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The Earth’ s climate is determined by interactions among various climate
subsystems such as atmosphere, oceans, land surface, cryosphere, etc.
It is important not only to investigate how various elementary processes
work within the subsystems, but also to clarify how interactions among
the subsystems work to form the whole climate system and control its
variability. The computer models of climate is under rapid development
from those based on atmospheric and oceanic dynamics to so-called
“earth system models” that can deal with carbon and other material
cycles and associated biogeochemical processes.
The computer models have to get improved by verifying them against
observational data, modern instrumental, as well as paleo-climatological
proxies. Based on such verification, predictability of climate change,
such as global warming, and wide-ranging natural climate variability has
to be pursued.
It cannot be overstressed the importance of not only expanding
processes dealt by climate models, but also deepening our understanding
on fundamental processes of the climate system such as radiation and
clouds. The Climate System Modeling Section is conducting research
on climate system modeling and verification, in collaborations with other
sections in the Division of Climate System Research and with research
groups both domestic and overseas.
We recognize the importance of data assimilation in pursuing climate
predictability research. Observational data tell us about the real climate
variability, but their coverage tends to be limited both temporally and
spatially, and not all the climate system variables can be observed. By
combining the observational and climate model information, we may
be able to capture more thorough and accurate evolution of the whole
climate system and to achieve better predictability.

Ongoing Research Themes

@ Coupled ocean-atmosphere and earth system modeling

@Evaluation of model representation of elementary processes

@Paleoclimate simulations and future climate projections,
including elucidation and verification of various relevant
feedback processes
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Computer simulation is an important tool for investigating the
atmospheric environment and predicting its future state. Our
research group has been developing numerical models simulating
atmospheric phenomena at regional to global scales. We utilize
them to better understand and predict the complicated multiscale
atmospheric system. We also support the development of satellite
sensors to measure the atmospheric environment from space
and develop data analysis methods. On the other hand, we have
conducted in situ measurements of atmospheric environment using
airplanes and ground based remote sensing. Our mission is to
understand the atmospheric environment comprehensively through
the combination of observations and computer simulations.

Ongoing Research Themes

@Numerical simulations of greenhouse gases such as carbon
dioxide and methane, and source/sink inversion analyses of
gases using chemical transport models.

@®Development of new satellite sensors and algorithms
for analyzing satellite data to study the atmospheric
environment and greenhouse gases. [GOSAT satellite and
GCOM-C1 satellite]

@Measurements of atmospheric environment over the Arctic
and West Siberia using airplane. [Joint research with
ROSHYDROMET/CAO, Russia]

@Field experiments using ground-based remote sensing to
measure the methane emitted from Siberian wetlands. [Joint
research with Ural Federal University, Russia]

@Studies on the budget of carbon dioxide and methane
emitted from rice paddy field in North India. [Joint research
with Delhi University, India]

@Global high-resolution atmosphere-ocean coupled simulation

@ Multiscale interactions of cumulus convection systems

@Improvement of middle-range (2 weeks-3months) predictions

Precipitation (2-daily, 10N - 10S)

(b) Simulation 14 km

(a) Observation
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(Miyakawa and Kikuchi 2018)
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A huge eastward propagating tropical rain-system, (a) observation (TRMM
satellite), and (b) simulation (NICAM).
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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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The overarching goal of our research is to obtain better understandings
of climate variability operating on various spatial and temporal scales
with a combined use of climate models and available observations.
To this end, we exploit satellite observations to evaluate fundamental
uncertainty in climate models and to improve their representations
of key processes, particularly cloud processes that are still highly
uncertain in state-of-the-art climate models. The models thus
improved will then be used to study climate variability, including ENSO
and MJO, and to predict interannual to interdecadal variabilities.

Given that numerical experiments are a powerful tool to unravel the
mechanisms behind the climate variability, climate models used for
that purpose should be validated with observations. We address
fundamental uncertainties in the models, particularly those of cloud
processes, with a novel use of emerging satellite observations in an
attempt to offer unprecedented, process-based constraints on model
physics. Through such a synergy between satellite observations and
the climate model developed at Division of Climate System Research,
we intend to advance our capability of modeling climate variability
ranging from seasonal to interannual scales, as well as global warming
due to human activities. Such a progress in climate modeling will
enhance our understandings of climate variability, leading to more
reliable climate projection.

Ongoing Research Themes

@ Studies on anomalous weather and low-frequency atmospheric
variability

@Decadal prediction of climate variability and change

@ Satellite-based studies on cloud microphysical processes

@Evaluation and improvement of cloud processes in climate models
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Vertical microphysical structures of clouds obtained from satellite observations
(a) and from climate model results based on three different cloud assumptions (b,
¢ and d). Such comparisons enable us to constrain uncertain model physics.
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Analysis of extreme precipitation utilizing three-dimensional precipitation
data observed with the precipitation radar data on board the Tropical Rainfall
Measuring Mission (TRMM) satellite and the Global Rainfall Measurements
(GPM) core satellite. Left panel shows the “organized precipitation” which
sometimes brings torrential rainfall, while right panel shows the “isolated tall
precipitation” which brings intense but short duration rainfall.

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 state-of-the-art satellite remote sensing data and climate
models, in order to reveal the structure of such intricate aspects of
Earth's climate.

Recent intensification of natural disasters, such as torrential rainfalls,
draughts, and heatwaves, has become a serious social issue, upon
which effects of climate change are indicated. We aim to study
the interrelationship between processes of water vapor-clouds-
precipitation-and-convection, and climate states, to clarify how we
can formulate their interrelationships to reproduce realistic climate
including its variations and effects. We also aim to quantify roles of
clouds and precipitation systems upon climate system as a coupled
system among atmosphere, ocean, land, and cryosphere, in various
temporal scales ranging from large-scale atmospheric circulation, El
Nino, decadal variation, and global warming.

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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Estimated rainfall volume associated with the “organized precipitation
systems” in the current climate (left) and its future change at the end of 21st
century. “Organized systems” sometimes brings about torrential rainfall. The
results are obtained by combining GPM Dual-frequency Precipitation Radar
data and CMIP5 model outputs.
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