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States of the climate are formed as a result of complex interactions
among the components of the climate system, such as atmosphere,
ocean, cryosphere, and land surface. Each component also contains
various phenomena which affect each other over broad spatio-
temporal scales. In order to adequately understand the behavior of
the climate, we need to utilize numerical models of the climate which
represent such phenomena and interactions as realistic as possible,
and we also have to sophisticate climate models in accordance
with deepening of our knowledge and advance of computers. In
Department of Climate System Modeling, we continuously develop
numerical models of the climate and try to reveal the mechanisms of
climate variations from the past to the future.

https://ccsr.aori.u-tokyo.ac.jp/index-e.html
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@Observation of greenhouse gases: We are observing
greenhouse gases such as carbon dioxide (C0O2) and methane
(CH4) using satellite and ground-based remote sensing for
investing their spatial distributions and circulations in the
atmosphere. For this purpose, we develop various types of
sensors and data analysis algorithms. Observations are carried
out in various places such as big cities, suburbs, remote islands,
and ships.

@Estimation of sources/sinks of greenhouse gases based
on the numerical simulation: By combining numerical
simulations using a chemical transport model with observational
data obtained by in situ measurements and remote sensing
techniques such as satellites sensing, we estimate the sources
and sinks of greenhouse gases. In particular, we aim to estimate
total emissions of the gases from big cities such as Tokyo and
to monitor large emission sources such as thermal power plants.

@Understanding cloud-aerosol processes and their impacts
on climate: Clouds and aerosols, suspended particles in
atmosphere, play a fundamental role in Earth’ s energy
budget and hydrological cycle through their effects on solar
and terrestrial radiative transfer and precipitation. We develop
methodologies for realistically modeling the microphysical
processes responsible for formation and growth of these
particles. The global models implemented with these processes
are then employed to understand how global climate is
characterized by these particles and to improve the accuracy of
climate change prediction.
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global models need to be readily evaluated and improved against
observations, particularly for their representations of cloud and
precipitation, which remains the most uncertain  “building
block” in the models. For addressing this long-standing issue in
climate modeling, we exploit multi-sensor, multi-platform satellite
measurements of cloud and precipitation to observationally
diagnose their physical processes and to inform the models of
their better representations of the processes.

@Multiscale interactions, air-sea interactions, tropical-
extratropical interactions of organized convective systems.:

"o

We conduct researches to "reproduce,” "understand,” and
"predict" atmospheric and oceanic phenomena, with the aid
of the high-resolution global non-hydrostatic model NICAM
and its ocean-coupled version NICOCO. We study the
nature and related internal/external interactions of organized
convective activity and equatorial waves, such as the Madden-
Julian oscillation (MJO), a giant complex of cloud systems
characterized by its month-long lifetime and eastward
propagation. We particularly focus on the effects of explicitly
resolving the details of the so-called “Mesoscale” cloud
systems, which range from several 10 to 100 km in its horizontal
scale, instead of parameterizing them or calculating them at a
crude resolution.

@Seasonal prediction of high-impact weather events: By We
explore the extended predictability of high-impact weather
phenomena, such as Typhoons and heavy rainfall. On the
supercomputer Fugaku, we use models capable of predicting
large scale phenomena of relatively long lifespan such as
MJOs. We aim to develop a probabilistic prediction method of
high-impact weathers by carrying out large ensemble member
simulation series with slightly different initial conditions. We lead
an international intercomparison project of global cloud/storm
resolving models and participate in the consideration of next
generation weather/climate model developments.
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A global high-resolution model NICAM (upper left), and the sea
surface temperature reproduced by its ocean-coupled version
NICOCO (upper right). An envelope of eastward migrating cloud
systems of a Madden-Julian oscillation reproduced by NICAM (below).
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Research topic about the deep ocean circulation

@Deep ocean circulation: The Earth's climate varies over a
variety of temporal and spatial scales, in which the oceans
play an important role in long-term climate change over several
decades. The circulation that includes the deeper layers of the
ocean (the deep ocean circulation) affects the global climate on
a time scale of more than 1,000 years. For example, ice core
data shows that warming events of up to 10 degrees Celsius
have been found to occur many times during glacial periods
with cycles of several thousand years, which are thought to be
due to changes in the deep ocean circulation. We are working
to reproduce the deep ocean circulation with climate and ocean
models, and to understand the mechanisms of its stability and
variability. The deep ocean circulation is also important for
understanding the ocean biogeochemical cycle, such as the
carbon cycle in the ocean. We are also conducting research
using an oceanic biogeochemical model.

@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 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.
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Living environments for human being and all other species on Earth
are always under influence of climate variations at various temporal
and spatial scales: weather extremes at daily and weekly time scales,
seasonal migration, interannual fluctuations such as El Nino, decadal
variations, climate change associated with the global warming, and
paleoclimate variations at millennial and longer time scales. These
phenomena coexist and interact with each other, constituting a
complex climate system. Primary goals in the Department of Climate
Variability Research are to understand the mechanisms of the natural
climate variability, in addition to the ongoing anthropogenic climate
change. To meet this end, we perform researches based on numerical
simulations using global climate and Earth system models, as well as
various observations using modern instruments, paleoclimate proxy,
and satellite remote sensing.

https://ccsr.aori.u-tokyo.ac.jp/index-e.html
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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.

@Physical understanding of human induced climate change: It
is unequivocal that human activity has warmed this planet since
the industrial revolution, and yet there remain many scientific
questions regarding mechanisms of the climate response to
anthropogenic drivers. We attempt to clarify them by means of a
state-of-the-art global climate system model.

@Clarifying mechanisms of natural climate variability: from
weather extremes to ENSO: In a complex nonlinear system
of climate, fluctuations spontaneously occur at various time
scales even if external conditions to the system are unchanged.
In particular, understanding and predicting weather extremes,
El Nifio-Southern Oscillation, and decadal climate variations
are important as they influence society. Using a climate model
and other dynamical models of climate, we perform research
to clarify the mechanisms of climate variability on the basis of
physical sciences.

@Multi-scale interactions between cloud-precipitation systems
and climate variability: Various forms of water such as vapor,
clouds, rain, ice, snow, and sea, play crucial roles in the
formation of the Earth’ s climate. To physically understand
multi-scale interactions through wide range of scales from the
formation of cloud droplets, cumulus convection, EI Nifo, to
the global warming, we utilize state-of-the-art satellite remote
sensing data, global reanalysis data, and climate model
simulation data.

@Extreme precipitation and climate: Resent increase of torrential
rainfalls has become a serious social issue, upon which
effects of the climate change are indicated. We aim to study
the interaction mechanisms between cloud and precipitation
systems and climate states, to clarify how the climate change
can affect the regional extreme weather.

@Event attribution: It is not easy to quantify the impact of climate
change (including global warming) on a specific extreme event.
We are working on event attribution research using climate
models to compare the characteristics of the extreme events
under different climate conditions.
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El Nifo sea surface temperature pattern in
observations and a climate model MIROC
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Simulated warming in the 21st century time—
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An example of future climate simulation using climate
model, MIROC, with Arctic amplification of warming

@Understanding of paleoclimate changes and contribution

to future projections: It is extremely exciting to solve riddles
of paleoclimate changes. In addition, knowing the past is of
practical importance in building plausible perspective on greater
future changes than those humans have ever experienced. We
are making effort in applying ‘lessons’ learned from the past
to future projections.

@Elucidating mechanism of polar climate change: From

paleoclimate studies, it is known that temperature changes in
polar regions generally appear greater than the rest of the world.
In the ongoing global warming, prominent near-surface warming
occurs in the Arctic during the cold seasons. The consideration
of additional processes such as atmosphere-ocean-sea ice
interaction and climate-ice sheet interaction are required in polar
studies, and we investigate the mechanism of changes in the
state of polar climate system.

@Integrated land modeling: Humans live on land, and even a

slight change in climate can have a profound social impact.
The land area is also an important component of the Earth
system, and its impact on climate cannot be ignored. In order
to accurately estimate the impact of climate on land and
land on climate, we have developed an integrated land model
that incorporates geological, physical, chemical, biological,
anthropogenic, and social processes on land and expresses
them with higher spatio-temporal resolution. We use it in stand-
alone mode or coupled with the atmosphere and ocean models.

@Investigation of the global hydrological cycle using water

isotopes: The global hydrological cycle in a very simplified
manner is like: ocean — evaporation — atmosphere —
condensation — land — runoff — ocean, but the details are
extremely complex. As the isotopic ratios of water change
as water makes a phase change, they act as tracers of the
complex water cycle process. We try to elucidate the processes
of the global water cycle with isotopic climate models that
incorporate the characteristics of water isotopes and with
isotope observations using satellites.
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Isotope ratio of column water vapor observed from a satellite sensor
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