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Rodell et al., 2018, NatureObserved by GRACE satellite (2002-2016)
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IPCC AR6 Update after AR5

The Current State of the Climate

It is unequivocal that human influence
has warmed the atmosphere, ocean
and land.

Human-induced climate change is
already affecting many weather and
climate extremes in every region
across the globe.

- IPCC AR6 WG I SPM



ΔT = aΣCO2

(Nearly) Linear Relationship





Offender & Victims – Geographical

+ The top 10% rich have emitted ~40% of total GHGs, while the bottom 50% have emitted <15%.

= The less wealthy half of the world is responsible for only a 0.15°C global temperature rise.



Offenders and Victims – Generational
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Climate-Induced Disasters & Losses

“Between 1998 and 2017 climate-related and geophysical disasters killed 1.3 million 
people … 91% of all disasters were caused by … extreme weather events.”

- Economic Losses, Poverty & Disasters 1998-2017, UNDRR  

In 1998-2017, 
Direct economic losses: 2,908 b$; Climate-related disasters: 77% (2,245 b$)
251% increased from 1978-1997

The poorest, most vulnerable people 
who have done the least to cause 
global warming (Africa and Pakistan 
emit < 4% of CO2) who are left 
paying the bill when their homes are 
destroyed in floods, or their fields are 
left dry for years. 

a need for “Global Shield” a global 
agreement to ensure that those 
responsible for climate change help 
pay for the losses and damages



https://ec.europa.eu & https://str.llnl.gov 

General Circulation Model

Global Climate Model

Earth System Model
Meta-Earth

Digital

Twin







Mean Shift & Larger Variance
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Quantification of Human Influence of the 2022 Droughts



Hagibis on Oct. 9, 2019, 
Credit: NASA Worldview
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Observed Influence of Anthropogenic Climate Change 
on Tropical Cyclone Heavy Rainfall

Utsumi & Kim,  2022
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Image Courtesy of https://unsplash.com

Does global warming 

reduce available water? 



Decrease in Available Water 
Resources during 20th Century 

Padrón, Kim et al.,  2020

Δ(P – ET) [mm])

Real World

Natural Earth

is extremely likely with anthropogenic warming.



Japan, July & August 2018
Image from a broadcast service in Japan

Is wet & hot swing 

getting more 

severe in future?



Madakumbura, Kim et al., 2019

Event-To-Event Intensification of the Hydrologic Cycle

+ In mid-high latitudes “wet-dry swing” will be significantly intensified by 0.5° additional 
warming after 1.5°.

Present
+1.5 degC
+2 degC



Ed Hawkins @ U. Reading

Climate Inequality

Heatwave Heavy Rainfall Drought



Tipping Point

Aridity

MediterraneanAmazon

Takeshima, Kim et al. 2020

Extreme Wet-Dry Swing

Madakumbura, Kim et al. 2019

Wildfire

Son, Kim et al. 2018
Tipping point varies for different climate 
extremes and global regions.

Historical +1.5ºC   +2.0ºC 

Historical +1.5ºC   +2.0ºC 

Historical +1.5ºC +2.0ºC 

Aridity
Increase



Water – Food – Energy Nexus

Bio Fuel, Land Use

Irrigation, Groundwater 
Pumping

Integrated 
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Thermal power plants under climate change 
& Temperature rise due to TPP cooling

+ Temp. increases due to TPP cooling travels to downstream area. 
+ Such impacts are piled up within river basin networks.

Otta, Kim et al., in prep.



Gender Inequality in Poor Water Access

More women

More men

+ Women often bear responsibility for water collection spending more than 30min/day on this task.

+ More women are in poor water access than men especially in Africa.

+ Education and work opportunities may be lost as a result

Working Age Children

Kakinuma & Wada 2024



Socioeconomic Development
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