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Two types of extremes in this presentation

Seasonal records and long-term trends Local “cloud-scale” peaks
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Record ‘blue skies’ after COVID-19 lockdown
 (van Heerwaarden, Mol, and Veerman et al., 2021, https://www.nature.com/articles/s43247-021-00110-0)



Driven by anomalous weather (blocking pattern)
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Increased sunshine part of a multi-year trend

Wouter Mol (IMGW) – MeteorologInnentag 2025 5

De Bilt (main KNMI / NL station)
https://weerstatistieken.nl

https://www.science.org/doi/10.1126/science.adq7280



Two types of extremes in this presentation

Seasonal records and long-term trends Local “cloud-scale” peaks
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Clouds enhance sunlight
 by scattering
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Video of clouds
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Surface solar irradiance under different cloud types



How to generate irradiance peaks?
Take one or more of the following mechanisms:
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From Mechanisms of surface solar irradiance variability under broken clouds
(Mol and van Heerwaarden, 2025, https://acp.copernicus.org/articles/25/4419/2025/)

Altocumulus
Cirrus
Cloud edge Stratus

Congestus 
Cumulonimbus

Bare rock (Alps?)
Snow

Desert

Important Important Increases existing peaksNot (locally) important
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Methodology

Observations:

Small-scale spatial sensor network and long-
term detailed time series

Simulations: 

Cloud-resolving large-eddy simulation 
and 3D Monte Carlo ray tracing
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Simulated cloud fields: from simple to complex 

Wouter Mol (IMGW) – MeteorologInnentag 2025 16



Forward  vs downward escape
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Transition at 𝛕 ⋍ 5 to 6



Surface albedo enhances the effect of downward 
escape
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Side escape enhances SSI at the sunlit side of clouds
(not a cloud reflection!)
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Combination of mechanisms as cloud geometry 
increases in complexity
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