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General ocean circulation plays important roles in the global climate,
earth environment, and marine ecosystem by transporting heat,
greenhouse gases, nutrients, and plankton. The Kuroshio and Oyashio
currents form the upper-ocean circulation and build a complicated
ocean structure in the region east of Japan and influence climate
and ecosystem variability on interannual to multi-decadal timescales.
Climate variability with longer time scales of particularly more than
decades to a hundred years is affected by the intermediate and deep
circulations. The deep circulation starts from the North Atlantic, flows
through the Antarctic Ocean, and finally reaches the North Pacific
where the upwelling to the shallower deep layer occurs. Part of the
upwelling is caused by turbulent vertical mixing. The deep circulation is
also a key element in global warming.

We investigate the properties and dynamics of general ocean circulation
including the formation, distribution, and variation of water masses. We
primarily focus on the ocean circulation of the North Pacific.

Ongoing Research Themes

@Variability of upper ocean circulation in the Pacific : Variations
of currents and the associated temperature/salinity structure in
upper oceans have a great impact on variations of climate and
fisheries resources. We study these variations by analyzing the
data from a recently developed global observing system and our
observations.

@Observation and dynamics of Pacific intermediate and deep
circulations and mixing : The North Pacific is critically important
for understanding deep and intermediate ocean circulations, and
presents many challenges. The mechanisms of the circulations,
upwelling and vertical mixing are the biggest questions in
oceanography. We investigate the state and dynamics of deep-
and intermediate water circulations, upwelling and mixing using
water analyses, moorings, underwater gliders with turbulence
sensors, shipboard observations and model calculations.

@Long-term variations of climate, ocean and ecosystem :
On the basis of unigue g B /
hypothesis that 18.6-year
period tidal cycle regulates the
long-term variability through
tide-induced vertical mixing,
we observe and model the
Okhotsk Sea, the Oyashio and
the Kuroshio, and study multi-
decadal variability.
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Recovery of a mooring of current meter
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The earth's climate is regulated by the atmosphere and oceans, which
interact strongly and constitute a complex coupled system. Most of the
oceanic motions, except for tidal motion, are caused by atmospheric
forcing such as wind stress, surface heating/cooling, evaporation, and
precipitation. Most of the atmospheric motions, on the other hand, are
forced by sensible and latent heat fluxes through the sea surface. To
understand such a complex system and to predict its behavior reliably,
it is important to investigate the basic processes of atmospheric and
oceanic motions such as turbulence, convection, and instabilities.
Our group studies the behavior, structure, and mechanisms of various
atmospheric and oceanic disturbances, which play important roles
in atmosphere-ocean interactions, through observation, numerical
simulation, theory, and laboratory experiments.

Ongoing Research Themes

@The Atmospheric General Circulation : Interaction between low-
and mid-latitude circulations & multi-scale structure from meso-
to the global-scale circulations

@Development of a global cloud resolving model (NICAM) and
study of numerical schemes

@®Dynamics of convective clouds and their organization :
Atmospheric disturbances over the oceans around the Japanese
islands, tropical cyclones, cloud clusters, and the Madden Julian
oscillations

@Atmospheric and oceanic boundary layers

@Laboratory experiments on atmospheric and oceanic disturbances

AREOMZES| Examples of ongoing research
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Global nonhydrostatic model, NICAM (upper left), global cloud distribution
simulated by NICAM (upper right), numerically simulated explosively-developing
extratropical cyclone (lower left), and horizontal convection in a rotating tank
experiment (lower right)
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The ocean has large temporal variations, even though it looks steady
and unchanging. Daily and seasonal variations are well known, but
many other variabilities have been discovered recently. Historical
data over decades or the latest high-precision data reveal that water
temperature and ocean currents vary at periods of months, years, and
decades.

Our research targets the ocean variabilities that have been less
questioned before. We conduct shipboard observations to gather high-
precision data and formulate numerical simulations to investigate the
dynamics of the variabilities.

Ongoing Research Themes

@Observation of deep currents
The deep ocean is not stagnant. Currents' mean velocities
and fluctuation amplitudes sometimes exceed 10 cm/s. Long
term observations using moored current meters and CTD
sensors will clarify characteristics of the deep ocean.

@Study of heat budget in polar seas related to ice-water
interaction
In the Arctic and sub-Arctic seas, the marked sea-ice retreat
has been rapidly proceeding. We focus on oceanic waves
and turbulence that may affect heat budget and sea-ice
volume. We attempt to elucidate key mechanisms above
and make quantification for heat balance on sea ice, by
methods of shipboard in situ approaches as well as computer
simulations.

BAABERAICHTBREA000mD AR E A 40°N
Deep current measurements at a depth of 4000 m
east of the Japan Trench 39°N
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The upper panel shows mean velocity vectors and 37°N ~/
standard deviation ellipses, and the lower panel

s
shows their 4-year times series at two stations. Color 36°N ‘5%”4"/‘3’?

represents the period of their deployments 140°E 142°E
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(Left) photography of sea-ice & ocean measurements
in the Arctic Ocean, and (right) schematic illustration
of strategy for under-ice ocean waves and turbulence.
We investigate impacts of dynamic/thermodynamic
aspects to ice-ocean interaction in polar seas.
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Various chemical components constitute the oceanic environment, and
their complex distribution and behavior are controlled by their chemical
properties, sources and sinks, as well as physical, chemical and
biological processes. Our main goal is to comprehensively understand
geochemical cycles in the ocean and their evolution through
interactions with the atmosphere, biosphere, and lithosphere, on the
basis of chemical and isotopic measurements. We aim also to elucidate
the oceanic response to natural and anthropogenic perturbations such
as emission of fossil fuel carbon dioxide. We collaborate at sea with
many marine scientists and actively participate in topical international
projects such as GEOTRACES, the Surface Ocean Lower Atmospheric
Study (SOLAS), Integrated Marine Biosphere Research (IMBeR),
International Cooperation in Ridge-Crest Studies (InterRidge), Land-
Ocean Interactions in the Coastal Zone (LOICZ), etc.

Ongoing Research Themes

@Biogeochemical characterization of trace elements, major and
minor dissolved gases, stable isotopes, and radioisotopes in
seawater and sediment, for assessment of oceanic processes
controlling their spatial and temporal variations, including
anthropogenic effects.

@Application of chemical components and isotopes as tracers for
various phenomena, such as global ocean circulation, mixing,
biological production and degradation, sea-ice and land-ice
melting, and air-sea and land-ocean interactions.

@Elucidation of geochemical fluxes between the ocean and solid
earth through submarine hydrothermal activity, cold seepage, and
submarine groundwater discharge.

@Development of new technologies for clean sampling, in situ

observations, and highly sensitive chemical analyses.

PIHREMEBAICELSCTDY Y —ARKIEE (KH-14-6.1 A7)
CTD clean hydrocast on board R/V Hakuho Maru (KH-14-6 cruise)
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The distribution and circulation of biophilic elements such as carbon
(C), nitrogen (N), phosphorus (P), silicon (Si), and sulfur (S) in the ocean
are regulated by both physical transport processes and biochemical
transformation by various organisms. These elements may occur in
volatile, dissolved, or particulate forms, and thus their biogeochemical
cycles in the ocean are closely linked with those in the atmosphere and
the lithosphere. Because of its large capacity, the sea plays a crucial
role in maintaining the global cycles and balance of these elements.
Research in our laboratory is concerned primarily with the dynamics
of biophilic elements in marine environments and their coupling with
metabolisms of marine organisms. Emphasis is placed on identification
of various biochemical processes operating in the water column and
upper marine sediments, and their regulation and interaction.

Ongoing Research Themes

@Role of microbes in marine biogeochemical cycles

@ Structure and function of microbial food webs in the oceans

@The nature of refractory dissolved organic matter in oceanic
waters

@ Determination of chemical parameters used in global circulation
models

@ Conservation ecology of macrophyte-dominated coastal
ecosystems

@The roles of microbial redox processes in marine sediment
biogeochemistry

@Application of stable isotopic techniques to the evaluation of
ecosystem status
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Marine bioelement cycles driven by microbe-organic matter interactions
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The oceans have played an essential role in the formation and
maintenance of the habitable planet Earth. Our primary goal is to
elucidate the co-evolutional history of climate change, geochemical
cycles, and ecosystems throughout Earth's history by using state-of-
the-art advanced analytical methods. By applying isotope geochemistry,
a powerful method for tracing geochemical processes, we aim to
comprehensively understand the marine environment at various spatial
and temporal scales, from primary processes to interactions between
systems. We also actively perform interdisciplinary science through
collaborative research by taking advantage of analytical chemistry,
which is applicable to a wide range of research topics.

Ongoing Research Themes

@Paleoenvironment and paleoecology reconstruction
@Isotope ecology on marine organisms

@Human evolution and its interaction with climate change
@ Ocean circulation using noble gas isotopes

@ Geochemical cycle of volatile elements on the Earth

@ Mechanisms of earthquake and volcanic activity
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Growth pattern visible on
the cross section of long-
lived bivalve shell.
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Mass spectrometer for
noble gas analysis in
various samples
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(top left) Navigation Sampling System (NSS) (top right) Acoustic exploration of

The ocean floor of the earth records the development of oceanic
crust, the history of earthquakes, regional and global environmental
changes, and the carbon cycle. Moreover, active geological processes,
e.g., volcanism, hydrothermal venting, sediment transport, and crustal
movements at convergent, divergent, and transform plate boundaries,
can be observed on or beneath the seafloor. Our group conducts
topographic, geophysical, seismic reflection, sediment sampling, and
seafloor observation investigations to understand both the geological
record and active processes in the deep sea. In particular, we
pursue high-precision and high-resolution studies using the deep-tow
systems, manned and unmanned deep-sea vehicles and a navigable
pinpoint sampling system “NSS”, as well as undertaking more regional
studies. Complementary to local and regional studies, we participate
intensively in the Integrated Ocean Discovery Program (IODP) and the
international projects, both at sea and onshore. Our main goal is to
obtain key information for reducing natural hazards, predicting global
environmental changes, and locating natural resources.

Ongoing Research Themes

@Formation and alteration of oceanic crust at mid-ocean ridges
and back-arc spreading systems

@Hydrothermalism and its tectonic background

@Shallow structure, mass balance, and tectonics of subduction zones

@ Distribution and displacement histories of active submarine faults

@Geological investigation of on-land accretionary complexes
recording tectonic processes of seismogenic subduction zones
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Most of Earth’ s volcanic and tectonic activities occurring on and
beneath the seafloor are closely linked to whole Earth dynamics.
We aim at elucidating dynamic processes of the seafloor, applying
geophysical and geochemical methods and techniques. Our
scientific targets are the data and samples spread out on the
seafloor and Earth’ s deep interior. For recording and collecting
our scientific targets, we explore the sea with scientific research
vessels.

Ongoing Research Themes

@Paleomagnetism and environmental magnetism: We study
on ancient geomagnetic-field intensity variations using marine
sediments and rocks, and hotspot motions from paleomagnetic
inclinations. We also conduct researches for estimating Earth’

s past environments using magnetic minerals in sediments
including those of biogenic origin.

@Seismogenic zone: To understand the mechanism of
subduction thrust earthquakes, we reveal the detailed 3-D
structure of the Nankai seismogenic fault by state-of-the-art
image processing of the 3-D seismic reflection data. Moreover,
we estimate the physical properties along the fault by vertical
seismic profiling (VSP) and IODP core-log-seismic integration.

@®Elucidating Earth’ s evolutional processes with rock
materials collected from the lower crust-upper mantle: From
the rock samples from Earth’ s deep interior, we are trying to
discover PGE (platinum-group element)-bearing minerals and
fluid inclusions, which are down to sub-micrometer in size. They
have recorded Earth’ s long history to date, and provide us with
knowledge on the Earth.
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Drill pipes down into the seafloor Drill cores recovered from the seafloor,

from the drilling vessel. recording Earth’ s long history.
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We collected ocean floor sediments and precipitates to reconstitute
Paleo-environments and to understand the biogeochemical processes
that control ocean environments at different time scales. Marine
biogeochemical processes have played a significant role in determining
the concentration of carbon dioxide in the atmosphere and in influencing
terrestrial environments. Various phenomena have changed over time,
which can be reconstructed by geochemical and paleontological records
in marine/terrestrial sediments. Each process has a specific periodicity.
We quantitatively reconstruct the Earth’ s surface environments in the
past at high-spatial and temporal resolutions to understand the detailed
processes controlling the Earth’ s climate system.

Marine biogeochemical processes have also played an important role
in the formation of mineral deposits on the seafloor. Furthermore, since
changes in the marine biosphere are closely related to changes in the
hydrosphere and atmosphere, using microfossils assemblages, we also
reconstitute changes in the marine system from a marine biosphere
perspective.

In this section, we sampled ocean floor sediments/mineral deposits,
terrestrial sedimentary rocks, and corals. We analyzed sedimentary
structure, mineralogy, microfossil assemblages and chemical and
isotopic compositions. In addition, field-based observation and
laboratory-based culture experiments are carried out on calcifiers
and opal secreting planktons, which are major constituents of marine
sediments. We wish to contribute to collaborative work and international
projects such as the International Ocean Discovery Program (IODP).

Ongoing Research Themes

@Study in paleoceanography and proxy development
Sediment cores provide unique opportunity to reconstruct land
and marine environments on the different time scales. We develop
paleoenvironmental proxies through culture experiments and field-
based observations.

@Long-term paleoenvironmental study
In order to understand the long-term environmental change from
the hothouse climate mode in Cretaceous to icehouse climate
mode in the Cenozoic, we study long sedimentary cores taken
by the International Ocean Discovery Program (IODP).

@Analysis of extreme geologic and climatic phenomena.
We investigate the causal mechanisms that have resulted in
extreme geological and climatic events such as Ocean Anoxic
Events (OAEs) and |
Salinity Crisis.
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