and oceans.”

BAREREF L D

Cooperation with Overseas Research Institutions
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In FY2016, JAMSTEC strengthened cooperation with overseas research
institutions by signing memorandums of cooperation with five
organizations. It also concluded two membership agreements and signed
joint research agreements with eight overseas research institutions and
others.

JAMSTEC has also promoted its efforts to strengthen cooperation with
relevant organizations, such as holding regular meetings with the French
Research Institute for Exploitation of the Sea (IFREMER) to discuss the
promotion of research cooperation between the two institutions.

[Ei#EtHE /MOU]  [Partnership agreement/MOU]

India The Ministry of Earth Sciences of the Republic of India
Indonesia The Agency for the Assessment and Application of
Technology of the Republic of Indonesia

Korea Korea Institute of Geoscience and Mineral Resources
Norway Institute of Marine Research
USA Scripps Institute of Oceanography

ERE7OY 7 M3E  International Projects
"ERFRERZEEETE) (IODP)., "8 ¥mERRERVAT
L) (ARGO), "[IEZESH 20 F R AT REM ICE T 5 W Hy
(CLIVAR) %2 EEEMZIAR T OY 7 MOS0, IREESAD
SINvRE. EREMRETEICED<ENR - AEEBEZTVE U
As a member of international research projects, including the
International Ocean Discovery Program (I0ODP), Argo Program, and World
Climate Research Programme focusing on the variability and
predictability (CLIVAR), JAMSTEC participated in and hosted various

research meetings, and it carried out observation and investigation
activities under international research plans.

HENERZNICA > RHIREIZ2E S OMRRAICHRIXEZ RS
Representatives of JAMSTEC and the Indian Ministry of Earth Sciences sign a
research cooperation agreement in the presence of the Japanese and Indian
prime ministers
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Partnership agreements and joint research agreements signed as of the end
of FY2016

ZOftt Others

HA7rYSURKE BRAE77UARNESGEERES—
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WeeE&F Ul
Many officials of other countries paid visits to JAMSTEC, including the
Ambassador of Finland to Japan, the Ambassador Extraordinary and

Plenipotentiary of South Africa to Japan and his/her associates and the
Director of the Scripps Institution of Oceanography in the United States.
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fE#Efﬁiﬂ Public relations activities
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To promote public understanding of science and technology and publicize the results of its R&D activities, JAMSTEC has been engaged in the following

public relations activities.

Opens its facilities and vessels to the general public and issues a public relations magazine to increase public understanding of JAMSTEC's R&D projects

and improve marine science literacy of the general public

Holds open seminars, lectures and experiment events for children to directly and mutually interact with the general public
Effectively and efficiently disseminates information by means of press reports and mass media

Speedily and widely disseminates information by means of the internet, SNS and video distribution

Coordinates with science museums, other types of museums and aquariums and supports human resources development programs

BELEATIRTDVH LI TD—RAFH
First public exhibition of the wide-area submarine
research vessel Kaimei
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Public exhibition of the wide-area submarine research vessel Kaimei at the pier of the Yokosuka Headquarters

JAMSTEC 2016 Annual Report

Every year, JAMSTEC opens its research facilities to the general public on
a temporary or constant basis. A total of more than 40,000 people visited
one or more of the following facilities during FY2016: 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 (Nago City). When the
Yokosuka Headquarters was opened to the public in May, visitors were
allowed to observe its research facilities and maintenance of an
underwater vehicle. In addition, the wide-area submarine research vessel
Kaimei, which was commissioned in March 2016, was displayed to the
general public for the first time. The state-of-the-art vessel capable of
effectively surveying submarine resource distribution, etc. over large
seafloor areas attracted a great deal of attention.

ZHEOBERERZANRALERFEIZ 22 —Y3Y
Science education events at JAMSTEC exhibition facilities
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The Earth Science Museum of the Yokohama Institute for Earth Sciences
held open seminars and events for children on the third Saturday of each
month. Researchers and technicians talked about the latest topics related
to oceans and earth science. In addition, water pressure experiments and
handicraft classes provided participants with opportunities to increase
their familiarity with oceans and interests in science and technology.
JAMSTEC also held seminars on oceanic and earth science research in
Fukushima City (December) and Shizuoka City (March) in collaboration
with science museums and other types of museums. The seminar
presented the latest R&D results produced by JAMSTEC to high school
students and older audiences.

#1=ICJAMSTEC Facebook~R—Y %R
New JAMSTEC Facebook page launched
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JAMSTEC uses mass media as a means of effectively and efficiently
publicizing its R&D results. For example, results of its long-term borehole
monitoring at the Nankai
Trough were covered in an
NHK special documentary
titled “Mega crisis—the people
who combat the threats.” In ke
addition, JAMSTEC : = -
established its new Facebook

page enabling speedy and ==
wide dissemination of
information, intending to
increase people’s interest in
marine science and

Facebook"JAMSTEC~R—Y,

technology.
Y JAMSTEC Facebook page

FEBIBHKIEERT S & —HEICHT T
Children ride on a research vessel with aquarium keepers
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To increase the interest of elementary school students in the oceans,
JAMSTEC has been hosting a contest in which students across Japan are
encouraged to draw a picture on a postcard, expressing their
ocean-related dreams. The winners of the 18th contest held this year
were specially invited to ride on the research vessel Hakuho Maru in July.
They were provided with valuable opportunities to experience a little
flavor of what marine research is like through various activities, such as
experiencing the daily routine on a research vessel, talking with
crewmembers, collecting marine organisms using survey equipment and
receiving lectures from aquarium keepers.

BIBENAFICHISBEDEIVTAN,
ERAEEFIC K ZAMATEA "BE M. AR SEMm

Elementary students who won the 18th contest (drawing a picture on a
postcard to express their ocean-related dreams) were invited to ride on the
research vessel Hakuho Maru.

JAMSTEC 2016 Annual Report
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§E${§rﬁiﬁ]‘5%%§§?ﬁ§$ﬁ7:c%h/17 ~F EL\t | s bﬁi%%%ﬁﬁﬁﬁ@ﬁi} diversity R L BIODIVE — BEEL — A/R—2 3y FBEHED
E::?:;ste?:? orAnalyses of Lhanges In kast Japan Marine epartment of Marine Biodiversity Research (BIO- ) Planning Department Innovation promotion, Cooperation and Partnerships
. Department
- RENRACHERRSS | [ ’
— MEREXBREHELYT— g:zz;tr?ﬁ?égusg:;;rface Geobiological Analysis and General Affairs Department — [LERER
Institute of Arctic Climate and Environment Research (IACE) Public Relations Department
L EMRERRAT et D 2o B
Department of Biogeochemistry uman Resources Department - R2-REEER
OOMMERR Safety and Environment Management Office
Mutsu Institute for Oceanography (MIO) s ok st — EIEER
— BEERE %m&ﬁﬁﬁﬁ%ﬁﬁ . Finance and Contracts Department L eaw
_ _ Department of Mathematical Science and Advanced B .
B HEFR Technology (MAT) Audit Office
Kochi Institute for Core Sample Research (KOCHI) RIS A/ R— 3 VAR
Innovation Promotion Office via Marine-Earth
FRITHEEERR Science and Technology

Research Support Department
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FTENEER % 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

akRmEEm 5w 3,
Deep-Sea Drilling Vessel CHIKYU

£ £:105.2m
b 4,439k
F B:60%4
AN 1 19904

Length: 105.2 m

Gross tonnage: 4,439 tons
Complement: 60 persons
Commissioned: 1990

FEEkREmEESN TRKITH
Support Vessel YOKOSUKA

£ &£:106.0m
W8 45178

# E E:60%

FAANEE 1 19974
Length: 106.0 m

Gross tonnage: 4,517 tons

Complement: 60 persons
Commissioned: 1997

EEREmEm THuvhyg
Deep Sea Research Vessel KAIREI

£ f£:1285m
#8706 k>

F B:80%

M 19974
Length: 128.5 m

Gross tonnage: 8,706 tons

Complement: 80 persons
Commissioned: 1997

EEHIRERZM THSLY

Oceanographic Research Vessel MIRAI

11 JAMSTEC 2016 Annual Report

£ &£: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:89%

FAANEE - 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

FME 2013F
Length: 66.0 m

Gross tonnage: 1,635 tons

Complement: 41 persons
Commissioned: 2013

RiEEEERAERER TS AL
Research Vessel SHINSEI MARU

RABMZEE : 6,500m
E B!

£ £:97m
THEE  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

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
ThEE 3.8k

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

RABMARE : 3,500m
£ K£:10.0m
e, ZFEEI70HY
Depth capability: 3,500 m

~| Length:10.0m
Dry weight: 7.0 tons

Faxmram 'S50F;
Deep Sea Cruising AUV URASHIMA

RABMZEE : 3,000m
£ K:14.0m
ZHEE 1.7k

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

BERmARas TUANLY

Autonomous Underwater Vehicle JINBE/

RABMZEE : 3,000m
£ K:25m
ZhEE 1 0.85h

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

BEREARER THE00,

Autonomous Underwater Vehicle OTOHIME

RRBZEE : 3,000m
£ K£:50m
EHEE: 2.7k

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

BEREARER ThHWVDIH
Autonomous Underwater Vehicle YUMEIRUKA

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

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

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

JAMSTEC 2016 Annual Report 12
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BEICIRSERZHRETS

Exploring untapped submarine resources

R B DIL S DHEAREF KB ZFORDEDRILBRICIE. IHF. BE
BOKIEER. J/NILRVYFISAM LPT7 =R AT VINA RL—NEDBE
EROFENERINTVLET, HRETR. Ch50FRINGFERICHT
T RRBT7 7A—FICEDEDHBATEDET,

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

OBRMORE - PHFEAVOBFREK
UERARBREZXEL BEERDOEMABE
ICRPEHRBEREZEENICIEEL KT
TIVeEES Dbl RAZRBLET,
QOBEZLBHAEY 2MEM B AEKE
B BEAREBEREDT YR T A —LRV
REREYT—RM AW ERNGHEE
FEEMILET,

QIRBEHEFMIC DOVWTI FicRIRETE
FHIEDREILIC AT T RER ATV,
DeDMTRFAKBE PRTE. REEESED
EHEERIL T DEEDIC FRLRIMTAE
PHCEBEBAEICEREINGL S KEE
ENOEMBEEED T,

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

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

(iii) Surveys and studies for establishing new
environmental impact assessment methods
(iv) Reinforcement of cooperation with other

BRI IR DR R & HEFE

research institutions, universities and private
companies and promoting technology transfer
to private companies so that developed
technologies can be immediately utilized in
practical offshore surveys

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

BEANCEEROB/RVATLVIEDD (]
%) OEEZE LT, BESKIZROAD L
EPEABREOBBAICEDEATNEY, &
fo. ZDHDBEEKZHE T 2FEPEH
KIEHALDERICET BMEICEIMDIEAT
W&,

BETOMCHEEAAXA—I T IC@EF
feRIgRRA%E

INFTHBEUCEEMROTITTE
SPEEEBICMA. /Sy TOBEREMEHE
THBETIMACHER I ZEASNDEBMUR
BHERISNh, BETICEET D LIkED
AAR=IVTITERTERZENHIDE U,
Z D A R [ENature Publishing ® Scientific
ReportsiEicB&E &k Lz (Kawada and
Kasaya, 2017), 22T, $ENLRFEEEH
EUT RRAUVICHIEER AT RE/ NI DE AL
FFEBEMXEEEEZRR - BEHEREIT.
SMAICHESERZESZ DI EICHRINLE L
(EBEED, 2017), Ffc. SERBEBRDR
KMRLDAHITIE. S5 F LRSS
(ASV) ZN U BB OB ER & N B K
(AUV) OERMNEEINTH D, AUVICHE
AR NED A TERROEELITVEL
feo

AT, SIPRIEACEFERATRIMTE

mEnic REEEROFEMEICEWTEAN
BEiziEED, EXLLTORITMERI KM
NEEREGBS> TBEERAEZITSIENT]
HETHZIIEHRIIENTEE U,

We are working on the clarification of the origin
and formation process of submarine
hydrothermal deposits through investigations
into the circulation system and distribution
(scale) of submarine hydrothermal activities. We
are also engaged in studies concerning
submarine hydrothermal system investigation

methods and the utilization of hydrothermal
vents.

Development of measuring devices
necessary for imaging of sulfide
orebodies under the seafloor

We discovered that both the towable,
electrically-driven, active survey equipment we
developed and passive measurement of natural
electric potential can enable us to observe
abnormal electric potentials associated with
orebodies under the seafloor. These means,
therefore, can be exploited to achieve imaging of
sulfide orebodies beneath the seafloor. We

x(m)

I H &
THos £
N
. 00
800 1200

H:BASNES (FR) D SHESNCBMT -5 (LK) THREOHE (%&/\vF) ICEDEBMEED

®HiEhiz(Kawada and Kasaya, 2017).

Figure : Based on electric fields observed in the study site (middle), electrical potentials were caltulated (top).
There results were used to identify locations at which abnormal negative potential differences associated with
orebodies were detected (purple areas in the bottom map) (Kawada and Kasaya, 2017).
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BIES R EF Research and Development (R&D) Center for Submarine Resources

published these findings in Scientific Reports
(Kawada and Kasaya, 2017), a journal of the
Nature Publishing Group. We also developed a
compact electrometer and current transmitter
which can be installed on midsize AUVs—tools
for efficient surveys. Using this system, we
succeeded in detecting abnormal electric
potentials associated with orebodies (Sato et al.,
2017). In addition, demands for developing a
system in which multiple AUVs can be operated
by the intermediary of an autonomous surface
vehicle (ASVs) are expected to increase because
such system is vital for efficient identification of
sea areas potentially rich in mineral deposits. To
meet these demands, we developed a compact

artificial current source which can
be installed on AUVs.

Moreover, we advanced transfer of
technologies to private companies
when they led a research excursion
to carry out the “next-generation
technology for ocean resources
exploration” project supported by
the SIP program. Through this
activity, we assured key private
companies that they are capable of
playing a leading role in submarine
resource surveys.

UNBUEMEHE BB UILAUVIUANRLY,

Figure : AUV Jinbei equipped with a compact electrometer

JNILKNIYF ISR L7 7 —RiRD R E A

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

REMBICLP2ERTAGOHEANEED
ICREGE R OHERE 2R B2 R UE
YEZNRBRFERICELD D ETVIBEDE
FRBEOEBERINT 2 ETHRA - RE
REBELE I SSIKRF-DFLANILTD
DA N =X LeIBEL. BRTRE
HEFRT 5 TRDOMIRICFERIZEEICET
PIEREEDET,

ZDESIELTRENSRABBEBRNSE
RTROMABERICEDEATNED,

ANLWKIYFISIANMCEENSZLY
7—A R DEEER

HESESELOKFET,100~5,500mMH
SEIULALZINILNIYFISANRBOR
BHCEENZRA VAN BMELLE B
SEA TRIUCEKER ONdRAG AL E
BEEhZnofl. ZNoh iREsHET—
BLTWBZEZRULE U, ZORERIE N
EEUL77—RAIEEKERRELTWSZE
ZRBLTED. IhEFTORBYZERET
BEEEETDERESE U

CO&SICRAZERMALIcFEZRAWS
ZETANIVNIYFUSRNCEET B%L<
DTLRDEREI B TH I ZHITTDIE
MHEBEE RN ET,

We made research excursions to observe
areas where natural resources were abundant
and analyzed collected samples using

15 JAMSTEC 2016 Annual Report

geochemical, geological and biochemical
methods. We then analyzed these data to
determine historical change in the marine
environment. Through these activities, we
determined mechanisms involved in formation
of cobalt-rich crusts and rare earth mud and
dated their formation. In addition, we studied
these mechanisms at the atomic and
molecular levels and advanced our
understanding about the geochemical
behavior of certain elements that interact with
the elements of interest.

We are currently analyzing a variety of
information obtained from these studies to
determine mechanisms by which elements of
interest were produced.

B ¥ 5B ILOALE & A LI Rl O IRENE PR
(7k%1,100~5,500m)

Figure : Location of #5 Takuyo Seamount and
sampling locations (at the depths of 1,100 to 5,500 m)

Investigation into the origin of rare-earth
elements in cobalt-rich crusts

We analyzed the ratios of neodymium (Nd)
isotopes sampled from the surface layer of
cobalt-rich crusts of #5 Takuyo Seamount at the
depths of 1,100 to 5,500 m. We also analyzed Nd
isotope ratios in seawater sampled in areas south
of Minamitorishima Island. We found that ratios of
Nd isotopes collected from these two sites
matched within the margin of error. These results
indicated that seawater is the origin of cobalt and
other rare-earth elements, which contradicts the
conventional theory that clastics are the origin.
The isotopic technique enabled us to determine
that many abundant elements in cobalt-rich crusts
originated from seawater.

——
s R <
Bl
-
[]
-
= e 4
T
=
Av | g
Apad | T —*— Takuyo-Ilaizo
—TFS 24 2711 (3W)
B —— North Pacific (MnC)
[CE : :
o L] =¥ =2

wll
Epsilon Nd

E:EFESEILOHBEAADBKDRAIALR
{IFLE R D2 R (Amakawa et al., 2017)
Figure : Comparison of Nd isotope ratios between
crust samples from #5 Takuyo Seamount and
seawater samples from the neighboring area.

BER(CKRERDOBREFHALFRNGKE  TRIVF—RBRICET 5%

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

LB TIROBETICEEI D RANA®
AR ATVINA RL— MR EDRIEKREIR
DRERRICET TOBETORRERCE
RIRILF—ANEERILT DIROERER
TOERZEBR L FROBFHRNGRRE T
FIIF BRIV AT LADOERICEMUET

525, TREISNICBET2kmd
AREDSKRRIABEMED VI FIVE
HR

WIRREREM 5SS, TREAILET
OB AT TN BN T AT V%
LT MEYDFEZHSHINCT B,
BEMF - EMHIRCZAICET BF RO
MaRmELEL, CORKERBETH2km
MERISNI/ A A N EeECARBENS
HEY DN Z R B R LA & A H

EENMREENSBE R EDBEULXY
VELET BRHBREHEOMEYERERN
BIET2km-#92,000 5 FRIDAKEICE
TEMN>TWB I EZRTEROEMEED
DTN EFKR UK Ul
E5ICOBEAKREDSH2,0005 FRID
HBRE (AR ORR) ICHE T2 EHEREN
2EHOTHRANE 1 DBEBICHIHUR U .

To understand mechanisms by which
hydrocarbon resources—such as natural gas,
coal and methane hydrate—are produced
beneath the seafloor, JAMSTEC studied carbon
cycles under the seafloor and the Earth's
ecological processes by which carbons are
converted into natural resources and energy.
The results of these studies may facilitate the
establishment of sustainable carbon and energy
cycle systems in the future.

Detection of various signs of biological

activities from coalbed samples collected
2 km below the seafloor using Chikyu

We conducted detailed microbiological and
biogeochemical analyses to understand the
activities of methane-producing microorganisms
using sediment core samples collected by Chikyu
off the coast of Shimokita Peninsula. We examined
pyrite-containing coalbed samples of approximately
20 million years old which were collected at a depth
of approximately 2 km below the seafloor. As a
result, we detected multiple signs—including sulfur
isotope compositions of the samples and
metabolic activities detected in them—indicating
the existence of ecosystems involving
heterotrophic microorganisms capable of
decomposing organic matter to produce methane.
We also succeeded in culturing several types of
“primitive molds” which are presumably associated
with the submarine coalbed sediment of
approximately 20 million years old (derived from
forests and wetlands).

B: M55, CREIShO7 Y 7L OB HER

Figure : Results of analyzing core samples collected using Chikyu

B AESh it REROBETERENEBBSRBAER

Figure : Various types of molds discovered and isolated in this research,
representing eukaryotes known to exist at the greatest depth below the seafloor
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R EFHIFEDREBE

Establishment of environmental impact assessment methods

BEIYEROFERNBFERDRDIC
(F BEMRPEMARZEEEIC ERER
FRMEERNA VY —T 1 —AERDBRIER
%EEFTEWDERD%ﬁé’mﬁﬁﬁ_f)\"éﬁ“ozﬁﬁmﬁ%é

I INETORBEFETHEEDHIERET,
EL\’Vb@“< ISAENBEWAEE U TUEREX
FT/INET YRRV T EREBRETILSH D
WEAA—=I V7 70— 1 MNrEDERE
ICEDEATWETD,

AX=I 07701/ MeFIALEX
AAT 70T DREREFEDRFE

ARX=I 70— MNIFC)IETZ> 7
ARAEICHAShTWSEET BEIMIC
BRI U1 EFHA R OB B ZETS T
EDHRET AFECIETOEB R HED
DAL AT 7 I HICICRT 2 DF AR
FICEDBATWE S ER A AT 7S
IEDOWTIEHBEL DT ENBERIE T T
Al AEROEHAEREZ TR TWE LAY

BADAFIVICEKEFETZDZ. T—FDOHE
LD EEE T Uz ZNICK ULTIFCIC &K 201
TR BEERT— I 2L HRODMEDHBFTE
20T BHENRLEEBAREICEDET. S5
ICTRAEICHIFREZE LW e TisEZ
PTERDOSEDRE KRR R BB A RF
TEFI . INFETOEZA FAEMBETHE
AR AW BECEMEICOWTHERT
BZENERICDT IRERTOHBZED
TWEY,

To achieve sustainable utilization of submarine
mineral resources, it is vital to investigate
mechanisms by which minerals are produced,
develop new technologies and conduct
environmental impact assessment which takes
social needs into account and exploits science and
technology. In this research project, we are aiming
to achieve practical use of new environmental
assessment techniques that are more accurate,
easier to use and have a greater range of
application compared to conventional techniques.
They include metagenomics, habitat mapping,
ecosystem modeling and imaging flow cytometry.

Development of a quick meiofauna survey
technique using imaging flow cytometry

Imaging flow cytometry (IFC)—which has been
used for plankton surveys—is capable of
automatically recording images of samples and
measuring sizes and counting the number of
target objects. In this project, we are developing a
technique to make IFC compatible with surveys of
meiofauna in sediments. Conventionally, sorting,
identification and measurement of meiofauna
have been achieved by experienced analysts using
a microscope. However, due to different skill levels
between analysts, objective comparison of their
data has been difficult. However, image data
produced by IFC can be shared among different
analysts for objective comparison. In addition, the
use of IFC can greatly reduce the time of analysis,
from several hours to several minutes per sample.
We have confirmed the accuracy and
effectiveness of IFC in analyzing samples obtained
from a research excursion, and are preparing for
patent application.

B HETRY) ey | BRAS Y/ B EBS MR : HED. X (AT 79FE

.|_

BEAE

- ¥ AR O : FRRF. CO,
- PEREE BBV —

+

FEHEIREE | FlowCAM. Flow mairy
gm& kA X -m@m

-

- BT OEMRICK D EERBEO IR N IV NRAH S
cWEY. XA TP UFEREBRICUHEFRE LTRITS
- ISO/TC8/SC13DEFIIckE LTIRE T2 EBELTLS

AT RIER

B:AX—=I 07 70-Y 1 NefIBLIc A AT 7O OREFE

Figure : Meiofauna survey technique using imaging flow cytometry
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TRITON 3
k ,_I.J{_ {F‘_‘ 4 af

-
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Detecting signals of global environmental change

FRECTIE. ABRICE>TEREDORETHHMIKRIEDRIT B DR ICH T
TBEFE KK BRICETECOREZIERICIRA. HIKREXSZRE
MICEEEL, FRIEOSVWFAZITVWET, [EES. WERR. BFEER
DEAL - ZENCBE T DI BBAT—FZIRE - BE - 2L, HIRRIEOE
B OWTEENICEEIZLLEDIC, BNEDOIKRENDRZEZTHHLET,
JURZEENICBET BB/ RV (IPCC) FDERNGEHEANRZHNRHREZ
RETDLICEIDERBERNEDERNTLEYADE LZBIELET,

In this project, to help solve global-scale environmental problems—a pressing issue for

HEKIRIREENDIREE & FRID - DERAHAFR

Observations and studies for understanding and predicting global environmental changes

BEREICEDBEFREBIEEY DR
EEMET

XIETYERESDTAIA—Y VI TEHEE
(RA7OXEAYE 21— —NETZT14—:
MXCT) %> T, R ICHEBR I TRAFE LR
BIEBREH OISV I NV DRBIERES
AETDFEICLD AR EERTH TR
BENBHRIIOZEEELRORBEIES
BEEZEENICRBEE S ER FICEH
SERICHITT VI N DBIRBENME
TURATI0BHEEDETHELTNS
ZEEBESMLELL .

CORRIFLFIETIIRE~ERE
DpHOZFHZELICIHE LT REBIEEYN
BREEZETIETVNEIEETRERTEE
DTT, SHIDERZERBEEDETICH
SEBROEERVZDT—IEERRE
FILNEHADZET B LIS R
NOFEFRCETZIENPHFINET,

BRI EEN R FT D HEE

I AR I SRS SRR 1 OB
EHETUEERRNOHFENMREZ SN X
T MWHREEDORREPREICKRERTELZS
ZBIEBASMTBES>TVWERT S5 M

PERAZROIEEBBIET SN TNSRE,
B Blicair CRIEEMIck?E
BADSSRHSNTNET,

LB TR IBREEBRAEME LY
F—ICBWT B E AR FTHEHE ICER D
HATWS M, A E OITEATDF > 3
FINTZY Ty T TOY TV NTHZBIER
FAHOMBEEUBIEMRHEET O TV
N (ArCS) IZBWTHEIRKRHEE LTSE
LTWEY,

SEEF KR CEREDERICH
STBMIERRITVIRDBHRINE
(180TgC/HE) ICDWT. ZNE TOE BRI T—
YD EEDTHRINT BT ETIBRRT —
JVTHEE TSI EICHIILE U e KIc. ETIL
STEOERN S, AR EOEICHA D TZED
EERNNEREILTRD. COUZDEEDIE
Mic&dTHEREBRSNEDEMDNENS
BEOBKRLVZBICRESEZEVSBIE
HHASHNNCT BEFE WEZRIZNHREDZ UL
BIFRICOVWTEELEREZFE U

e BEBICE T 2K THARNE
AUVOBEEMEICHATHO THRIL.EK
TO/RD KE RE.BAFRRELEDR
BT —5 DEBEGEK T OMERDIREZ1T
SR E ARG D= DEAISR{LICED 1
HRUT,

Reduced shell density in marine calcifiers
due to ocean acidification

We developed the world's first technique to
measure carbonate density in plankton with
carbonate shells using an X-ray micro-computed
tomography scanner capable of three-dimensional
imaging of an object using X-rays. We then used the
technique to quantify the density of carbonate
skeletons of planktic foraminifers collected in the
North Pacific subarctic region. As a result, we
observed the greatest reduction in plankton’s
skeletal density—by up to 30%—from winter to early
spring.

These results indicated that reduced skeletal
density in calcifiers may be caused by decreased
pH of surface and subsurface water during winter.
In future studies, the relationship between reduced
skeletal densities and survival rates in planktic
foraminifers should be investigated and the data
resulting from this study should be integrated into
ecosystem modeling to predict the effect of
acidification on the ecosystem.

Promotion of research on Arctic
environmental changes

Acidification of the oceans in the Arctic region has
been advancing faster than other regions in recent
years and its impact on the ecosystem is of great
concern. In addition, this trend was found to have a
significant impact on the global climate and
environment. Plans to develop new sea routes and
exploit natural resources in the Arctic region are

B:MXCTIC &> TREShicZ BB L ROKBIEERETER, &8
BWEERDBANANTRBEDOHBZRELRITTVSBILETT,
Figure : Cross-sections of carbonate skeletons of planktic foraminifers
observed using X-ray micro-computed tomography. Intense blue color
represents more porous skeletal parts which are susceptible to

humankind, we will accurately ascertain the real situation of changes occurring in oceans, the dissolution.
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
Lo . . . H
occurring in the climate, geochemical cycles and marine ecosystems, and to evaluate the - -200_9 2010 :ﬁw RS FEERFTRICKRBELLRBR YV 7SO HEh:
impact of these changes on meteorological phenomena in Japan. We also aim to increase the :' i) Bl shell deunbly y BEEEILRORBIESREEDOZMHE (FH:150-200md ~
. . . . e . Ll =P =TT - . S FEER) 2 k
international presence of JAMSTEC and Japan by providing scientific knowledge useful in T . 3 l g : i H I. f ;%;iﬁ7;b%é5~(;?7550m0) ;v 7EHE) . BRRKTH30%EHD
. . . : . - . [SY ¢ =
international efforts led by the Intergovernmental Panel on Climate Change (IPCC) and other ‘E - g ol A I 193 I . - . o " -
. | | B - ik ] sk * *ar] i Figure : Seasonal change in carbonate skeletal density in planktic
parties. = i AR St E I Rl L ~ - ) :
L E ia i = l i, z " - 1 foraminifers collected in moored traps set in the western part of the
b Ty [ * = i - | l -:; . 2n North Pacific subarctic region (red circles: samples trapped at depths of
. M ! . Iz = *|(osmaf!? 150 to 200 m; blue squares: samples trapped at depths of 500 to 550 m).
- Boer Dc Jn alh Nhdr Ags ey St e S kbt e u;,,. .,,,'_,,, A e Bep Bl Reduced skeletal density by up to approximately 30% was observed.
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under consideration. Science and technology are
expected to play a major role in achieving
sustainable resource utilization in the region.
JAMSTEC's Institute of Arctic Climate and
Environment Research (IACE) has been promoting
comprehensive Arctic research. In addition, IACE
has been serving as a deputy representative
organization for the Arctic Challenge for
Sustainability Project (ArCS)—Japan'’s national
flagship project funded by the Ministry of
Education, Culture, Sports, Science and Technology.
In FY2016, we determined CO: flux on a sea basin
scale in relation to reduced amounts of seawater

{a) CO2 flux

and sea ice and increased low-pressure system
activities. We also determined the amount of CO2
absorbed by the ocean (180 TgC/year) on a sea
basin scale. We achieved these by analyzing past
observation data in the Arctic region. In addition,
our model calculations revealed that reduced
amounts of seawater and sea ice in the Arctic
region cause an increase in the amount of clouds in
the fall. The increased clouds in turn lead to an
increase in the amount of downward longwave
radiation, which further accelerates the reduction of
seawater and sea ice from the fall to spring. These
and other results we produced are significant from

the viewpoint that scientific Arctic research is still
largely premature.

We became the first Japanese researchers to
succeed in operating a compact AUV beneath the
sea ice in the Arctic Ocean. Through this
achievement, we were able to collect various
observation data, such as the salinity of,
temperature of, light transmission in and oxygen
content of seawater, and recorded videos of marine
environments beneath the sea ice. We undertook
these projects to strengthen observation efforts in

Arctic research.
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Figure: Geographical differences in CO2 partial pressure (ApCO2). CO2 flux was
successfully estimated on a sea basin scale.
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Figure : Levels of cloud increase (indicated by reddish colors) in
relation to the levels of sea ice concentration (indicated by bluish
lines) estimated by sensitivity experiments using MIROC5.0. The
model allows simulation of cloud increase patterns in relation to

levels of sea ice reduction since the 1980s.
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Figure : (Left) Compact AUV for marine observation beneath the sea ice.
(Right) A snapshot from a video of a marine environment taken by the
AUV immediately beneath the sea ice in the Arctic Ocean.

Studies on material cycle on the Earth’s surface
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Identifying the evidence that CO:
absorption by terrestrial vegetation in East
Asia has not increased

From the viewpoint of predicting global climate,
it is vital to determine the amount of emission
and absorption of CO.—a major greenhouse gas.
For this reason, global research efforts are being
made on this subject. However, the amount of
CO2 emission from fossil fuel combustion in
East Asia had remained uncertain, which was a
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major concern in recent years.

To address this issue, JAMSTEC analyzed both
CO: and methane (CHa) using its original
atmospheric chemical transport model and
atmospheric CO2 and CHa concentration data. As
a result, we succeeded in estimating the amount
of CO2 emission from fossil fuel combustion
without relying on socioeconomic statistics. The
analysis results indicated potential
overestimation of CO2 emission from fossil fuel
combustion in East Asia during the 2000s. We
then corrected the overestimation and reached
the conclusion: unlike the recent report, the
amount of CO2 absorption by the terrestrial
ecosystem in East Asia did not appear to
increase during the 2000s.

The conventional method of estimating the
amount of CO2 emission/absorption using
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atmospheric CO2 concentration data did not
allow separation of anthropogenic CO:
emission—which affect estimation of the
amount of CO: absorption by the
ecosystems—from CH4 emission. In this
research, we used a novel analytical technique
to separate the effect of CO2 emission from that
of CH4 emission by combining analysis results
for these gases.

The new analytical technique enabled us to
estimate atmospheric CO2 balance more
accurately. These results may serve as scientific
evidence that facilitates construction of
international frameworks and policy-making
related to CO2 emission management by IPCC
and others that compile scientific knowledge on
greenhouse gases.
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Figure : Amount of CO2 emission/absorption by the terrestrial ecosystem in East Asia. The conventional analysis (black line) using an atmospheric transport model and
atmospheric observation data indicated greatly increased CO2 absorption in the 2000s. However, the results obtained using our technique (red line) did not indicate CO2
absorption increase during the 1990s and the 2000s. Our results were consistent with the results obtained using the territorial ecosystem model (green line) and the
amount of carbon absorbed by the forests estimated through the analysis of land use and other statistics.

HAMRICED HIRRIEZE FADOEELEHA (1)

Sophistication and application of global environmental change predictions based on observations and studies
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Heat waves in the Indian region are
caused by sea surface temperature
fluctuations in the tropical Pacific.

The recent increase in intensity and frequency of
heat waves in the Indian region has been a major
social issue. Research has revealed that
meteorological conditions in the tropical Indian
Ocean also influence summer conditions in Japan.
Therefore, it is important for the Japanese to
investigate climate changes in these areas as they
affect climate patterns in Japan.

JAMSTEC carried out research on heat wave

Research and development on marine and global environmental change

patterns in the Indian region by analyzing changes
in maximum temperatures across the region and
performing statistics. As a result, we discovered
two major patterns that cause heat waves. First,
sea surface temperature fluctuations alter blocking
high pressure systems in the Atlantic Ocean. This
change propagates to other areas through the
atmospheric teleconnection, promoting heat waves
in northwest India. Second, sea surface
temperature fluctuations weaken sea breeze to
India, causing heat waves in southwest India.
Analysis indicated that sea surface temperature
fluctuations in the tropical Pacific play a significant
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role in both heat wave causing patterns.
Anomalous atmospheric signals which develop
above high-temperature waters in the tropical
Pacific propagate to and cause major impacts on
not only the Indian region but also more remote
areas, including Japan. Thus, our findings are
significant in predicting meteorological phenomena
induced by these abnormalities.
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Figure : Main heat wave patterns across the Indian region between March and June. (Left) The first mode. (Right) The second mode. Squares in the maps indicate areas

in which heat waves occur.

Heatwave over India in April 2016
NCI:P,"’NEAR Reanalysis
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Sophistication and application of global environmental change predictions based on observations and studies
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Improving the accuracy of typhoon track
forecast by increasing the resolution of
climate prediction models

Use of high-resolution climate prediction models is
an effective approach to improving the reliability of
climate/weather forecasts. To achieve this,
techniques to compute dynamic and physical
processes at the higher resolution need to be
developed in addition to reducing grid spacing in
the model. JAMSTEC and the University of Tokyo
have jointly developed and operated the
ultra-high-resolution global atmospheric circulation
model NICAM.

1.

Currently, general atmospheric circulation models
with horizontal grid spacing of 5 km or less are
being operated experimentally worldwide, and only
a few research results have been published
regarding the mechanisms of meteorological
phenomena at high resolutions. Using NICAM
composed of 3.5-km grids, we numerically
simulated the typhoons of the past, analyzed the
results and determined main typhoon tracks. More
specifically, we determined the effect of large-scale
velocity fields and convective activities driven by
intraseasonal oscillation on the development of
studied typhoons. In addition, we demonstrated
that the use of high-resolution models may improve
the accuracy of typhoon track forecasts (figure
below). This is significant because the forecast of
the same typhoon'’s track by the Japan
Meteorological Agency’s model deviated greatly
from actual observation.

In future studies, we hope to explore the potential of
our typhoon forecast techniques and increase
forecast accuracy by more extensively studying
past typhoon data and developing insights.
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Figure : Tracks of Typhoon Fengshen (green, actual
observation; red, global spectral model at 3.5-km resolution;
blue, low-resolution global spectral model)

We demonstrated that the use of ultra-high-resolution models
may improve the accuracy of typhoon track forecast, as some
of the previous forecasts were associated with large errors.
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Figure : The atmospheric teleconnection from the tropical Pacific (red line) allows
heat waves to occur in northwest India (geopotential height at 200 hPa).
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Research and development on seismogenic zones
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Understanding seismogenic zones, and contributing to disaster mitigation
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In order to fulfill its role defined in government policies and plans, JAMSTEC accumulates
scientific knowledge on the causes of seismic and volcanic activities in the Japanese islands
and the Western Pacific, including a predicted Nankai Trough megaquake. In this project,
JAMSTEC also promotes integrated research and development that involve elaborate
observation and research, advanced simulation studies, monitoring studies, analysis studies,
etc.
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Research for understanding the precise conditions of seismogenic zones along plate boundaries
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Tsunamigenic subduction structure
identified through observation of
low-frequency earthquakes along the
plate boundary and associated faults in
the southern Ryukyu Trench

We conducted seismological observation in the
southern Ryukyu Trench using refraction and
reflection methods and ocean bottom
seismometers. We then analyzed the collected
seismic wave data. As a result, we detected
low-frequency earthquakes occurring in the vicinity
of the plate boundary and found the existence of
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Figure 1 : Structure of the southern Ryukyu Trench

high-pressure fluids in the area from the shallow to
deep parts of the plate boundary, which is likely to
have triggered these earthquakes. We also
discovered a wedge-like structure existing between
the plate boundary fault and its splay fault branch
extending to the seafloor surface. A very similar
wedge structure is thought to have existed in the
source of huge tsunamis generated by the
Yaeyama earthquake in 1771.

Detailed analysis revealed that most sources of
slow earthquakes—including tsunami earthquakes
and low-frequency earthquakes—existed along the
plate boundary stretching from shallow to deep
areas in the southern Ryukyu Trench. This finding
indicated that structural characteristics of the
trench, in which adhesion between the plates is
generally weak, are different from those of the
Nankai Trough, in which adhesion between the
plates is generally strong. These discoveries—such
as the plate boundary characteristics and the
existence of splay faults in the trench—are highly
relevant to the study of mechanisms by which
massive tsunamis may be generated in this region.
This research project was carried out in conjunction
with the “Research project for compound disaster
mitigation on the great earthquakes and tsunamis
around the Nankai Trough region” commissioned by
the Ministry of Education, Culture, Sports, Science
and Technology (MEXT).
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Figure 2 : Subduction structure in the southern Ryukyu
Trench (left), the study area (arrow in the middle diagram)
and low-frequency earthquake distribution on the seafloor
map (right)
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Comprehensive evaluation of disaster potential of earthquakes and tsunamis
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Intervals between major earthquakes off
the coast of Miyagi may have been
shortened based on numerical
simulations of earthquake cycles before
and after the Great East Japan
Earthquake.

We numerically simulated the cycles of magnitude
(M) 7-class earthquakes in the Japan Trench area
before, during and after the Great East Japan
Earthquake in 2011 (M9.0). As a result, we came up

with 121 scenarios that, to a great extent, explained
actual earthquake observation data before and after
the 2011 earthquake. These scenarios indicated
that the interval between the occurrence of an
M9-class earthquake and a subsequent aftershock
MT-class earthquake off the coast of Miyagi will be
frequently less than half after the occurrence of the
2011 earthquake compared to that before the 2011
earthquake.

In this study in which we took three-dimensional
plate structures into account, we were able to
semi-quantitatively reproduce not only M9-class
earthquakes but also M7-class earthquakes
(including foreshocks and the largest aftershock)
and after-slips. Our results add new insights into
studies of various earthquake scenarios.

This research project was carried out in conjunction
with the “Research project for compound disaster
mitigation on the great earthquakes and tsunamis
around the Nankai Trough region” commissioned by
MEXT. All simulations were performed using
JAMSTEC's Earth Simulator supercomputer.
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Figure 3 : Timing of the next major earthquake off the coast of Miyagi based

on the 121 model-generated scenarios
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Figure 4 : Coseismic slip distribution associated with the simulated M9.1
earthquake (indicated by warm colors) and the distribution of after-slips
which are predicted to occur within approximately three years after the
earthquake (indicated by blue lines).
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Research on damage to ecosystems caused by earthquakes and tsunamis, and research on recovery efforts
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An earthquake broke out off the coast of
Fukushima on November 22, 2016. In response, the
research vessel Shinsei Maru—which was
conducting surveys and observations off the coast
of Fukushima at that time—immediately initiated
seafloor topography surveys in the vicinity of the
epicenter from the day the earthquake occurred. In
addition, the support vessel Yokosuka—which was
conducting observations and surveys in the
western Pacific region—also carried out seafloor
topography surveys in the vicinity of the epicenter
on its way back to Yokosuka Port. Furthermore,
Shinsei Maru and the remotely operated vehicle
Hyper-Dolphin were used to survey the seafloor
environment and topography and observe seafloor
organisms from February 11 to 27, 2017, off the
Sanriku Coast under the Tohoku
Ecosystem-Associated Marine Sciences program
(Figure 5).
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Figure 5 : Seafloor topography created based on
observation data collected after the earthquake off
the coast of Fukushima on November 22, 2016. The
white dotted lines indicate clearly identifiable
lineaments. The red rectangles indicate areas in
which submarine surveys were conducted using
Hyper-Dolphin. The top left image shows latitude
37°18' locations (arrows) at which the sub-bottom
profiler collected data. We detected misalignment of
strata along these lineaments.

We conducted two sessions of submarine surveys
using Hyper-Dolphin and observed no clearly
identifiable topographic change in the area around
latitude 37°12". However, we detected a crack that
was 1 to 2 m wide around latitude 37°13"and
observed numerous gammaridean amphipods
aggregating in the crack. In addition, around latitude
37°18', we observed an approximately 2 m-high
seafloor lineament with some of its surfaces turned
to a whitish color (Figure 6). We confirmed that the
lineament was stretching in the
northeast-southwest direction (Figure 5).

Before the abovementioned submarine surveys, we
conducted topographic surveys over the area
subjected to the submarine surveys and other areas
using a high-precision multibeam echo sounder.
Continuous efforts in analyzing the survey data
revealed that the abovementioned seafloor
lineament extended in the northeast-southwest
direction. We also obtained information on
sediment conditions and faults that cut through
sediments by collecting data from sub-seafloor
strata using a sub-bottom profiler (Figure 5).
Although we are not absolutely certain at this
moment that the lineament and the crack we
discovered were caused by the November 22
earthquake off the coast of Fukushima, we believe
that this is likely to be the case because the
surfaces of these structures looked fresh, indicating
their recent formation.

The datasets we collected from the lineament and
the crack are valuable because they are vital in
accurately assessing the scale and orientation of
the faults. The fault information can then be
incorporated into models and simulations used to
predict the scale of tsunamis, etc. We will continue
to analyze data and images collected during these
surveys.
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Figure 6 : White discoloration observed on the bottom
of the crack, which appears to represent bacterial mats
formed in response to discharge of chemical
substances (methane and sulfides) produced under the
seafloor. This photo was taken at a depth of 142 m on
the north side of the area shown in Figure 5.

JAMSTEC 2016 Annual Report 28



EFEMIEBEITEMZRFE  Research and development on marine biosciences and engineering

RANDIBEFREYE 2R £ DR =ERAT S

Exploring the unknown Extremobiosphere to solve the mystery of life
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Analysis of the functions of marine ecosystem
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Maturation processes of highly
fragmented genes and unique RNAs in
cultured eukaryotic microorganisms

The Euglenozoa, a group of eukaryotic
microorganisms, is thought to have differentiated
early in evolutionary history. Many unique
characteristics of euglenozoans have been
reported. JAMSTEC succeeded for the first time in
the world in identifying and culturing a species of
the genus Hemistasia, a large and mostly unknown
group of euglenozoans. In FY2016, we performed
genome sequence analysis and RT-PCR using the
cultured Hemistasia species to study mitochondrial
gene structures of euglenozoans, which were
reported to be diverse, and mitochondrial gene
expression processes (RNA maturation processes).
This study has been published (Yabuki et al., 2016).
In this research, we succeeded in identifying gene
structures that are more unique than previously
reported and a complex RNA maturation process
during gene expression. More specifically, we found
that the RNA maturation process in a mitochondrial
genome begins with segmentation of protein
coding regions of genes into approximately 70
bp-long pieces. These pieces are distant from each
other on the genome. They are then independently
transcribed into RNA and then join together to form
functional RNA. In addition, we discovered a novel
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There are two objectives in this project: (1) analyzing the functions of marine ecosystems and I\\'-=. =5 GEMEWTH:300 by WAL
(2) exploring, analyzing and utilizing the functions of extreme biospheres. ; — — p
Overall, we aim to “promote a comprehensive understanding of marine life and the Earth 7 ﬂ:j;;ﬁﬁ:;;gﬁzigfgg,i?“ F
system, and form an intellectual basis for innovations contributing to resolving various social FE- SRRl BAEWELTHRATESAESREFY

issues” To this end, we study extreme biospheres in the deep sea and beneath the seafloor, INEAFLT

and conduct R&D to understand the structure/ evolution of ecosystems as well as survival
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strategies uniquely developed by organisms inhabiting extreme environments.
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Figure: Discovery of novel genetic properties in a eukaryotic microorganism species
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biological phenomenon: secondary insertion of
RNA during the gene expression process. As well,
we succeeded in determining the process by which
these unique gene structures have evolved and
been established by comparing the Hemistasia
species with its close relatives previously reported.
These results will advance investigation into the
significance and advantage of the unique evolved
gene structures.

Molecular mechanisms which enable secondary
insertion of RNA—a novel biological
phenomenon—may be applicable to the
development of new biotechnologies in various
experimental biology fields. Efforts to exploit these
mechanisms through an interdisciplinary approach
between life science and bioengineering and
industry-academia-government collaboration may
facilitate innovative utilization of biological
functions unique to marine organisms inhabiting
the extreme environment.
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Figure: Determination of the process by which the complex gene structure has evolved
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Investigation, clarification and utilization of the functions of biospheres in extreme environments
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New indicators to measure the effect of
stable isotope fractionation and
equilibration—vital tools in understanding
the origin and history of hydrocarbons

In marine bioscience and engineering R&D efforts,
we have developed a technique to culture and
conduct experimental study on extremophiles
under simulated sub-seafloor conditions by
combining techniques to culture methanogens, etc.
living in extreme environments and high-throughput
stable isotope analysis. This is virtually the only
technique of this kind available in the world. Using
this technique, we established new indicators to
measure the effect of stable isotope fractionation
and equilibration attributed to activities of key
microorganisms in understanding the origin and
history of methane and other hydrocarbons existing
in marine and sub-seafloor environments. This
study was published in a scientific journal
(Okumura et al., 2016).

We experimentally demonstrated that
carbon/hydrogen isotope
fractionation/equilibration effects attributed to
microbial methanogenesis in the sub-seafloor
environment are greatly affected by hydrogen
concentrations in that environment. In addition,
we also found for the first time in the world that
methane transport, accumulation and
dissolution processes under the seafloor are
significantly influenced by metabolism of
methanogens inhabiting there.

Stable isotope fractionation/equilibration
indicators are vital tools in investigating the
evolution of biological activities and metabolism
on Earth and the origin and history of
hydrocarbons—main energy resources for
humans. Recent techniques enabling sensitive
and precise analysis of stable isotope ratios can
be likened to precise positioning of a target
object using GPS. However, understanding of
the effect of stable isotope fractionation and

equilibration had been making slow progress.
This delayed understanding is comparable to
mismatch between accurate GPS and
low-resolution maps on which positions are
displayed. In this research project, we developed
a “high-precision map” compatible with stable
isotope fractionation and equilibration
indicators.

We believe that our results will significantly
advance the current understanding of the origin
and history of hydrocarbons. The results will
have great impact on international research
plans, such as the Deep Carbon Observatory
program, which is designed to promote
understanding and utilization of the global
carbon cycle. In addition, the results may
significantly influence the current understanding
of various aspects of the vast marine space by
adding new insights into the evolution of marine
organisms and deep sea energy resource R&D.
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Identifying ?uter limits of the biosphere conditions (120-150°C) and impermeable strata We also ah_alyzt_ed global _dlstnbuhon of a 196° 53 80° 126° 53.90°
beneath Okinawa Trough hydrothermal 14.3 m beneath the seafloor. thermophilic microorganisms. - " !
vents We also analyzed the genetic composition and We identified high temperature conditions that

quantity of enzymes that play key roles in define the outer limit of the biosphere under the

anaerobic methane oxidation reactions. seafloor for the first time in the world. These
Consequently, we detected a large amount of
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We surveyed chemosynthetic (micro)organisms
inhabiting hydrothermal areas in Okinawa, the
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Indian Ocean, the Caribbean Sea, etc., analyzed

results are scientifically significant as they
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community structures of, functions of and archaea that oxidize methane anaerobically. than previously known. Thus, we were able to
physical/chemical processes associated with
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Thus, methanotrophic archaea represent an
important characteristic of the biosphere
immediately beneath the hydrothermal vents in
the Iheya North hydrothermal field.

Based on these results, we assessed global
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provide an answer to a question concerning the
limit of b|o|og|c§l activities a.nd bl.ospheres on 27 4T A} £ . = [P
Earth. Because life on Earth is believed to have 1 ( ' PRI Sy i o " :

originated from hydrothermal environments, our k3 :
findings are significant in terms of advancing

our understanding of environments conducive to
life's origin.

surveyed microorganisms using a metaomics
approach and finalized a study on
environment-organism interactions.

We analyzed core samples collected from
hydrothermal vents in the Okinawa Trough
during IODP Expedition 331. As a result, we
identified the outer limit of the hydrothermal
vent biosphere defined by high temperature

patterns of ecosystems associated with native
thermophilic microorganisms in relation to
geological, geographic and chemical
characteristics of hydrothermal environments.
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Getting to know the Earth from beneath the seabed
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This project aims to reveal the entire picture of the ocean, Earth, and life system, while
creating a new drilling science by integrating technologies for exploring the Earth’s interior,
such as the drilling technology using the deep-sea drilling vessel Chikyu. Japan leads the
world in the field of advanced drilling science technologies. By promoting the development of
such technologies, JAMSTEC hopes to contribute to the prediction of geohazards, projections
of global environmental changes, innovation utilizing microorganisms’ physiological and
metabolic functions, and development of ultra-deep drilling, for which demand is expected to
grow.
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Origin of continents: the new hypothesis

HIRICEERENEIRU DD EWSER
BICH LT IR BZENT -5/
B - HER(E2RT — Y ZRENICAWS L
IC&>TREREFELERDHLWRFZLR
IBLE U,

RRWBBESMTHEAE/NERIME
FYa1—IrYlIcEWT IR IBEZE T — %
ROKRT =AW cHRESEDHEEZ
TV S5l CotgisE s BEA LD SIE
BTV YR UCER MROESE
BHIBYIYDTAZICHEEDHDIEH
DIMDFEUTc, COFER IR DB VST
ZILEED MRDODEWVEH TIREEDY
IIDEHL TSI EZRLTED. XK
TOBHEBEITED T NI HRDFEN

BEBMOBEANUCEVWTRILEEYY
IHDLKBENZZE DEDHRICEWTKRE
MERTDIE1ZRLTVNET,

HIRBLZICEVWTREDHKESNTE K
PEDHERLICE T 2B EIRRICES S EDE
BT SHBIBEEMICRITZEED S, ICK
SRFERENERINE S5B22RMH
BAICEN B EMFEINE T,

Comprehensive analysis of geophysical,
petrological and geochemical data led JAMSTEC to
formulate a novel hypothesis to answer the
question: how did Earth’s continents form?

We estimated crustal structures along the Izu-Bonin
arc and the Aleutian arc—prominent oceanic island
arcs—by analyzing geophysical and bathymetry
data. We then analyzed the relationship between

the crustal structures and magma that erupted
from submarine volcanoes. As a result, we found a
strong correlation between crustal thickness and
the type of magma. These results indicated that
eruption of andesitic magma and that of basaltic
magma are associated with thin and thick crusts,
respectively, which completely contradicts the
conventional theories. If andesitic magma is in fact
formed along oceanic island arcs in thin-crust
areas, it means that the continents may have
formed in the ocean.

Research based on the new hypothesis may greatly
advance the understanding about the origin of the
continents which has been a long-standing
geoscientific mystery. In addition, deep-sea drilling
expeditions along oceanic island arcs using Chikyu
may facilitate further understanding about the
formation of the continents.
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Figure: Volcanic eruption on Nishinoshima Island inspired the
formulation of the new hypothesis.
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Temperature limit (T-limit) of the deep biosphere explored using Chikyu during I0DP drilling expedition
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During this drilling expedition, we coordinated

activities of the deep-sea drilling vessel Chikyu and
the Kochi Core Center by holding video
teleconferences between them and arranging the
transport of samples from the vessel to the center
using a helicopter. This was the world's first
simultaneous implementation of marine science
drilling and sample analysis on land. We also
launched a frontier research project to determine
the outer limit of the biosphere under the seafloor
by performing ultrahigh-precision, high-sensitivity
biological analysis using superclean technologies.
We led the planning of the drilling survey project
using Chikyu, and completed the project in about 30
months. This achievement demonstrated
JAMSTEC's and Japan's advanced scientific and
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technological capabilities to the world. In addition,
we succeeded in collecting core samples to be
subjected to high-quality analysis for investigating
factors that define the boundaries of biospheres
under the seafloor and physical properties,
temperatures and water pressure along the plate
boundary fault at the Nankai margin. The results of
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preliminary analysis were publicized. Moreover, we
succeeded in collecting 112 core samples and more
than 13,000 high-quality samples of other types,
representing the highest numbers of samples
collected in the history of scientific drilling surveys
using Chikyu. We also succeeded in installing 13
temperature sensors for long-term monitoring
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Promotion of comprehensive ocean drilling science

mainly along the decollement.

These analyses and measurements may greatly
increase the understanding about deep biosphere
boundaries and conditions to sustain life under the
seafloor.
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Figure: We investigated T-limits of the biosphere under the seafloor using
Chikyu at the edge of the subduction zone off the coast of Cape Muroto.
This site is expected to have a steep localized geothermal gradient and
water and nutrient supply sources.
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2017.

Figure: Although microorganism cells were rarely
detected in core samples collected at the T-limit of the
biosphere, we collected geochemical data indicating
microbial activities in the upper decollement layer and
in high-temperature sediments immediately above the
basement rock (Heuer, Inagaki, Morono et al., /ODP
Proc., 2017).

Quantification of potential fault slips in response to a Nankai Trough earthquake
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We analyzed samples collected from the plate
boundary fault between the Japan Trench and the
Nankai Trough using the deep-sea drilling vessel
Chikyu and performed model calculations. As a
result, we were able to reproduce a massive slip of
approximately 80 m in the vicinity of the Japan
Trench triggered by the 2011 Great East Japan
Earthquake. We also demonstrated the possibility
that fault slips of 30 to 50 m may occur in the

vicinity of the trench in response to a Nankai Trough
earthquake. Through these studies, we developed
the world’" s first analytical method of assessing
fault slips driven by an earthquake using core
samples collected from faults.

In future studies, we plan to carry out drilling
surveys into a greater depth in areas with
concentrated earthquake sources using Chikyu. The
new analytical method may enable accurate
estimation of the extent of fault slips at a great
depth in areas where tectonic plates adhere to each
other (areas with concentrated earthquake sources)
triggered by an anticipated Nankai Trough
earthquake.
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Figure: Locations (arrows) at which drilling
surveys were conducted using Chikyu
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slips near the
trench/trough in relation
to time
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Predicting the Earth'’s future by simulations
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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.
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R&D of advanced process models
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Development of a canopy-resolving large
eddy simulation (LES) model through the
integration of an accurate
three-dimensional thermal radiation
model and an elaborate transpiration
model

Increasing air temperature in urban areas due to
climate change and the urban heat island
phenomenon has been a major issue. To take
proper measures to mitigate these effects,
simulation models capable of accurately
reproducing the urban thermal environment need to

Wi
e bk

be developed. We have been developing a
high-resolution meteorological LES model which
takes into account the effects of tree canopies and
three-dimensional (3D) thermal radiation and
propagation at a city block scale. We coupled a 3D
thermal radiation model with canopy-resolving
LESs and increased its accuracy in 3D thermal
radiation calculations by introducing a technique to
elaborately compute the effect of multiple
scattering of thermal radiation in tree canopies and
assessing its accuracy using a Monte Carlo
method. We then introduced a transpiration model
which takes account of stomatal response to
ambient thermal radiation environments. As a
result, we were able to simulate transpiration rates
of leaves in tree canopies, which demonstrated that
leaves that received greater amounts of
photosynthetically active radiation transpired at
higher rates (Figure 1). We also confirmed that
different transpiration models have different effects
on the spatial distributions of ambient air
temperature and relative humidity and convective
intensities (Figure 2).

Continued efforts to increase the resolution of
thermal environment simulations by enhancing
these models may enable accurate evaluation of
potential green space in urban areas.
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Figure 1 : Effect of two different transpiration models on air temperature
distributions. Black lines represent streamlines. (Top) Simple transpiration
model. (Bottom) Detailed transpiration model which takes account of the
effects of radiation intensity, relative humidity, etc. on ambient air temperature.
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Figure 2 : Vertical distribution of potential temperature (0), specific humidity (qv)
and turbulent kinetic energy (k). Control: results obtained using the detailed
transpiration model. No-evap: no transpiration. No-heat: thermal exchange
between the atmosphere and canopies disregarded.
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Development of large-scale simulation technology for creating advanced information
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Development of a system capable of
accurate long-range forecasting of
torrential rain and other extreme
meteorological phenomena

Because heavy rain disasters have occurred
frequently in recent years, it is important to
accurately forecast when and where heavy rains
take place. It is also important to provide weather
information to the public as promptly as possible to
give people sufficient time to prepare for a potential
disaster (e.g., evacuation to a safe place). For these
reasons, we have been engaging in long-term R&D
to achieve innovative numerical weather forecast
capable of accurate long-range prediction of
torrential rain and other extreme weather events.

In FY2016, we carried out experiments to reproduce
torrential showers by applying a high-resolution
numerical model to wide areas, and studied the
effects of boundary conditions (frequency of heavy
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rains) and spatial resolutions on simulation
accuracy. We selected heavy rainfall cases which
took place on Izu Oshima Island in October 2013
and in Hiroshima City in August 2014 as subjects
for these experiments. Heavy rains were
reproduced by applying the high-resolution
(250-500 m) numerical forecast model to a wide
area in Japan (from the southern Tohoku region to
southern Kyushu). In one experiment which
focused on the rainfall which affected Izu Oshima
Island, the resolution of the model was set to be
500 m or higher and computations applied to a
wide area. This arrangement reduced the impact of
boundary conditions on simulation accuracy, more
accurately located the area of heavy rain on the
island and accurately reproduced rainfall intensities
(Figure 3).

A high-resolution (250-500 m) simulation of torrential
rainfalls had never been achieved at the spatial scale
of this magnitude. These were the world's first
comparative experiments to demonstrate the
importance of applying computations to a broad
spatial range.

From the viewpoint of increasing weather forecast
accuracy, it is vital to simulate various heavy rainfall
cases of the past as accurately as possible using
sufficiently high spatial resolution and applying
computations to a sufficiently wide area. Continued
research efforts, such as this study, to examine
various factors affecting weather forecast accuracy
are important to provide valuable insights into the
development of numerical models and new weather
forecast techniques which may be adopted by the
Japan Meteorological Agency.
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Figure 3 : Three-hour accumulated precipitation and the maximum (arrows) from 0100 JST to 0400 JST on October 16: (a) the Radar/Rain gauge-Analyzed Precipitation,
(b) 2 km grid spacing, (c) 500 m grid spacing, and (s) 250 m grid spacing. Black circle indicates Izu Oshima.

41 JAMSTEC 2016 Annual Report

T—5 - RHOBHEMERRELLSIANDRE

R&D for integrating and synthesizing data/information and dissemination of information to society
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Determining the relationship between
malaria incidence and climate change in
South Africa

Epidemics of infectious diseases, such as malaria
and pneumonia, are imminent threats to the people
in southern Africa. Malaria is particularly prevalent
during the rainy season (September to May) in
Limpopo Province in northeastern South Africa.
We studied the relationship between malaria
incidence and climate-changing phenomena in sea
areas of South Africa and other regions. As a result,
we found that the relationship varied between the
first (September to November) and second
(December to February) halves of the rainy season.
In years in which malaria was prevalent during the

first half of the rainy season, the temperature
between June and August before the rainy season
was generally lower than the average year in
Limpopo, and the precipitation amount between
March and May before the rainy season was
generally large in Limpopo and southern
Mozambique (Figure 4a). These patterns may be
associated with La Nifia events originating from the
tropical Pacific Ocean. On the other hand, in years in
which malaria was prevalent in the mid-rainy
season, the temperature between September and
November was generally higher than the average
year in southern Africa and the precipitation
amount of the region during the same period was
generally large (Figure 4b). These patterns were
associated with subtropical Indian Ocean dipole
events—climate-changing phenomena originating
from the southern Indian Ocean.

These results indicate that climate-changing
phenomena occurring in oceans worldwide alter
temperature and precipitation patterns in southern
Africa, which in turn influence the population and
distribution of malaria-carrying mosquitoes and
thereby malaria incidence. Based on this
assumption, we constructed a model capable of
predicting malaria prevalence several months
before a malaria season. The model may facilitate
the development of malaria early warning systems.
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Figure4 : Composites (90% confidence level) of precipitation (shade, mm month™'), mean temperature (contour, °C), and
wind (vector, m s') in southern Africa for (a) September-November with 6-month lag and (b) December-February with
2-month lag. Differences in composite anomalies between the high and low malaria incidence years are shown.
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Opening up the future by technological development
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In ocean R&D, developing more advanced ships, ocean observation networks, and observation
equipment for obtaining various data is essential for the development of a comprehensive
understanding of the vast ocean space and is an extremely important part of advancing
Japan’s marine science and technology. Accordingly, as well as developing cutting-edge key
technology that will enable humankind to take on the challenge of opening up unexplored
frontiers and cultivating new fields, JAMSTEC is undertaking proactive, cross-cutting efforts to
build a research base to open up ocean frontiers by making full use of these technologies, so
that we can promote R&D of submarine resources, marine and global environmental change,
seismogenic zones, and marine biosciences and engineering.

BEBETICEVWTEERIGIHHAZIRET 5 — DR

Development of sensors that enable on-site measurements in marine and sub-seafloor environments
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We developed multiple chemical sensors which
can be installed on remotely operated vehicles

MRFERBAERIATLOBE

(ROVs) to measure and analyze Hz, H:S, pH, Eh,
etc. on site at depths of up to approximately 6,000
m in the water and on the seafloor. We also
increased the sensitivity of methane concentration
sensors. Conventionally, water samples are
collected from and analyzed on a ship. Because
sampled water needs to be retrieved to the ship
before it can be analyzed, the quality of the
samples may change during the retrieval. On-site
chemical analysis will eliminate this issue.
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Figure: Sensors installed on an ROV

Construction of an earthquake and tsunami monitoring system
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Figure: Location at which LTBMS
was installed (Site C0010)
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To improve the earthquake and tsunami
monitoring system, we installed a long-term
borehole monitoring system (LTBMS), including
a seismometer and dipmeter, 650 m below the
seafloor within a borehole at Site C0010 in a
designated earthquake focal area off the coast
of Kii Peninsula. We then connected LTBMS to
the Dense Oceanfloor Network system for
Earthquakes and Tsunamis (DONET). LTBMS
enables (1) advanced sub-seafloor monitoring
within a borehole, which had been difficult to
achieve, (2) connection with DONET capable of
long-term, real-time monitoring and (3)
integration of borehole monitoring data into the
DONET database and its data distribution and
analysis system. JAMSTEC had appropriate
technologies to achieve these. This is the
world's first network to monitor
three-dimensional crustal movement in real
time. This integrated system has enabled
collection of accurate seismic data from under
the seafloor in real time and distribution of the
data to earthquake and tsunami researchers.
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Figure: Compact AUV which is programmed to return to a set retrieval point
taking into account its traveling direction, traveling speed regulation
functions and traveling depth
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Figure: Video images recorded by the compact AUV under the sea ice

Construction of an innovative AUV system which does not require a mother vessel

Recording videos of marine environments under the ice in the Arctic Ocean using a compact prototype AUV
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We created a prototype of a compact autonomous
underwater vehicle (AUV) equipped with simple
floats (approximately 1.9 m in total length and 27 kg
in weight) to observe marine environments under the
ice in the Arctic Ocean, which are changing rapidly
due to global warming. The AUV is capable of diving
under the sea ice, measuring water temperature and
salinity and recording videos of marine
environments.
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We made a research excursion (MR16-06) in the Ocean. We also succeeded in collecting salinity
Arctic Ocean using Mirai from August to October and water temperature data and recording videos
2016. We are the first Japanese people to succeed of marine environments under the sea ice.

in operating an AUV under the ice in the Arctic
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of marine environments under the
seaice
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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 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 FY2016, we engaged in various development
and testing activities, such as towing and
retrieving multiple AUVs using an ASV, in efforts
to construct an unmanned survey system. In
addition, we formed Team KUROSHIO composed
of several organizations to participate in Shell
Ocean Discovery XPRIZE, a global competition
intended for the development of deep-sea
exploration technologies, including robots,
which enable quick mapping of wide seafloor
areas. Team Kuroshio represents the only
Japanese team to have advanced to the
semifinal competition to be held in FY2017 by
passing document-based screening.
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Figure: Schematic of a laser scanning system in action, presenting a novel
concept that bathymetric surveys can be performed without sending scientists to
the sea
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Figure: Members of Team KUROSHIO, including universities and private
companies
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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 autonomous underwater vehicles (AUVs) to enhance their performance and efficiency and implementing various
tests to prepare a newly constructed AUV and remotely operated vehicle (ROV) for full-scale operation. In addition, JAMSTEC conducted
advanced navigation training using the wide-area submarine research vessel Kaimei, which was completed at the end of March 2016.
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Single-pilot operation of Shinkai 6500

BABAEEMTUADWNE50011EDNT
[ INETEMARE1A./\1OVR24
TEMUTCEELEN . HRLDEZDEF
NERITTC FH2BFEDRETETHEM
WRE2L. 1OV EDTTYTVIA
By My lcm i THEER DN L iR Mk
RARVATLADBEAROBILREZITSE
5T /Oy Mok 2HBRERDOBER(L S
ER(FrEV)NOERFEZEHEIEZE
MEUBEBERLEBEDRBELEEEIFE
lc&k>T Ty~ Oy MER LA AT EERR
BREERAEDE U 7~ V/\1Oy MEMA
ICE>TERDOMEL HREDFEMER
DEMHR S ER - FAEHFTOHEEICK

47 JAMSTEC 2016 Annual Report

ELEMITBENERFINET,
FR29OFEICIEMBIIEEERBL, T

28FEEICRE U7 Y v/ Oy MERAIC

BIT2HERDHMHEKEZITVET,

Shinkai 6500 had been operated by two pilots
and is capable of carrying one researcher.
However, because of increased research
demands, various modifications are being made
to convert Shinkai 6500 into a single-pilot
submersible capable of carrying two
researchers. During inspection and construction
of Shinkai 6500 in FY2016, we miniaturized and
integrated an array of equipment in the
submersible and determined communication
specifications for the system that displays its

E:"LADNNE5001THER (F+E )
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Figure: Layout of equipment inside the
Shinkai 6500 pressure shell (cabin)

navigational track. At the same time, pilots
revised and modified the arrangement of
installed equipment so that they can monitor the
equipment properly and work comfortably inside
the pressure shell (i.e., cabin). The more efficient
single-pilot submersible—which can be operated
by a single pilot with an increased researcher
carrying capacity—is expected to greatly
facilitate underwater observation and surveys.
In FY2017, we will conduct navigation training
using Shinkai 6500 and identify and address
issues associated with the single-pilot
submersible which we studied in FY2016.
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Figure: Pressure shell of Shinkai
6500 under construction

Advanced navigation training using a new vessel (wide-area submarine research vessel Kaimeij)
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Figure: 3,000-m-class remotely operated vehicle (ROV)
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The wide-area submarine research vessel Kaimei
was completed on March 30, 2016, to be used
for a variety of research, such as submarine
resource surveys in the area surrounding Japan
and research related to disaster
prevention/reduction and environmental

change. We carried out advanced navigation
training using the vessel for a total of 119 days
during FY2016.

Major equipment loaded on Kaimei includes an
ROV, a 40-m giant piston corer, a conductivity
temperature depth profiler (CTD) and a power
grab sampler. We conducted training which
simulated actual research navigation, including
a range of activities from operation of these
pieces of equipment to collection and analysis
of samples/data. Thus, the vessel has been
prepared for full-scale operation.

|
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Figure: 40-m giant piston corer being placed into the sea (top) and
collecting sediment samples (bottom)
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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 (Figure 1) 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, performs large-scale simulations to construct datasets, operates
dataset systems, widely publicizes marine and Earth-related data/information and promotes public use of the data.
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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 FY2016, there are 534
registered users from 135 organizations in
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Japan and overseas. A high proportion (89.07%)
of computing nodes were in use through the
year (Figure 1).
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Figure 1 : Use of the nodes
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Projects and technological support
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There are two categories in projects using Earth
Simulator. One is “JAMSTEC projects,” under
which research and development activities
aiming at achieving JAMSTEC's mid-term goal or
plan are carried out (33 projects have been
conducted, excluding fee-based
confidential-type projects) and “solicited
projects,” which mainly consist of geoscience
projects solicited from the public (27 projects
have been conducted).

Following the launching of the new system, we
established a new subcategory “special
projects” under the JAMSTEC project category
in FY2015 to ensure that R&D projects are in line
with JAMSTEC's mid-term goals/plans and to
accelerate R&D. Six projects under this
subcategory were carried out in FY2016. CEIST

promoted advances of these projects by

increasing computational speed through

application of operational and utilization
techniques and by assisting users to efficiently
utilize computational resources. As a result,
high-resolution assimilation of the atmospheric
environment data was achieved. Other research
projects conducted include:

-research to predict the effect of a warmer
climate on typhoon pattern changes in the
future and the effect of these changes on
mid-latitude regions based on calculations using
the data on 60 typhoons in the past 25 years,

-research to develop near-future technologies
for typhoon forecast and

-research to increase the prediction accuracy
for noises generated by general-purpose, small
hydraulic rotary equipment and understand the
sound sources.

The use of Earth Simulator enabled large-scale,

high-accuracy computations and ensemble

calculations using vast amounts of
computational resources—which had been
difficult to perform in the past—and thereby
contributed to achieving these results.

Industrial use of Earth Simulator
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FY2016 marks the 10th anniversary of Earth
Simulator use for fee-based confidential-type
projects. We improved the Earth Simulator use
environment by installing applications for
industry users in the large-scale shared memory
system, which serves as the pre- and
post-system of Earth Simulator, and tested their
performance. To invite new users, we
participated in exhibition events, visited
companies and collaborated with software
developers. These efforts led to greatly
increased revenue from user fees in FY2016
compared to FY2015.

Since FY2016, CEIST and other organizations

have jointly established the “Experimental and
Computational Fluid Dynamics Sharing
Platform” with support from the MEXT Project
for Creation of Research Platforms and Sharing
of Advanced Research Infrastructure. By making
advanced wind tunnel testing facilities and
supercomputers available to others, we have
been promoting research projects focusing on
solving issues and making innovative
discoveries in various fields related to fluid
dynamics. We held symposiums about the
platform and received inquiries from 20
individuals/groups. A total of 12 groups actually
used the platform. 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 initiatives also further
encouraged industry researchers to use the
platform.
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Management and dissemination of marine-earth science data and samples
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As of the end of FY2016, CEIST has publicized
approximately 51,400 records of metadata
obtained from observation data/samples, more
than 30,000 hours of deep sea footage and more
than 1.3 million deep sea images. These
publications represent virtually all of JAMSTEC's
activities in the sea.

JAMSTEC renewed its webpage “E-library of
Deep-sea Images (J-EDI)" (Figure 2) in April
2016, allowing viewers to download deep sea
images captured during dive surveys. The
“staff's favorite deep-sea videos” section of the
J-EDI is updated at the beginning of every
month. We have also begun releasing new
footage every month through the JAMSTEC
Twitter and Facebook pages. Since the
launching of these pages, the numbers of
deep-sea footage and images downloaded

monthly increased by two times and 3.2 times,
respectively. In FY2016, we constructed the
“Deep-sea Debris Database” to map the
distribution of marine debris using
J-EDlI-registered deep-sea footage (2,176) and
images (936) with a “marine debris” tag. Each
footage/image was provided with
meta-information, such as its shooting location.
This map may be helpful in taking actions in line
with the Sustainable Development Goals
adopted at the United Nations Summit in 2015.
JAMSTEC also contributed to data-related
international cooperation. The agency has been
serving as an associated data unit (i.e., an OBIS
Japanese node, or J-OBIS for short) for the
Ocean Biogeographic Information System
(OBIS), which manages information on diversity
and distribution of marine organisms under the
supervision of the Intergovernmental
Oceanographic Commission (I0C) of the United
Nations Educational, Scientific and Cultural
Organization (UNESCO). JAMSTEC hosted an
OBIS steering group meeting—which had been
held annually at the UNESCO-I0C headquarters
in Belgium—at the Global Oceanographic Data
Center (GODAC) in Nago City, Okinawa. A total of
35 participants, including Asian local nodes,
from 17 countries reported their activities and
engaged in vigorous discussion about future
plans. Thus, JAMSTEC contributed to
international OBIS activities.
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Figure 2 : Image/footage search page of the “E-library of Deep-sea Images” webpage
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Operation of Chikyu and promotion of IODP
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The Center for Deep Earth Exploration (CDEX) undertakes various operational and management duties involving Chikyu—a major vessel
for the IODP—such as operation of the vessel, scientific drilling, scientific services and technological development.

During FY2016, we operated Chikyu to conduct research, performed inspection and maintenance, and exhibited it to the general public at
Ishinomaki Port and New Kochi Port. In the following sections, we present three research projects we carried out using Chikyu during

FY2016.
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IODP Expedition: “Nankai Trough Seismogenic Zone Experiment (NanTroSEIZE)"
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We conducted IODP Expedition 365 from March
26 to April 27, 2016, to continue the Nankai
Trough Seismogenic Zone Experiment
(NanTroSEIZE). During this research excursion,
we retrieved a temporary monitoring instrument
which was installed during Expedition 332 in
2010, and deployed the second NanTroSEIZE
long-term borehole monitoring system (LTBMS)
at Site C0010 which is located in the shallowest
area of the megasplay fault. The LTBMS,
consisting of a strainmeter, a pressure sensor
and other sensors, is capable of sensitively and
accurately observing subtle changes in the
splay fault and the neighboring accretionary
prism. The new LTBMS was connected to the
Dense Oceanfloor Network system for
Earthquakes and Tsunamis (DONET) on the
seafloor along the Nankai Trough off the coast
of the Kii Peninsula. This connection was made
during the research excursion by the research
vessel Shinsei Maru in June 2016. The LTBMS

has been collecting borehole monitoring data in
real time.
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Figure: Site C0010 (approximately 85 km off the
coast of Shingu City, Wakayama Prefecture)
represents the location of a borehole which
downwardly penetrates through the shallowest part
of the megasplay fault which branches off from the
plate boundary fault at the Nankai margin.
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IODP Expedition: “T-Limit of the Deep Biosphere off Muroto”
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We carried out IODP Expedition 370 to explore
the temperature limit (T-Limit) of the deep
biosphere off the coast of Cape Muroto from
September 10 to November 23, 2016. During this
research excursion, we collected 112 core

1347

samples at Site 0023 at the edge of the Nankai
Trough subduction zone off the coast of Cape
Muroto in Kochi Prefecture to determine the
boundaries of the biosphere beneath the
seafloor and factors defining the boundary. The
core samples were collected between the
depths of 189 m and 1,180 m (at which
basement rocks emerge) beneath the seafloor to
encompass the life-sustaining temperature
range. The samples were speedily and
accurately analyzed both on the vessel and land
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Figure: (Left) Location of
drilling surveys. (Upper
right) Transmission
electron micrograph of a
microorganism detected in
a core sample. (Lower
right) Temperature sensor
installed within a borehole.

(Kochi Core Center) concurrently. As a result, we
succeeded for the first time in the world in
directly observing microorganisms—without
culturing them—detected in core samples from
the depth of 300 m beneath the seafloor (the
temperature of the stratum was approximately
42°C). We have installed 13 temperature sensors
within the boreholes at various depths up to
approximately 860 m beneath the seafloor for
continuous monitoring.

SIP Expedition: “Hydrothermal Sediments in Okinawa Trough 111"
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We carried out the third expedition to explore
hydrothermal sediments in the Okinawa Trough
at the Hakurei Site in Izena Hole, which is
located northwest of Okinawa Island, from

November 16 to December 15, 2016. This
project was conducted in conjunction with
the “next-generation technology for ocean
resources exploration” project supported
by the Cross-Ministerial Strategic
Innovation Promotion Program (SIP). We
collected logging-while-drilling (LWD) data
from hydrothermal deposits and
succeeded in collecting core samples of
orebodies beneath the seafloor. In
addition, we installed an enhanced
monitoring device equipped with
temperature and pressure sensors capable
of operating at high temperatures for
long-term measurement of ore
precipitation processes and hydrothermal
activities. The device was installed at the
Noho Site south of the Iheya Minor Ridge
at which discharge of heated water from a
drilling site was observed during the
second expedition.
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Schematic of the

long-term
monitoring device
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Figure: Heated water being discharged from the
guide base installed above an artificial
hydrothermal vent. The long-term monitoring
device was attached to the base.
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EBhE(CDUVT  Supporting Member System (JAMSTEC Partners)
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With an aim to create a core institution for research and development in the field of ocean science and technology, the Japan Marine Science and Technology
Center, the predecessor of JAMSTEC, was established in October 1971 as an authorized corporation based on the Japan Marine Science and Technology
Center Act in response to a proposal by the Japan Business Federation, with close cooperation and support of industry, government, and academia. Along
with the establishment of the Center, a supporting member system (JAMSTEC Partners) was started to widely seek understanding and support in research
and development activities. The purpose of this system is to advance the development of Japan's ocean science and technology together through donations
from many industries and organizations and to connect JAMSTEC and members of the system with a partnership for activating oceanographic research and
development activities.
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2ERHE  Membership Privileges
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JAMSTEC Partners offers various membership privileges for utilizing our research

and development results.

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

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

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

These privileges are available if you join JAMSTEC Partners.

For inquiries about the system, please contact us at:

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

TEL: +81-3-5157-3900
FAX: +81-3-5157-3903
Email: sanjokai@jamstec.go.jp

BERtEIS— RERFEME RZER EifiRfs
Seminar for JAMSTEC Partners Trial cruise Facility Tour Technology exchange meeting

55 JAMSTEC 2016 Annual Report

EBhRE4&E List of Supporting Members

201718138~
B RALIHI AR AT AR AEEEMERT
HOBWZ v AFEERREL ST BRIV RARFRER w2 TEKASH
BRI TITR BEEREERN R HARHEREF
HREHTAVIVI—T54X EHRE T KA BA7FaLL—v#RSH
HRETI N ZEREIERA AT BASGI#RR &
PHEMEER R =EFU/RVGRRH BAIX 21— TAkXEH
FITEERR R KREMY—IZ - AF7HFo/09— BAAREIGASE
B REFEE JFE7 RV Ty otk att BAEFSHR AT
BREHTILT 7RI ALY KREHIVCT VDY R BAE¥EG AT
KARHREE - H FRUREHRA R4 BAE¥ SRR AT
REFEHARL IFRUKA R BAE¥EEGART
MR RS LIS aUEm kREdy—onrarsa—ib —RAFEABEH R GR
PBERTI/V 21—y a3y GRS BAGERER R BASILI -V aHt
HARKRRT VEYTISVIKRK SRR BAKEKRI =T
KREHTR - A—  IA IR vAFATY Rk S KRR R AP
KAEHTRA—>— DEYDZVIIVES"S-v-3 e BAABSGART
KRB SCK VAT LA KR RAEEH BARYYNL - 7 TRRMER S
HREHTXTILY— HRAREEM=FH BAEREat
KRBENTTF—% HESKES TV Y=YV IR S BAEmkat
HRASHNTTF—4CCS ABETEKAT KRB/ A ROV TLRIS
KRBENTT773UF4—X 5 kAR BREHT RN R
HRASWI/BYYYa—RL—y3> A A=Ay FiRH & NIREERA 2T
HRAEHMTSEKIFEFT BHERBREENT REARY I R—MMrR R4
A RHHOCC EIALGRASHT Bttt
HReAFY—Fv EF =TV RN—V XK &4t REYIR— VB ST
REITEGRRT =SS D E RS E DY S 672/ KREHTIOYvI
ATV IVVZFUIT KRS BEREY v/ BREER ST HREHTIIS
BEIVYZTFIUVIHRARMT E-RMETEEAR ELVINMERSH
BEETFHRART KBRS =Bkt
BRI EEAMTIVFILE VN FAINY T —EIRR A ErE#GARH
EERERkART KIBEBEER ST wEREERI
NStk Rt BRERABHERRER EABRTEKKAH
JIBEES MR Rt EWEE TERRRHT HFBETERART
NIEETEER R4 AR IHE TSR YY
Nt ERR Rt HRR R HBRBI A AT MARERR R
KRARHRERET /R REZRRA R RUAY IR - I )RR
HREHF1—EYY - 74 REE AR BRIV - T—0 - It
HITA(VYaTIVR - TO-H—RER B FRECIZZGA R KA TILN—
HTEFHA R KR RALEE R =Yy TR
BREG AR KRBT =HERB LA KRRER R4
KRS EATA FIEBREEKA R =HEmGER et
e | BREEESS ZEETEKARA
JO—N\FY IR RERRTEGARAM ZEANR—R VYT NIITHRARE
KRAEHT A=A =Y T ROV TAY N HERKBRRRT ZEBHGAA
HRAEHKSP AETUY VAT AR A =EEHHIZT LGRS
KDDI#k= &4t BB LABIKREER ST KRS RRNEBEEBT
ERTESRKR R RREMEEEO—T A2t HAREEIANIL
A T EER Nt HRARFERF Y=L NMEH R Rt
KA RIS SHEA PR HiLBRERFE Y — %At Tov—hA R4
AT Y MER S RERREAST HAEHI— TR 1—
iy == KRR ERBT V=N BRI Rt
ERARERETAGRRT ME—T KA BT 7Ty IR R
BRI —EXER 24t HRREEEN ST FAN\XTL - YUYV IFAAN—ZAKREH
ARERBERA S BT HARIEFIHIZTLX
HRAatI/T HREE=IYV KRS ITY
BRI IR)LIRIH Bl IERR Rt HBREB[153] FHRB[14] >5%=(8]
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E%Fﬁ Offices and Institutes
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Tokyo Office

T100-0011

RRATAERAE2-2-2EE4mE)L 230

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

GODAC (5135

(B REREEY 5 —)

Global Oceanographic Data Center
(established in 2001)

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

0

SHMIAPEAFER (FR17EH)
Kochi Institute for Core Sample Research
(established in 2005)

T783-8502

EAEEETYERZ 200

TEL (088) 864-6705 (ftzR)

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

T035-0022
BERECOMAFERFILRERG90
TEL (0175) 25-3811 (R%)

BREMAFRA (FX14EHR)
Yokohama Institute for Earth Sciences
(established in 2002)

T236-0001
AR | REETH R RXEFET3173-25
TEL (045) 778-3811 ({X%)

BASAXI (B465mH%
Yokosuka Headquarters
(established in 1971)
T237-006

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

JAMSTE

Japan Agency for Marine-Earth Science and Technology

E I REREEA
BERARAREEE
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