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Extreme Precipitation
in the past and future

Change of IDF relations over Central Europe 
_______________________________________________

Felix S. Fauer
Henning W. Rust
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Motivation

100-year-event
• stationary climate?
• changing  climate?
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Motivation

1. Find relation:

Precipitation Intensity

Frequency

Large-scale average variable

2. Use future projection of
large-scale variables (MPI-ESM)

3. Estimate future extremes

(extreme precipitation)

2020 to 2100

Use relation from the past

And future projection

To estimate future extremes

+

to project small-scale extremes                         vs.                     to project large-scale average variables
(NAO, temperature, 
blocking, humidity)
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Motivation

1. Find relation:

Precipitation Intensity

Frequency

Large-scale average variable

2. Use future projection of
large-scale variables (MPI-ESM)

3. Estimate future extremes

(extreme precipitation)

2020 to 2100

Use relation from the past

And future projection

To estimate future extremes

+

to project small-scale extremes                         vs.                     to project large-scale average variables
(NAO, temperature, 
blocking, humidity)

Goal: estimate future extremes with down-scaling

New: more data and different covariates reveal new patterns
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Data

Precipitation

• station-based data
• Temporal resolution: 1 min to 24 h

(Fauer, Rust, 2023)

Temporal resolution
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Data

Precipitation

• station-based data
• Temporal resolution: 1 min to 24 h

Large-Scale variables

• North Atlantic Oscillation NAO (NOAA)
• Temperature and humidity,

Binary Blocking-Index (ERA5)

→ 1950-2015
→ averaged over one year
→ averaged over Germany 

(Fauer, Rust, 2023)

Temporal resolution
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2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

max

M2009

max

M2010 M2011
…

Rain intensity daily time series
…

Annual max. intensity:

Generalized Extreme Value (GEV) 
Distribution

Methods

Precipitation Intensity

Frequency

Distribution of Block Maxima

𝜇 Location

𝜎 Scale

𝜉 Shape

(or flexible version 
with 7 parameters)
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intensity (mm/h)

Methods

Accumulated precipitation sums
GEV - curves

Duration Dependency

d-GEV: see Blanchet et al., 2016

Fauer and Ulrich, 2022
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Methods

Precipitation Intensity

Frequency
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Methods

Precipitation Intensity

Frequency

Large-scale covariates

Next:

Distribution parameters: function of large-scale variable

→ see Ouarda et al, 2019
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Methods

• d-GEV parameters: linear model
of large-scale covariates

• Up to 4th order
• Stepwise BIC model selection
• Cross-validated (2-fold)

෤𝜇 = 𝛽0 + 𝛽1 NAO + 𝛽2 temperature²

→ Example for dependency of location-parameter:

Distribution parameters: function of large-scale variable
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Methods

• d-GEV parameters: linear model 
of large-scale covariates

• Up to 4th order
• Stepwise BIC model selection
• Cross-validated (2-fold)

෤𝜇 = 𝛽0 + 𝛽1 NAO + 𝛽2 temperature²

→ Example for dependency of location-parameter:

Distribution parameters: function of large-scale variable

→ Individual model for every station
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Summary of methods

1. Model distribution of extremes (GEV)

2. Include duration dependency of GEV – parameters (→ d-GEV)

3. Include large-scale dependence of d-GEV parameters
෤𝜇 = 𝑓 𝑁𝐴𝑂,…
𝜎0 = 𝑓(𝑡𝑖𝑚𝑒, … )
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• define a reference event 
• simulate changes of probability     in changing large scale conditions
• other parameters are fixed

Results

(Fauer, Rust, 2023)year

One station
(Bever-Talsperre)
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Reference event at 
• Probability
• Year

𝑝 = 5%
𝑦 = 1990

• NAO 𝑛 = 0
• Temperature 𝑇 = 10°𝐶
• Blocking 𝑏 = 0
• Humidity ℎ = 75%

Large-scale dependencies in the past
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Results

(Fauer, Rust, 2023)year
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𝑝 = 5%
𝑦 = 1990

• NAO 𝑛 = 0
• Temperature 𝑇 = 10°𝐶
• Blocking 𝑏 = 0
• Humidity ℎ = 75%

Large-scale dependencies in the past

• define a reference event 
• simulate changes of probability     in changing large scale conditions
• other parameters are fixed
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Reference event at 
• Probability
• Year

𝑝 = 5%
𝑦 = 1990

• NAO 𝑛 = 0
• Temperature 𝑇 = 10°𝐶
• Blocking 𝑏 = 0
• Humidity ℎ = 75%

Results
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• define a reference event 
• simulate changes of probability     in changing large scale conditions
• other parameters are fixed

Large-scale dependencies in the past

Median

all stations
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Results

(Fauer, Rust, 2023)

Reference event at 
• Probability
• Year

𝑝 = 5%
𝑦 = 1990

• NAO 𝑛 = 0
• Temperature 𝑇 = 10°𝐶
• Blocking 𝑏 = 0
• Humidity ℎ = 75%

Large-scale dependencies in the past

annual
summer
winter

Median

all stations

• define a reference event 
• simulate changes of probability     in changing large scale conditions
• other parameters are fixed
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• Reference event 2015: 5%-probability (factor 1)
• Simulate changes of probability    in changing large-

scale conditions

• Training: historical station-wise block maxima
• Prediction: use projections from MPI-ESM  for large-

scale temperature, humidity, blocking, year

Distribution of 197 stations

Results Large-scale dependencies – Future projections

Fauer, 2024
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Use our R library IDF

library(IDF)

# aggregate precip sums
block_maxima = IDF.agg(data, c(1, 6, 12, 24))

# estimate d-GEV parameters
fit = gev.d.fit(block_maxima$xdat, block_maxima$ds)

# plot IDF-curves
IDF.plot(ds, gev.d.parameters(fit), lwd=3)

• convenient aggregation
• Parallelize processes
• Easy inclusion of covariates
• Extract parameters
• Plot IDF curves
• Customize your plots

Find more information about d-GEV parameters:
Fauer et al, 2021
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Future Plans - Outlook
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Large-scale dependencies – Gridded Data

• Develop approaches to combine gridded data sets (high spatial 
resolution) and station-based data (long time records) 
for training

Stations Grid-based model or reanalysis Distribution of extremes

Plans
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Thank you for
Listening

You find more references on the next slide 
and in the supplementary material

this slide only
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