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Simulated C02 concentration Long-Term Global Change Projection
i here

in the atmosp! ot Research team representative:

~2100}

Japan Agency for Marine-Earth Science
and Technology (JAMSTEC)

For making projections about long-term
global change, it is required to incorporate
chemical/biogeochemical processes in a
climate model, which consists of physical
processes occurring in atmosphere, oceans, land surface, and sea ice. This is because
these chemical/biogeochemical processes are affected by climate change, as well as
affect climate. In order to make such projections, we developed an Earth system model
(ESM) named “MIROC-ESM” that includes these processes. As the centennial projections
for global change are strongly affected by future changes in human activities and
anthropogenic emissions, we applied scenarios called “Representative concentration
pathways” (RCPs) to the ESM. The movie shows a simulation in which the RCP8.5
scenario with the highest emission of green house gases (GHGs) was applied.
Considering annual GHGs/aerosol emissions and land-use changes, CO2 concentrations
and climate changes were simultaneously projected with the subsystems of the Earth
including land and ocean ecosystems interactively affecting each other [00'30”-01'02"].
In addition, we investigated the degrees of global warming by applying other
scenarios, and analyzed permissible fossil fuel emissions in these scenarios.
Furthermore, we assessed the uncertainties of our model in conjunction with another
ESM with intermediate complexity [01'20”-01'40"]. Our ESM projected other
environmental changes. Considering various atmospheric mechanisms, it is possible that
ultraviolet radiation reaching Earth’s surface will increase despite the recovery of the
Antarctic ozone hole [01°02”"-01'20"].
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Near-Term Climate Prediction
Research team representative:

Atmosphere and Ocean Research Institute (AORI),
The University of Tokyo

In conventional global-warming projections,
long-term future mean climates have been
projected using atmosphere-ocean coupled
general circulation models (climate models)
in which future changes in the greenhouse
gas concentrations are based on several
“scenarios” of future economy. On the other hand, in the case of near-term climate
prediction for the coming decades, it is effective to initialize a climate model by
reproducing decadal time-scale natural variability as well as anthropogenic global
warming. Since it is considered that oceans play a significant role in low-frequency climate
variability, we have tried to initialize our climate model, named MIROC, by employing a
data assimilation method. In this method, ocean temperature and salinity based on data
collected for decades are considered for the ocean component. In order to estimate the
prediction accuracy of MIROC, hindcasts of the late-20th-century climate are conducted. As
a result, the initialization has the advantage that it is possible to predict the climate about
5 years later than that predicted using a conventional climate projection method The last
animated part in the movie is an example of predicting future sea-surface temperature by
using a high-resolution version of MIROC, whose horizontal resolution is about 60 km for
the atmosphere and about 25 km for oceans. This prediction experiment covers the period
from 2006 to 2030, and the animation shows the results for 2027 to 2030. In this model,
you can see that ocean jets, such as the Kuroshio and Kuroshio Extension, and ocean
mesoscale eddies, such as those in the tropical Pacific, are reproduced. It is expected that
the predicted output of our climate models will provide a basis for more quantitative
assessment of future water hazards, agricultural harvest, and fishery resources, and for
developing more realistic strategies and risk-management options in future.
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Extreme Event Projection
Research team representative:
Meteorological Research Institute (MRI),
Japan Meteorological Agency (JMA)

We have made climate projections for the

near future and for the end of the 21st

century by using atmospheric models with

unprecedented superhigh resolution. The

climate change studies were based on a

20-km-mesh global atmospheric general
circulation model; emphasis was placed on extreme events, including tropical cyclones and
heavy precipitation during the East Asian summer monsoon season. The multimodel
ensemble of sea surface temperatures (SSTs) projected using atmosphere-ocean general
circulation models used in the IPCC Fourth Assessment Report (AR4) was used for the
input data for the 20-km-mesh global atmospheric general circulation model with the aim
of obtaining future climate projections (time-slice experiment). Furthermore, with focus
on the local climate change over Japan, 5-, 2-, and 1-km-mesh regional atmospheric
models (5-km-mesh cloud-system-resolving regional climate model, 2-km-mesh
cloud-resolving model, and 1-km-mesh cloud-resolving model) nested in the global model
were used to investigate changes in heavy precipitation. Many reports describing our
superhigh-resolution atmospheric models have already been published; these reports are
cited in the IPCC AR4 and will be cited in IPCC AR5. The uncertainty associated with the
projected climate change was evaluated and quantified using multiple sets of ensemble
experiments to provide information on the reliability of the model outcomes. Using data
computed on the basis of the model projections, environmental changes that may lead to
disasters such as floods, landslides, droughts, storm surges, and strong winds were
evaluated for Japan. In addition, the impact of climate change on river planning in Japan
was assessed. Furthermore, flood risk assessment was extended to a global scale for
collaboration with international projects on disaster mitigation.
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Cloud modeling

Research team representative:
Hydrospheric Atmospheric Research Center
(HYARC), Nagoya University

Intensity change of typhoon with climate
change: Cloud-resolving simulations of
typhoons in the future climate.

Typhoons are undoubtedly the most
vigorous and devastating weather systems. How intense will they become in the future
global warming climate? This is one of the most challenging atmospheric science problems
because they cause severe disasters in the Asian countries including Japan. An increase in
typhoon intensity has been demonstrated by studies of historical data. This raises great
concern regarding future change in typhoon intensity in the western North Pacific.
Typhoons have eye-wall composed by deep convective clouds and spiral rainbands. The
large-scale vortex of typhoon is derived by small-scale convective clouds. Consequently, a
numerical model which resolves individual convective clouds is necessary to simulate
typhoons. We developed a cloud resolving model which can simulate a detailed structure
of eye-wall and we can predict typhoon intensity quantitatively. The cloud-resolving
model can simulate individual clouds in and around typhoon. By using the model with
high resolution, we performed simulation experiments of typhoons in the future climate.
The movie shows one of the simulated typhoons and it shows a typhoon in the future
climate approaches and makes landfall over Japan with a very strong intensity. An intense
typhoon with a maximum surface wind speed which is 67 m/s or larger is called as a
super-typhoon. The typhoon in the movie is a super-typhoon. Our results show that many
super-typhoons occur in the western North Pacific in the future climate and that some of
them approach Japan with keeping the super-typhoon intensity.
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Subgrid-Scale Parameterization in the Ocean
Research team representative:

Graduate School of Science,

The University of Tokyo

Simulation of turbulence in the upper ocean

Subgrid-scale physical processes in the upper

ocean with scales up to a few meters play a

crucial role in determining the sea-surface

temperature, thus controlling air-sea

interactions that lead to climate changes.
Therefore, the accurate parameterization of subgrid-scale ocean processes must be
incorporated in ocean general circulation models as well as coupled atmosphere-ocean
general circulation models. In the present study, first, we accurately simulated turbulent
mixing processes in the upper ocean by using a three-dimensional large eddy simulation
(LES) model. As an example of our calculations, the response of the oceanic mixed layer to
extremely strong wind forcings, such as travelling typhoons, is shown in the figure above.
The LES model clearly demonstrates the turbulent mixing of relatively warm surface water
and colder thermocline water, followed by deepening of thermocline, as well as a
decrease in the sea-surface temperature. On the basis of the results obtained using LES
that directly derive each turbulent quantity, we have assessed and improved the existing
parameterization schemes for subgrid-scale ocean processes. The improved
parameterization scheme was then incorporated in an ocean general circulation model,
and upper ocean simulations have been carried out. The underestimation of the
development of mixed layer features (e.g., the decrease in the sea-surface temperature)
by the existing parameterization schemes has been suitably corrected using the improved
parameterization scheme. Having resolved the ambiguity of the existing parameterization
schemes in this way, we can now expect significant improvement in the ability for
projecting future climate changes.




