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Various phenomena in the climate system: The earth’s climate is controlled
by a balance between solar and terrestrial radiative energy fluxes. Climate is
changed by perturbation in the earth radiation budget caused by trace gases
and aerosols emitted from natural and anthropogenic sources

This section carries out studies for developing and improving global climate
models and physical-chemical modules to be implemented in these models.
These models are used to study the climate of the past, present, and future.
The earth's climate is controlled by the balance between solar and earth
radiation energies. It is, therefore, important to understand interactions
between the earth-atmosphere system and radiation, and to understand
the consequent effect on circulation. It is essential to understand past,
present and future climate changes involving these interactions, particularly
those associated with the increasing amount of greenhouse gases and air
pollutants due to human activity. Research is conducted through climate
modeling and remote sensing of the earth's system: important research
subjects include understanding the role of atmospheric constituents,
such as trace gases, aerosols and clouds, and evaluation of their radiative
forcings, which are important for accurate simulation of global warming.

The paleoclimate research aims to reconstruct past climate states and to
understand the mechanisms of their changes. We attempt to simulate the
past climate using numerical models. Studies provide information about the
extent of the uniqueness of the current climate conditions and help evaluate
climate system models that are used for projections of the future climate.

Ongoing Research Themes

@Role of greenhouse and parasol effects in the earth's climate

@Global warming and climate impacts of air pollutions

@Interaction between clouds and air pollution

@Simulation of glacial-interglacial cycles and investigation of
their mechanisms

@Estimation of the climate sensitivity based on the climate of the past

@Future projection of sea level rise and evaluation of its uncertainty

@Interaction between atmosphere and terrestrial vegetation

@Interaction between atmosphere, ocean and ice sheets
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ICIES: model), and simulated ice sheet distribution at the last glacial maximum

N
=}

NAKAJIMA,

ABE-OUCHI, A. YOSHIMORI, M.

iz (3%) 5 BE

Professor NAKAJIMA, Teruyuki
IR RaER F2F

Associate Professor ~ABE-OUCHI, Ayako
LESE:E =7 E

Project Research Associate YOSHIMORI, Masakazu

26

CATALOG ATMOSPHERE AND OCEAN RESEARCH INSTITUTE
THE UNIVERSITY OF TOKYO



NS | RESEARCH CONTENTS -

2T LR SURETY T THZEBPY

ARVATLET UV THARDEF

Division of Climate System Research,

Department of Climate System Modeling, Atmosheric System Modeling Section

WHIRIEOERBFAPHRFAOLHICIEILE1—2D
32L—2a B ARARTHY, BaDRERTIV—TTIL, HER
FHED SHIBHL NIVICEDZ A BT —ILOKRTIREETIVD
BEET-VWET, £ ZOEFILEAVWTARFTTCOEA
HEREBER. ARBEPRBREEOMBELMELTVET, —
B ANTHERH LEBIOT —20WE., BFEEBTV.ET
IWEHABHE THRANICATERIESMELTOET,

RENELEMET—~

@t i7E - REE OSSN
MABECRBREICERTIHEAATREARE. LVAZER
BIBEDHEEA7TOERICDOWTERLE T, MR
B IERE, ZhSICEIA VB ETIEEDHERRADRE
BRHBEIELE . £/ BEE - LRFELXCEFER/RELER
ROVENEMEDITHOTVET,

OLFRMBETINELBLV MR
ARFOLEBRERETIZEEDBERICOVTHELTVET,
BiC BB REE LV EORTBLNDER, L
SMBEEFNERAWEF VL R—ILOERFRERLEETT-
TWET,

OALHEMRKIBE T — 2877
WIKRIFESARODATIHERRZEL €. BAFT—20D
BITFEERRLTVET, £/ EEOEEF— 20T
TV BEMRSEOBRICETIMEETTVET,

OHIEY I 1L — av Il L BBEIRRIADIL L T
TRERFRXAZBEDBEMNRDEENREL-HER
BEFILOBRE ZOEFIVEBVAERE R, WILED#
ECRETIMEETO>TVET,

000 G0 MO0 1800 1800 20000

4T

Retrieval analysis

Altitude

Latitude

BT - 2@ H 2T —270-08 &N
Schematic depicting data flow in observational data analysis

Computer simulation is an important tool for investigating the global
environment and predicting its future climate. Our research group has
been developing numerical models simulating atmospheric phenomena
with scales varying from regional to global. Observation and data
analyses are also an important part of our research. Our mission is to
understand the atmospheric environment comprehensively through the
combination of observations and computer simulations.

Ongoing Research Themes

@Dynamic Meteorology: Studies of meteorological phenomena,
including generation mechanisms and climate variations of
meso-scale disturbances interacting with climate.

@Chemical climate models studies: Research into atmospheric
chemical processes interacting with climate using chemical
climate models. Important examples are ozone-hole prediction
and air pollution problems.

@®Remote sensing of the atmospheric environment: Develop-
ment of new algorithms for analyzing satellite data to study the
atmospheric environment. Furthermore, we develop ground-
based remote sensing techniques using infrared radiation.

@Simulation studies on the greenhouse gas budget: Numerical
simulations of greenhouse gases such as carbon dioxide and
methane, and source/sink inversion analyses of gases using
chemical transport models.
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The ocean stores and transports a vast amount of heat and various
dissolved substances, whose exchange with the atmosphere plays
an important role in controlling the climate. There still remain
many unknown aspects in the ocean as its observation is difficult.
Numerical modeling is now becoming an indispensable method to
study the ocean. Our group investigates various oceanic phenomena
and their influences on the climate by developing and applying
numerical models of the ocean.

Ongoing Research Themes

@Ocean general circulation modeling: The ocean general
circulation is controlled by both microscopic physical processes
and the macroscopic budget of heat and substances. We are
striving for revealing the controlling mechanisms of the general
circulation of the ocean from both perspectives.

@Polar ocean process modeling: Deep water formation, which
is the starting point of the oceanic deep circulation, is a highly
localized phenomenon in the polar oceans. We place a special
emphasis on the processes peculiar to the polar oceans.

@Palaeo-ocean modeling: Past drastic changes of the climate
are known to be closely linked to those of the oceanic deep
circulation. We are investigating the mechanisms by which
such different states of the climate were caused.

@®Biogeochemical cycle modeling: Transport and state
transition of various substances in the ocean are essential
factors controlling the state of the climate and ecosystem. We
are studying the ocean biogeochemical cycles by introducing
such factors into the modeling.
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Examples for modeling of the ocean general circulation and various associated
localized phenomena.
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Natural variability Climate change
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Spatial patterns of year-to-year natural variability (left) and change under a
global warming scenario (right) for the East Asian summer climate

Climate variability is studied through both detailed analyses of global,
long-term observational data and through numerous numerical
experiments based on climate models. The target of this research
encompasses interannual to interdecadal climate variability and
paleoclimates.

One of our research objectives is to understand climate variability on
wide temporal and spatial scales. This is important because better
understanding leads to better predictions. In addition to analyses
of observed climate data, we attempt to unveil climate variations,
ranging from seasonal and interannual variability that brings
anomalous weather, to global warming due to human activities, by
actively using climate models developed at the Division of Climate
System Research. Computer models of climate are a powerful
research tool for hypothesis verification in the field of Earth sciences
in which laboratory experiments are difficult. Even in the cases where
observational data analyses are not sufficient, carefully designed
numerical experiments can unveil complicated interactions among
the climate subsystems that lead to climate variations. Therefore,
improvement of climate models is an indispensable part of climate
variability studies. We are conducting research projects using world-
class high-speed computers such as the Earth Simulator and the
Next-Generation, “K” , computer.

A new type of a global atmospheric model or “global cloud resolving
model” (GCRM), called the Nonhydrostatic ICosahedral Atmospheric
Model (NICAM) is being developed at the Division of Climate
System Research. GCRM 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 unigue mesh structure, called the
icosahedral grid, that exends over the sphere of the Earth. Using
NICAM, we can simulate realistic behaviors of cloud systems over
the global domain, such as tropical cyclones, heavy rainfalls in
summer seasons, and cloud-systems in the tropics, together with the
intra-seasonal oscillation including the Madden-Julian Oscillations.
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Satellite observation (left) and Cloud images simulated by NICAM (right)
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TRMM satellite data. This is closely linked to the large-scale atmospheric
circulation

Various forms of water such as clouds, rain, sea, and vapor, play
crucial roles in the formation of the Earth's climate. Through the
agent of water, various phenomena with different spatial and temporal
scales, from the formation of cloud droplets to El Nifo, interact with
each other. In the Comprehensive Climate Data Analysis Section, we
utilize satellite remote sensing data and climate models, in order to
reveal the structure of such intricate aspects of Earth's climate.
Clouds have both warming and cooling effects of the earth surface.
Cumulus convection in the tropics lifts the energy from the earth
surface to the upper air. We use the satellite remote sensing data to
quantify the roles of cloud and precipitation systems in the formation
of the earth climate. We extensively use a global climate model
called MIROC, developed in our division, for exploring mechanisms
of natural climate variability such as El Nifio and decadal variability.
MIROC can also be used to evaluate future changes in the
properties of these natural phenomena in response to increasing
greenhouse gases. Moreover, dynamical processes responsible for
the large-scale circulation variability such as the Arctic Oscillation/
North Atlantic Oscillation are examined by means of climate models,
dynamical models, and operational forecast data.

Ongoing Research Themes

@Satellite data analysis of cloud and precipitation systems

@Roles of tropical multi-scale interactions in climate formation

@Climate modeling for understanding climate change and
climate variability

@Dynamics of weather variability
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Anomalies in sea surface temperature associated with El Nifo based on (top)
observations and (bottom) the climate model MIROC
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Climate and Hydrology Research Section focuses on various
interdisciplinary areas, including global and regional meteorology,
land surface and atmospheric hydrology, and paleoclimatology, all of
which are bridged by natural isotopic tracers. The main thrust of our
effort is toward better understanding of the Earth's climate system.
This is explored both by utilizing additional information obtained
from isotopic records and by developing models that simulate the
observed processes.

Since stable oxygen and hydrogen isotope ratios in water (D/H,
80/'%0, '"0/'°0) are sensitive to phase changes of water during
circulation, geographic and temporal variations of the isotopic ratios
emerge in water vapor and precipitation. Therefore, researchers
can study atmospheric vapor cycling processes at various scales,
such as large-scale transport and in-cloud processes by using
isotopic information in precipitation and vapor. In this section, by
incorporating the isotopes into global and regional climate models,
the relationship between atmospheric and land surface processes
and isotopic information in water vapor and precipitation has been
intensively studied.

Ongoing Research Themes

@Study on processes of Earth’s hydrological cycle with stable
water isotopes

@Study on terrestrial hydrological cycles and development of
river and land surface models

@®Dynamical downscaling and development of a Regional Earth
System Model

@Data assimilation, particularly for stable water isotopes with

the ensemble Kalman filter
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Comparison of MAM climatology of water vapor isotope ratio (6 D) between
remote sensing observation with SCIAMACHY/Envisat (left) and model
estimation with ISo0GSM (right)

YOSHIMURA, K.

R Fit £
Associate Professor ~ YOSHIMURA, Kei

ATMOSPHERE AND OCEAN RESEARCH INSTITUTE CATALOG
THE UNIVERSITY OF TOKYO



