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Bird's eye view of Otsuchi Bay

The International Coastal Research Center is located in Otsuchi
Bay on northern Japan’ s Pacific coast. The cold Oyashio and warm
Kuroshio currents foster high productivity and biodiversity in and
around Otsuchi Bay. The large earthquake and tsunami on March
11, 2011 resulted in serious disturbance to the nearby coastal
ecosystem. It is very important to monitor physical, chemical, and
biological aspects of the ecosystem as it recovers. Thus, we intend to
reconstruct the ICRC in Otsuchi in order to contribute significantly to
international coastal research.
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Coastal Ecosystem Section
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The coastal ecology division focuses on promotion of international,
collaborative research into the effect of variability in marine and climatic
conditions on the modern and historical coastal ecology of the Sanriku area.
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New research boat “Grand Maillet” The coastal conservation division aims to provide a framework for
conservation, restoration, and sustainability of coastal ecosystems by
focusing on the life history and behavioral ecology of coastal marine
organisms and dynamics of bioelements in the coastal areas.
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Coastal Ecosystem Restoration Section
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The section “Coastal Ecosystem Restoration” analyzes the effects of
the mega-earthquake and massive tsunami events of March 11, 2011,
on coastal ecosystems and organisms, and monitors the secondary
successions of damaged ecosystems.
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Regional Linkage Section
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The regional linkage division endeavors to coordinate academic programs of
coastal marine science by establishing a network of coastal marine science
between domestic and foreign universities, institutes, and organizations.
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International Coastal Research Center,
Coastal Ecosystem Section
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Coastal areas of Japan have high biodiversity comparable to that
of tropical rain forests. However, partly because of their complexity,
fundamental questions remain regarding the structure and dynamics
of coastal ecosystems. To understand such coastal ecosystems, basic
studies on the ecology of each element and interactions between them
are required. The main goal of the coastal ecosystem division is to
study marine biodiversity in coastal waters and the interactions between
marine organisms and their environments. Special emphasis is currently
placed on: (1) environmental impacts of coastal marine structures upon
marine ecosystems, and (2) historical changes of coastal environments
and ecosystems through promotion of international collaborative studies.

Ongoing Research Themes

@Changes of the coastal marine environment in the bays of the
Sanriku Coast: Oceanographic structures, such as the large
Kamaishi breakwater, and the associated changes to coastal
bays are studied based on data analysis of oceanographic
observations.

@Coastal Sea Circulation: We investigate the structure and
mechanism of sea circulations in Japanese and northeastern
Asian coastal zones. In addition, we aim to comprehensively
understand the relationship between the sea circulation and the
marine habitat through observations and numerical modeling.

@Past environmental reconstruction using biogenic calcium

carbonate: Biogenic calcium carbonate are useful archives of
past environment. Growth rate and geochemical proxy provide
various kind of environmental information. Daily and annual
growth lines enable to reconstruct at various time scale, from
daily to decadal, such as typhoon or Pacific Decadal Oscillation.
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Observation of the marine environment in Kamaishi Bay, damaged by the Great
East Japan Earthquake
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International Coastal Research Center,
Coastal Conservation Section

AOBEESCAFRSIEESE,» S BEEILHELTSE
EICFIESh BB THY), £ ABEBED I 2—T1—XEL
TARBREIDE B3GR IIBEBE TT, 208 EBFICRBIC
EARENZHEOETRE RS, RETE RETELE
DEREROEEEETIHARETENDIBEZEICBITWET. &
7=  BARSIED=RERAREZI20NMEIBBICEEL-AHEE
ZTNICHEIRBRICS->TEERICKEZLBE I bSShEL
Tro BEBOBRELEREREOET S LI 21 IR 2 £ X BT/
BICERINKREET—~EDTT,
ARBCRARBICSIDENDOEELRBESREREN
DITEVERE MERRBREICETIMEICBVHESEEHIC. B
BEI Ry hT—7 %80 THRENARREEE VX TLDEE.
BIELTWET Y/ 7. O I70F MFALED=EARICER
THIAFMABEYELEEAD S - BE- - RE £k V-8
B AIWAESIZIIHARTHY IO HEEEEH LT —204—X
BEROH -G ENSEONBITENERCEIRIG RO, £
EREECYEREBRICSVTAREE BBRRAYRET
HEDBRALE A BIEE LR E T TVE T, At 2— DR
EMMPHREMEEERN =T —ILRRREE#EL T ZNICED
BF—REME - DI - BT DO DFHLWFEEPHMORREE
HTWET,

REDELHMAT—~

Q&L EEADIIAERLICEATSHE
TARY L EDBLEEADIREFELICHITZ 2T - E
B R ERANTEZZBIEEASPICTEEEDIC, BiR
BEADZILEERREBECOEDY »S5EEIBT S, 2011
FIANMBAICRELERHE - KIZRV =ZERAFEOARE
BRICEA-HEBCOEBIEEEZ2)V T30 DRE
EEDH B,

OB R XBRBVMOITHERMA
EMICHEERREL/ N F - 20 -2 AW BESKREER
BYMOBR SN oMEE RIREREL DD BMOTEICEIE
BHLN WOV BERBEICOPISHESL. B2EORSE S
TWBDHLERND,

OLETHENHEICHT IR
ENMEBEECARBONE/RICHVT BHFE-BE
B DPRIETHRENSOVWTHNBRBIEENEREBLT
BASHICT B,

In the 20th century, serious damage to the coastal ecosystem has
occurred and is evident as a rapid decrease in biodiversity and
extensive resource depletion that is exacerbated by pollution and
global climate change. In addition, the large earthquake and tsunami
on March 11, 2011, caused serious disturbance to the Sanriku coastal
ecosystem. Conservation and restoration of coastal ecosystems in
general is a critical issue for societies in the 21st century. The coastal
conservation division focuses on: (1) life history and behavior of coastal
and diadromous fishes such as salmon, ayu, icefish, and stickleback,
(2) behavioral ecology of animals in relation to their surrounding
environments using animal-borne data loggers (Bio-Logging), (3) the
role of dissolved and particulate matter in material cycling in coastal
environments. This division also covers research plans on conservation
and habitat restoration.

Ongoing Research Themes

@Edarly life history of diadromous fishes: Distribution, migration
and growth in the early life history of diadromous fishes are
investigated in relation to environmental factors. The effect
of the March 11, 2011 Great East Japan Earthquake and
associated tsunami on coastal fish resources is also studied.

@Behavioral ecology of marine top predators: Animal-
borne data loggers are used to investigate the behavior
and physiology of animals, as well as their surrounding
environmental conditions.

@Dynamics of bioelements: Roles of dissolved and particulate
matter in material cycling in coastal environments are
investigated through field observations and laboratory
experiments.
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A loggerhead turtle equipped with a 3-D data logger
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International Coastal Research Center,

Coastal Ecosystem Restoration Section
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The Great East Japan Earthquake and the subsequent massive
tsunami that occurred on March 11, 2011, severely affected the
coastal ecosystems on Joban and Sanriku Coast of northeast Japan.
Understanding the effects of the earthquake and tsunami events
on coastal ecosystems and organisms, and monitoring secondary
successions of damaged ecosystems, are essential scientific
processes for the recovery of the coastal fisheries and for future
fishery and stock management of resource organisms in the area.
The section “Coastal Ecosystem Restoration” was recently
established in International Coastal Research Center on April 2012,
to lead the above important studies in the next 10 years.

Ongoing Research Themes

@Effects of the earthquake and tsunami on coastal ecosystems
and organisms

@Secondary successions of the coastal ecosystems damaged
by the tsunami

@ Community and food-web structures in seaweed beds and
tidal flats

@Ecologies of benthic organisms, such as mollusks,
crustaceans, and echinoderms
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SCUBA survey to study benthic organisms in the coastal rocky shore ecosystem
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Center for International Collaboration
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Atmosphere and Ocean
‘ I ‘ Research Institute
The University of Tokyo
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An international meeting on cooperative research  Japanese delegation
with the Vietnamese Academy of Science and
Technology at the Atmosphere and Ocean

In April 2010, we have established the Atmosphere and Ocean

Research Institute (AORI) as a new institute to cover the inter-

disciplinary ocean and atmospheric sciences. At the same time, we

have established a new center for further strengthening the activities

of international academic exchange in this scientific field. The Center

for International Collaboration is the successor to the Center for

International Cooperation, which had been operating for over 15

years.

The center consists of three divisions: International Scientific

Planning, International Advanced Research, and International

Research Cooperation.

The Center for International Collaboration (CIC) will promote the

internationalization of the Atmosphere and Ocean Research Institute,

and will help it continue to be a leading institution that creates ties

with other institutions and is an international center for atmosphere

and ocean research:

1. To plan, promote, and support international activities based on
inter-governmental agreements.

2. To promote and support large joint international research projects.

3. To promote academic exchanges and personnel development with
Asian and other countries.

4. To strengthen the role of the institute as an international center for
research on coastal oceanography.

5. To develop the next generation of researchers by supporting the
overseas dispatch of young researchers.

6. To invite non-Japanese visiting professors and actively exchange
students.

7. To expand and strengthen the international dissemination of
research results (including using academic journals and academic
databases).

Participation in an I0C meeting as a member of the
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International Scientific Planning Section
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This group aims to participate in the promotion of international research
projects on atmosphere and ocean sciences. In particular, the members
of the group play important roles in many projects promoted by the
Intergovernmental Oceanographic Commission (I0C) of UNESCO, by
providing professional suggestions in the planning of oceanographic
research and ocean services of the IOC Sub-Commission for the
Western Pacific (WESTPAC) as a member of the WESTPAC Advisory
Group. We are also actively participating in oceanographic data
management with the International Oceanographic Data and Information
Exchange Programme of the 10C. Prof. Michida was elected as one of
the vice-chairs of I0C in 2011.

From the scientific point of view in the group, we carry out studies on
the coastal environment and its variability particularly in relation to
marine ecosystem dynamics in some coastal waters of Japan by analy-
zing physical oceanographic observation data. We also promote tech-
nical studies to improve observations with drifters and shipmounted
ADCPs for investigation of the surface current field in the open ocean.
In addition to the above oceanographic studies, the group contributes
to the issues of ocean policy of Japan, including oceanographic data
management policy that has become one of the important subjects after
the enforcement of "Basic Ocean Acts" in 2007.

@ Oceanographic conditions in Suruga Bay: Oceanographic
conditions controlling the retention mechanism of an important
fisheries resource in Suruga Bay, is studied by analyzing
observational data of surface currents and oceanographic
structure in the bay.

@® Mechanisms of oceanic and atmospheric variability:
Variability of oceanic and atmospheric conditions in the Sanriku
Coast area is investigated by the analysis of long-term records
of oceanographic and meteorological observations at the
International Coastal Research Center.

@ Oceanographic data and information management: Data
management, which is one of the key issues in the policy
making processes for ocean management, is studied based on
the analysis of related international activities and inter-agency
relationships.
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Oceanographic observation in
Suruga Bay, Japan
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International Advanced Research Section
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The division of international advanced research promotes and
supports large joint international research projects associated with
Japanese scientific community, especially, IGBP Core projects under
ICSU, CLIVAR under WCRP, projects and working groups under
SCOR, CoML, InterRidge, and others related to atmosphere and
ocean sciences activities of non-governmental organizations.

Research Objectives

Climate and environmental change will have significant impacts on
biogeochemical cycling in the ocean, on atmospheric chemistry, and
on chemical exchange between the ocean and atmosphere. The
exchanges include atmospheric deposition of nutrients and metals
that control marine biological activity and hence ocean carbon uptake,
and emissions of trace gases and particles from the ocean that are
important in atmospheric chemistry and climate processes. Our goal
is to achieve quantitative understanding of the key biogeochemical
interactions and feedbacks between ocean and atmosphere.

@Chemical compositions and their fluxes to ocean from marine
atmosphere: Study of transport and deposition of trace metals
and bioavailable elements over the ocean.

@Biogeochemistry of particulate trace metals in the marine
environment

@Atmosphere-Ocean interaction of trace elements: The
behaviors of anthropogenic and biogenic elements in
precipitation on the marine atmospheric processes.

@Development of automatic measurement of chemical
composition: The development of a rapid measurement system
of chemical composition and its application to the marine
atmospheric measurements on shipboard.
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Center for International Collaboration,

International Research Cooperation Section
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The essence of the Asian seas is in the many different aspects of their
diversity. In a map of Southeast Asia you will find land-masses with
complex coastlines and many islands, where species surviving from
ancient ages and those diversified through more-recent environmental
changes coexist, resulting in the highest diversity of marine life in the
world. On the other hand, East Asia encompasses major currents such
as Kuroshio and Oyashio, diverse climate zones ranging from subtropical
to subarctic, and characteristic geography such as plate-boundaries,
trenches, and marginal seas, resulting in its rich biodiversity and marine
resources. In turn, the Asian countries are highly diverse in their culture,
economies, and politics, resulting in different circumstances in their
relationships with the sea, such as those in resource use, environmental
issues, and marine research. This necessitates collaboration in marine
science among Asian countries with a mutual understanding of our
culture and approach towards sustainable use of the gifts from the sea.
With this viewpoint, the Division of International Research Cooperation
works towards consolidating and expanding a network of marine
research and education centered on the Asian Region. We are also
working towards promotion of next-generation researchers who
will contribute to global international activities through support for
establishing top-level core universities/institutes of marine science in
collaborating countries and mutual exchange of researchers.

Ongoing Research Themes

@ Census of Marine Life in Southeast Asia: A collaborative
project between Southeast Asian countries, aiming at
understanding the present status of marine biodiversity and
establishing ways of its sustainable use.

@ Species Diversity and Food Web in the Mid-Water Ecosystem:
Elucidating mechanisms generating and maintaining the high
species diversity in the mid-water ecosystem, with special
reference to its food-web structure.

@ Evolutionary Mechanisms of Zooplankton: Understanding
the evolutionary mechanisms of zooplankton in an environment
without apparent physical barriers through a molecular-
phylogeographic approach.

@ Functional Morphology of Zooplankton: Understanding the
function and ecological significance of highly diverse forms of
zooplankton, by applying a variety of tools such as those of
histochemistry, biochemistry, and behavioral ecology.

RL— T CRMELAEN —Z - TDT I I ARE

Plankton sampling in a training course held in Malaysia
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The Center for Earth Surface System Dynamics (CESD) was
established in 2010 following the merger of Ocean Research Institute
and Center for Climate System Research into the Atmosphere and
Ocean Research Institute. The four divisions of CESD will work to
create a new frontier for studying the dynamics of the earth's surface
system through development of innovative observation and modeling
studies.

At the CESD, our current focus is the MEXT-sponsored project
“Construction of a cooperative platform for comprehensive under-
standing of earth system variation." The project includes coupling
of sophisticated computer simulation and direct observations to
better understand climate, global change, and ecosystems. We also
encourage collaborative studies with other institutions in Japan to
develop a common understanding of earth surface systems.

 ENE

ERGEEER
Seanronn

HETFED
BREEHI—HTS

HEERARARD
RIREDRR

. BomTS
B < o 3
il 135 S 2, 5 s B

R EER

R - F-IRE -

N EFUYVITOME
i

 mEEmOAEsE |
AN=K BRI *"ff".
#i=Bshigs |ETVT
WBREASEFET Y2
s BROATLETIVY

WIS 2T LEEN DI SRR

Understanding the dynamics of the earth surface system
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Center for Earth Surface System Dynamics,

Paleo-environmental Research Section
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Understanding past environments is key to projecting future changes.
Thus, we investigate climate and earth surface systems over the past
200,000 years, during which time global climates have fluctuated
dramatically with glacial-interglacial cycles and accompanying changes
in atmospheric greenhouse gas levels. Combined observational and
modeling studies are a unique feature of CESD. Various geographic
areas are targeted for collecting samples including South and South
East Asia, Pacific coral reefs, and Antarctica. A state-of-the-art climate
model (MIROC) is used for paleoclimate studies, whereas solid earth
deformation modeling to understand glacio-hydro-isostatic adjustment
(GlA) is employed to quantitatively deduce past ice volume changes.
Our group is also involved heavily with international collaborative
programs, such as IPCC, IGBP, PAGES, I0ODP and IGCP.

Ongoing Research Themes

@Paleoenvironmental reconstruction in monsoon regions
@Sea level changes
@Stability of Antarctic Ice Sheet
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Various geological archives recording paleoenvironmental information (a,
b: corals, c: glacial boulder, d: tree, e: marine sediments), and the mass

spectrometry to deduce isotopic signatures from the samples (f: Laser ablation
sector field high resolution ICP MS).
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Ecosystem Research Section
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Productivity and diversity of marine ecosystem show dynamic
fluctuation in response to variations in physical environment.
Our research section aims to understand the structure of marine
ecosystem and elucidate the variability in living marine resources
through integration of observation and modeling.

Because components of marine ecosystems interact with each other,
modeling requires investigation of individual phenomena, extraction
of key processes, and validation of model parameters. Therefore, our
approach is based on mutual feedback between observational data
and model simulations. Target fields of modeling are the open ocean
(mainly the North Pacific) and Japanese coastal waters. We also
focus on field surveys and modeling of physical environments and
ecosystems of the Sanriku area, which was severely damaged by the
Tsunami in March 2011.

@Open ocean ecosystem modeling

@Meso-scale eddies and fronts

@Observation for material cycling in coastal waters
@Coastal circulation modeling

@Coastal ecosystem modeling
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Schematic image of the modeling approach based on observational data
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Center for Earth Surface System Dynamics,
Genetic Research Section
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From short time scale of days to long time scale of billions of years, life
has continuously adapted to and evolved depending on the environment.
Our section studies interactions between organisms and the earth
environment, as well as their dynamics in the ocean, by applying
emerging technologies such as bioinformatics, genome evolutionary
analyses, and ecosystem omics.

Ongoing Research Themes

@Genome Evolutionary Analysis

@Ecosystem Omics

@Bioinformatics
Genome sequences serve as both foundations for life activities
and records for evolutionary histories of life. Transcriptomes
fully contain information about the active genes in genomes,
and metagenomes contain information about ecology of
environmental microbes. We analyze these data by adopting
bioinformatic approaches to decipher how life adapts to
environmental changes, what types of interactions between
organisms and the environment produce ecological dynamics,
and how organisms and the earth have interwoven their long
history.
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Phylogenetic tree of life reconstructed using genome information
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Center for Earth Surface System Dynamics,

Atmosphere and Ocean Research Section
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Cloud images simulated by NICAM realistically depicting two tropical cyclones

The goal of this section is to understand the physical/chemical
structure of the atmosphere-ocean system and its change mechanisms
through synergetic observational research and model simulations.

A new type of a global atmospheric model called the Nonhydrostatic
ICosahedral Atmospheric Model (NICAM) is being developed in our
group. NICAM is a global model with a horizontal mesh size of less
than a few kilometers that explicitly resolves convective circulations
associated with deep cumulus clouds that are particularly seen in the
tropics. NICAM should improve representations of cloud-precipitation
systems and achieve less uncertainty in climate simulations by
explicitly calculating deep cumulus clouds. NICAM has a unique mesh
structure, called the icosahedral grid,that extends over the sphere of
the Earth. Using NICAM, we can simulate realistic behavior of cloud
systems, such as tropical cyclones, heavy rainfall in summer seasons,
and cloud-systems in the tropics, over the global domain together with
the intra-seasonal oscillation including the Madden-Julian Oscillations.
We intend to use NICAM by coupling with the ocean model (COCO)
and other process models such as an aerosol-transport model to
further atmosphere and ocean research.

Ongoing Research Themes

@General circulation dynamics and high-resolution atmosphere
and ocean modeling

@Research on cloud-precipitation systems and reduction of
uncertainty of cloud models

@Collaborative research between satellite remote sensing and
numerical modeling
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Simulation of clouds and aerosols (red for coarse and green for fine particles)
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