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 Why Hydroclimate?: 62% of the world population live in global monsoon regions & 
increasing trends in the frequency and intensity of extreme rainfall and distinct 

characteristics & high sensitivity in both amplitude and duration of Asian rainfall to 
increasing temperature 
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Motivation 

 Moon et al. (2021 ) 



 

• Summer monsoon changes (duration, amplitude)  

• Evaporative demand and evaporative deficit  

• Dynamic and Thermodynamic components of late summer rainfall  

• Droughts, dry heat waves, compound heatwaves 
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Outline 

Monsoon Droughts Heatwaves, Fire 



Changes in duration of rainy season for various monsoon regions 

High correlation 
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(Moon and Ha, 2020. npj CAS) 

Shortening  
rainy season 

SAM 

NAM 

9 regional monsoons: ICP (Indo-China Peninsular), WNP (western north Pacific), EA 
(east Asia), IND (India),  AU (Australia), SAF (south Africa), SAM (south America),  
NAF (north Africa), NAM (north America)  
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Changes in monsoon duration 
Longer monsoon season in East Asia 

The longest 
duration 



 Changes in monsoon onset and retreat 
 Over East Asia the models simulate the earlier onset and later retreat 

Future warming (SSP245) increases the extremes over the Asian monsoon more 

than in other monsoons  (EA will have the largest change) 

(Ha, Moon, Timmermann, and Kim, 2020, GRL) 5 

Onset, retreat, and 20 

year return value of 

extreme precipitation  

+69% 

A 20-year return value of precipitation (P20) 

Earlier Monsoon onset 

in Eastern Asia, 

western North Pacific 

and later retreat for  

these regions and 

India. 

Earlier 

Later 

Earlier 

Later 

Drastic intensification 

of rainfall extremes  



• Development and maintenance of both the Eurasian and Pacific blocking, resulting in extreme 
rainfall over East Asia.  

• The blocking’s frequency and intensity and Okhotsk high affect the strength and location of cold air 
intrusion, which produces heavy rainfall over East Asia. 

• When it is combined with the increased water vapor availability in future,  extreme heavy rainfall 
can occur frequently.  

Shading : 850T 
Vector : 850UV 
Contour : 500Z 
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(Oh, Ha, Timmermann, 2018 JGR-Atmos, August Cover story) 

A recipe for late summer extreme precipitation 
Conspiring stationary waves, dynamics and thermodynamics 



Primary factor: Dynamic (71.4%)+ thermodynamic (27.1%) components 

 

Shading : 200U 
Vector : 850UV 
Contour : 500Z 
Dot : precipitation 

Dynamic component : −< 𝛻 ∙ 𝑞 𝑐𝑙𝑖𝑚𝛿𝑉 > 
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Shading : 200U 
Vector : 850UV 
Contour : 500Z 
Dot : precipitation 

b) Thermodynamic component : −< 𝛻 ∙ (𝛿𝑞 𝑉 𝑐𝑙𝑖𝑚) > 

L 

H 

H 
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Evaporative deficit: differences between of the potential ET and actual ET projections over 2015–

2100; New Drought Projections Over East Asia Using Evapotranspiration(ET) Demand (Ha 

et al., 2020, GRL; Kim, Ha, Yeo, 2021, Earth Future) 
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Future Droughts 
Increased Drought risk over Indo-China and east Asia due to Evapotranspiration 

Evapotranspiration deficits 

SSP2-4.5 SSP5-8.5 mm/year/decade 

 Despite growing precipitation, future droughts will become more intense!  

Ha, Moon, Timmermann et al. (2020; Geophysical Research Letters) 



Feedback attribution  to Heatwaves 

Coupled atmosphere–surface climate feedback–response analysis method (CFRAM, Lu and Cai (2009)) 

∆
𝜕𝐸

𝜕𝑡
= ∆𝑆 − ∆𝑅 + ∆𝑄𝑛𝑜𝑛−𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑣𝑒 

Seo, Y.-W., Ha, K.-J., and Park, T.-W. 2021 Feedback attribution to dry heatwaves over East Asia. Environ. Res. Lett., 10.1088/1748-9326/abf18f  
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Seo, Ha, and Park, 2021, ERL 

Feddback contributions to temperature 
changes 

Area1  

Area2  

- Latent heat flux and surface dynamic processes served as 
positive feedback for surface warming by reducing the heat 
release from the surface to the atmosphere because of deficient 
soil moisture based on dry conditions.  
 
- Cloud feedback also led to warm temperature anomalies 
through increasing solar insolation caused by decreasing cloud 
amounts associated with anomalous high-pressure systems.  

Dry heatwaves 

Area 1 

Area 2 
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Monsoon & Extremes Evaporative Deficit 

•Changes in duration and phase, not 
only amplitude 

•Intensification of extreme rainfall in 
East Asia  

•Identify main mechanisms for changes 
in Monsoon characteristics 

•Drought risk from changes in 
evapotranspiration(ET) and 
potential ET 

•Despite growing precipitation, 
future droughts can become more 
intense due to stronger evaporative 
demand. 

Summary 1: Hydroclimate changes 

Wildfires 

Droughts 

Monsoons 
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Recipe for  

extreme precipitation 

Feedback attribution in  

heatwaves 

•Primary factors divided by  dynamic and 
thermodynamic component 

•Relevance for understanding future 
rainfall extremes over Eastern Asia 

•Importance of cloud feedbacks versus 
latent heat flux processes 

•More insights into the generation of 
compound heatwaves, droughts and 
wildfire, their linkage with atmospheric 
waves and surface feedbacks 

Summary 2: Physical processes of hydroclimate 

Rainfall extremes 

Heatwaves 
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