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General ocean circulation plays a large role in the global climate,
environment, and ecosystems 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 bidecadal timescales. Climate variability with longer
time scales of particularly more than a hundred years is affected by the
global deep circulation. It starts from the North Atlantic, flows through
the Antarctic Ocean, and finally reaches the North Pacific where
upwelling to the shallower deep layer occurs. The deep circulation is
also a key element in global warming and should be monitored.

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.

@Clarification and monitoring of deep circulation in the Pacific:
The North Pacific is critically important for understanding deep
ocean circulation, but presents many challenges, including diluted
water mass characteristics and complex bottom topography. We
seek to clarify and monitor the pathway and volume transport of
deep circulation using CTD and moored current meters.

@Upwelling of deep circulation in the Northeast Pacific Basin:
The mechanism of upwelling of deep circulation is one of the
biggest questions in oceanography. We investigate the state and
dynamics of deep-water upwelling in the Northeast Pacific Basin
using shipboard observations and model calculations.
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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
oceanic circulation, except for tidal motion, is caused by atmospheric
forcing such as wind stress, surface heating/cooling, evaporation,
and precipitation. Much atmospheric circulation, on the other hand, is
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 circulation 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

@Atmospheric disturbances over the oceans around the
Japanese islands : Meso-scale and synoptic-scale cyclones
in which interactions among the vortex, convective clouds, and
sea surface fluxes play important roles are investigated. These
include polar lows that develop during cold air outbreaks, meso-
scale cyclones that bring torrential rainfall during the Baiu/Meiyu
season, typhoons, subtropical cyclones, and rapidly-developing
extratropical cyclones.

@Dynamics of Convective cloud and their organization

@Atmospheric and oceanic boundary layers

@Laboratory experiments on atmospheric and oceanic disturbances
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Numerically simulated polar low (upper left), meridional cross-section of

numeically simulated rainband (upper right), radar image of subtropical low (lower

left; coutesy of Japan Meteorological Agency) 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 variabilties 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. However, the causes of this variability are still unknown, and
further observation and dynamic speculation are necessary because
this ocean variability is closely related to serious modern issues such
as climate change and fishery resource variation.

Our research targets the ocean variabilties that have been less
questioned before. We conduct shipboard observations to gather high-
precision data and use numerical simulations to extrapolate our limited
knowledge in spatial and temporal dimensions. We also formulate
theoretical models to investigate the dynamics of the variabilties.

Ongoing Research Themes

@Observation of temporal variability of deep currents
The deep ocean is not stagnant. Deep currents are widely
distributed and highly variable, with mean velocities and fluctuation
amplitudes each in excess of 10 cm/s. Long term observations
of this variability though deployment of current meters and CTD
sensors will clarify characteristics of the deep ocean.

@Numerical modeling of deep circulation
Deep circulation is crucially influenced by bottom topography.
Using numerical models, we investigate the influence of
distinctive topographic features such as the chain of trenches
east of Japan.

@Monitoring of the Kuroshio using submarine cables
The variability of the Kuroshio influences the climate and fisheries
in Japan. We measure its volume transport every hour using
submarine communication cables between the Izu Islands.
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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 physicochemical 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 Biochemistry and Ecosystem
Research (IMBER), International Cooperation in Ridge-Crest Studies
(InterRidge), Land-Ocean Interactions in the Coastal Zone (LOICZ), the
Integrated Ocean Drilling Program (IODP), 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, 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.
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Large volume water sampling on board R/V Tansei Maru (Japan Sea)
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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 viruses 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 ocean, covering 70% of the Earth, is deeply related to several
environmental issues including global climate change, and may
be the last possible area for humans to obtain new biological and
mineral resources. Japan is surrounded by the ocean, so there is a
strong emphasis on gaining scientific understanding and quantitative
estimation of how the ocean influences the earth's environment. The
marine environment is a complex physical and biological system that
requires comprehensive research of the whole system in both space
and time. Using the most advanced observational and analytical
techniques, the present state of the marine environment is studied
accurately, precisely and thoroughly, in collaboration with researchers
from other laboratories.

Ongoing Research Themes

@Ocean circulation using noble gas isotopes

@Paleoenvironmental reconstruction using natural archives
such as microfossils and ferromanganese crusts

@Geochemical studies of marine carbonate and phosphate

@U-Pb dating in ultra-fine areas of sedimentary rocks

@Planetary oceanography using an ion microprobe

@Tritium - helium-3 dating of seawater and groundwater

@ Material cycle of volatile elements in groundwater, spring
water, volcanic gas, hydrothermal water and atmosphere
samples
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lon microprobe for trace element and isotopic analysis of ultra-fine features
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Deep-sea strata record 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,
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 sidescan sonar system
“WADATSUMI”, a seismic reflection system consisting of a generator-
injector (Gl) airgun and multichannel streamer cable, 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 Drilling Program (I0ODP) and other
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
@Development of a new high-resolution ocean bottom seismic system
@Shallow structure, mass balance, and tectonics of subduction zones
@Distribution and displacement histories of active submarine faults
@Distribution and origin of methane hydrates
@Characterization of a brine lake and mud volcanoes related to
continent-continent collision in the eastern Mediterranean Sea
@Structure and physical properties of oceanic crust using
seismic reflection data
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The deep seafloor is an active, but hidden environment where most
of Earth's volcanism and much of its tectonic activity occurs. Various
phenomena on the deep seafloor are closely linked to Earth dynamics
and structure, and also linked to Earth's environment through the
hydrosphere and atmosphere. Though the seafloor plays an important role
in Earth's evolution, the area we have investigated so far is quite limited.
Geophysics is a powerful tool to investigate the vast seafloor realm and to
contribute to understanding basic Earth principles and structure.

We, the submarine geophysics group, study dynamic processes and the
history of the deep seafloor and Earth's interior using mainly geophysical
methods, including one of the academic world’ s most advanced seismic
processing and interpretation centers. Our targets range from mid-ocean
ridge processes to subduction processes, and our goal is to paint a
precise picture of the cyanic earth system.

Ongoing Research Themes

@Mid-ocean ridge processes: The main goal of our mid-ocean
ridge studies is to understand the key processes forming the wide
variety seafloor globally. A recent target is oceanic detachments
where tectonism dominates magmatic accretion. We also
investigate hotspot-ridge interaction as the process in magma-
excess systems.

@Oceanic crust formation and hydrothermalism: We study the
tectonic background and oceanic crust structure, supporting the
wide variety of hydrothermal activity and eco-system.

@®We use 3-D prestack depth imaging and physical properties
estimation along the Nankai seismogenic fault 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.
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Volcanism on the seafloor occurs in three settings: oceanic ridges,
island arcs along subduction zone (backarc basin volcanism shares
characteristics with oceanic ridges), and intra-plate volcanism (large
igneous provinces, hotspots, coldspots, and individual volcanoes). We
investigate such volcanism globally. More than 70% of Japan's geology
formed at the ocean floor in the geological past, including igneous,
sedimentary, and metamorphic rocks. Research on the ocean floor is
important to understand the geology of both the ocean floor and land.
Our group takes rocks from the seafloor based upon detailed bathymetric
and geophysical surveys, and we use these samples for precise
chemical analyses. Cooperative research is important for our group.

Ongoing Research Themes

@Sea level changes: Studying sea level changes are key to unveil
the Earth's surface system. We are actively involving Integrated
Ocean Drilling Project and Intergovernmental Panel of Climate
Changes to better understand the sea level changes both in the
past and future.

@Study on mineral deposits on the seafloor
Mineral deposits on the seafloor, including hydrothermal ore
deposits, are hope to be available as a resource in future.

In order to understand the mechanism of ore formation, we have
been studying hydrothermal circulation system in Oman and
Troodos ophiolites.

@Development of proxies to reconstruct paleo-environemnts
Reconstruction of the environments in the past is important to
understanding and predicting environmental changes in the
near future. We are developing geochemical proxies that are
essential for the environmental reconstruction through cultivation
experiments using live corals.
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