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Image by John Garrett (Skepticalscience.com). IPCC AR6

Climate is always changing



Climate change: The great civilization destroyer? (Michael Marshall, Newscientist)



Credit to Overpeck et al. (Science, 2011) 

Global climate is shifting 
to a new normal.

What are implications
for regional climates, 
ecosystem, bio- and social 
environment?

Make sense of regional 
climate change information 
and build future climate 
knowledge, actions



Urban effects on regional climate

Climate’s “old-normal” 
based knowledge will be 
the same in the future?

Credit to Qian et al., 2022, Advances in Atmos Sci



•Urban Flooding
•Water supply
•Water quality
•Climate change

Urban precipitation, why it does matter?



Climate change at the urban scale
A tale of two cities



Tokyo

Singapore

• Tokyo and Singapore
• Pseudo global 

warming with WRF

• BC:Baseline Climate 
(Tokyo:Aug; Singapore:Nov, 2005 –
2014)
• FC: Future Climate (2050s, 2090s, 

CMIP5 RCP8.5, RCP4.5)



WRF

Urban land tile Non-urban land tile

Weather Research and Forecasting for Cities

(Doan et al. 2016, Doan et al., 2019; Gu et al. 
2019)

WRF model, source: BioEarth, WSU



Pseudo-Global Warming Downscaling

Credit to Doan & Kusaka (IJoC, 2018)

To isolate the impact 
of “primary mode” of 
global warming
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Model performance 
on insitu observation 
and satelite product 
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Results for Tokyo



Local precipitation’s 
climatic responses 
to global warming

Frequency change (Precip) Intensity change (Precip)

Warming (Temp)

Results for Tokyo



Extreme gets more extreme (EGME) 

Tokyo Singapore

EGME

CC: Clausius Clapeyron scaling

1 CC is about 
7% increase of atmospheric 
moisture per one K warming 



Weak convection is 
suppressed for strong 
one to grow
PW: precipitable water
CAPE: Convective available potential 
energy
CIN: Convective inhibition
Wmax: maximum vertical velocity



Urban footprint disappears ?
With urban area Without urban area Difference

Baseline climate

Future climate Urban footprint 
changes under 
different climate 
regimes?



Key points

• Importance of HPC in investigating how and why urban climate
changes under the “new normal” of the global climate system.
• Extreme gets more extreme (EGME).
• Weak convection is suppressed for a stronger one to grow.
• Urban footprint on extreme precipitation in the tropics will 

disappear?
• Mid-latitude responds more sensitively to warming stimulations. 

Mechanisms need to be discovered.
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