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In July 2020, we once again experienced localized heavy rainfall that resulted in catastrophic flooding of the Kuma River 
(Japan). Additionally, the temperature was unusually cool in July 2020, but very hot in August. These types of change are 
unambiguous, and the realization that climate change is ongoing is now obvious to the growing majority of Japanese 
people.
The most remarkable event in 2020 was of course the COVID-19 pandemic. Although we had been warned of the 
inevitability of a future viral or zoonotic disease pandemic, when it actually came, we were woefully unprepared. Our basic 
knowledge of many things, such as exactly how such a disaster should be managed, how its progress should be monitored, 
and even how the nature and characteristics of a virus should be explained, was inadequate. Worse, there was also 
confusion regarding administration of treatments.
What became clear in this situation can be summarized as follows: “As should have been obvious, there is serious deficit of 
data on the subject that would have provided a broad understanding of what was happening. So, a comprehensive, 
coordinated and therefore effective response could not have been expected.” The social confusion caused by COVID-19 is 
mirrored by the social response to global warming.
To put it simply, there is no specific remedy, so we must modify our lifestyles and continue with our daily lives. Moreover, 
we do not know for how long we should persist with various remedial solutions for them to remain effective; we do not want 
to overdo certain things only to find the effort wasted. Additionally, while there is a high level of uncertainty regarding both 
the scale of the problem and the length of time over which we should be concerned, daily life must continue. This causes 
levels of anxiety to escalate, and understanding this is crucial when addressing the confusion surrounding COVID-19.
With regard to global warming, the situation is markedly different; the accumulated scientific knowledge is comprehensive, 
and the principal causes are now well understood. There is no doubt that the global mean temperature has been increasing 
in recent years, and definitive assessment of the impact of this phenomenon is ongoing. What is less well understood is how 
this will affect our lifestyles, and how the impact could be mitigated as much as possible. Honestly, we should be somewhat 
embarrassed by this. It is well understood that simply being aware of a problem is very different from taking action.
From the perspective of scientists and other gatherers of knowledge, it is imperative not only to amass explicatory data, but 
also to ensure that information regarding the future climate is disseminated in a way that is comprehensible to the general 
public. The running of climate models, which is an essential component of this process, should be done regularly and 
consistently.
The accumulation and publication of new knowledge and data regarding global warming is an ongoing process. Although 
we have not yet revealed the complete picture, it will emerge in clearer detail through the combined use of observations and 
numerical simulations performed using the most up-to-date computer technology.
The Integrated Research Program for Advancing Climate Models (TOUGOU program) commenced in 2017, and 
comprehensive scientific understanding of the climate system has been developed. Moreover, climate models have 
become increasingly sophisticated and linked specifically to social and economic scenarios. The ultimate goal is to use our 
understanding of climate change to develop adaptation plans for specific areas. We will continue to focus our greatest 
efforts on answering questions from society and opening the door to new science.
A very important feature of this program is the importation of new study themes from the Social Implementation Program 
on Climate Change Adaptation Technology (SI-CAT). One of these themes is ocean research, from which we can obtain 
knowledge regarding sea state changes along coastlines, including high tide storm surges and coastal erosion. Another 
theme addresses future changes in flooding using examples from the Hokkaido and Kyushu areas.
In conjunction with existing research, this new research will expand the range of application of this program.
We would very much appreciate your support of our activities in the future.
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As head of the project, the PD (Program Director) will manage the program in the most efficient and effective manner, while also being responsible for overall coordination. 
A PO (Program Officer) will be assigned to each area theme to assist the PD (e.g., to progress management of study subjects and coordinate study plans).



The magnitude of the rise in surface temperature attributable to 
global warming depends on future scenarios of greenhouse gas 
emissions and the response of the climate system itself to a given 
greenhouse gas forcing. The latter is defined by equilibrium 
climatic sensitivity (ECS), which represents the increase in global 
mean temperature that reflects a doubling of atmospheric CO2 
concentration at equilibrium. Uncertainty was introduced into what 
might be considered the future global warming level because this 
value is not observable directly. In the IPCC5 Assessment Report, 
ECS was assessed as likely being 1.5–4.5ºC, and the range of 
approximately 3ºC has remained largely unchanged over the past 
40 years. Recently, ECS has been reassessed comprehensively 
as part of an international effort by more than 20 researchers, 
including our area theme member. By combining l ines of 
evidence, this study succeeded in substantially narrowing the 
range of ECS (Fig.2). This achievement has considerable impact 
no t  on ly  fo r  the  c l ima te  sc ience  commun i ty,  bu t  a l so  
socio-politically because ECS assessment matters to the Global 
Stocktake based on the Paris Agreement.

The increase in global mean temperature has accelerated since 
the late 20th century at a rate faster than ever seen before. 
Reproducing and attributing climate changes in this period is very 
important for validating global warming projections based on 
global climate models. A suitable example of climate change 
attribution studies is the increasing rate of loss of sea ice in the 
Arctic Ocean and its effect on the winter climate. 
An area of sea ice of 89,000 km2 (approximately 40 times the area 
of Tokyo) disappears from the Arctic Ocean annually, primarily as 
a result of human-induced warming. There is a possibility that the 
shrinking of the area of Arctic sea ice has caused winter 
temperatures to fall over the mid-latitude Eurasian continent. 
Based on the results of large-ensemble climate simulations 
performed as part of this project, the extensive impact of 
decreasing sea ice in the Barents–Kara seas (part of the Arctic 
Ocean) could be detected clearly for the first time (Fig.3). In 
Japan, we have experienced several cold winters since the 2000s. 
It is conceivable that the decrease in area of Arctic sea ice has 
had discernible influence on these cold winters. It may sound 
strange to hear that global warming could cause a drop in 
temperatures, but the seasonal temperature contrast between 
summer and winter could become larger in certain regions as the 
annual mean global temperature rises.

Integrated Research Program for Advancing Climate Models (TOUGOU)2

■ Successful Community Assessment 
    of Climatic Sensitivity

■ Does the Decrease of Sea Ice bring
    Colder Winters?

It is important to investigate the differences in predicted climate 
change based on the Paris Agreement targets of 1.5ºC or 2.0ºC 
warming. Our international research groups performed climate 
simulat ions of  the present c l imate and both 1.5ºC- and 
2.0ºC-warmed climates using six climate models, including 
MIROC. The results of these experiments were used as the main 
basis of the IPCC 1.5ºC Special Report published in 2018. 
Manifestation of the effects of climate change is heterogeneous 
among countries. Based on these experiments, we investigated 
the expected labor capacity reduction (LCR) for outdoor workers 
related to heat stress (reduction of working time necessary to 
prevent heat-related hazards). In the 2.0ºC experiments, the 
expected LCR was found greater in countries/regions with lower 
gross domestic product (GDP) and lower CO2 emissions than in 
countries with higher GDP and higher CO2 emissions (Fig.4), 
leading to increased inequality. In countries/regions with lower 
GDP and lower CO2 emissions, increases in extreme hot days, 
heavy precipitation, and high runoff were also larger. Therefore, in 
comparison with 2ºC global warming, limiting warming to 1.5ºC 
could reduce such inequalities.

■ Studies on the 1.5ºC or 2.0ºC
     Paris Agreement Targets

Fig.3 : Surface temperature variability over the Eurasian continent is 
dominated by the Warm Arctic–Cold Eurasia (WACE) pattern, which shows 
that warming over the polar region accompanies cooling over mid-latitude 
areas (shading), and vice versa. The WACE index (white line) is highly 
correlated with the concentration of winter sea ice concentration in the 
Barents–Kara seas (blue line), suggesting that reduction in sea ice could 
cause colder winters over a large extent of Eurasia. Indeed, sea ice in the 
Barents–Kara seas has declined and the WACE pattern has intensified 
during recent decades. Our studies demonstrated that the long-term trend in 
the WACE index could be reproduced by large-ensemble climate simulations to 
which the observed history of sea ice was used as input (purple line).

Integrated Research Program for Advancing Climate Models (TOUGOU) 3

The Paris Agreement of 2015 confirmed a common goal of 
limiting the rise of global mean temperature to less than 2ºC, 
and desirably to below 1.5ºC, relative to the preindustrial era. 
This political achievement was intended to accelerate 
mitigation of and adaption to ongoing global warming by 
each participating country, including Japan. Global climate 
p r o j e c t i o n  d a t a  g e n e r a t e d  b y  t h e  C o u p l e d  M o d e l  
Intercomparison Project (CMIP), which is a worldwide 
network of climate modeling centers, provide the physical 
basis for efforts implemented to achieve this goal. 
This project has been contributing to the latest CMIP6 using 
the Model for Interdisciplinary Research on Climate version 6 
(MIROC6) global climate model that has been developed 
continuously in previous Ministry of Education, Culture, 
Sports, Science, and Technology 
(MEXT) programs. Furthermore, this 
model has been actively used to 
perform a variety of climate change 
simulations on the Earth Simulator 
d e s i g n e d  t o  t a c k l e  i m p o r t a n t  
scientific issues such as near-future 
climate prediction, sea level change, 
change in the terrestrial hydrological 
cycle ,  and uncerta inty  in  c loud 
processes  re levant  to  c l imat ic  
sensitivity. A number of research 
outcomes have been realized (Fig.1), 

which are expected to contribute to the Intergovernmental 
Panel on Climate Change (IPCC) sixth Assessment Report 
(AR6) in 2021. In Japan, following repeated periods of heavy 
rain and heatwaves in recent years, public interest regarding 
future change in climate and extreme weather has increased 
considerably. Modeling studies called Event Attribution, 
which have been promoted as part of this project, have 
proved successful in providing answers to many of the 
questions commonly asked by the public, such as “To what 
extent can global warming be held responsible for the 
extreme weather events that occurred this year?” and “How 
large is the influence of global warming on the probability of 
occurrence of extreme events in the present and near 
future?”

Prediction and Projection of Large-Scale Climate Changes Based
on Advanced Model Development

AArea Theme

Advancing climate modeling
for improved understanding
of climate change mechanisms consistent
from the past to the future

The University of Tokyo, Japan Agency for Marine-Earth Science and Technology (JAMSTEC),
and National Institute of Environmental Studies (NIES)Participating Organizations

Masahiro Watanabe
Professor, Atmosphere and Ocean Research Institute, 
The University of Tokyo

Written by ▶ Masahiro Watanabe (University of Tokyo), Hideo Shiogama (NIES)

Area Representative

Fig.1 : Main research subjects and expected outcomes of this project.

Fig.4 : Global warming not only increases labor capacity reduction 
for outdoor workers related to heat stress, but also enhances 
inequalities. The vertical axis indicates the percent decrease of 
working time when outdoor workers can work safely and avoid 
heat-related hazards. The horizontal axis represents (a) cumulative 
CO2 emissions and (b) gross domestic product (GDP) per million 
people. The world was divided into 17 countries and regions, and the 
distribution is shown using a regression line (shadowed area shows 
the 5%–95% confidence interval).

Fig.2 : Bounds on Earth’ s climate sensitivity—how far temperatures 
will eventually rise following a doubling of atmospheric CO2 
concentration—did not narrow for 40 years from the Charney 
Report in 1979 (left) to IPCC AR5 in 2013. Using multiple lines of 
evidence, a new study published in 2020, endorsed by the World 
Climate Research Programme (WCRP), assessed the range of 
climate sensitivity to be much narrower than that of any previous 
assessment (right). Reprinted from Science (2020).
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In Area Theme B, an Earth System Model (ESM), which is a 
coupled atmosphere–ocean general circulation model 
(AOGCM) with biogeochemical processes, has been 
developed to project climate change due to anthropogenic 
CO2 emissions.  Climate projection  using  the  ESM can 
a d d r e s s  i s s u e s  o f  g r e a t  s o c i a l  c o n c e r n ,  s u c h  a s  
quantification of the reduction in  CO2 emissions  

needed  to  mitigate  global warming. Such studies require 
interdisciplinary research collaborations with other fields of 
science, including socioeconomics. Moreover, we are 
working on technical issues such as distribution of 
projection data under conditions of tight cooperation 
between institutes in Japan and overseas.

Fig.4 : Air pollution status in India, as observed by the MODIS 
satellite (aerosol optical depth) from March 31 to April 5 in 2016 
and subsequent years.To mitigate global warming, we need scientific knowledge to link 

anthropogenic CO2 emissions with climate change. In the 
subtheme, ESMs (climate models that include biogeochemical 
subcomponents) have been developed (Fig.1) and used for 
simulation studies. One of the new features of the latest model 
(MIROC-ES2) is incorporation of terrestrial nitrogen cycle 
processes that regulate the land carbon sink through nutrient 
control. The ocean biogeochemical processes in the model have 
also been improved to include multiple biogeochemical cycles 
(nitrogen, phosphorus, iron, and oxygen), all of which help to 
produce climate–carbon cycle simulations that are more realistic.
Using the ESM, we performed Coupled Model Intercomparison 
Project 6 (CMIP6) (refer to page 10) simulations to elucidate Earth 

system interactions. Such simulations have revealed the 
relationship between cumulative anthropogenic CO2 emissions 
and global warming. This helps our understanding of Earth system 
dynamics in response to reduction of CO2 emissions to zero, 
implemented by the Paris Agreement (Fig.2). The ESM has been 
further improved to produce simulations of greenhouse gases that 
are more realistic by including comprehensive methane dynamics. 
The simulated biogeochemical dynamics are evaluated through 
comparison with observation-based global data sets such as 
satellite monitoring. Through collaboration with Area Theme A, a 
new prediction system has been developed for improved 
climate-CO2 simulations based on ESM-related data assimilation 
techniques. Through such modeling and simulation studies, we 
contribute to global warming mitigation policies.

Improving Earth System Models
for evaluating CO2 Emission Reductions
needed to achieve the Global Warming Target 
(Subtheme: ESM Development and Earth System Analysis)

■ Impact of the COVID-19 Pandemic
     on the Global Environment

Fig.1 : Schematic of a new Earth System Model (ESM) called 
“MIROC-ES2L” developed for CMIP6 (based on the figure of 
Hajima et al. 2020). Anthropogenic CO2 and aerosol emissions 
have been increased, and industrial nitrogen fixation, which alters 
inert nitrogen into the reactive form, has also been enhanced. 
These processes are interactive with the climate system and thus 
crucial for improved climate projections. The ESM includes 
biogeochemical subcomponents to make climate projections 
based on climate–biogeochemical interactions.

Fig.2 : Multimodel comparison on global soil organic carbon in Land-Use 
Model Intercomparison Project (LUMIP) (Ito et al. 2020). The upper panel 
shows a comparison of global soil organic carbon stock simulated by ESMs. 
Through comparison with observation-based estimates (horizontal lines in 
the figure), the model developed in our area theme (red box in the figure) is 
confirmed to have reasonable performance. However, the response of soil 
carbon to future land use scenarios is very different between the ESMs, 
suggesting the importance of improving the processes regarding land use 
change and agriculture. The lower panel shows the future change in soil 
carbon originated from land use scenarios based on LUMIP simulations by 
MIROC-ES2L. 

Fig.3 : Illustration of anthropogenic greenhouse gas
           and air pollutant emissions reduction.

Fig.5 : Future scenario of atmospheric CO2 concentration depending
on energy policy beyond 2020.

In 2020, most people were forced to change their lifestyle due to 
the COVID-19 pandemic. In the Northern Hemisphere spring, an 
unprecedented decrease in emissions of anthropogenic 
greenhouse gases was observed (Fig.3). It is interesting to 
consider how this decrease in emissions might affect the global 
environment.
There are two types of anthropogenic gas: long lived greenhouse 
gases such as CO2 that remain in the atmosphere for decades, 
and nitrogen oxides or sulfur oxides that contribute to air pollution 
over the course of a few days or weeks. The differences in the 
lifetimes of these gases in the atmosphere and their different 
characteristics mean that their impact on the environment is also 
d i f ferent .  Based on observat ions,  i t  is  known that  CO2 
concentration has tended to increase continuously owing to its 
long atmospheric residency, as previously mentioned. Even 
when  CO2 emissions  decrease temporarily,  the existing CO2 

concentration in the atmosphere changes little. Conversely, as 
nitrogen oxides and sulfur oxides have short atmospheric 
residency, when levels of emission of these gases from factories 
or vehicles decrease, air pollution decreases locally. For example, 
air quality in India improved thanks to curfew restrictions that 
started at the end of March 2020 (Fig.4), resulting in the 
Himalayas becoming visible from major cities in northern India for 
the first time in 30 years. The reduction in levels of emission of air 
pollutant gases could have decreased atmospheric aerosol levels 
and increased the amount of sunlight reaching the Earth’s surface. 
However, because of deregulation, air pollution will return, and the 
impact of the short-term reduction on global warming is likely to be 
limited.
The stay-at-home regulations imposed during the COVID-19 
pandemic are unlikely to have substantial effect on global 
warming, but they might have improved air quality and affected 
regional climate conditions in the short term. This suggests that 
energy policy changes and/or lifestyle changes will be necessary 
to achieve the global warming mitigation goals set out in the Paris 
Agreement.
To assess the impact on the climate over short-term and decadal 
timescales, various research organizations, including the 
TOUGOU program, have collaborated and conducted simulations, 
assuming reduction of anthropogenic gas emissions due to 
COVID-19 in subsequent emission scenarios (Fig.5).

G
lobal total [PgC

]

Sophisticated Earth system model
for evaluating emission reductions needed

BArea Theme

Climate projections considering
anthropogenic CO2 emission
and “breath” of the Earth

Michio Kawamiya
Director, Project Team for Advanced Climate Modeling, 
JAMSTEC

Japan Agency for Marine-Earth Science and Technology (JAMSTEC), 
Central Research Institute of Electric Power Industry (CRIEPI), 
Research Organization for Information Science and Technology (RIST), 
and National Institute for Environmental Studies (NIES)

Participating Organizations

Written by ▶ Tomohiro Hajima, Rumi Ohgaito (JAMSTEC)

Area Representative



■ Development of a High-Resolution 
     and High-Precision Model

■ Elucidating the Mechanism
     utilizing Models
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The purpose of this project is the “Creation of Global 
Warming Basic Data.” To achieve this, enhancing prediction 
accuracy and increasing the number of predictive variables 
will be necessary. For this purpose, a new system model 
should be built (Fig.1). 
To ensure the validity of the calculation results, the following 
will be required:
(1) Comprehensive explanations of the causes of global warming. 
(2) Clear understanding of climate changes due to global warming. 
(3) Reasons for the occurrence of such climate changes. 
(4) Preparation of well-designed illustrative scenarios.

To achieve the objectives, consistent communication and 
close collaboration with all users will be required (i.e., 
collaboration among the team members of Area Theme D and 
“Data Set Public Meetings” will assess the progress of the 
project).

Fig.2 : Example of mechanism elucidation. In 
this project, linking an organic global model 
that can measure global climate change and a 
local-scale model with 2-km/5-km grid size can 
clearly provide detailed information regarding 
regional weather changes. Thus, explaining 
the overall mechanism, including interscale 
mutual effects becomes possible.

Fig.3 : Construction of a Family of 
Climate Prediction Data Sets 2020 
Mechanical Section.

Clear illustrations of various meteorological phenomena are 
needed to ensure the validity of the solutions, even from the 
viewpoint of end users. As with existing global warming prediction 
research, it is imperative not only to elucidate how such changes 
occur, but also to provide comprehensive easily understood 
meteorological explanations for such events. If this is not done, 
end users will remain unconvinced and might reject the prediction 
system. The time to do exactly this is long overdue. 

Within this project, various analyses have been performed to 
explain why and how the number and severity of extreme climatic 
events are increasing. This is exemplified by the multiple 
ensemble experiments (d4PDF) and the Pseudo Global Warming 
Experiment (PGW) (Fig.2). The results have established that even 
local phenomena such as heat waves or heavy rain events are 
directly related to global air and water circulations.

The data sets prepared in this project form a family, as shown in 
Fig.3. The various results were created using information required 
by end users and represent a reasonable balance regarding 
computational resources. Here, the “Atmospheric Prediction 
Model” used as the main framework in this project is similar to the 
Global Atmospheric Model (MRI-GCM3.2) and NHRCM that were 
both developed at the Meteorological Research Institute. 
However, the resolution values, ensemble quantity, and fiscal 
years used for calculations appropriate for the desired applications 
are different. From those, future long-term trends that are useful 
for water resource estimation can be obtained based on the 
values of a seamless calculation. The ultra-high-resolution model 
for cloud resolution is required for reproduction of severe 
meteorological phenomena, and can also be used for estimation 
of small- and medium-sized river and landside water flooding.
Many ensemble experiments, such as d4PDF, can provide 
extreme value data for the preparation of plans for the control of 
flooding associated with heavy rain events with probability of 
occurrence of 1/100–1/200 per year. Thus, each calculation has a 
suitable application and has been designed so that such 
parameters are combined to avoid “blind spots” for each data set.

To construct the model system, it will be necessary to incorporate 
more than the Atmospheric Global Climate Model 3.2 (AGCM3.2) 
and Nonhydrostatic Regional Climate Model (NHRCM) that are 
presently being used. User feedback has strongly suggested that 
predictions should include the influence of ocean systems. 
Within this project, the High-Resolution Oceanic Climate Model 
System (10-km grid for the Pacific Ocean, and 2-km grid for the 
sea area near Japan) will be developed to replace the old SI-CAT 
system. Furthermore, prediction accuracy will also be improved by 
introducing mutual atmosphere–ocean effects that have not been 
included previously.  This wi l l  be done by improving the 
Atmospheric/Oceanic (TSE-C) model. Moreover, in response to 
user requests, the number of predictive variables will be expanded 
to include parameters such as radiation quantity, whereas 
previously only surface temperature and precipitation were 
considered.

■ Scenario Preparation

Fig.1 : Conceptual diagram
of Area Theme C objectives.
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What changes could occur in typhoons, floods, sediment 
disaster damage, or river flow rates in the future due to global 
warming? 
What should we seriously consider based on predicted future 
changes of natural disasters and estimates of their social 
impact as we develop our adaptation strategies before it is 
too late? 
With this research project, the relationship between global 
warming and natural disasters is analyzed scientifically to 
create data and develop the skills required for creating 
no-regret adaptation measures. 
In recent years, “disasters never experienced before” have been 
occurring more frequently, not only in Japan, but around the 
world. Given this situation, the following question should be 
analyzed from a scientific and engineering perspective: “What 
level of damage could be caused in the future by the largest 

class of unprecedented disasters due to climate change?”
Economic losses attributable to damage associated with 
natural disasters should also be understood and measured 
when developing necessary adaptation strategies. To 
address this increasingly urgent need, Area Theme D will 
gather basic scientific and engineering data regarding 
predictions of natural disasters up to 100 years in the future. 
This project will use two analysis methods to investigate the 
extent to which natural disasters are caused by global 
warming, and to determine how much worse they might 
become in the future. One method will measure quantitatively 
the impact of climate change on natural disasters such as 
typhoons or floods based on probability analysis. The other 
method will estimate the impact of climate change in 
worst-case scenarios, where the largest classes of force 
majeure such as super typhoons are considered.

To predict future novel wind and flood damage and changes to water 
resources, Area Theme D has developed a model with which to 
analyze and produce estimations of extreme hazards or extreme 
events based on various physical process models. This has been 
developed to perform future prediction calculations regarding natural 
disasters. 
In particular, hazard estimation models have been developed to 
include flood outflow prediction models that consider flow control 
using dam reservoirs on all the main rivers in Japan. A river flooding 
model also takes into consideration both inland flooding and flooding 
from rivers for three major metropolitan areas. A high-resolution 
(1-km grid) sediment deposit disaster prevention model that covers 
all of Japan has also been developed. Additionally, models developed 
for high tide storm surges and high waves cover not only Japan 
specifically. but the entire globe. Moreover, the accuracy of these 
predictions has been enhanced. 
The meteorological pseudo global warming experiment continues to 
be improved upon, and the extreme value statistics analysis method 
is progressing with bias correction and climate changes being 
factored in.

The prediction data of future changes obtained in Area Theme D 
thus far have been used to analyze the impacts of extreme 
weather events, such as typhoon-related heavy rain, heavy rain 
during the rainy season, river flooding, sediment deposit damage, 
high tide storm surges, high waves, and changes to water 
resources. Additionally, changes to the social structure and society 
attributable to such events could also be predicted based on the 
results of the GCM/RCM. With this information, the data required 
to create adaptation measures becomes available. 
Analysis of past extreme weather such as typhoons, bomb 
cyclones, and heavy rain events in general is ongoing. Taking full 
advantage of the d4PDF results dramatically increases the 
number of ensemble experiments such that extreme weather 
hazard probability estimation becomes achievable. Furthermore, 
research in all of the areas mentioned above is now being 
undertaken for all parts of Japan. Thus, we can claim that great 
progress is being made.
These research results are now considered basic data that are 
being used effectively by government departments such as the 
Ministry of Land, Infrastructure, Transport, and Tourism and the 
Ministry of Agriculture, Forestry, and Fisheries. Furthermore, using 
detailed prediction data from Area Theme C for Southeast Asian 
countries allows collaboration with researchers in Thailand, 

Vietnam, Indonesia, and the Philippines regarding the prediction 
of weather hazards and climate change. Useful knowledge is 
shared for examination of adaptation measures in the Asia–Pacific 
Region. This includes the substantial flow rate changes for the 
Hong River in Vietnam, and the increase in high tide storm surge 
risk for island countries in the Pacific Ocean that will happen in 
association with climate change.
Area Theme D researchers are also studying an increasing 
number of specific items within the larger issues, which include 
the following: i) long-term estimation of the intensity and frequency 
of extreme weather hazards, ii) seamless hazard prediction up 
until the end of the 21st century, iii) weather hazard analysis of 
past disasters and estimation of climate change factors, iv) 
sharing weather hazard estimation results with Asia–Pacific 
countries and international collaboration in general, v) creating 
no-regret adaptation strategies that consider a variety of weather 
and climate changes, and vi) bias correction methods and 
extreme value estimation technique development.

Fig.2 : Flood peak flow rate for 109 basins of class A river systems in Japan 
calculated using examples of maximum precipitation per year in the past and 
future events considering a 4ºC rise with the d4PDF experiments. Based on 
this information, future changes to river flow rates for the planned scale of each 
river (presently 100–200 years) can be predicted. 
The figure shows flow rate values calculated in the experiment based on past 
events and what would occur with a 4ºC rise in temperature. At present, it is 
predicted that the flow rate corresponding to the 100–200-year period will occur 
more frequently, i.e., once in 50 years or less in almost all river basins.

F i g . 1  :  U t i l i z i n g  t h e  1 0 0 - y e a r  
seamless experiment produced in 
Area Theme C,  we wi l l  assess  
various impacts (e.g., floods, high 
t i d e  s t o r m  s u r g e s ,  a n d  w a t e r  
resources and cycles) considering 
continuous climate change from the 
present unti l the end of the 21st 
century to propose climate change 
adaptation strategies (e.g., in relation 
to agriculture and coastal zones).

Fig.3 : Extreme precipitation data in the top 99% of precipitation values that 
correspond to each region in Japan with specific temperatures, created using all 
the ensemble d4PDF experiment data. The bluish line represents the present 
climate and the reddish line represents the future climate. The thin solid line 
represents the ensemble member values and the thick solid line represents the 
ensemble average values. Red represents observed values. In all regions, the 
higher the temperature becomes, the greater the intensity of extreme 
precipitation. It is understood that this relationship closely follows the 
Clausius–Clapeyron equation that describes the relationship between saturated 
water vapor pressure and temperature. The peak value of the precipitation 
intensity curve will become bigger under future climate conditions. This means 
that in the climate of the future, extreme precipitation will become much more 
extreme following the rise of temperature.

Fig.4 : Long-term changes to water resources and climate values throughout 
Japan were estimated using the 150 seamless RUN experiment MRI-AGCM3-2S, 
as illustrated in Fig. 4, where the black line represents the values in a scenario that 
assumes land use has not changed from that in 1976, and the red line represents 
the values in a scenario that assumes land use has changed in accordance with 
the population increase in urban areas. 
The long-term patterns of changes to water resources are different depending on 
the river basins. For example, water resources increase gradually for the Ishikari 
River basin, but decrease gradually for the Tedori River basin. Increases happen 
up until the middle of this century and then decrease for the Yodo River basin. 
There are large differences in land usage in the Tsurumi River basin.
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Contribution of the 
TOUGOU Program to CMIP6

About the Coupled Model
Intercomparison Project 6
(CMIP6)
Key climate modeling institutes throughout the world 
conducted climate change projection experiments that 
adopted a common experimental design to create 
projection data for the 6th assessment report (AR6) of 
the IPCC’s working group 1 (WG1). This data is due to 
be published in July 2021. 
This project, called CMIP6, is an activity of the World 
Climate Research Programme (WCRP), which forms 
the international framework on meteorological 
sc ience.  Thi r ty-e ight  research organizat ions 
participated in this program. In addition to performing 
projections based on future scenarios of increased 
CO2 concentration, participating organizations 
conducted various experiments (Fig.1) that included a 
basic experiment to confirm the reproducibility of the 
climate model and further experiments to examine the 
impact of clouds and carbon cycle changes. 
The Earth System Grid Federation (ESGF) data 
distribution system was created to distribute the data 
as a collaborative work by climate data centers 
throughout the world.

Most of the 23 sets of experiments approved under 
CMIP6 were calculated as part of the TOUGOU 
program. Data results were published by us at a 
reasonably early stage, as we were fourth in line of 
the 38 participating organizations. We were able to 
publish the data swiftly owing to collaboration with the 
domestic IT program “Data Integration Analysis 
System” (DIAS), which participates in ESGF. 
Under CMIP5, which contributed to the previous IPCC 
report, the number of citations of data from the 
TOUGOU program was ranked level first. In CIMP6, 
many new experiments were conducted, such as the 
experiment with a scenario related to the 1.5ºC 
warming target. As we were able to announce the 
data soon after completing the experiment, we expect 
our work to make substantial contributions to the 
international research community (Fig.2). 
Preparation for WG1 AR6 is in progress with 10 
Japanese researchers in the writing team. Seven of 
the group are authors and three are review editors. Of 
the 10 researchers from Japan, seven are active 
participants in the TOUGOU program. 
For these reasons, it is expected that the TOUGOU 
program will raise the level of the entire field of climate 
change projection in Japan and its international 
contribution.

Analyzing factors of Extreme Meteorological
Phenomena in Japan and providing supporting Scientific Evidence
for Global Warming Prediction Data

Interproject Collaboration : 
Effective Use of the Ensemble Climate Prediction Database 
contributing to Global Warming Mitigation Measures

Goals of the Interproject
Collaboration
To correctly evaluate the impact of global warming, it 
is essential to take climate change prediction and 
quan t i t a t i ve  eva lua t i on  o f  unce r t a i n t y  i n t o  
consideration. 
The Program for Risk Information on Climate Change 
was conducted by the Ministry of Education, Culture, 
Sports, Science, and Technology (MEXT) during 
2012–2016. In this program, the “Database for Policy 
Decision-Making for Future Climate Change (d4PDF)” 
was created to obtain probabilistic future projections 
of low-frequency local-scale events. 
This subject can be studied adequately only by 
performing an unprecedented number of experiments 
using a high-resolution global atmospheric general 
circulation model (hereafter, called the “global model” ) 
and the high-resolution regional climate model 
(hereafter, called the “regional model” ). Three types of 
experiment are undertaken in d4PDF: the f irst 
reproduces the past climate since the middle of the 
20th century, the second adopts conditions assuming 
no global warming, and the third considers future 
conditions with increases of 2ºC and 4ºC in global 
mean temperature.
Using these results, great improvements have been 
made in factor analysis of unusual meteorological 
phenomena in the past, understanding the uncertainty 
of predictions for the future, and impact assessment 
studies. This has contributed substantially to the 
promotion of global warming adaptation planning for 
each ministry, local government, and industry.
The d4PDF global model calculations have thus far 
been used for attribution studies of large-scale 
extreme events, and to assess the uncertainty of 
global-scale future climate change predictions. 
Regional model simulations have been used for future 
change projection of regional extreme events in 
Japan, and assessment of the impact of f lood 
disasters.
As part of the TOUGOU program, researchers in the 
four area projects formed a team and started to 
integrate research based on global and regional 
modeling that had previously been performed 
separately. The primary goal is to achieve event 
attribution (i.e., quantitative estimation of the impact of 
global warming or other natural variability on each 
extreme event; hereafter, called “EA” ) with particular 
focus on local extreme events or meteorological 
disasters in Japan.

To what extent is global warming responsible
for the recent heavy rain events that 
have occurred in various places in Japan?

Generally, the global model used for EA has low resolution. 
It has long been considered difficult to perform EA studies 
for heavy rain events that occur locally in Japan owing to 
the effect of locally precipitous terrain. However, our team 
used the d4PDF high-resolution ensemble simulations 
conducted by the regional model to overcome this 
problem. Thus, high-resolution EA for local heavy rain 
events in Japan was achieved for the first time. For 
example, it was clarified that the heavy rain that occurred 
on the windward side of the Kyushu Mountains during the 
Heavy Rain Event of July 2017 was 1.5 times greater 
owing to global warming, and that the heavy rain that 
caused severe damage in the Setouchi Region during the 
Northern Kyushu Heavy Rain Event of July 2018 was 3.3 
times greater owing to global warming. Moreover, by 
analyzing this in combination with the results of the d4PDF 
global model, a circulation field in the background of heavy 
rain occurrences was revealed. It provided scientific 
evidence that supported identification of those places in 
which the impact of global warming is easily detected and 
those places where it is not.
In the past, EA has been studied as part of Area Theme A. 
However, through collaboration, researchers involved in 
different Area Themes have achieved EA of regional 
extreme events in Japan for the first time. The scientific 
evidence obtained here can help us understand the impact 
of global warming. 
In the future, we would like to strengthen our collaborations 
and improve our ability to obtain accurate EA results in 
assessment of flood damage caused by heavy rain.

Fig.1 : Map showing change in the number of days with precipitation of 
more than 100 mm/day in July due to global warming. This used results 
from the historical experiment for the past 3000 years and from the no 
global warming experiment with the d4PDF regional model. Precipitous 
terrain is a unique feature of Japan, and heavy rain is likely to occur on 
the southwestern side of mountains owing to the inflow of water vapor 
from the southwest during the rainy season. Conversely, heavy rain that 
falls on the eastern side of Japan’ s mountains is primarily caused by 
typhoons. When these basic differences were understood, it gradually 
became clear that there are places where the impact of global warming 
would be easily detectable and other places where it would not.

Michio Kawamiya
Written by

column 2

Fig.2 : Results of prediction experiments using 
MIROC6, based on the five pathways of CO2 
concentration increase assumed by CMIP6. Different 
co lo rs  show d i f fe ren t  scenar ios .  The  CO2 
concentrations as of 2100, in each scenario, are 
shown on the right-hand side of the figure. Lines of 
the same color show the results for projections with 
different initial values (i.e., the blue and red lines 
appear as single thick lines because there are so 
many individual lines). The purple line in the lowest 
port ion of  the f igure shows the resul t  of  the 
experiment under the scenario corresponding to the 
1.5ºC warming target.

Fig.1 : Schematic of the CMIP6 experiment design, 
based on the figure of Eyring et al. (2016)
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To address the situation surrounding global warming, 
the 6th Assessment Report (AR6) by Working Group 
No. 1 (WG1) (the physical science basis) of the 
Intergovernmental Panel on Climate Change (IPCC) is 
being prepared and will be published in 2021. 
For AR6, cooperation between working groups (WGs) 
is strongly recommended. In part icular,  c lose 
cooperation between WG1 and WG2 (impacts, 
adaptation, and vulnerability), linking world climate 
change predictions with adaptation measures will be 
emphasized. Dynamical downscaling in Theme C and 
modeling of various impact predictions in Theme D 
are the technologies to be used as key factors in the 
cooperative project mentioned above.
Staff members of ministries and government offices in 
Japan have made considerable effort to promote 
adaptation measures based on the “National plan for 
adaptation to the impacts of climate change” decided 
on by the cabinet in November 2015. However, there 
was no legal precedent for promoting the adaptation 
plan. Additionally, there was no framework in place for 
obtaining and providing information based on scientific 
evidence regarding the impact of future climate 
change. To resolve such problems, examination of the 
“legalization of adaptation measures” is ongoing, and 
the Climate Change Adaptation Act was enforced on 
December 1, 2018.
The Japan Meteorological Agency and the Ministry of 
Education, Culture, Sports, Science, and Technology 
took on the responsibility for the development of 
“Climate Prediction Data Sets” to obtain basic 
information regarding climate change in Japan. In 
simple terms, manageable data sets needed to be 

developed that were appropriate for actual end users 
and speci f ic local  areas. Area Theme C team 
members will bear much of the responsibility for 
delivering this. 
The members of Area Themes C and D have worked 
closely together from the beginning of this program to 
create data sets that could be used effectively in a 
wide range of f ields. They have examined and 
summarized exactly how such data sets could be 
used most effectively and they have drawn up the 
figures. Through this collaboration and the great 
working relationship between members of Area 
Themes C and D, predictions could be made with 
ease, even for disasters related to strong winds, 
precipitation, and flooding. This could not have been 
achieved using only the GCM (Global Circulation 
Model) and the RCM (Regional Climate Model). 
For further climate change predictions, wind and flood 
hazard estimations, and impact estimations, although 
predictions using hazard models and bias corrections 
can be performed, this generally takes time. However, 
with Area Themes C and D working together, the time 
required to produce predictions could be shortened by 
6–12 months or more. Moreover, not only in Japan, 
but also in Southeast Asian countries, collaborative 
work has achieved great results in various fields. The 
“150-year Run” that was added to the collaborative 
projects of Area Themes C and D through the 
TOUGOU program has provided extremely important 
basic data from the fourth year of their addition. In the 
future, various indices will be created for Area Theme 
D regarding the more than satisfactory adaptation to 
program integration and postprogram integration.

Fig.1 : Framework of collaboration between Area Themes C and D in the TOUGOU program.

Eiichi Nakakita
(Area Theme D)

Izuru Takayabu
Written by

(Area Theme C)


	eH1_H4
	eH2_01
	e02_03
	e04_05
	e06_07
	e08_09
	e10_11
	e12_13

