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Felix Fauer, Jana Ulrich, Henning Rust 

Modeling Precipitation Extremes

Large Scale Influence
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→ Koutsoyiannis et al., 1998 → Gupta and Waymire, 1990 → Fauer et al., 2021

d-GEV Parameters

→ Ulrich et al., 2021

p=0.01

p=0.1

p=0.5

Features of IDF Curves

http://dx.doi.org/10.1016/S0022-1694(98)00097-3
https://doi.org/10.1029/JD095iD03p01999
https://doi.org/10.5194/hess-25-6479-2021
https://doi.org/10.5194/hess-25-6133-2021
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Motivation

Precipitation Event Köln-Stammheim 14.07.2021

IDF Curve
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Distribution of annual maxima:

Parameter Dependence

Annual max. intensity (mm/h)

Generalized Extreme Value (GEV) distribution

Scale 𝜎

Location 𝜇

Shape 𝜉

Dependence on:

𝜇 = 𝜇 𝑑, 𝑥1, 𝑥2, …

• 𝑑 … duration (time scale)

• 𝑥𝑖 … NAO, blocking, mean temperature

year

Location 𝜇
Scale 𝜎
Shape 𝜉
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Simulated Probability Change

How does the probability of a reference event 

change with the large-scale variable?

Reference: 

• 𝑝𝑟𝑜𝑏 = 5%
• 𝑏𝑙𝑜𝑐𝑘𝑖𝑛𝑔 = 0

Reference Event (simulated)

Blocking Index (0…1)
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How does the probability of a reference event 

change with the large-scale variable?

Reference: 

• 𝑝𝑟𝑜𝑏 = 5%
• 𝑏𝑙𝑜𝑐𝑘𝑖𝑛𝑔 = 0

Each line = one model (measurement station)

Blocking Index (0…1)

Simulated Probability Change

4/5
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How does the probability of a reference event 

change with the large-scale variable?

Reference: 

• 𝑝𝑟𝑜𝑏 = 5%
• 𝑏𝑙𝑜𝑐𝑘𝑖𝑛𝑔 = 0

Median

Blocking Index (0…1)

Simulated Probability Change

4/5
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How does the probability of a reference event 

change with the large-scale variable?

Reference probability: 

• 𝑝 = 5%

Reference values:

• 𝑛𝑎𝑜 = 0
• 𝑦𝑒𝑎𝑟 = 1990
• 𝑇𝑒𝑚𝑝/°𝐶 = 10
• 𝑏𝑙𝑜𝑐𝑘𝑖𝑛𝑔 = 0

BlockingTemperatureYearNAO

Simulated Probability Change

5/5
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Appendix
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Variable Notes

NAO NOAA, 1950-2020, 

PCA-based

Blocking IFS-era5, 1950-2020, 

area mean over SCA

Temperature (TAS) era5, 1950-2020

Year

Data

Location 199 stations in North-

Rhine-Westphalia

Measurement frequency • minute

• hour

• day

Time range 1950-2018

Precipitation Large-Scale
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2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

M2009 M2010 M2011
…

Rain intensity daily time series

Annual max. intensity:

Annual max. intensity (mm/h)

Generalized

Extreme Value

(GEV) 

distribution

Extreme Value Statistics - GEV

𝐺 𝑧; 𝜇, 𝜎, 𝜉 = exp − 1 + 𝜉
𝑧 − 𝜇

𝜎

−1/𝜉

𝜎

𝜇

𝜉

(scale)

(location)

(shape)

Dependence on:

• Time scale (accumulation duration)

• Large scale variables

• NAO

• Blocking

• Mean Temperature

• year

monthly /

annual

average

max max …
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𝐺 𝑧; 𝜇, 𝜎, 𝜉 = exp − 1 + 𝜉
𝑧 − 𝜇

𝜎

−1/𝜉

(scale)

(location)

(shape)

intensity (mm/h)

quantiles for different durations

𝜎 𝑑 = 𝜎0 𝑑 + 𝜃 −𝜂1 + 𝜏

𝜇 𝑑 = ෤𝜇(𝜎0 𝑑 + 𝜃 −(𝜂1+𝜂2) + 𝜏

𝜉 𝑑 = 𝜉 (const. )

GEV -

curve

new:

𝑑:  duration

𝜃: duration offset (curvature)

𝜂1:  duration exponent (first slope)

𝜂2:  2nd duration exponent (multiscaling)

𝜏: intensity offset (flattening)

𝜎0:  scale offset

෤𝜇 :  rescaled location

→ Koutsoyiannis et al., 1998

→ Gupta and Waymire, 1990

→ Fauer et al., 2021

Introduction – IDF curves


