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Water and Climate Change Adaptation

- Relationship between climate system and water cycle

- Climate projection uncertainty – why? and how to address?
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� Radiative Warming

Stefan-Boltzmann Law: Material emits radiative 

energy with the forth power of the surface temperature.
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Warming of the climate system is unequivocal.
(IPCC AR4, 2007)
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58 simulations by 14 models

19 simulations by 5 models



Heavy Precipitation Events: Frequency increases over most areas

Anomalies (%) of the global annual time 

series defined as the percentage change of 

contributions of very wet days from the base 

period average .

Singapore

Jun. 2010

Jun. & Dec. 2011

IPCC AR4

944mm/24h

Mumbai

India

2005

Thailand
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Monthly Palmer Drought Severity Index 
(PDSI)

Area affected by droughts increases

IPCC AR4

Pakistan
1999-2002

Australia
2002-2003
2006-2007 

Mekong
2010
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C02 increase

long-wave  radiation

convection

sunshine

subsidence ���� dry subsidence���� dryHeavy 
Rainfall

radiation
(green house effect)

--- convection equilibrium
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Temperature ���� Saturated Water Vapor Pressure ���� Cloud Formation
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2XCo2

CO2

Heavier Rainfall 
in Smaller Area

Impacts of CO2 Increase

on the Water Cycle

Predicted by Models

Bigger Annual Variation
of the Summer Rainfall in India

Heavy Rainfall around Japan
（（（（CCSR-NIES-JAMSTEC））））
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Projected changes 
in extremes

It is very likely that
heavy precipitation
events will continue to
become more frequent.

IPCC AR4

It is likely that area 
affected by drought 
increases.
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Recent trends, assessment of human influence on the trend and projections for 
extreme weather events for which there is an observed late-20th century trend.
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Water is a Key 
bridging between climate processes and societal benefits.

(Richard H. Moss, et al., Nature, 2010)
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Large Uncertainty in Climate Projection 

Computational Loads >> Computer Power
・・・・Time Integration

- weather prediction: one week
- climate projection:   one hundred years

・・・・Ocean Dynamics as well as Atmospheric Dynamics
- weather prediction:  initial condition of atmosphere

- climate projection:   ocean & land boundary conditions

���� Coarse Spatial Resolution: several 10s km
- can not express clouds physically

- can not express orographic effects

– why? –– how to address? –
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