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IPCC
（Intergovernmental Panel on Climate Change）
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◆ 3 Special Reports（1.5℃, Land, Ocean and Cryosphere）were 
published during 2018-2019.
✓ Lead Author of Chapter 2 (High Mountain) and SPM, SR on Ocean and Cryosphere

◆ The 6th Assessment Report is on going (2021～2022)
✓ Lead Author of WGII Chapter 4 and SPM

September 2019
Approval of Special 
Report on Ocean 
and Cryosphere



• It is an established fact that human influence has 
warmed the climate system and that widespread and 
rapid climate changes have occurred
Previous Assessment Report (AR5） said

✓ Temperature is rising “virtually certain (99-100%)”

✓ Due to anthropogenic climate change “(95%)”

→Confidence has raised （95％→100％）

• Over the last 50 years, observed global surface 
temperature has increased at a rate unprecedented in 
at least the last 2000 years

• Without strong mitigation, global warming levels of 
1.5℃ and 2℃ above preindustrial levels will be 
exceeded by the end of the 21st century.

• Human influence on climate change is contributing to 
many observed changes in extremes (heatwaves, 
drought, heavy precipitation, tropical cyclones)and 
other climatic impact-drivers.

IPCC 6th Assessment 
Report, Working Group I
(August 2021)



Past changes in water
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Human influence on climate change is contributing to many observed 
changes in extremes (heatwaves, drought, heavy precipitation, tropical 
cyclones)and other climatic impact-drivers.

IPCC AR6 Fig.SPM.3

Climate Change
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What is Climate model
AOGCM

Atmospheric Ocean General Circulation Model

Reproduce the Earth's climate by taking into 
account changes in the atmosphere, oceans, 
land, snow and ice.

http://www.cmmap.org/learn/mode
ling/whatIs2.html

Time series 7



What is climate model
AOGCM

Atmospheric Ocean Global Climate Model

http://www.cmmap.org/learn
/modeling/whatIs2.html

Time series

Historical experiment：Observed sea surface temperature and 
sea ice distribution are given as boundary condition

El Nino year La Nina year

Climate oscillations=
Natural variability＋anthropogenic climate change

Similar time series features 
among ensembles
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Historically 
observed climate 
oscillations



What is climate model
AOGCM

Atmospheric Ocean Global Climate Model

http://www.cmmap.org/learn
/modeling/whatIs2.html

Time Series

Non-warming (natural) experiment:Removing anthropogenic effects (trend) from sea 
surface temperature and sea ice distribution

El Niyo year La Nina year

Oscillation=Natural climate variability only
ＮＡＴ
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⚫FAR(Fraction Attributable Risk) tests to quantify the effect

𝐹𝐴𝑅 =
𝑷𝒂−𝑷𝒏

𝑷𝒂

FAR>0…Flood has increased

FAR<0…Flood has decreased

What is EA experiment?

⚫ EA experiment：100 climate ensemble experiments for the past

⚫ Compares two types of experiments: past simulation with and  

without the anthropogenic global warming
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Pa…Flood occurrence probability in Historical experiment

（with anthropogenic climate change）
Pn…Flood occurrence probability in Natural experiment

（without anthropogenic climate change）



Example of EA experiment
14 (64%) out of historical river flood has 
affected by anthropogenic climate change
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• Increased and decreased, or no significant effect, were determined when the 50th 
percentile signs of the two NAT experiments matched.

• Increased for 8 out of 22 events (due to increased precipitation) and decreased for 6 
(decreased precipitation or lower snow accumulation due to climate change)

Hirabayashi et al., 2021 
Progress in Earth and Planetary



Future changes in water
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Future changes in drought and flood
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AR6 WGI 
Fig11.14, 11.19

Consecutive dry days Annual maximum daily rainfall 

◆Dry days will increase in arid/semi-arid regions, Mediterranean, Africa 
and Asia. →will impact on agriculture and ecosystems

◆Heavy precipitation will increase most regions. → will increase disasters



Future Flood Change

14Hirabayashi et al., 2021

• Flood is projected to l increase 
in many regions in South Asia, 
Southeast Asia, Northeast 
Eurasia, eastern and low-
latitude Africa, and South 
America.

• Flood is projected to  decrease 
in northern and eastern Europe, 
Anatolia, Central Asia, central 
North America, and southern 
South America.

Increase Decrease

Flood frequency

Model agreement

High High
Low
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Number of people affected by flooding

Annual global flood exposure increases about 1.4-fold 
(from 2.2–3.2% of the global population) from historical 
period (1971–-2000) with 3℃ warming in CMIP6. 

Hirabayashi et al 
(2021), 
Scientific Reports



• Possible rise of more than 3 m in 2300 in an extreme scenario.
→will increase coastal inundation
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Projected Sea Level Rise (IPCC SROCC, 2019)
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“Countermeasure” against the 

global warming?
adaptation together with mitigation is important.

adaptation
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• Cumulative CO2 emissions must be 
stopped - i.e., net CO2 emissions 
must be reduced to zero 
→ 2,390 ± 250 Gt CO2 in 2019

• Allowable emissions per level of 
warming (independent of scenario)

• Warming level Surplus carbon 
budget (Gt CO2)
• 1.5℃ 500 (300-900), 2℃ 1350 

(900-2300) 
• If 1.5℃ target, 80% of the 

total emissions that can be 
emitted have already been 
emitted 

IPCC AR6

Fig. SPM.1

Unless we make strong progress in reducing greenhouse gas emissions 
in the coming decades, warming levels will exceed 1.5℃ and 2℃ by the 
end of the century.
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Increase in flood damages from the present 
even adaptation measures are implemented

Damage 

increase 

without 

adaptation

Adaptation 

cost

Benefit 

(reduced 

damage)

Damage 

increase 

with 

adaptation

RCP8.5/SSP5 983 68 740 243

RCP6.0/SSP3 353 40 220 133

RCP4.5/SSP2 442 50 337 105

RCP2.6/SSP1 543 55 374 169

[billion 

US$/yr]

• A high flood damage increase (exceeding 0.1% of local GDP) remains, 
especially in eastern China, northern India, and central Africa even 
with adaptation. 

• Shorter adaptation periods or lower adaptation costs as well as 
enhanced financial support of high-risk regions will effectively reduce 
projected flood damage.

Tanoue et al (2021), 
Nature Climate Change



20Tamura et al., 2019, Climatic Change

Global coastal flood due to static sea level rise

Adaptation (e.g. coastal embankment) 
will reduce the damage with low cost.
• Projected economic damage due to 

steric sea level rise without 
adaptation is 75-90 bil. USDin 2030 
and 169-482 bil. USD in 2100.

• Under RCP8.5 scenario, incremental 
adaptation cost is less than 20 bil. 
USD in 2030 and 43-203 bil. USD in 
2100.
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• In Asia, including Japan, the direct impact of increased river flooding and 
coastal inundation, as well as the impact of drought in grain-supplying 
countries such as China and Australia, is a concern.

• In order to cope with the diverse water risks that are expected to become 
more serious in the future, we need to understand the water cycle system 
comprehensively, predict the future of each region scientifically, and plan 
and implement medium- and long-term adaptation plans that include hard 
and soft measures.

• The impacts of floods and droughts are more acute in developing 
countries with low flood defenses and vulnerable agriculture that relies on 
rainwater. Appropriate support for adaptation measures in those countries 
is necessary to reduce the global damages.

Key message


