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Project aims:
● Development and evaluation of stochastic methods for 

the compact representation of spatio-temporal 
weather extremes 

● Stochastic simulation of spatio-temporal precipitation 
fields with preserved spatio-temporal characteristics
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Figure: Precipitation sum during Flooding event in May/June 2024 from RadKlim hourly precipitation data. Left: Precipitation sum 
between main event (May 29 14:00 UTC; June 03 20:00 UTC),    

Compact describtion of heavy precipitation 
events:

We introduce a spectral decomposition framework to characetrize the 
spatio-temporal characteristics of precipitation events using wavelet 
transform. 

Focusing on Germany, we analyze the 100 most extreme two-day summer 
precipitation events using the high-resolution RadKlim dataset provided by 
the German Weather Service.
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Stochastic simulation of heavy precipitation 
events:

Synthesis of space-time consistent precipitation fields, which can be    
calibrated against observation data (e.g. Radolan/RadKlim).

–              : Gaussian random field (Mat´ern)           

–                                                          : Combined modulation field

–                      : Advection.

Postprocessing: 
– Transformation in Gamma-distribution 
– Separate treatment of dry and wet cells
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Figure: Wavelet space-time spectrum as in Szemkus et al. (2025) of 
six precipitation events over Germany. 

Figure: Correlation of characteristic properties (S, V, L, T) with
Total precipitation volume (Vol),  convective timescale (     ) 
and mean wind speed in 500 hPa (             )

τ cv500hPa

Figure: Wavelet space-time spectrum as in 
Szemkus et al. (2025) for May/June precipitation 
event from 5min RADOLAN precipitation data 
six precipitation events over Germany. 

Figure: Simplified schematic of the stochastic precipitation model. From top to bottom: stochastic precipitation 
field, Gaussian random field (GRF), spatial modulation S(s,t), and temporal modulation E(t).
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