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Overview of the KAKUSHIN Program

Innovative Program of Climate Change Projection for the 21st Century

The Intergovernmental Panel on Climate 
Change (IPCC) published its Fourth Assessment 
Report (AR4) in 2007 with important scientific 
findings such as “Warming of climate system is 
unequivocal.” Advanced achievements from the 

“Sustainable Co-existence Project on Human, 
Nature and the Earth” (FY2002-FY2006) sponsored 
by the Ministry of Education, Culture, Sports, Science 
and Technology (MEXT) were reflected in the AR4.  
Now, new challenges were identified by the AR4, 
such as still existing uncertainty and emerging needs 
to further elaborate new findings.

The MEXT has addressed such challenges 
by launching the “Innovative Program of Climate 
Change Projection for the 21st Century” (FY2007-
FY2011, also called as “KAKUSHIN Program”), 
where experiments have been enabled by utilizing 
the Earth Simulator with the highest level 
performance in the world and by developing climate 
models.  The objectives of the KAKUSHIN Program 
is to contribute to the IPCC Fifth Assessment 
Report (AR5) to be finalized in 2013 – 2014 and 
to provide basic scientific information for making 
national climate change policies.

Under the KAKUSHIN Program, efforts have 
been made with foci not only on further advancing 
climate models and on quantifying and reducing 
uncertainty, but also on conducting assessment 
studies of cl imate change impact on natural 
disasters.

More specifically, the KAKUSHIN Program 
implemented experiments with three main targets 
as shown in the following, as well as studies 
in component modeling, in uncertainty range 
estimation and in the impact assessment on natural 
disasters by using model outcomes.

■ Long-Term Global Change Projection: Projection 
experiments up to 300 years have been made 
under stabilizing concentration pathways, by an 
Earth system model advanced with integrated 
carbon cycle processes including biogeochemical 
processes on land surfaces and in the oceans.  
Estimation has also been made for emission 
amount to cause such stabilizing concentration.  
Experiment outcomes are expected to provide 
basic information for post-Kyoto mitigation 
targets.

■ Near-Term Climate Prediction: Prediction 
experiments have been made for changes of 
climate and ocean currents in the near future (up 
to 30 years).  Then greenhouse gases are expected 
to change almost in the same way irrelevant to 
the emission scenario, by a coupled atmosphere-
ocean model with the highest resolution in the 
world.  The prediction is considered as a super-
long-term meteorological prediction depending on 
initial values as well as outer forcing.  Regionally 
detail prediction experiments are also made with 
further higher resolution.

■ Extreme Event Projection: A super-high 
resolution (20 km) global atmospheric model has 
been advanced to study how extreme events 
(typhoons, heavy rainfalls, etc.) causing larger 
social impacts among climate change related 
events are projected to change along the global 
warming in the near-future and in the end of 
the 21st century.  Experiments on extreme 
events under the global warming have also been 
conducted by limited area models with resolution 
similar to that of the operational weather 
prediction.  Outcomes are expected to serve to 
policy making.
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Long-Term Global Change Projection
Long-term global environmental 
projection using an integrated earth 
system model

Tatsushi Tokioka
Project Leader, Global Warming Research Project for 

IPCC AR5, Japan Agency for Marine-Earth Science and 
Technology

Uncertainty estimation for long-term 
climate change projection using a 
hierarchy of models

Michio Kawamiya
Team Leader, Global Warming Research Project for 

IPCC AR5, Japan Agency for Marine-Earth Science and 
Technology

Development of a global vegetation 
model

Toshihiko Hara 
Group Leader, Global Warming Research Project for 

IPCC AR5, Japan Agency for Marine-Earth Science and 
Technology

Near-Term Climate Prediction
Near-term climate prediction using 
a high-resolution coupled ocean-
atmosphere general circulation model

Masahide Kimoto
Professor, Atmosphere and Ocean Research Institute, 

The University of Tokyo

Development of a technique to quantify 
the uncertainty in near-term climate 
prediction using ensemble data 
assimilation

Masayoshi Ishii
Group Leader, Global Warming Research Project for 

IPCC AR5, Japan Agency for Marine-Earth Science and 
Technology

Extreme Event Projection
Projection of the change in future 
weather extremes using super-high-
resolution atmospheric models

Akio Kitoh
Director, Climate Research Department, Meteorological 

Research Institute, Japan Meteorological Agency

Quantification and reduction of 
the uncertainty in climate change 
projection by super-high-resolution 
atmospheric models

Shoji Kusunoki
Head of First Research Laboratory, Climate Research 

Department, Meteorological Research Institute, 
Japan Meteorological Agency

Research Organization
Application of Regional Projections to 
Natural Disasters
Evaluation of how natural disasters associated 
with climate change will affect the stability of 
major cereal crop production

Masayuki Yokozawa
Senior Researcher, National Institute for Agro-Environmental 

Science

Long-term global assessment of coastal hazard 
risks in relation to sea-level rise and global 
warming

Hiromune Yokoki
Professor, Department of Urban and Civil Engineering, 

 Ibaraki University

Estimation of changes in the risk of water-
related disasters based on near-term climate 
prediction with uncertainty considerations

Taikan Oki
Professor, Institute of Industrial Science, the University of Tokyo

Integrated assessment of climate change 
impacts on watersheds in a disaster environment

Eiichi Nakakita
Professor, Disaster Prevention Research Institute, Kyoto University

Assessment of the impact of climate change on 
flood disaster risk and its reduction measures 
over the globe and specific vulnerable areas

Kuniyoshi Takeuchi
Director, Global Center of Excellence for Water Hazard and Risk 

Management, Public Works Research Institute

Studies in Component Modeling
Improvement of the Cloud-Resolving Model and 
Typhoon Reseach

Kazuhisa Tsuboki
Associate Professor, Hydrospheric Atmospheric Research Center, 

Nagoya University

High-precision parameterization of marine 
microphysics using large eddy simulation

Toshiyuki Hibiya
Professor, Department of Earth and Planetary Science, Graduate 

School of Science, The University of Tokyo

Reduction in cloud uncertainty using a global 
cloud-resolving model

Masaki Satoh
Team Leader, Global Warming Research Project for IPCC AR5, 

Japan Agency for Marine-Earth Science and Technology

Improvement of future climate change projection 
by developing a high-performance ocean model

Hiroyasu Hasumi
Associate Professor, Atmosphere and Ocean Research Institute, 

The University of Tokyo
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地球システム統合モデルによる長期
気候変動予測実験
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Innovative Program of Climate Change Projection for the 21st Century

Research Objectives
In order to conduct advanced long-term projections 

of the global change, this program developed an 
integrated earth system model (MIROC-ESM) that 
incorporates dynamics of the ecosystem, chemical 
processes, and so on into the coupled atmosphere-ocean 
model, MIROC, which has been used for global warming 
projections.  Projections of global environmental 
changes are carried out, in a manner that is more 
comprehensive than previous ones including changes in 
vegetation distribution, the processes related to ozone 
hole formation, and so forth.  These projections take 
into consideration in detail the impact of not only CO2 
emissions from fossil fuel consumption but also other 
human activities, for example land use change such 
as deforestation, which is unique about this program 
compared to traditional global warming projections.

Results of Twentieth-Century 
Reproduction Experiment

It turned out that, in our experiment with MIROC-
ESM to reproduce past climate change (1850-2005), 
the temporal variations of global mean surface air 

temperature are better reproduced than before.  Analysis 
on the distribution of trends in annual mean temperature 
after the mid-twentieth century (1951–2005) showed that, 
in the twentieth-century reproduction experiment using 
MIROC-ESM, the reproducibility of trends is improved 
particularly over the North Pacific Ocean (Figure 1).  To 
elucidate the reason, we analyzed comprehensively the 
results of the twentieth-century reproduction experiments 
carried out so far with various versions of the traditional 
coupled atmosphere-ocean general circulation model, 
MIROC.  In order to examine the impact of climate 
change factors only, we input the same data (changes 
in solar activity and airborne particles) as the present 
warming projection experiment into the former version 
of MIROC, which contributed to the IPCC Fourth 
Assessment Report (AR4) published in 2007, and carried 
out the twentieth-century reproduction experiment.  
The result showed that the geographical distribution of 
trends in annual mean surface air temperature after the 
mid-twentieth century is hardly influenced by changes 
in input data.  In contrast, when comparison was made 
between the version with simplified processes for 
sources, sinks and transport of airborne particles and the 
version with more advanced treatments with those 

Figure 1.  Geographical distribution of trends in annual mean surface air temperature after the mid-twentieth century (1951–2005).  Units are K/decade.  (a) 
Observation; (b) Result of experiments with simplified treatments of airborne particles (average of 24 ensemble experiments); (c) Result of experiments with 
advanced treatments of airborne particles (average of 10 ensemble experiments) (twentieth-century reproduction experiments using MIROC-ESM are all 
included in (c)).

Long-Term Global Environmental Projection 
Using an Integrated Earth System Model
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processes, a large difference was seen between them 
in the reproducibility of trends over the North Pacific 
Ocean (Figure 1).  It was suggested that advancing 
and sophisticating the processes related to airborne 
particulates has a considerable impact on enhancing the 
reproducibility of the geographical distribution of trends 
in surface temperature over the North Pacific.

Results of Future Projection Experiments
1.  Carbon cycle

Based on future scenarios of CO2 concentrations 
and land use change, future projection experiments 
were conducted using MIROC-ESM.  Four future 
scenarios were used as shown in the upper left graph 
in Figure 2, which are called RCP2.6, RCP4.5, RCP6.0, 
and RCP8.5.  As can be understood from the time series 
of CO2 concentrations, RCP2.6 has the lowest degree of 
warming and RCP8.5 the highest.  As a result, the rises 
of global mean surface air temperature by 2100 were 
about 2 degrees C and 5.5 degrees C for RCP2.6 and 
RCP8.5, respectively, while the other two were within 
this range (upper right graph).

MIROC-ESM incorporates carbon cycle processes.  
The model outputs can be used to estimate how future 
CO2 emissions from fossil fuels must be controlled if the 
RCP concentration scenarios are to be realized in the 

future.  The results are shown in the lower left graph.  To 
realize RCP2.6 (stabilize CO2 concentration at 410 ppm or 
the CO2 equivalent of 450 ppm with methane, etc.  added), 
CO2 emissions from fossil fuels must be almost zero in 
the 2040s.  Even for RCP4.5 (CO2 concentration of about 
550 ppm in 2100), CO2 emissions in the second half of the 
twenty-first century must be about 35% of the present 
level.

As explained above, in these RCP scenarios, 
changes in land use are also considered.  In RCP2.6, an 
increase in biofuel production such as ethanol made 
from corn and a decrease in fossil fuel consumption are 
assumed to curb warming.  Therefore, RCP2.6 scenario 
incorporates the necessary conversion from forest to 
cropland.  The MIROC-ESM experiment clarified that 
the impact of such land use change on the carbon cycle 
cannot be ignored.  The lower right graph in Figure 2 
shows the change in carbon accumulated in land areas.  
It shows that in the case of RCP2.6, where warming is 
smallest, such land use change results in a decrease of 
land carbon accumulation close to that of RCP8.5.  This 
partly explains the negative carbon dioxide emissions 
(artificial absorption of carbon is necessary) demanded in 
the second half of the twenty-first century in RCP2.6 at 
the lower left in Figure 2.

Figure 2.  CO2 concentration scenarios (upper left); Global mean temperature rises relative to the 1980–1990 mean (upper right); 
CO2 emission pathways to realize the CO2 concentrations in the upper left graph (lower left); and change in carbon accumulated in 
terrestrial ecosystem (lower right).  Except for the upper left scenarios, all are results of simulation by MIROC-ESM.
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However, the simulation results shown here are 
those obtained by a particular model, i.e., MIROC-ESM.  
It is quite possible that different results (especially 
quantitative) might be obtained by models developed 
in overseas research institutes.  In future, therefore, 
it is necessary to cooperate with overseas research 
institutes to advance analysis of results based on 
multiple models and interpret projection results with 
sufficient understanding of the differences among the 
models.

2.  Sea level rise
Figure 3 shows the time series of global mean 

sea level changes by thermal expansion of seawater.  
In a reproduction experiment for the past from the 
beginning of the Industrial Revolution to the present, 
the sea level rises by about 4 cm, which is evident 
especially in the last 100 years.  The result is generally 
consistent with other modeling and observational 
studies.  Looking ahead, in the roughly 100 years up to 
2100, the water level rises through thermal expansion 
by about 18 cm in the RCP2.6 scenario, 24 cm in RCP4.5, 
26 cm in RCP6.0, and 38 cm in RCP8.5.  Furthermore, 
in an extension of RCP4.5, the sea level rises 66 cm in 
about 300 years up to 2300.  In RCP4.5, it is assumed 
that the CO2 concentration in the atmosphere after 
2070 becomes almost constant.  Accordingly, the rises 
in global mean land surface air temperature and global 
mean sea surface temperature become much slower, 
with increases between 2100 and 2300 of about 0.4 
degrees C.  However, the sea level rises at almost 

the constant speed even after 2100.  The reason for 
this is that the circulation within the ocean keeps 
conveying heat into the deep layer for a long time 
after stabilization of surface temperature, and the 
temperature rise in the deep layer continues.

As pointed out in the previous section, the results 
shown here have been obtained by a particular model, 
which is MIROC-ESM.  It must be noted that other 
models may yield quantitatively different results.  
Furthermore, in addition to the sea level rise through 
thermal expansion as shown in Figure 3, the actual 
rise of sea level also includes changes caused by 
the growth and melting of ice sheets and dynamical 
changes in the seawater movements (changes in 
seawater’s “gathering places”).  When the factor of ice 
sheet growth and melting is taken into consideration, 
while the Greenland ice sheet shrinks by warming, 
the Antarctic ice sheet grows due to the increase in 
snowfall along with the increase in atmospheric water 
vapor.  The latter effect is larger, and the rise in sea 
water level is reduced to 70%–80% of that shown in 
Figure 3.  Also, the dynamical changes in sea level are 
especially large near Japan.  Depending on the place, 
it may raise the seawater level shown in Figure 3 by 
about 50%.

3.  Other results 
(ozone hole, ultraviolet rays, ocean acidification)

MIROC-ESM also incorporates processes for 
ozone hole formation, which enables assessment 
of the effects of curbing chlorofluorocarbon (CFC) 

Figure 3.  Change in global mean sea level by thermal expansion (cm) relative to the January 2006 level.  
Past reproduction experiment (black), RCP2.6 scenario (blue), RCP4.5 scenario (green), RCP6.0 scenario 
(orange), RCP8.5 scenario (red), and extended RCP4.5 scenario (yellowish green).
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emissions.  The results of experiments by MIROC-ESM 
show that the amount of ozone over the Antarctica 
reached its lowest value around 2000 and then entered 
a recovery phase.  Whatever future projection scenario 
is used, the results show recovery in the second half 
of this century to a level similar to that in the 1970s, 
which is consistent with existing projections by models 
of research institutes in other countries conducted by 
international projects and so on.

Analysis is also being conducted regarding the 
future increase or decrease in ultraviolet rays, which 
is an issue closely related to the ozone hole.  Projection 
shows that ultraviolet rays will decrease in high latitudes 
due to elimination of the ozone hole, but ultraviolet rays 
reaching the ground will increase due to a decrease 
of airborne particles as a result of regulations on their 
anthropogenic emissions.  

Analysis on ocean acidification suggests that 
how sea ice is modeled has a large influence on the 
speed of acidification, especially in the Arctic Ocean.  
Considering that the decrease of sea ice in recent years 
has been progressing at a speed higher than projected 

by the model, it will be necessary to carefully monitor 
trends in the decrease of sea ice and ocean acidification.

Uncertainty Estimation for Long-Term 
Climate Change Projection Using 
a Hierarchy of Models

The foundation for MIROC-ESM, which has been 
introduced in previous sections, is the general circulation 
model (GCM) based on a “primitive equations” strictly 
describing motions of fluids of the atmosphere and 
ocean.  GCMs are often regarded as reliable since it 
can simulate dynamics of the atmosphere and ocean in 
detail, which is why they have been a main tool used in 
the projection of warming.  However, this kind of model 
requires a huge amount of computation, so there are 
significant restrictions in terms of computer resources.  
The projection of global warming inevitably involves 
uncertainty.  Therefore it is desirable to conduct as 
many (more than 100 if possible) experiments as possible 
in order to assess the uncertainty range, When carrying 
out experiments by GCM to reproduce climate change 

Figure 4.  Projection of fossil fuel emissions to realize the “Representative Concentration Pathway” (RCP) 4.5 (one of the future 
scenarios made for the IPCC Fifth Assessment Report).  Computation by MIROC-ESM (green); the emission pathway in the RCP4.5 
standard data set (red); the range of ensemble results by JUMP-LCM (gray shades, with the probability of falling in the dark shade 
being 70% and the light shade 95%); and the average of ensemble results by JUMP-LCM (black).
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over the past 100 years, for example, the number of 
ensemble members (the number of model runs to be 
conducted under slightly different conditions) is at 
most about 10.  In view of this, from the perspective of 
uncertainty assessment, it can be said that there are 
major limitations in the GCM.

In order to compensate for the shortcomings of 
the GCM (and the integrated earth system models 
based on it), therefore, models called EMICs (Earth 
system Models of Intermediate Complexity) have been 
developed recently.  This is a group of models that 
enable long-term integration without the use of a large 
cutting-edge computer by considerably simplifying the 
equations of motions for the atmosphere and ocean 
and the treatment of radiation processes, while still 
reproducing overall geographical distribution of basic 
climate variables, such as temperature and deep layer 
circulation.  In  this program, JUMP-LCM is also being 
developed.  JUMP-LCM bears a similar reproducibility 
to MIROC-ESM in terms of the continental-scale 
distribution of basic variables, such as temperature 
in the present climate, and response to a gradual 
increase of CO2.  

Figure 4 shows an example of the use of JUMP-
LCM to assess the range of uncertainty.  The bold 
dashed line in the graph is the CO2 emission pathway 
to realize the RCP4.5 scenario computed by MIROC-
ESM in Figure 2.  For RCPs, corresponding to each 
concentration scenario, an emission scenario computed 
by a socio-economic model, including a simple carbon 
cycle component, is distributed as standard data, which 
is shown by the red line.  The gray shade shows the 
result of an experiment by JUMP-LCM coupled with a 
detailed carbon cycle process.  With JUMP-LCM, many 
experiments are conducted by changing parameters 
so that it shows a spread of results similar to the 
group of models that participated in an international 
model comparison project (CMIP).  From Figure 
4, considering the present variation in projection 
results, it can be seen that the difference between the 
emission scenario in the standard data of RCP4.5 (red 
line) and the emission pathway computed by MIROC-
ESM (green line) is largely within the error range.  
However, the difference between the red line and the 
green line in Figure 4 may be significant in terms of 
the economic cost of measures to curb global warming.  
It is important to examine the factors creating such 
uncertainty not only for understanding nature but also 

for discussing future socio-economic scenarios.
In this way, EMICs can play a major role in 

understanding the dynamics of the earth system.  
However, in EMICs, the degrees of abstraction of 
the treated processes become higher due to the 
simplification, and it is often not clear what process 
in nature each term of an equation corresponds to.  
Therefore, it is also difficult to properly estimate values 
of parameters.  For performing future projections 
and process studies of the Earth’s environment, it is 
desirable to use both EMICs and GCM-base integrated 
earth system models complementarily as far as 
computational resources allow.

Development of a Global Vegetation 
Model

While climate strongly regulates vegetation’s 
structure and functions, they also provide feedbacks 
to the climate through changes in solar energy 
balance, material cycle, water cycle, and so on.  In 
order to incorporate such processes in climate change 
projection, this program conducted development/
sophistication/verification of terrestrial ecosystem 
models to project short- and long-term changes in 
the terrestrial ecosystem’s structure and functions, 
particularly a dynamic global vegetation model 
(SEIB-DGVM) and a global carbon cycle model (Sim-
CYCLE/VISIT).  At the same time, this program has 
been carrying out studies on interactions between 
climate and terrestrial ecosystem and assessment of 
anthropogenic influences on the terrestrial ecosystem 
using these models.  In collaboration with the long-
term climate change projection team, we also coupled 
the terrestrial ecosystem models to the integrated 
earth system model and carried out global warming 
project ion experiments , to examine what the 
interactions between vegetation and climate will bring 
to the Earth’s environment in the future.

Figure 5 shows the shift of boreal forests, which 
was the most remarkable among changes in vegetation 
distribution in the projection experiment performed 
up to 2300 using MIROC-ESM (in which SEIB-DGVM 
is coupled) under the RCP4.5 scenario.  The northern 
evergreen forests are moving further northward and 
reach northern Siberia, which is currently covered 
with tundra.  Meanwhile, the northern deciduous 
forests have almost disappeared perhaps because 
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Figure 5.  Distributions of northern deciduous forests (left) and northern evergreen forests (right) at 2007 and 2300, simulated by MIROC-ESM under the 
RCP4.5 scenario.  The warmer colors show that the vegetation occupies a larger portion in a model grid.  

the survival strategy of deciduous forests does not 
function any more under a warmer climate.  If boreal 
evergreen forests expand their distribution in this 
way, it will exert a large impact on the heat and water 
budget in this area through changes in the reflectance 
of solar radiation and roughness of the ground surface.  
For example, in late autumn and early spring, when 
the ground surface is covered with snow and solar 
radiation is adequate, the ground surface will become 
more “blackish” and absorb more heat due to the 
expansion of northern evergreen forests.

Once again, however, it must be noted that 
the results shown here were obtained from a single 
model.  In particular, the vegetation shift takes place 
on a long time scale of c.a.  100 years, and examination 

of whether the process involved is correct or not is 
extremely difficult because of the long time scale of 
the targeted phenomena, for which all the observations 
to date have too short a period.  Nevertheless, at the 
very least it can be said that if warming continues 
with a present pace, the vegetation distribution on 
the Earth might change considerably over the coming 
few hundred years.  If our decisions in the present 
generation could be a critical factor for the ecosystem 
distribution on a global scale, even several centuries 
ahead in the distant future, then this aspect should 
be taken into account when discussing measures to 
mitigate global warming.
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Near-Term Climate Prediction Using 
a High-Resolution Coupled Ocean-Atmosphere 
General Circulation Model
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Research Objectives
As the accuracy of climate models improves, 

more quantitative prediction information not for 100 
years ahead but for the next several decades has 
become required.  Acting in concert with this also in 
the international community, in addition to responding 
to external factors such as an increase in greenhouse 
gases and emissions of anthropogenic aerosols, it has 
been decided to make international comparisons of new 
prediction calculations which initialize climate models by 
observational data in regard to how the current situation 
of natural climate variability will change over the next 
few decades and to deal with this also in the next 
IPCC report.  This project is intended to make such 
unprecedented attempt also called decadal-scale climate 
change prediction and to contribute to formulation of 
better adaptation measures.

In this project, it was sought to establish an 
initialization prediction method which was a new attempt 
through conducting an ex-post prediction experiment of 
the past 10 to 30 years, using a coupled atmosphere-ocean 
climate model, MIROC, which includes high-resolution 
versions, and upon verification of its accuracy, a prediction 
experiment of near-term climate change until about 2035 
was conducted.  The model with the highest resolution 
used had a resolution of about 60 km for the atmosphere 
and 20-30 km for the ocean which were unprecedentedly 
high resolutions for a coupled atmosphere-ocean model.  
As a result of the ex-post prediction experiment, it was 
found that effective prediction for about 5 years (or more 
depending on the place) is possible through initialization 
by observational data in regard to decadal-scale natural 
climate variability in the Atlantic and the Pacific.  After 
that, it was also confirmed that the response to external 

forcing has sufficient prediction accuracy in the tendency 
of the warming in recent years becoming evident.

Overview of Near-Term Prediction 
Experiment

The overview of the decadal-scale prediction 
experiment in the Coupled Model Intercomparison 
Project (CMIP5) for the IPCC Fifth Assessment Report 
is shown in Figure 1.  Initial values are prepared 
through assimilation of observational data, and the 
accuracy is verified by conducting the ex-post prediction 
experiment of 10 cases over the past several decades.  
Establishment of the near-term prediction system in 
this project was made through repeating the ex-post 
prediction experiment of past cases in accordance with 
the experimental procedure in Figure 1.

In decadal-scale prediction, it is important to 
provide signals of natural variability which exist in the 
marine surface layer to the model.  This time, it was 
decided to assimilate only the observational data of the 
water temperature and the salinity under the marine 
surface layer into the model.  Appropriate initial values 
are selected from the data assimilation experiment, and 
the prediction experiment is performed suspending the 
assimilation.  In each ex-post prediction, an ensemble 
method which integrates from multiple initial values is 
used in order to take into account the uncertainties of 
the initial values.

Although the accuracy has been improved, the 
climate model is still far from being perfect as the model 
goes off to the climatic values inherent in the model 
which are off the observation (climate drift) when data 
assimilation is stopped.  In order to avoid this, it was 
decided this time to adopt a method called anomaly 

Figure 1.  Overview of the near-term prediction experiment.  ◦ indicates the initial values and the solid lines extended from there 
indicate the prediction calculations.  The data assimilation experiment to make initial values and the external-forcing (20th century 
reproduction / future scenario) experiments to assess the impact of the initialization are shown at the bottom.
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assimilation which provides only information on differences 
from the observational climatic values to the model.

Prediction of Global Mean Surface Air 
Temperature

Figure 2 was prepared looking at the prediction 
results of the global mean surface air temperature for 
the 1st year prediction, the 2-4th year mean, and the 5-9th 

year mean.  It shows the experiments conducted by 3 

types of MIROC models, consisting of low resolution, 
medium resolution, and high resolution, all together.  
The left column shows the initialized predictions, and the 
right column shows the uninitialized predictions with a 
conventional method for comparison.  The observational 
data are indicated in red and the predictions in blue 
and green.  Looking at the 1st year prediction, although 
the observation has large fluctuations reflecting 
natural variability, the prediction ensemble succeeds in 
capturing the observation within the dispersion.  The 
correlation coefficient of the initialized prediction shows 
a high value of 0.96.  Even the uninitialized prediction 
captures well the tendency of the warming of recent 
years, and the correlation coefficient is 0.89.  For the 2-4th 

year and 5-9th year predictions as well, the correlation 
coefficient shows a value over 0.95 with or without 
initialization, and it indicates that even uninitialized 
predictions have sufficient accuracy as long as looking 
by the global mean temperature.

However, when the experiments with and without 
initialization are compared after 2000 in the 2-4th year 
and 5-9th year predictions, the ones with initialization 
seem to follow better the tendency of the stagnation of 
the warming only slightly.

Example of Prediction
The impact of the initialization appears better in 

the geographical distribution of the deviation.  As an 
example of the predicted spatial patterns, a prediction 
example from January 2006 which is the latest initial 
values of the CMIP5 experiment is given in Figure 
3.  In an attempt to make the spatial pattern more 
visible except for the global warming tendency, the 
deviation from the 2001-2005 mean of the global surface 
air temperature is shown.  The deviation patterns at a 
continental scale such as the positive deviation of the 
eastern part of the Eurasian continent including Japan 
and the North Atlantic Ocean and the negative deviation 
of the equatorial Pacific Ocean and the Southern Ocean 
are well predicted.

Figure 2.  Time series of the global mean surface air temperature.  Red is 
the observation.  The blue solid lines (left column) and the green solid 
lines (right column) indicate the 3-model ensemble mean predictions 
with and without initialization, respectively.  The symbols in light blue 
and yellow green are the predictions of individual ensemble members.  
From the upper row, the 1st year, 2-4th year, and 5-9th year predictions.  R 
at the upper left in each panel indicates the correlation coefficient of the 
observation and the ensemble prediction, and RMSE indicates the root 
mean square error of the prediction.

Figure 3.  The 2-4th year mean of the prediction with January 2006 as the initial values (right) and the corresponding observation (left).  Each of them is shown 
as the deviation from the 2001-2005 mean.
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Prediction Skill and Impact of 
Initialization

Figure 4 shows the prediction skill of the global 
surface air temperature of 10 cases of ex-post prediction 
experiments for 10 years.  The left column is viewed from 
a perspective of the anomaly correlation coefficient of each 
point and the right column of the root mean square error.  
Only the statistically significant parts are colored.  The 
hatch in the right column indicates the areas where the 
skill has improved by 10% or more compared with the 
conventional method without initialization.

The skill is good in the oceanic areas where the 
climate memory exists, especially at high latitudes in the 
Northern Hemisphere, the tropical western Pacific, the 
Indian Ocean, the Atlantic Ocean, and so on.  In addition, 
the impact of the initialization can be identified in a broad 
extent also in the 5-9th year prediction.  A higher skill can 
be achieved when viewed by the thermal capacity of the 
marine surface layer although it is not presented here.

Predictability of Decadal-Scale Natural 
Variability Mode

As decadal-scale natural climate variability, the 
Atlantic Multidecadal Oscillation (AMO) and the Pacific 
Decadal Oscillation (PDO) have been well known and 
researched as typical modes (Figure 5).  In this project, 
we were able to demonstrate 5-year initialization 
predictability of the PDO for the first time in the world 
by a preliminary experiment using a low-resolution 
model.  In the results of the CMIP5 experiment, 
the effectiveness of the initialization was able to be 
demonstrated in the AMO and PDO.  Figure 6 compares 
the time series of the AMO and PDO of the 2-4th and 
5-9th year prediction means with the observation.  As 
before, the multi-model ensemble of 3 types of MIROC 
models of low, medium, and high resolutions is shown.  
In the AMO, a correlation coefficient of about 0.8 can be 
achieved for the both periods.  In the PDO, on the other 
hand, prediction is difficult, and although the correlation 
coefficient for the 2-4th year prediction is 0.68 (or 0.15 for 
the prediction without initialization although it is not 
presented here), it results in almost zero for the 5-9th 

year.  When viewed by model, a poor performance of the 
high-resolution model with the number of initial-value 
ensembles as few as 3 seems to have a negative impact.  
It is extremely important to secure a sufficient number 
of ensembles in order to achieve significant results in 
near-term experiments although this will be mentioned 
later as well.  Figure 7 indicates the anomaly correlation 
coefficients of the 3-year mean predictions of the AMO 
and PDO as a function of the prediction time.  The 
initialized prediction has a better performance compared 
with the prediction by the conventional method without 
initialization and the persistence forecast, and it shows 
that effective prediction for 5 years or more in the AMO 

Figure 4.  Prediction skill of the global surface air temperature.  (Left) 
Anomaly correlation coefficient and (Right) RMSE (Unit: ℃).  Only the 
statistically significant areas are shown.  The hatch in the right column 
indicates the areas where the RMSE skill has improved by 10% or more 
compared with the prediction without initialization.  From the top, the 1st 
year, 2-4th year, and 5-9th year predictions.

Figure 5.  Deviation patterns of the sea surface temperature associated with 
the observed Atlantic Multidecadal Oscillation (AMO) and Pacific Decadal 
Oscillation (PDO) (top) and their time series (bottom).

Figure 6.  Time series of the AMO (left) and the PDO (right).  Red is the 
observation.  The blue solid lines indicate the 3-model ensemble mean 
predictions with initialization.  The light blue symbols are the predictions of 
individual ensemble members.  The upper row is the 2-4th year prediction 
and the lower row is the 5-9th year.  R at the upper left in each panel 
indicates the correlation coefficient of the observation and the ensemble 
prediction, and RMSE indicates the root mean square error of the prediction.

N
e

a
r-T

e
rm

 C
lim

a
te

 P
re

d
ic

tio
n



12

K A K U S H I N

and up to about 5 years in the PDO as well is possible.  
That the prediction skill without initialization excels in 
the latter half of the AMO prediction seems to be caused 
by sampling errors included as the number of prediction 
cases was as few as 10.  Increasing the number of cases is 
one of the major challenges in near-term predictions and is 
under verification through an additional experiment which 
obtained initial values each year.

In summary, in near-term predictions, it was found 
that the tendency of the warming of the temperature 
in recent years was able to be predicted with a good 
performance with or without initialization and that 
effective prediction of natural variability for about 5 years 
is possible.  The conventional method without initialization 
is effective after 10 years or more when the predictability 
of natural variability is gone.  It is not presented here, but 
the geographical pattern of precipitation has strong local 
characters and is difficult to predict even a few years 
away.  Devices such as examining through taking out 
patterns which work with existing variation modes in 
advance would be necessary.

In any case, as initialization of climate models has 
advantages but would not impair conventional methods, 
the near-term to decadal-scale prediction method is 
expected to prevail widely hereafter as a method which 
seamlessly connects seasonal forecasts and predictions of 
the warming.

Prediction of Typhoons
Although our high-resolution model has a horizontal 

resolution of 60 km, sufficient resolution of typhoons is still 
impossible and the number of ensembles is small.  The 
number of geneses of typhoons in the Northwest Pacific 
Ocean, the geographical distribution, and so on were 
analyzed here by a multi-model ensemble which includes 
low and medium resolution models as well.  The time series 
in the upper row of Figure 8 shows the deviations of the 
annual number of geneses of typhoons in the Northwest 
Pacific Ocean.  When the observed values and the 
assimilation experiment are compared, a good correlation of 
0.75 is indicated between 1979 and 2004.  Atmospheric data 

were not assimilated here, and this indicates that the trend 
of the annual number of typhoons is able to be predicted 
only with information on sea water temperature.  It is 
shown that prediction of the typhoon potential is possible 
even by the low-resolution model for 1 or a few years, and 
this is considered to be an interesting result scientifically 
and practically.  The right half of the time series indicates 
the near-term prediction from the latest 2006 initial values 
in the CMIP5.  As the impact of the initialization will 
be gone in a few years, a total of 36-member ensemble 
including the prediction results without initialization is 
shown until 2035.  A gradual decrease in the number of 
geneses of typhoons is shown, and this is consistent with 
existing researches in higher resolutions.  The IPCC Fourth 
Report suggests that the number of strong typhoons will 
increase associated with the warming.  Although changes 
in the typhoon intensity were examined, in regard to the 
high-resolution model, here as well, significant changes 
were not seen.  An examination is required to see if this is 
because signals did not appear yet for the near future or 
because the number of ensembles is small.

Figure 8.  Changes in typhoons in the Northwest Pacific Ocean.  (Upper 
Row) Time series of the annual number of geneses of typhoons.  The black 
solid line indicates the observation and the red solid line and the gray 
shading indicate the ensemble mean and the range of the errors of the 
assimilation experiment.  The blue solid line and the light blue shading 
are the ensemble mean and the errors of the future prediction.  The 
assimilation and the prediction are the results of the 3-model ensemble.  
(Middle Row) Geographical distribution of the genesis of typhoons 
(probability density).  The left is the present climate and the right is the 
changes in the future.  (Lower Row) Same as the middle row, but the 
probability density distribution of the occurrence of typhoons.

Figure 7.  Anomaly correlation coefficients of the 3-year mean predictions 
of the AMO (left) and the PDO (right).  The black, red, and broken 
lines represent the predictions with and without initialization and the 
persistence forecast, respectively.
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The middle and lower rows of Figure 8 show the 
probability density distributions of the frequencies of the 
genesis and occurrence of typhoons.  The left column 
indicates the present climate (1963-89 mean) and the right 
column indicates the difference between the future (2016-
35 mean) and the present.  The geographical distribution 
of the genesis shows, in addition to a tendency of an 
overall decrease, that the genesis locations will lean to the 
east associated with an El Nino-type rising temperature 
pattern of the sea water temperature of the Pacific 
Ocean.  In regard to the occurrence frequency (indication 
of the probability distribution of -- routes), it is suggested 
that high-frequency areas will lean to the north and east.  
Leaning to the east is consistent with the changes in the 
genesis distribution mentioned above and the results by 
the KAKUSHIN’s extreme event projection; however, 
leaning to the north has a large impact also on Japan and 
a careful examination through adding results of other 
models as well is required with respect to the reliability 
of the result.

Changes in Extreme Events
As a high-resolution model can reproduce 

meteorological disturbances with a high degree of 
accuracy, it predominates in impact assessments of 
extreme events such as a frequency distribution of 
strong precipitation.  The model developed this time 
corresponds well with the observational data with 
respect to the values under the present climate of 
extreme events of temperature and precipitation.  
Figure 9 shows the future changes in extreme events 
in the near term (the differences between the 2016-

2035 mean and the 1971-2000 mean) in the vicinity of 
Japan predicted by the high-resolution model.  Although 
the temperatures increase almost uniformly, a rise in 
temperature in the daytime is large on the Pacific side 
of northern Japan and a lessening of the cold at night in 
winter is remarkable in northern Japan and on the Sea 
of Japan side of northeastern Japan.  While the annual 
mean precipitation increases somewhat on the north 
side of the subtropical anticyclones, an increase in strong 
precipitation on the Pacific side of eastern Japan and in 
western Japan is more remarkable.

Changes in Marine Ecosystem
In this project, assessment research on climate 

change by a marine ecosystem model was also 
conducted, taking advantage of high-resolution 
oceans.  This is because the impacts of fine-scale ocean 
movements including mesoscale eddies on transportation 
such as of plankton related to the marine ecosystem 
are much greater than the physical variables such as of 
water temperature and salinity.  Although changes in the 
near future are still under analysis, interesting results in 
regard to changes in the future marine ecosystem have 
been obtained by a preliminary experiment.  Figure 10 
shows the result that the spring bloom will occur 10-20 
days earlier when carbon dioxide is doubled.  In addition, 
revisions of existing knowledge associated with the 
warming by an introduction of an iron-limitation process 
for photosynthesis and knowledge such as of dynamic 
responses of Sardinops melanostictus to the warming 
through using a fish migration model are being obtained.

Figure 9.  Future changes in extreme events (the temperature of the hottest daytime of a year, the temperature 
of the coldest night of a year, and the largest daily precipitation of a year) in the vicinity of Japan.
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Conclusion
Although this paper reported only on the subject of 

scientific results related to near-term predictions, these 
results have been obtained as a fruit of the success in the 
development of the new medium-resolution model which 
renewed the unprecedentedly high-resolution model and 
model components into the one by our hands and the 
success in the initialization of the coupled atmosphere-
ocean model by the observational data which was an 
unprecedented attempt.  While near-term prediction is 
a new field and expected to be developed explosively 
hereafter, it is considered to be vital to continue the 
system development which constitutes the basis of it.  
The success of the assimilation of the observational data 
into the climate model would open up the possibility 

of reanalysis and reforecast dating back 100 years or 
more to the past and enable assessment of the size 
of anthropogenic impacts on abnormal weather and 
extreme events.  Furthermore, by assimilating new 
satellite data into an integrated global environment model 
which includes carbon cycle and biochemical processes, 
the realization of a system which monitors and predicts 
in an integrated manner not only the atmosphere and 
oceans but also the global environment will also be 
no longer a dream.  On the other hand, in near-term 
predictions in which signals of the warming are small, an 
increase in the number of ensembles is essential and the 
realization of a full-scale risk assessment using a number 
of ensembles by a high-resolution model required from 
the impact assessment research must be sought.

Figure 10.  Horizontal distribution of the timing at which the Chl-a concentration peaks in the springtime (a) Satellite observation, (b) Standard experiment 
of the model.  (c) Changes, associated with the warming, in the timing at whichn the concentration peaks at the bloom time (the warming - standard 
experiment), (d) Areas where the impact of the warming is statistically significant on the natural variability of the timing when the concentration peaks.  
Significance levels of 95% and 99% by the t-test are shown.
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Research Objectives
Projections of extreme events were performed 

using atmospheric models with extremely fine horizontal 
resolution that had not been used before in global 
warming research, in order to estimate, with a high 
degree of accuracy and quantitatively, extreme events 
which are expected to increase due to global warming.   
Changes in the number of genesis and intensity of 
tropical cyclones such as typhoons and hurricanes, 
changes in the precipitation intensity such as during 
the rainy season (Baiu) and so on around the world 
were projected by an atmospheric model that covers 
the entire globe with 20-km grid spacing (mesh).  Heavy 
rains and so on in Japan were projected by 5-km, 2-km, 
and 1-km grid spacing regional models.  In addition, the 
uncertainty of the projections of typhoons and Baiu was 
estimated through conducting multiple experiments by a 
global atmospheric model with 60-km grid spacing.

Projection of Future Changes in Tropical 
Cyclone Activity Using Super-High-
Resolution Global Atmospheric Model

In order to examine the impacts of global warming 
on tropical cyclone activity, a model with a horizontally-
fine grid is necessary.  We have succeeded in developing 
and improving a 20-km-mesh super-high-resolution 
global atmospheric model.  The improved model enabled 
representation of global distribution of observed tropical 
cyclones and extremely strong tropical cyclones such as 
of Categories 4 and 5, which were impossible to simulate 
by conventional global climate models (Figure 1, Figure 2a 

and b).  With this, extremely strong tropical cyclones 
were reproduced for the first time in the world for 
research using a global climate model, and it can be said 
that future change projections with a high degree of 
accuracy have become possible.

As a result of the future warming projection 
experiment using the improved model, the projected 
number of genesis of tropical cyclones was found to 
be statistically significantly decreasing in the globe 
and both Southern and Northern Hemispheres.  When 
viewed by region, projected genesis frequency would 
statistically significantly and remarkably decrease in 
the Northwest Pacific and South Pacific and would 
increase in the tropical central Pacific.  On the other 
hand, the genesis frequency of intense tropical cyclones 
will increase.  Although these results are consistent with 
previsous studies, the increase in the genesis frequency 
in the improved model is limited to extremely strong  
tropical cyclones with the maximum wind speed of 70 ms-1 
or more called Category 5.  The projected future changes 
in the occurrence frequency distribution of tropical 
cyclones of Category 5 increase from Taiwan to the 
southern coasts of the Japanese Archipelago (Figure 2c).  
Although this suggests a possibility of an increase in the 
frequency that a tropical cyclone of extremely strong 
intensity approaches Japan in the future, it is possible 
that the frequency of extremely strong typhoons in the 
vicinity of Japan is overestimated due to a bias of that 
the occurrence frequency distribution of tropical cyclones 
in the present-day simulation show a northward shift 
relative to observations.

Figure 1.  Global distribution of tropical cyclones for (a) observations, (b) the present-day simulation using the old model, and (c) using the new model.  
Tropical cyclone tracks are colored according to their intensity.
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Evaluation of Uncertainty in Projection 
of Future Changes in Tropical Cyclone 
Activity

The uncertainty in results of future projections 
using a climate model is large.  That is because projection 
results can largely change if the parameter values 
of physical processes in the climate model and the 
projected future sea surface temperature patterns vary.  
It is important to extract robust future changes across 
different experimental setting varies.  It is also important 
to understand to which factors of the experimental 
settings the uncertainty of the future projection is 
attributable.  As a tropical cyclone is a convective system 
in which individual cumulus convection gather together, 
a factor of the uncertainty lies in the cumulus convection 
scheme among physical processes.  Also, as tropical 
cyclones appear over oceans with high sea surface 
temperatures, a difference in future changes in sea 
surface temperatures affects future changes in tropical 
cyclone activity.  In this research, therefore, 12 types 
of multi-physics and sea surface temperature ensemble 
experiments were conducted using 3 different cumulus 
convection schemes and 4 different future change patterns 
of sea surface temperatures with use of the 60-km 
global atmospheric model in order to evaluate the 
uncertainty of the future projections of tropical cyclones.

The mean of the 12-type ensemble future changes in 
the occurrence frequency of tropical cyclones are shown 
in Figure 3.  The cross marks in the figure indicate 
consistent future changes in which more than 10 types 
of the experiments have the same change sign.  The 
occurrence frequency of tropical cyclones was found to 
decrease in the West Pacific, South Pacific, and South 
Indian Ocean and increase in the Central Pacific around 
Hawaii, regardless of the experimental settings.  Similar 
future changes apply also to the genesis frequency of 
tropical cyclones, and the contrast of the regional future 
changes in tropical cyclone activity has become clear.  
Although the future changes in the genesis frequency 
of tropical cyclones are generally consistent among the 
experiments in terms of the sign, the degree of the future 
changes varies among the experiments.  An evaluation 
was performed by a two-way analysis of variance 
(ANOVA) to see if the differences among the experiments 
are due to the differences in the cumulus schemes or due 
to the differences by the sea surface temperatures.  As a 
result, it was found that the differences by the sea surface 
temperatures largely contributed to the differences 
among the experiments, expanding the range of the 
uncertainty, and it was suggested that a projection of sea 
surface temperatures with a high degree of accuracy is 
important to reduce the uncertainty.

Figure 2.  Tropical cyclone frequency of Category 5 storms for (a) observations (1979−2003), (b) present-day simulation by the new model (1979−2003), 
(c) future simulation, and (d) future changes.  Unit is number per 25 years.

Figure 3.  Ensemble mean future changes in tropical cyclone frequency.  Unit is number per 25 years.  Cross marks indicate that more than 10 experiments out 
of 12 experiments project the same sign.
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Future Changes in the Baiu Using 
Cloud-System Resolving Regional 
Climate Model

A cloud-system resolving regional climate model 
with a horizontal resolution of 5 km has dramatically 
high performance in reproducing extreme indices of 
precipitation, compared with the global atmospheric 
model, and enables discussion on more realistic 
precipitation extremes.  Changes in quality of 
precipitation phenomena in the vicinity of Japan were 
examined, focusing particularly on heavy rainfall and 
intense precipitation, through nesting the cloud-system 
resolving regional climate model into the results of the 
warming projection experiment with the super-high-
resolution global atmospheric model.

The seasonal variations of daily precipitation 
amounts averaged within the domain at 127°E–137°E 
and 30°N–35°N are shown in Figure 4b.  When the 
present-day climate (blue line) is compared with the 
analyzed precipitation (black line), it can be seen that 

the seasonal variations of precipitation in the domain, 
such as the peak during the Baiu period from mid-June 
to mid-July, the low rainfall in August, and the peak 
due to autumnal rain and typhoons from September to 
October, are well captured.  In the future climate (red 
line), on the other hand, a significant increasing tendency, 
compared with the present-day climate, is seen in early 
July and early August.  During these periods, not only 
that the precipitation increases quantitatively, but also 
that the percentage of the precipitation caused by heavy 
rainfall with daily precipitation above 100 mm to the total 
amount increases from around 10% to around 15% (Figure 
4c).  In other words, it suggests a possibility that while 
the precipitation caused in the above domain in the latter 
period of the Baiu increases, the frequency of intense 
precipitation increases.  In addition, the increasing 
tendency of the domain mean precipitation in early July 
in the future climate was confirmed to be significant 
also in the ensemble experiments by the 60-km global 
atmospheric model (Figure 5).

Figure 5.  Seasonal variations of 25-year mean domain-averaged daily precipitation (127°E–137°E, 30°N–35°N) by 4-member ensemble experiment using 
AGCM-60km to simulate the present-day (1979–2003, blue lines) and future (2075–2099, red lines) climates.  All data represent 5-day moving averages.  Blue 
and red circles indicate ensemble means for the present-day and future climate ensembles, respectively.

Figure 4.  (a) Horizontal distributions of mean precipitation (mm day–1) and sea level pressure (hPa) between 1–10 July in the present-day (1979–2003) and 
future climates (2075–2099) by NHM-5km.  (b) Seasonal variations of 25-year mean daily precipitation amounts (mm) averaged within the domain 127°E–137
°E and 30°N–35°N, as observed by Radar-Rain gauge analyzed precipitation (1996–2009, black line) and simulated for the present-day (1979–2003, blue line) 
and future (2075–2099, red line) climates by NHM-5km.  (c) Seasonal variations of the percentage of total precipitation that occurs in intense precipitation 
events (above 100 mm day–1), averaged within the same domain, as simulated for the present-day (1979–2003, green line) and future (2075–2099, orange 
line) climates by NHM-5km.  All data represent 5-day moving averages.
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Projection of Future Changes in 
Atmospheric Blocking and Cyclone 
Activity at Mid- and High Latitudes

The heat wave that hit from Eastern Europe to 
western Russia in the summer of 2010 was caused by 
atmospheric blocking (meandering of the westerlies).  
Also, one of the factors for the heavy rains that occurred 
frequently in the vicinity of Japan in the summer of 
2008 is that atmospheric blocking, which maintained for 
an extended period of time in the Far Eastern region, 
sent moist air into the vicinity of Japan.  As seen from 
the above, since atmospheric blocking is one of the 
important weather regimes in the weather and climate 
at mid- and high-latitudes and it causes extremely high 
and low temperatures as well as extreme precipitation 
to the surrounding areas once it occurs and maintains, it 
is extremely important to accurately reproduce with a 
numerical model.  Although numerical models have been 
known to underestimate the occurrence frequency of 
atmospheric blocking, a high-resolution global atmospheric 
general circulation model is able to reproduce the 
occurrence frequency of blocking very well (Figure 6).  In 
the end of the 21st century, a decrease in the occurrence 
frequency in the Atlantic to Europe region (30°W-50°E) 
and the same degree of the occurrence frequency as the 
present in the Pacific region (100°E-120°W) are projected.  
When a rise in temperature due to the warming and an 

increase in the water vapor content in the atmosphere 
are taken into account, there is a possibility that at least 
the same degree of heat waves and heavy rains as the 
present will occur.

In addition, from autumn to spring in the mid-
latitude region including Japan, disasters due to intense 
precipitation and strong winds are caused by extratropical 
cyclones, such as particularly strong cyclone activity and 
rapidly growing cyclones.  As a result of examining the 
distribution of future changes in the distribution of the 
occurrence frequency of strong cyclones in the Northern 
Hemisphere in wintertime with the high-resolution global 
atmospheric model that sufficiently reproduces blockings 
as described above as well, it can be seen that the 
frequency increases on the polar side and downstream 
side (northeast side) of the areas where the present-day 
frequency is most high and the frequency decreases on 
the equatorial side and upstream side (southwest side) 
(Figure 7a).  Also, when looking at the future changes in 
growth rate, which were calculated from the differences 
in atmospheric pressure around the cyclone tracks, 
averaged for each place (Figure 7b), the average growth 
rate is intensifying on its upstream side (west side).  This 
place corresponds to the place where mid-troposphere jet 
streams intensify, and it is projected that the jet streams, 
growth rate of cyclones, and the frequencies of strong 
cyclones  relate to each other and all will increase on the 
polar side more than the present day.

Figure 6.  Frequency of Northern Hemisphere summertime blocking as a function of longitude for MRI-AGCM3.2 with two resolutions: (a) TL319L64 (60-km) and 
(b) TL959L64 (20-km).  The black, blue, and red lines represent observation, present-day, and future climate runs, respectively.  The blue and red shaded areas 
represent the ±1 standard deviation of the blocking frequency measured from four initial-value ensemble members.  Orange bars indicate the longitudes for 
which the future change in the blocking frequency is significant at the 0.05 level of confidence.

Figure 7.  Future change in the Northern Hemisphere winter of the 60 km models (3-ensemble mean) in (a) frequency of strong extratropical cyclones (below 
980 hPa), and (b) mean growth rate of the cyclones.
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Map of Return Values of Future 
Precipitation in Japan

In f o rmat i on on ex t reme ly in tense da i l y 
precipitation which can happen once in 50 to 100 years 
is very important for development of urban planning 
and disaster prevention planning.  The KAKUSHIN 
program has worked on a risk assessment of heavy 
rainfall in Japan in the end of the 21st century, using 
the results of the projection of the warming by the 
high-resolution global atmospheric models.  We have 
developed a statistical method which reduces errors 
in estimating the probability of occurrence of heavy 
rainfall with extremely low frequency from the model 
data of a limited number of years.  Precipitation has a 
spatially fine distribution as it is strongly affected by 
the topography, and high spatial resolution data are 
necessary in order to prepare a map of return values 
of daily precipitation.  Therefore, first, a map of the 
100-year return values of precipitation in the present 
days (1980-2009) was prepared using 5-km resolution 
observational data (APHRO_JP) (Figure 8a).  Then, in 
order to estimate the return values of precipitation 
in the future, the ratio of the return values of 
precipitation in the future to the return values of 
the present days was calculated using the projection 
results of the high-resolution global atmospheric 
models (Figure 8b).  As the ratio of the return values 
of precipitation (warming signal) is considered to have 
a spatially smooth distribution compared with the 
return values of precipitation, it was analyzed through 
converting the model data into a resolution of 60 km 
to reduce the noise caused by sampling as much 
as possible.  Also, the second and third moments of 
L-moments used in the estimation of the return values 
of precipitation were spatially averaged in a domain 
with a radius of 600 km.  Furthermore, the ratios 
of  the return values obtained from the results of 5 
runs (experiments with two versions of 20-km model, 
and three members of the 20-21st century experiment 
with the 60-km model) were ensemble averaged.  The 
100-year return values of precipitation in the future 
(Figure 8c) were obtained by multiplying the return 
values of precipitation in the present days (Figure 
8a) by the ratios of the  return values (Figure 8b).
(experiments with two versions of 20-km model, and 
three members of the 20-21st century experiment with 
the 60-km model) were ensemble averaged.  The 100-
year return values of precipitation in the future (Figure 
8c) were obtained by multiplying the return values of 
precipitation in the present days (Figure 8a) by the 
ratios of the return values (Figure 8b).  The future 
return values of precipitation thus obtained has a fine 
structure reflecting the effect of topography.  It should 
be noted that the reliability of such a fine structure 
depends on the reliability of the present day return 
values and the ratio of return values. 

Figure 8.  (a) Map of 100-year return values of daily precipitation 
for the present days (1980-2003) estimated by observation 
data APHRO-JP.  (b) Ratio of the 100-year return values of daily 
precipitation in the future (2075-2099) to the present values 
(%).  (c) 100-year return values of daily precipitation in the future 
obtained by multiplying the ratio of the return values to the values 
of the present days.
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Research Objectives
As an assessment of climate change impacts 

on river management, projection results of global 
warming were analyzed to provide information on 
increase in disaster risks including the inundation risk, 
and on fundamental issues if possible adaptations were 
adopted, expecting the information supports decision 
making in practical management to cope with changes 
in extreme events.

Analysis of Change Ratio of Mean 
Annual Maximum Rainfall

Changes in rainfall were analyzed targeting 
torrential rains with a small occurrence probability 
to be used for an assessment of the impacts on river 
management.  As a result, while regional blocks in 
which the change ratios of the future and near future 
to the present day largely vary between each climate 
model, such as the Kanto block, were identified, there 
exist regional blocks in which the change ratios appear 
to be relatively constant or to decrease.  It was also 
found that different climate models showed reverse 
change tendencies in some regions.

Assessment of Impacts on River 
Management for Flood Control

A trial calculation was made to show how an 
increase in rainfall propagates through the process of 
the conversion to flood discharge, amount of residual 
river improvement works, and inundation risk, 
supposing that the the flood control goal set by the 
degree of safety remains unchanged under the changing 
climate.  The propagation of marginal uncertainty in 
rainfall increase was also analyzed.

Figure 10 shows that about 10% increase in rainfall 
expands to about 80% increase in the amount of residual 
river improvement works.  This property suggests 
that, for adaptation planning, reduction in uncertainty 
in rainfall change projection is required as much as 
possible and that planners always should be alerted this 
degree of uncertainty in planning for future climate.

Assessment of Impacts on Storm Surge 
Barriers

The storm surge heights of three major bays (Tokyo, 
Ise, and Osaka) were estimated using the projection 
of the high-resolution global atmospheric model.  As a 
result, it was indicated that there is a possibility that the 
occurrence of medium class or higher class storm surge 
heights increases in the future climate.

On the other hand, a general tendency that the 
occurrence of small to medium class storm surges 
decrease was confirmed.

Analytical focus on extreme events may put aside 
people’s attention to occurrence of small scale events; 
however, smaller scale is important part of the whole 
picture of adaptation for climate change impacts, because 
the shift to lesser occurrence of small class storm surges 
causes lesser opportunity for communities to experience 
surges that tends to decrease people’s awareness.

Figure 9.  Change ratio of the mean annual maximum rainfall of each 
climate model

Figure 10.  Characteristics of the impacts of climate change related to 
flood control measures.

Figure 11.  Changes in the frequency by classification of the storm 
surge height amount (Tokyo Bay).

Assessment of Impacts on River Management due to 
Climate Change
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Evaluation of How Natural Disasters Associated 
with Climate Change will Affect the Stability of 
Major Cereal Crop Production

Research Objectives
This research is aimed to evaluate how the 

occurrence of weather disasters associated with future 
climate change will affect the stability of cereal crop 
production in the world, covering important cereal 
crops (maize and soybeans), through developing a 
model of response of productivity to environmental 
variation which describes the relationship between 
the weather changes and the productivity (yield) 
changes of the past.  The demand for maize and 
soybeans is expected to increase rapidly in the future 
related such as to changes in food preferences in 
emerging countries and biomass energy.  Also, the 
producing regions are localized, as 3 countries, the 
United States, China, and Brazil, account for about 
80 percent of the production volume in the world.  In 
this research, first, data and materials such as on the 
production situations and the cultivation-management 
situations in the past were collected, and, based on 
them, a model of response of crop productivity to 
weather-environmental variation at a broad scale was 
developed, covering these 3 countries.  Then, future 
estimation of changes in productivity by region and 
by crop was made by inputting existing data on 
projections of climate change and the latest data of 
this research project into the model.  Furthermore, 
the stability of the supply of the subject cereal crops 
was evaluated by analyzing also the possibility of lean 
yield at the same time in the 3 countries caused in 
association with climate change.

Creation of Productivity Database 
of Past and Model of Response to 
Environmental Variation

In order to develop a model of response of 
productivity to environmental variation, data on 
agricultural statistics at space and time scales as 
detailed as possible were collected for the 3 target 
countries.  A productivity database was created (Figure 
1) by allocating the above data on the grid of objective 
analysis data (Meteorological Agency JRA25) which 
show the weather environment of the past.  Almost all 
parts of the country were able to be covered for the 
United States and Brazil as their statistical information 
is in place but statistical materials for China were 
collected targeting at provinces where the production 
volume is high as its statistical data are scattered.  

The model of response of crop productivity to 
weather-environmental variation is a process-based 
model which takes in the phenology process, the 
photosynthetic process, and effects of temperature 
and water stress.  It is based on a general crop 
model, SWAT (Neitsch et al., 2005), improving on the 
processes for droughts and fertilization and taking in 
the yield reduction caused by high-temperature and 
drying effects.  The parameters included in the model 
were determined by the Bayes’ estimation based on 
time-series data of the weather environment and the 
yield in the past for each grid using the productivity 
grid data mentioned above.  The parameter estimation 
was made for each grid in order to reflect the 

Figure 1.  Example of Productivity Database
It shows the distribution of crop yields of 2009 per unit area (The more red the grid, the higher the productivity).

Application of Regional Projections to Natural Disasters
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regional non-uniformity of agricultural production, 
and the parameter value was given as a probability 
distribution, reflecting uncertainties such as of data.  

Furthermore, in order to incorporate the response 
to an increase in atmospheric concentration of CO2 
(abbreviated as [CO2]) of the future into the model 
with high accuracy, experimental data of FACE (Free 
Air [CO2] Enrichment) were used in this research.  
Although an increase in [CO2] generally causes an 
acceleration of photosynthetic rate (fertilization effect), 
it is known that the fertilization effect steps down 
(down regulation effect) when [CO2] increases to some 
extent.  By incorporating this effect into the model, the 
response to [CO2] was sophisticated.

Impacts of Future Climate Change on 
Stability of Production

The results of estimation of changes in the 
productivity due to climate change, obtained by 
inputting climate change scenario data (the results 
which were output by MIROC-ESM of this project) 
into the model of response of crop productivity to 
environmental variation, are indicated in Figure 2 (A).  
In regard to the level of the impact on the productivity 
of each RCP, RCP8.5 is the largest, followed by RCP2.6, 
RCP4.5, and RCP6.0.  The latter two were estimated 
to be almost the same level of impact.  This is mainly 
caused by a trade-off between the growth stress due 
to a temperature rise and the fertilization effect due to 
a atmospheric concentration of CO2.  In other words, 

globally speaking, a decline in the productivity due 
to a temperature rise and an improvement in the 
productivity due to an increase in [CO2] antagonize 
at around RCP4.5-6.0.  When viewed locally, changes 
in precipitation and so on are superimposed on this.  
However, it should be noted that these results were 
obtained when assuming cultivation management, 
breeds, and so on of the present state and the 
estimation results would vary depending on the 
adaptation measure such as moving the planting date.

Then, in order to evaluate the stabil ity of 
production, changes in yearly variation of the 
productivity which are largely affected by weather 
changes were mainly examined.  A copula, which is 
widely used such as in the field of economics, was 
used here as an index to quantitatively evaluate the 
simultaneity of changes in the productivity of the 3 
target countries.  A copula is a function which indicates 
the relationship between a multivariate distribution 
function and its marginal distribution function, and 
it can show more varieties of dependencies than a 
correlation coefficient between independent variables.  
Figure 2 (B) is the results of estimating the probability 
of occurrence responding to the yield reduction rate, 
relative to the changes in the productivity over the 
years shown in Figure 2 (A).  For example, in RCP8.5, 
the probability for the maize yield of the 3 countries to 
be reduced simultaneously by 4% or more against the 
average yield of the most recent 3 years was about 7% 
in 1981-2010, but this value was estimated to increase 
to 15% in 2040-2070 due to climate change.

Figure 2.  (A) Changes in the soybean yield of the 3 countries over the years (B) Probability of reducing the yield simultaneously in the 3 countries in 2040-
2070, the United States, Brazil, and China (The black solid line shows the probability in 1981-2010 and the shading shows the distribution of estimated values 
due to uncertainties of the model).
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Long-Term Global Assessment of 
Coastal Hazard Risks in Relation to 
Sea-Level Rise and Global Warming

Research Objectives
This project was aimed to estimate potential 

submergence areas caused by sea-level rise on the 
globe and to assess the risk of storm surge inundation 
due to future tropical cyclones and the multiple impacts 
associated with climate change especially in the mega-
deltas in Asia, based on the latest climate scenario data.

Risk of Submergence of the World
In order to prepare global elevation data to 

estimate global submergence areas accompanied by 
sea-level rise, elevation correction values for each 
cover item were proposed and lowering the resolution 
while being sufficient for searching submergence 
areas was considered, intended for a Digital Surface 
Model (DSM).  The resolution of the elevation data 
was examined, comparing the roughness contained in 
the Digital Surface Model and the assumed amount 
of sea-level rise, and decided to be 240 m mesh when 
using GDEM (30 m) prepared by EOS-Terra/ASTER 
and 270 m mesh for SRTM (90 m).  The results of the 
estimation of submergence areas using these elevation 
data are shown in Figure 1.  In calculation of the risk 
caused by sea-level rise, although the amount of sea-
level rise can be considered first, factors such as a 
comparison between the seasonal deviation of the 
current tide level and the amount of future sea-level 
rise were also considered other than that.  (Persons 
in charge of the research: Yuji Kuwahara, Hiromune 
Yokoki)

Global Assessment of Risk of Storm 
Surge Inundation

Although the population of coastal areas is 
increasing as the socioeconomic activities become 
active, it is concerned that these coastal areas will face 
a further growing threat of storm surge inundation 
caused by sea-level rise due to the progress of global 
warming and by the weather changes such as tropical 
cyclones.  Therefore, the transition of the risk of storm 
surge inundation for a long term until 2300 covering the 
globe was estimated, using these changes among the 
results of climate model outputs as external forces.

The altitude and water depth were obtained by 
a combination of GTOPO30 (USGS) and SRTM30-V2.1 
(NASA) as well as GEBCO_08 grid, and the high water 
level of all coast lines was obtained by NAOTIDE.  A 
CIESIN’s database was used for the current population 
distribution as well as the future population growth 
and GDP of each country.  The estimation target was 
set respectively with the SRES scenarios which had 
social scenarios and the RCPs scenarios which had 
not completed a social scenario.  Intensification of 
tropical cyclones (Meteorological Research Institute) 
was incorporated in the SRES scenarios for the 21st 

century, and effects of adaptation measures were also 
incorporated in a vulnerability assessment by reference 
to the Nichols method.  Using the best track data 
from 1951 to 2007 of RSCM-TOKYO and IBTrACS 
for tropical cyclones of the current climate, the storm 
surges were estimated by a physical process model by 
the Myers formula and the shallow-water wave equation.  
For the future climate, estimation was made using 
the best track data which incorporated the average 

Figure 1.  An example of the results of the estimate calculation of submergence areas.

Application of Regional Projections to Natural Disasters
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change in the central pressure.  The area of storm surge 
inundation areas and the population of the inundation 
areas were calculated by a level filling method based 
on the height which was obtained by adding the global 
average of the total amount of sea-level rise converted 
from the high water level and the amount of rise due to 
thermal expansion to the calculated storm surges.  In 
the RCPs scenarios, on the basis of an expansion of the 
inundation areas, an expansion due to sea-level rise and 
an expansion of the flooded areas having, as an external 
force, storm surges by a simple expression assuming 
uniform wind and sea-bottom slopes from the global sea 
wind in the RCP4.5 emission scenario among the output 
results of MIROC-ESM were assessed.

A contribution made by the intensification of 
tropical cyclones calculated from the climate model 
outputs to the potential inundation areas and affected 
population in the end of the 21st century is an important 
factor which cannot be ignored as it is as large as a 
contribution made by sea-level rise and the increase 
in the potentially affected population will be as many 
as over 25 million people.  These inundation areas and 
affected population were also as same as when the 
intensity of tropical cyclones was increased simply by 10 
percent.  However, a contribution of a negative population 
growth expected in Asia will increase further in the A1B 
scenario.  The assessment results with introduction of 
adaptation measures for each country based on the GDP 
and population suggest that the effect of lowering the 
vulnerability is large even in a developing country if the 
introduction can be made at an early stage and support 
from international organizations and developed countries 
will become important.

Figure 2 indicates the expansion of the potential 
storm surge inundation areas and the rate of the 
affected population of the entire population based on 
2005.  A difference in the impacts by greenhouse gas 
emissions scenarios starts to appear from around 2050.  
It shows that the increase in the inundation areas and 
the population will continue at the same speed also 
after 2100 until 2300.  An analysis by region showed 
a marked expansion of inundation areas especially in 
North America and Asia.  In addition, a particularly 
remarkable rise in the rate of affected population was 

seen in Oceania.  As these results are considered to 
contain a number of factors with great uncertainties 
such as changes in tropical cyclones, it is necessary 
to continue to examine with increased cases in the 
future too.  (Person in charge of the research: Hisamichi 
Nobuoka)

Impacts on Mega-Deltas in Asia
Aiming at the Chao Phraya Delta, which is one 

of the central-city areas of Southeast Asia, the current 
situation of land subsidence caused by groundwater 
exploitation was grasped and its future was projected; 
flooded areas caused by multiple factors arising from sea-
level rise were recognized using their results.  In addition, 
with respect to the problem of groundwater salinization 
in coastal areas, impacts of sea-level rise were assessed.

Projection maps of future land subsidence were 
prepared, applying an observational land subsidence 
projection method to the observed values of the 
amount of changes in the ground surface of the past.  
Then, flooded areas were extracted using the level 
filling method from the relative relationship between 
the amount of sea-level rise and the ground height.  
According to the assessment results of flooded areas 
obtained by adding a sea-level rise of 59 cm and the 
projected expectation value and the standard deviation 
of the amount of land subsidence, 70 percent or more of 
Samut Sakhon, coastal areas of Bangkok, the midland of 
Bangkok, and Samut Prakarn will be submerged by 2100.

A method which determines from the soil name 
the ground physical property necessary for an analysis 
of groundwater infiltration to estimate water salinization 
was proposed, and a ground model was prepared.  
Furthermore, a new simplified method for water 
salinization assessment focusing on the head distribution 
of aquifers was proposed, and the effectiveness of the 
method was shown through a comparison between the 
water salinization areas assessed from the observed head 
distribution and the observational results of the salinity 
concentration, enabling assessment of water salinization 
areas of the future.  (Person in charge of the research: 
Satoshi Murakami)

Figure 2.  Transition of the area of potential inundation due to storm surges (left) and the rate of affected population (right) on the globe.
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Estimation of Changes in the Risk of Water-
Related Disasters Based on Near-Term Climate 
Prediction with Uncertainty Considerations

Research Objectives
Changes in the risk of water-related disasters 

were shown on a global and continental scale , 
through extracting extreme events related to the 
hydrological cycle from the experimental results of 
near-term climate change prediction with temporally 
and spatially high resolution and calculating changes 
in their occurrence probabil it ies .  In doing so, 
uncertainties were also shown quantitatively using the 
ensemble prediction results.  In addition, a hydrological 
cycle model was refined, focusing on an improvement 
in the degree of reproducibility of extreme event 
simulations, and the impacts of human activities 
on the changes in the sea level over the past were 
quantitatively calculated including uncertainties as 
well.  Furthermore, through preparing a database on 
water-related disasters of the past and relating it to 
a long-term hydrological cycle simulation, a function 
of the amount of damage caused by water-related 
disasters due to extreme events in the area of Japan 
was obtained.  Based on the above, it is possible to 
estimate the extent of damages caused by water-
related disasters in Japan due to climate change.

Estimation Based on the Probability 
Flow Index of Changes in Flood Risk at 
the Time of Warming by MIROC5

An assessment was conducted to examine how 
the future flood risk may change associated with 
the warming, using calculated values by the latest 
climate model (MIROC5).  The changes of frequency 
of floods of once in 20 years and once in 100 years 
were evaluated by continents, and the obtained results 
indicated that while extensive floods statistically 
significantly increase in Asia, Africa, Oceania, and 
South America, they increase only slightly in North 
America and remain almost unchanged in Europe, as 
shown in Figure 1 (from left within each graph, the 
20th century, the middle of the 21st century and the 
end of the 21st century with RCP4.5, and the middle of 
the 21st century and the end of the 21st century with 
RCP8.5).  Especially in the RCP8.5 scenario, it was 
calculated that the frequency of extensive floods will 
increase, compared with the 20th century, 10 times in 
Africa, 7 times in Asia, and 5 times in South America, 
respectively, by the end of the 21st century.

Figure 1.  Flood frequency by continents (i.e., the number of occurrence times).  From the left, floods with the frequency of more than once in 20 years, once 
in 20-100 years, and less than once in 100 years are shown, and * denotes the statistically-significant difference compared with the 20th century.

Application of Regional Projections to Natural Disasters
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Contribution of Changes in Terrestrial 
Water Storages Associated with 
Human Activities to Sea-Level Rise 
from the Latter Half of 20th Century

Sea-level rise (SLR) over the past half century 
has been confirmed extensively by observations.  It 
has been recognized that the thermal expansion 
of the upper ocean layers, melting of glaciers, and 
disappearance of ice sheets in Greenland and the 
Antarctic partially contribute to SLR.  According to 
the IPCC 4th Report (2007), however, even by adding 
the contributions from all of these factors it does not 
account for the observed amount of SLR, and it is 
speculated due to the unknown changes in terrestrial 
water storage capacity by human activities.  In this 
research, the contribution of the changes in terrestrial 
water storages due to human activities to the SLR 
was newly evaluated using a global hydrologic 
model.  The model comprehensively simulates the 
dynamics of water storages and flows and takes 
into account the human activities such as reservoir 
operation and irrigation for the global terrestrial areas 
(except for Greenland and the Antarctic).  The result 
is shown in Figure 2.  The contribution to SLR by 
construction of artificial reservoirs was -0.40mm/yr, 
while the contributions by groundwater exploitation 
(groundwater mining), by changes in terrestrial water 
storages due to climate change, and by disappearance 
of endorheic basins, were +0.98, -0.10, and +0.03mm/
yr, respectively.  Therefore, the amount of SLR due 

to the net changes in terrestrial water storages from 
1951 to 2007 was +0.51mm/yr, and this new estimate 
shows the possibility to fill the gap in the SLR budget 
as indicated in the IPCC 4th Assessment Report.

Estimation of the Risk of Inland Water 
Damage for the Entire Japan Based on 
Daily Precipitation

Although the flood risk is often calculated by 
using only the information of heavy rains which rarely 
occur (for example once in 100 years), flood damages 
can also be caused by any rain events that occurred 
frequently.  In this research, the flood risk caused 
by frequently occurred rain and rarely occurred 
heavy rain was estimated on the basis of the degree 
of damages, from the data of daily precipitation and 
inland water damage for the entire Japan.  The results 
indicated that 78% of the total flood risk (amount of 
damage) was caused by heavy rains occurred less than 
once in 30 years.  Also, the future flood risk for the 
entire Japan was estimated using the information of 
precipitation in the end of the 21st century calculated 
by a warming experiment (SRES A2 scenario) of a 
climate model.  The results showed that the average 
annual amount of damage will increase from the 
current 120 billion yen to about 300 billion yen.  This 
large difference in the amount of damages results 
mainly from the rise in the frequency of extremely 
rare heavy rains such as those once in 100 years.

Figure 3.  The flood risk (amount of damage) per day of a grid of 0.1 degrees in latitude and longitude was plotted, corresponding to the frequency of daily 
precipitation, for the present (1979-1998) and the future (2080-2099).  Concerning the future, the risk of water damages caused by extremely rare precipitation 
(annual exceedance probability of 1% or less) accounts for a very large proportion.

Figure 2.  Contributions to the sea-level rise (black line) by water storage in artificial reservoirs (red line), groundwater exploitation (green line), and naturally-
induced changes in the terrestrial water storage capacity (light-blue line).  The blue line indicates the maximum possible contribution of artificial reservoirs.  
The inset figure shows the range of the uncertainties in the estimation results, attributable to the uncertainties in the precipitation, after 1981.
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Integrated Assessment of Climate Change Impacts 
on Watersheds in a Disaster Environment

Research Objectives
This research has aimed to predict and estimate 

changes in the disaster environment in watersheds, i.e.  
from mountain slopes to coastal zones, in our country 
along with their uncertainties, through developing 
and coordinating with a group of disaster assessment 
methods which has been researched and developed 
by the Disaster Prevention Research Institute, Kyoto 
University, and to present a basic point of view towards 
formulation of adaptation measures based on them.

For an assessment of impacts on the disaster 
environment, an assessment of impacts on extreme 
hazards which cause landslide disasters, flood and 
inundation disasters, droughts, storm-surge and 
tidal-wave disasters, and strong-wind disasters was 
conducted.  The results of the future changes in the 
risk of river floods, the future changes in the risk of 
landslides of a deep-seated landslide type, and the 
future changes in storm surges are indicated below as 
representative outcomes of the above.  These results 
show that the risks will generally increase although 
they are regionally dependent.  The outcomes of these 
future estimations have been used also in researches 
which assess whether the existing flood-control and 
water-utilization facilities such as dams, seawalls, 
and so on are effective even in the future disaster 
environment.  However, uncertainties naturally exist 
in the estimated values of these future changes.  
Therefore, the importance of adaptation measures 
assuming even the worst-case scenario has been 
recognized through conducting also an estimation-
accuracy assessment and an assessment of the impacts 
assuming the worst typhoon course.

Possibility of Changes in Flood Risk in 
Japan

River discharges in the Japanese archipelago of a 
total of 75 years of the present day climate experiment, 
the near future climate experiment, and the end of the 
21st century climate experiment were calculated with a 
1-km spatial resolution, using information on future climate 
estimations by a 20-km-mesh global atmospheric model 
(MRI-GCM3.1S).  Then, the annual maximum discharge 
with a return period of 100 years was calculated based on 
the river discharge data of each experiment period.  The 
figure spatially indicates the change ratio of the 100-year 
annual maximum discharge of the end of the 21st century 
climate experiment to the present day climate experiment.  
The results of an analysis show an increasing tendency 
in the 100-year annual maximum discharge in Hokkaido, 
the northern part of the Tohoku area, the Chugoku and 
Shikoku areas, and the northern part of the Kyushu area in 
the end of the 21st century climate experiment.  However, 
the annual maximum discharge tends to decrease in 
areas where freshets are caused by accumulated snow or 
melting of snow such as the southern part of the Tohoku 
area and the Hokushinetsu area, due to a decrease in the 
snow accumulation or snowmelt.  This tendency appears 
in the near future climate experiment and becomes more 
evident in the end of the 21st century climate experiment.

Figure 1.  Change ratio of the 100-year annual maximum discharge 
from the present day climate to the end of the century.

Application of Regional Projections to Natural Disasters



28

K A K U S H I N

Future Changes in Risk of Deep-Seated 
Landslides

In recent years, the occurrence of large-scale 
landslide disasters called “deep-seated landslide” has 
become prominent at home and overseas.  What will 
happen to the future risk of deep-seated landslides 
while extreme rainfall is in an increasing tendency 
due to climate change? The occurrence of deep-seated 
landslides is influenced not only by the current rainfall 
but also by the previous rainfall.  

As an index which reflects this characteristic, 
there is an accumulated rainfall, i.e.  effective rainfall, 
which is weighted determining the half-life.  According 
to preceding research, the changes in the effective 
rainfall with a 72-hour half-life, R72, correspond well 
with the changes in underground water, and it can be 
considered that the bigger the R72, the higher the risk 
of deep-seated landslides.  The rainfall data predicted 
by a global model was analyzed, taking the 99.5 
percentile value of R72 as the size of the risk of deep-
seated landslides.  As a result, it was found that the 
risk of deep-seated landslides would increase by 10-30% 
nationwide in the future, but the results of ensemble 
calculations showed that the areas where such 
changes are significant are a part of the Tohoku area 
and western Japan.  Whether a deep-seated landslide 
actually occurs or not depends not only on the rainfall 
but also on the characteristics of the ground and soil of 
the site.  By comparing these results with the hazard 
map of landslide disasters, more accurate discussions 
on the measures for the future risk of deep-seated 
landslides are expected to become possible.

Direct Prediction of Future Changes in 
Storm Surges

Simulations of storm surges at the coasts of 
Japan were performed through directly using in 
meteorological fields (sea-level pressure and sea-surface 
wind) of the GCM data and giving them as a driving 
force.  The typhoons used in the calculation of storm 
surges were the ones which had passed 25°-43°N; 127°
-147°E, and their numbers were 190 in the present day 
climate and 127 in the future climate.  An analysis of 
extreme value statistics using the Gumbel distribution 
was performed taking the calculation result of the 
maximum storm surge of each typhoon as maximum 
value data.  Figure 3 indicates the probability values 
of future storm surges of when the return period is 
set to 100 years for the Seto Inland Sea area and the 
Kanto and Tokai areas.  The return value at Suonada 
in the future climate increases largely, compared with 
the present day climate, increasing by 0.6-1.0 m at the 
western coast.  Although it becomes smaller than the 
present day climate at Hiuchinada and Harimanada, 
it, by contraries, becomes bigger at Akinada and 
Itsukinada.  On the other hand, an increasing tendency 
is more remarkable at Ise Bay and Mikawa Bay than 
the future changes at Tokyo Bay, as it strikingly 
increases by 0.4-0.5 m at Ise Bay and 1.0-1.1 m at 
Mikawa Bay while it increases by 0.1-0.4 m at Tokyo 
Bay.  The storm surges in the future climate are 
revealed not to uniformly increase depending on 
the changes in the typhoon intensity but to be area 
dependent.

Figure 2.  Rate of increase (%) of the risk of deep-seated landslides.  Large symbols indicate statistically  significant changes at the 95% 
confidence level.

Figure 3.  Return values of storm surges by the future climate experiment (Return period: 100 years) (unit: m).

(a) Seto Inland Sea (b) Tokyo Bay – Ise Bay
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Innovative Program of Climate Change Projection for the 21st Century

Assessment of the Impact of Climate Change on 
Flood Disaster Risk and Its Reduction Measures 
over the Globe and Specific Vulnerable Areas

Research Objectives
Among the impacts of climate change, this research 

focuses on the impact on the flood risk and examines 
changes in the risk in the globe and specific vulnerable 
areas.  The aim of this research is to develop a system 
which is capable of assessing changes in the flood 
discharge at a global scale as an aggregation of basin 
scale estimates, making use of the 20-km mesh super-
high-resolution climate projection of the Meteorological 
Research Institute, and to assess changes in the flood 
risk at a global scale as well as a detailed local scale 
which will be useful for considering adaptation measures 
in specific areas which have been experiencing flood 
disasters one after another.  In order to realize this, the 
research was conducted in the following three steps.  In 
the first step, a bias correction method was developed to 
adjust projected precipitations so as to make local flood 
assessments meaningful.  In the second step, precipitation 
information was converted into discharge information, 
and changes in the flood discharge and flood inundation 
areas were investigated.  In the third step, some example 
cases of risk changes in the globe and specific vulnerable 
areas were investigated, and information useful for 
considering disaster-reduction scenarios was analyzed.

Effects of Bias Corrections
Biases are included in precipitation projections 

if compared with observations.  In order to correct 
biases of both seasonal patterns and extreme values, 
a Hybrid-Quantile Method was developed which 
multiplies each order statistic by a coefficient so as to 
match the distribution of simulated precipitation with 
a distribution of observed precipitations.  Extreme 
values were assessed in a whole year basis and 
others assessed in monthly basis.  The coefficient 
was assumed not to have any change in the future.  
Through these bias corrections, a particularly great 
improvement was seen in the annual maximum 
daily precipitation as compared with annual mean 
precipitation.  In the variation projection taking 
account of the bias corrections on the annual maximum 
daily precipitation at the end of the 21st century (Figure 
1), a general increasing tendency as well as areas with 
a particularly large increment such as the region of 
Southern China and Southeast and South Asia and 
Central Africa were identified.

Figure 1.  Difference between the future-climate and present-day-climate 
experiments in MRI-AGCM3.1S (top) and 3.2S (bottom) of the top 0.5% daily 
precipitation average after bias corrections (mm/day).

Figure 2.  Change rate (%) of the extreme flood discharge (1/50 probability 
annual maximum daily discharge) from the present-day climate to the 
end-of-the-21st century climate.

Application of Regional Projections to Natural Disasters
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Changes in Flood Discharge and Flood 
Inundation Areas

An analysis of daily discharge was performed 
globally through operating a distributed hydrologic 
model, BTOP, on a global river channel network in a 
20-km mesh using the bias-corrected (indicated by BC) 
precipitation of MRI-AGCM3.2S.  As a result, extreme 
flood discharge of the future (1/50 probability annual 
maximum daily discharge) through analyzing the 
results of the above (trial calculation), an increasing 
tendency was seen all over the world except for some 
areas.  Although the rate of increase is large in arid 
zones, areas with a large rate are also found in East 
Asia, South Asia, and North America.  On the other 
hand, although areas where extreme flood discharge 
decreases are found around mid-latitude semiarid 
areas in the near future, the decreasing areas turn out 
to be reduced at the end of the century except around 
the Mediterranean Sea (Figure 2, Table 1).

Changes in Flood Risk and Scenarios 
for Measures
In the Globe: Changes in the flood inundation area 
(potential inundation area) and the inundation depth, 
corresponding to the 1/50 probability flood discharge, 

were assessed by combining a flood inundation depth 
model based on relative elevation map with the 
flood runoff analysis model at the global scale.  The 
results of the assessment of changes in the potential 
inundation area and the affected population in the 
Asian region are shown in Table 2.

In specific Vulnerable Areas (The Lower Mekong 
Basin, Nepal, and Thailand): The amount of flood 
damage to rice cultivation in Kampong Cham Province, 
in the Mekong Basin, Cambodia, was assessed for 
rain-fed paddy fields on the basis of the changes in 
the cumulative precipitation before planting and the 
seasonal flood discharge before harvesting  (Figure 
3).  In order to reduce the losses, measures such as 
introducing multiple cropping in the dry season by 
introducing irrigation may necessarily be considered.  
For the West Rapti River in Nepal, changes in the 
flood risk area and the associated damage were assessed 
on the basis of the changes in the 1/50 probability 
flood discharge.  For the Menam Chao Phraya in 
Thailand, an increase in the seasonal flood discharge 
in the second half of the rainy season was predicted to 
eventually result in shortage of flood control space in 
the existing reservoir storages in the basin.

Table 2.  Changes in the area of the potential inundation area and the number of affected people by the projected precipitation after bias corrections of the present-
day, near-future, and end-of-the-21st century climate experiments and the BTOP model as well as the flood inundation depth model based on relative elevation map.

Table 1.  Rate of increase and standard deviation of the 1/50 probability annual maximum daily discharge from the present-day climate to the near future and 
the end of the 21st century based on MRI-AGCM 3.1S and 3.2S.

Figure 3.  Changes in the average of assumed amount of annual damage to rice cultivation caused by seasonal floods of the Mekong River in Kampong Cham 
Province, Cambodia (Present Day, Near Future, End of 21st Century) , based on MRI-AGCM3.1S BC and 3.2S BC.
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Innovative Program of Climate Change Projection for the 21st Century

Improvement of the Cloud - Resolving Model and 
Typhoon Reseach

Research Objectives
Cloud physics is one of the key processes in 

modeling climate change, especially for global warming.  
The improvement of cloud processes is necessary for 
accurate simulations.  Cloud processes are also core 
processes in simulations of high-impact weather systems 
such as heavy rainfalls and typhoons.  The cloud 
modeling team has been developing a cloud-resolving 
model named the Cloud Resolving Storm Simulator 
(CReSS).  The cloud microphysics and computation 
scheme of CReSS are improved for accurate and high-
speed calculation.  Convective clouds in the tropical 
region and typhoons are important objectives of our 
team.  The CReSS model is also coupled with global 
models to simulate convective regions.  CReSS is used 
for typhoon research with aims to help verify typhoon 
simulations made by global models and to produce 
accurate and quantitative evaluations of typhoon effects 
on human society under the current and warming 
climates.

Improvement of the Cloud-resolving 
Model and Typhoon Simulations

Typhoons occasionally cause a severe disaster 
owing to heavy rainfall and strong wind.  On the other 
hand, they bring a large amount of water resources to 
the East Asian countries.  Change of typhoon with the 
global warming, therefore, has a large impact on the 
human society.  Since typhoons are composed of intense 
convective clouds as well as associated stratiform clouds, 
cloud-resoling simulation is necessary for accurate 
prediction of their intensity.  In the present study, we 
have improved the CReSS model to perform simulation 
in an arbitrary-shaped computational domain.  Using 
the cloud-resolving model, a simulation experiment 
with a computation domain along the typhoon track 
was performed.  Figure 1 compares the simulation 
result of the typhoon No.  18 (2004) at 312 hours from 
the initial time (09 JST August 25, 2004) with the radar 
observation provided by JMA (the Japan Meteorological 
Agency).  The position of the typhoon center, eyewall, 
surrounding spiral rainband and orographically enhanced 
heavy rainfall are correctly simulated.  The simulation 
shows the sea level pressure at the typhoon center 
also corresponds to the observation.  The result shows 
that the cloud-resolving model enables us to predict 
quantitatively the intensity of typhoon.  

Figure 1.  (a) Simulation result of typhoon No.18 of 2004 using CReSS with the Tiling Domain Technique at 312 hours from the initial time (09 JST August 25, 
2004).  Color levels are rainfall intensity (mm hr-1), contours are sea level pressure and arrows are horizontal velocity.  (b) JMA radar observation at the same 
time of (a).  Color levels are rainfall intensity (mm hr-1).
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Projection of Super-Typhoons in 
Global Warming Climate Using the 
CReSS Model

Observation, theory and numerical studies have 
been showing that intensity of hurricanes and typhoons 
increases with global warming.  Since tropical cyclones 
such as typhoon bring a huge disaster in East Asia 
including Japan as well as water resources, future 
change of typhoon intensity with climate change will 
give a large impact on human society.  In particular, 
intensity increase of the most intense category of 
typhoon is a big problem for disaster prevention 
planning and risk managements.  Our team has studied 
maximum intensity of typhoons in the future (late-21 
century) and near future (about 30 years later) climates 
in collaboration with the Extreme Event Projection 
team and found that some typhoons will become much 
more intense in the future climate that in the present-
day climate.  Typhoons with a surface maximum 

wind speed of 67 ms-1 or larger are referred to as 
“super-typhoon”.  Number and intensity of super-
typhoon will increase in the future climate.  Moreover, 
super-typhoons will reach higher latitude such as the 
main islands of Japan because of higher sea surface 
temperature.  Figure 2 shows a simulated super-
typhoon by CReSS with a horizontal resolution of 2 km.  
The super-typhoon moved northward over the Pacific 
and was making landfall over Japan with a central 
pressure of 880 hPa.  The time series (Fig. 3) shows that 
the super-typhoon reached 870 〜 860 hPa and 70 〜 
80 ms-1.  It made landfall over Japan with keeping the 
intensity.  The high-resolution cloud-resolving model 
enables us to simulate realistically typhoons as well 
as composing individual clouds, which gives accurate 
predictions of typhoon intensity.  We can now utilize 
the high-resolution cloud-resolving model to projections 
of typhoons in the future climate.  

Figure 2.  The super-typhoon in the future climate (September 2076) simulated by the CReSS model.  The contours are sea level pressure (hPa) and color levels 
are rainfall intensity (mm/hr).

Figure 3.  Time series of central pressure (black line: hPa) and maximum wind speed (blue line; m s-1）of the super-typhoon shown in Fig. 2.
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Innovative Program of Climate Change Projection for the 21st Century

High-Precision Parameterization of Marine 
Microphysics Using Large Eddy Simulation

Research Objectives
Although subgrid-scale physical processes in the 

upper ocean (Figure 1) are phenomena with scales up 
to a few meters, they play a crucial role in determining 
the sea surface temperature, thus controlling air-sea 
interactions that lead to climate changes.  Accurate 
parameterization of subgrid-scale ocean processes 
must therefore be incorporated into ocean general 
circulation models and coupled atmosphere-ocean 
general circulation models.  

In this study, first, we accurately simulate 
turbulent mixing processes in the upper ocean by 
using a three-dimensional large eddy simulation (LES) 
model.  Based on the calculated results, we assess 
and modify the existing turbulence parameterization 
schemes for subgrid-scale ocean processes.  Next, the 
modified parameterization scheme is incorporated 
into an ocean general circulation model and the 
development of the ocean mixed layer is numerically 
examined to check its performance.  By resolving the 
ambiguity of the existing parameterization schemes, 
we can expect significant improvement in the ability 
to predict future climate changes.

Turbulent Mixing Process in the Upper 
Ocean Demonstrated by LES

As an example of our LES experiments, the 
response of the ocean surface mixed layer to an 
extremely strong wind forcing such as traveling 
typhoons is shown in Figures 2a and 2b.  The LES 
model clearly demonstrates turbulent mixing of 
relatively warm surface water and colder thermocline 
water followed by deepening of the thermocline as 
well as a decrease of the sea surface temperature.

For comparison, Figure 2c shows the upper 
ocean response calculated using the ocean mixed layer 
model with the existing parameterization scheme.  
We can find that the deepening of the thermocline 
and the decrease of the sea surface temperature are 
much limited compared with those obtained using the 
LES model.  Figure 2d shows, however, that a slight 
modification of the existing parameterization scheme in 
the mixed layer model can produce results comparable 
to those from the LES model.

Figure 1.  A schematic depiction of the physical processes near the air-sea interface.
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Performance Check of Ocean Mixed 
Layer Models Incorporated in an Ocean 
General Circulation Model

Finally, the mixed layer models with the existing 
and the modified turbulence parameterizations are 
incorporated into the ocean general circulation model 
to check the performance of each scheme.  As an 
example, we calculate the time series of the mixed 
layer depth in the North Pacific during one year from 
August 2002.  The mixed layer depth is defined as 
the depth at which the water temperature is less 
than the value at the sea surface by 0.5℃.  Figure 
3a shows the monthly average of mixed layer depth 
in February 2003 obtained by using the existing 
turbulence parameterization.  Because of winter 
cooling and strong wind forcing, the mixed layer depth 
reaches 200 m northward of 30°N.  When the modified 

turbulence parameterization is used (Figure 3b), on 
the other hand, the mixed layer develops much more 
rapidly, and its depth reaches 300 m.  Figure 3c shows 
the comparison of the vertical profiles of the water 
temperatures averaged within the black boxes in 
Figures 3a and 3b and the corresponding one obtained 
using Argo floats.  We can see that use of the modified 
turbulence parameterization (blue line) reproduces the 
actual oceanic conditions (+ marks) much better than 
the existing parameterization (red line).  

The above result confirms that, in the ocean 
general circulation model as well , the modified 
turbulence parameterization performs much better 
than the existing turbulence parameterization.  We can 
now expect significant improvement in the ability to 
predict future climate changes by using the modified 
parameterization.

Figure 3.  Monthly averages of the mixed layer depth in February 2003, obtained by using (a) the existing turbulence parameterization and (b) the modified 
parameterization.  The mixed layer depth was defined as the depth where the water temperature is less than the value at the sea surface by 0.5˚C.  (c) Vertical 
profiles of water temperatures in February 2003, averaged within the black boxes (30˚N-35˚N、140˚E-155˚E) in (a) and (b).  The red (blue) line denotes the 
result obtained using the existing (modified) parameterization (depth on the left axis), while the + marks denote the result of observations obtained using 
Argo floats (Hosoda et al., 2008) (pressure on the right axis).

Figure 2.  (a) A sample snapshot of the vertical cross section of water temperature field simulated by the LES model (contour interval is 0.3˚C).  (b–d) 
Comparison of the calculated results from the LES model and from the ocean mixed layer models incorporating several turbulence parameterizations.  
The blue and green contours denote water temperature (contour interval is 0.4˚C), while black contours denote east-west current velocity (contour 
interval is 0.2m/s).
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Reduction in Cloud Uncertainty 
Using a Global Cloud-Resolving Model

Research Objectives
This study aims to improve numerical expressions 

of cloud and precipitation system, which is a major 
factor of uncertainty in climate projection, by using 
a “global cloud-resolving model” cal led NICAM 
(Nonhydrostatic Icosahedral Atmospheric Model).  
NICAM makes it possible to cover the whole Earth 
with a few-kilometer spacing horizontal mesh and 
explicitly express deep convective circulation, which is 
a driving force of the atmospheric circulation.  Thanks 
to high resolution, NICAM realistically reproduce 
the global cloud systems without using “cumulus 
parameterization,” which has been a factor causing 
uncertainty in conventional climate models.  

By using NICAM, a few months of numerical 
experiment is carried out to obtain climate conditions.  
The spatial distribution of cloud and precipitation is 
verified particularly using high-resolution satellite 
data.  We aim to improve its reliability by showing 
that NICAM realistically reproduces monsoons, intra-
seasonal variability, and tropical cyclones.  In addition, 
physical schemes, such as cloud microphysics and 
boundary layer process, are improved and advanced 
with the aim of further improvement of NICAM.  

Future Change in Tropical Cyclones 
Simulated by NICAM

The following shows the results of change in 
tropical cyclones (TCs) calculated by NICAM for 
current climate and future climate conditions in 100 
years (Figure 1; Yamada et al., 2010).  Although it is 
only a one-year summer simulation example, it shows 
that the number of TCs decreases in the future.  In 
particular, the decrease in the Atlantic Ocean is 
significant, consistent with previous research results.  
A point to be noticed is the reproducibility of TCs in 
the Northwestern Pacific Ocean, in which the simulated 
TC tracks are similar to the observation results.  In 
this experiment, the decrease in the number of TCs 
in the Northwestern Pacific Ocean is not significant, 
and the places of TCs generation shift to the east, in 
response to the future expected change in distribution 
of sea surface water temperatures..  The advantage 
of using NICAM is that it has become possible to 
realistically reproduce the intensity and structure of 
TCs.  The results show that, in future climate, as the 
sea surface temperatures get higher, the cloud top 
heights around TC centers become higher.  One of the 
mechanisms of how global warming makes TCs more 
powerful is its effect in making TCs taller.  A tropical 
cyclone can be regarded as a heat engine whose 
driving force is the temperature difference between 
the warm sea below and the coldness near the cloud 
top.  It is thought that as the heat engine becomes 
more active, the TC becomes more powerful.

Figure 1.  Change in tracks of tropical cyclones simulated by NICAM.  (a) Current climate simulation, (b) Observation data, (c) Future 
climate simulation.  Colors show sea surface temperatures.  (d) Change in sea surface temperatures (in K).
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Improvement of Future Climate Change Projection 
by Developing a High-Performance Ocean Model

Research Objectives
At the stage of the Fourth Assessment Report of 

the Intergovernmental Panel on Climate Change (IPCC), 
the highest resolution of the ocean part of climate 
change projection models was a horizontal grid of 
20 km or so.  In the sense of resolving meso-scale eddies, 
this was qualitatively distinguished from conventional 
low-resolution ocean models.  In order to realize further 
improvement in terms of resolution, however, it is 
necessary to resolve submeso-scale phenomena relating 
to changes in the water mass formation driving large-
scale circulation and western boundary currents, 
such as the Kuroshio.  Horizontal grids of 2 km to 
3 km would be required for such representation.  In 
consideration of expected progress in computer 
technology, application of such high ocean resolution to 
the entire globe for climate simulation extending over 
several decades or longer will not be feasible in the 
immediate future.  In this research, therefore, a global 
ocean model was constructed that places priority on 
high resolution around Japan and its surrounding 
area and aims especially at improving precision of the 
representation of phenomena around Japan.  For other 
regions, high-resolution region modeling was conducted 
to improve parameterization, etc., aiming at improving 
the precision of representation while not resolving 
submeso-scale phenomena.  Replacing the ocean part 
of the conventional climate change projection model 
with the constructed ocean model, experiments were 
conducted to demonstrate the improvement of climate 
simulation by the higher-precision ocean model.  

Results
The North Pacific Ocean was simulated with 

three kinds of resolution (approx.  20 km, 6 km, and 
2 km), which verified that higher resolution improves 
the reproducibility of ocean structures around Japan 
and their variability.  It also elucidated the roles of 
submeso-scale phenomena.  By making horizontal 
grids 6 km in the subtropical and subarctic circulation 
regions west of the international date line, a significant 
improvement of reproducibility was efficiently gained, 
which indicated the possibility of improvement of 
climate simulation.  Also, in the high-latitude ocean 
where active eddy activities exist, simulation with 
few-km horizontal grids was carried out to grasp 
the actual state of eddy transport.  As a means of 
representing this effect in low resolution, a closure-
type parameterization was introduced that seeks 
the thickness diffusivity coefficient while forecasting 
the energy of a sub-grid eddy.  When a global ocean 
model based on these results was coupled with an 
atmosphere model, climate simulation was conducted 
that improved the reproducibility of ocean structures 
and their variability, such as the Kuroshio, Oyashio, 
and other ocean currents, and the accompanying 
fronts, etc.  In addition to better representing local 
forced heat transfer from ocean to atmosphere, it also 
showed that significant effects reach large-scale wind 
systems and precipitation through response of the air 
over all layers of the troposphere.  

Figure 1.  Left: Ocean model's horizontal grid system (by 20 grids), Upper right: Sea surface water temperature (degrees C; color) and sea level (cm; isoplethic 
curve) at a moment, Lower right: Sea surface latent heat flux (W/m2) at the same moment.  Along with the warm water eddy represented in the high-
resolution region, much water vapor (latent heat) is shown to be locally transferred from ocean to atmosphere.



Message from the Program Coordinators

Innovative Program of Climate Change Projection for the 21st Century

The Innovative Program of Climate Change 
Projection for the 21st Century, which has been 
implemented for five years since April 2007, 
comes to a close at the end of March this year.  It 
was in 2007 that the Fourth Assessment Report 
of the IPCC was released, issuing the messages 
to society that “Warming of the climate system is 
unequivocal” and “Most of the observed increase 
in global average temperatures since the mid-
20th century is very likely due to the observed 
increase in anthropogenic greenhouse gas 
concentrations.” In response to these, the world 
has begun to move to address the issue of climate 
change.

In this situation, the role of climate change 
projection science is different from before.  
Previously, the most important thing to do was 
to send a warming message that human activities 
could change global climate and might cause 
some dangerous effects.  As society turns to 
action to deal with the issue, however, specific 
projection information is essential as a scientific 
basis for responding to possible climate change 
with dangers.  Responses are roughly divided 
into the two; measures to lessen dangers or adapt 
to climate change that occurs inevitably and 
measures to reduce greenhouse gases in order to 
mitigate dangerous climate change in advance.  
Keeping this situation in mind, the Innovative 
Program set the research themes of model 
development and projection.  We also included  
the development of advanced models that will be 
necessary in the future.  At the same time, as a 
distinctive feature, the program included research 
to assess the effects of climate change, including 
natural disasters, by using projection data.  

Looking back over these five years, we 
believe the program has achieved fairly satisfactory 
results in terms of projection information that is 
useful for measures to counter climate change 
occurring in reality.  Starting from scratch, we 
developed models and techniques for forecasting 
ongoing and unavoidable changes in the coming 
10–30 years including the El Nino phenomenon 
and other natural variations, and have come to the 
state to conduct prediction experiments.  In the 
project to predict phenomena with serious impact, 
such as typhoons, torrential rainfall, and blocking, 
we handed over the obtained data to the disaster-

prevention research group and were able to 
quantitatively estimate future changes of hazards, 
such as floods and high tides.

The research group of the impact on 
disasters, water resources, and food closely 
collaborated with the climate projection research 
group, and at present they are summarizing their 
research outcomes for the Fifth Assessment 
Report of the IPCC.  Research is going on to 
answer such questions as what changes will occur 
in available water resources and river flooding on 
a global scale and what will be the impact on food 
supplies.  The results of projection of weather and 
disaster conditions for the whole of Japan will be 
provided as data to local disaster prevention plans.  
Furthermore, the results of projection research 
have been stored in a database and are beginning 
to be widely used in many research projects on 
impact assessment and adaptive measures.

Regarding measures to mitigate global 
warming, in order to contribute to the selection of 
the option of climate stabilization, we developed 
an “Earth system” model that treats the global 
environment as a single system, including 
vegetation changes due to long-term climate 
change and carbon cycle in the natural world, and 
conducted projections following several emissions 
and concentration scenarios.  We confirmed the 
difficulties facing us-that is, if we are to stabilize 
the climate by keeping temperature rise less than 
2 degrees C until 2100, we need to reduce CO2 
emissions to zero or less.  The important issues 
from now on are to search for feasible reduction 
strategies based on climate change science as 
well as to advance to the low-carbon society by 
reducing carbon emissions as much as possible.

Whatever the case, specific and reliable 
projection information is essential.  We are 
aware once again of the need to further deepen 
our science and make it solid.  At the same 
time, we must think about the global climate 
stabilization strategy from the perspective of risk 
management and strengthen its scientific basis.

Taroh Matsuno 
Shuzo Nishioka

Special Advisors, Ministry of Education, 
Culture, Sports, Science and Technology
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Outlook for Climate Change Projection Research

K A K U S H I NK A K U S H I N

The Ministry of Educat ion , Culture , 
Sports, Science and Technology (MEXT) has 
implemented “Project for the Sustainable 
Coexistence of Human, Nature, and the Earth” 
and “Innovative Program of Climate Change 
Projection for the 21st Century (Kakushin 
Program)”, thereby promoting research on the 
advance of climate projection models, impact 
assessment relating to natural disasters, and 
other topics.  As a result, Japanese research on 
climate projection has developed to a world-
class level and is expected to contribute to the 
Fifth Assessment Report of the IPCC, scheduled 
to be released in 2013–14, as well as to policy 
discussions on adaptive and mitigation measures 
to counter climate change and the planning of 
technical measures.

In 2011, meanwhile, several large-scale 
natural disasters occurred, including the 
Great East Japan Earthquake, which caused 
unprecedented damage, typhoons No. 12 and 15, 
and flooding in Thailand.  These disasters posed 
the question of how science and technology 
could confront the risks of natural disasters and 
transmit information to society.  In addition, 

the importance of research relating to the risks 
faced by society as a result of climate change 
is increasing.  For example, the IPCC released 
the “Special Report on Managing the Risks 
of Extreme Events and Disasters to Advance 
Climate Change Adaptation.”

At an open symposium of the Kakushin 
Program held in August 2011, it was noted 
that climate change research, as a result of 
its achievements, is evolving into risk science, 
and various research themes to be addressed 
from now on were suggested, including the 
need for further research and development to 
contribute to the response to diverse climate 
change risks and to the building of a base for 
risk management toward the realization of a low-
carbon society.

MEXT would launch a new project in fiscal 
2012 to effectively utilize the achievements of 
the Kakushin Program and to create the basic 
information for a climate change risk assessment.  
MEXT promotes leading c l imate change 
researches and continues efforts to solve the 
problems of climate change as both domestic and 
international issues.

(Positions as of end of March 2012)
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Michio Kawamiya Team Leader, Integrated Earth System Modeling Research Team, Research Institute for Global 

Change, Japan Agency for Marine-Earth Science and Technology

■ Members

Takashi Sakamoto Scientist, Near-term Climate Change Prediction Research Group, Global Warming Research Project for 
IPCC AR5, Japan Agency for Marine-Earth Science and Technology
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