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Video source: Zak M (Dec 2019)

“There is high confidence that heavier precipitation 
events across the globe will increase in both intensity and 

frequency with global warming” (IPCC, 2014)

Tropical Precipitation Changes:
1. How much? 

2. Why? 
3. Where?
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While time-mean precipitation is constrained by the 
balance of energy in the Earth system…



…extreme precipitation is limited by the 
amount of water vapor available in the atmosphere



…extreme precipitation is limited by the 
amount of water vapor available in the atmosphere

Source: IPCC Chapter 11 – Weather and Climate Extreme Events in a Changing Climate



How to interpret extreme precipitation changes? 
Thermodynamic vs. dynamic contribution

Source: IPCC Chapter 11
Image source: Adobe Stock
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Radiative-Convective Equilibrium is a foundational atmospheric model 
that can explain vertical temperature profile changes with climate

See: Manabe et al. (1961, 1964, 1967, 1975)



Radiative-Convective Equilibrium is a foundational atmospheric model 
that can explain vertical temperature profile changes with climate

Video Source: C. Müller (2011); See: Wing et al. (2018), Müller et al. (2011), 
Manabe et al. (1961, 1964, 1967, 1975, etc.)



Video Source: mmartimus (Using CM1 Model)
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Challenge: Atmosphere’s vertical structure changes how 
much water vapor can be condensed into precipitation! 



Challenge: The tropopause shifts upwards as the climate warms
Misleading to assume that the storms’ upward air currents do not shift



Moisture-Based Coordinate Collapses Upward Air Currents Across Climates
Implication: A simple theory for precipitation extremes changes
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“There is high confidence that heavier precipitation 
events across the globe will increase in both intensity and 

frequency with global warming” (IPCC, 2014)
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Source vidéo : Global Storm-Resolving and Large-Domain Large-Eddy Simulations with ICON LEM. Deutsches Klimarechenzentrum



Progress in numerical modeling allows to create 
“Digital twins” of the Earth

Source: Stevens et al. (2019)



We Compress Millions of Vertical Velocity Profiles into a 
Human-Interpretable Space with a Variational Auto-Encoder



This human-interpretable space can be clustered 
into 3 regimes for extreme precipitation analysis

Source: Mooers et al. (2023), Mooers et al. (2024)

Regime changes (SP, +4K warming): 
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Regime changes (SP, +4K warming): 



Using data-driven dynamical regimes, we find that precipitation changes 
are mainly due to spatial shifts in storm regime occurrences, rather than 

changes in how each regime generates precipitation.
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Video source: Zak M (Dec 2019)

“There is high confidence that heavier precipitation 
events across the globe will increase in both intensity and 

frequency with global warming” (IPCC, 2014)

Tropical Precipitation Changes:
1. How much? ≈7%/K for extremes

2. Why? Clausius-Clapeyron increases the atmosphere's capacity to hold 
water vapor (thermodynamical contribution) at 7%/K

3. Where? Uncertain but mostly dictated by shifts in where different storm 
types occur (dynamical contribution)
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