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Motivation

to project small-scale extremes VS. to project large-scale average variables
(extreme precipitation) — (NAO, temperature,
dlf‘\"lcu|t blocking, humidity) easy
1. Find relation: 2. Use future projection of 3. Estimate future extremes

large-scale variables (MPI-ESM)

A"
Use relation from the past 1 P

Precipitation Intensity

~ Frequency +
/ And future projection Z

Large-scale average variable X 2020 to 2100 v

To estimate future extremes
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Motivation

to project small-scale extremes VS. to project large-scale average variables
(extreme precipitation) — (NAO, temperature,
difficult blocking, humidity) | €asY
1. Find relation: 2. Use future projection of 3. Estimate future extremes

large-scale variables (MPI-ESM)

Y
Use relation from the past 1 p

Precipitation Intensity

~ Frequency +
/ And future projection R

Large-scale average variable Z 2020 to 2100 v

To estimate future extremes

Goal: estimate future extremes with down-scaling
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Motivation

to project small-scale extremes VS. to project large-scale average variables
(extreme precipitation) — (NAO, temperature,
(:\lffICl—\|t blocking, humidity) easy
1. Find relation: 2. Use future projection of 3. Estimate future extremes

large-scale variables (MPI-ESM)

A"
Use relation from the past 1 p

Precipitation Intensity

™~ Frequency +
/ And future projection Z

Large-scale average variable Z 2020 to 2100 v

To estimate future extremes

Goal: estimate future extremes with down-scaling

New: more data and different covariates reveal new patterns
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Precipitation 55.0-
* station-based data o
*  Temporal resolution: 1 minto 24 h 3
A nYears
e 20
52.51 ® 40
® 60
Temporal resolution
@ day
50.0 ® hr
® min
@® 5min
47.51
7.5 10.0 12.5 15.0
Longitude (Fauer, Rust, 2023)
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Precipitation 55.0
* station-based data o
e Temporal resolution: 1 minto 24 h 9
A nYears
e 20
52.5- ® 40
® 60
Large-Scale variables
: . Temporal resolution
* North Atlantic Oscillation NAO (NOAA)
« Temperature and humidity, day
: . 50.0 @ hr
Binary Blocking-Index (ERA5) ® min
> 1950-2015 N ® Smin
; | '
—> averaged over one year n eW
—> averaged over Germany "‘--—-—
47.5
75 10.0 125 15.0
Longitude (Fauer, Rust, 2023)
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Methods | Distribution of Block Maxima

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

L_MaX . _Mmax j \ I\ J .. ) ) ) )
Y Y Y Y Y Rain intensity daily time series

Annual max. intensity: M,509 Myg0 Mypns

Generalized Extreme Value (GEV)
Distribution

Precipitation Intensity

~

y Location
Frequency (or flexible version

with 7 parameters)

o Scale
¢ Shape

Probability density

Intensity (mmy/h}
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Methods | Duration Dependency

GEV - curves
Accumulated precipitation sums
d=1 min
d =30 min
d =4 hours

d = 24 hours

Probability density

intensity (mm/h) Fauer and Ulrich, 2022

d-GEV: see Blanchet et al., 2016
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Methods

Precipitation Intensity

N

Frequency
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Methods | Distribution parameters: function of large-scale variable

Next:

Precipitation Intensity

N
/

Large-scale covariates

Frequency

- see Ouarda et al, 2019

EGU25: HS7.2 Large-scale influence on extreme precipitation Felix Fauer 28.04.2025



Methods | Distribution parameters: function of large-scale variable

* d-GEV parameters: linear model
- Example for dependency of location-parameter: of large-scale covariates
* Up to 4% order
* Stepwise BIC model selection
* Cross-validated (2-fold)
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Methods ‘ Distribution parameters: function of large-scale variable

&)
a
o

Latitude

nYears

e 20
o 40
® 60

Frea - Individual model for every station

@ day
® hr
® min
@® 5min

&)
N
3]

50.01

47.54

75 10.0 12,5 15.0
Longitude

d-GEV parameters: linear model
- Example for dependency of location-parameter: of large-scale covariates

Up to 4t order
= Bo + b1 + [

Stepwise BIC model selection
Cross-validated (2-fold)
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Summary of methods

1. Model distribution of extremes (GEV)

Probability density

Intensity (mm/h)

d=1min

d =30 min

d =4 hours
d =24 hours

Probability density

2. Include duration dependency of GEV — parameters (= d-GEV)

Intensity (mm/h)

i =f(NAO,..)
3. Include large-scale dependence of d-GEV parameters oo = f(time, ...)

Felix Fauer 28.04.2025
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‘ Results ‘ Large-scale dependencies in the past

* define a reference event 3 | | N Reference event at
* simulate changes of probability $ in changing large scale conditions < - Probability p = 5%
* other parameters are fixed *  Year y = 1990
* NAO n=
’\3 o e Temperature T = 10°C
(=) —
-~ * Blocking b=20
= = annual *  Humidity h =75%
= © _| = summer -
o = winter -
(©
Qo
o O = ~_ One station
3 ~ (Bever-Talsperre)
O
C N
(©
O
)
U T -
™4 ! ! ! ! ! ! ! !
) - o o - o o o o
N O ™~ o0 o) o — N
o) (o) @) o) o) o o o
— — — — — N ~N N

year (Fauer, Rust, 2023)
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‘ Results ‘

Large-scale dependencies in the past

* define a reference event
 simulate changes of probability { in changing large scale conditions <«
e other parameters are fixed

Reference event at

g 8-

B ® annual -

= © _||*= summer

o) W = winter

(40

o]

O O -

S

o

Q

(@)

C Al -

©

go)

Q

Q — - ‘

< I -1 1 1 1

X

Q - o o o o
LN O M~ (00) (@)}
(@)} (@) (@)} (@) (@)}
— — — — —

year

2000 -

2010 1
2020'|

* Probability p=5%

*  Year y = 1990

* NAO n =

*  Temperature T =10°C

* Blocking b =

*  Humidity h =75%
— all stations

(Fauer, Rust, 2023)

EGU25: HS7.2

Large-scale influence on extreme precipitation

Felix Fauer

28.04.2025



‘ Results ‘ Large-scale dependencies in the past

* define a reference event Reference event at

* simulate changes of probability $ in changing large scale conditions < - Probability p = 5%
* other parameters are fixed *  Year y = 1990
* NAO n=

o . *  Temperature T =10°C
oV * Blocking b =

« annual —_—— *  Humidity h =75%
o _||*= summer
A = winter

exceedance probability (%)
5
|

—— all stations
== Median
N - L ]
L el P /
' i | I ! | | |
o o o D o o o o
LN O N~ 0 (@) (@) — N
(@) o (@) (@) (@) o - | o
— — — — — o N N
year (Fauer, Rust, 2023)
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1
‘ Results‘ Large-scale dependencies in the past i Key reSU\t IIl

* define a reference event Reference event at

 simulate changes of probability } in changing large scale conditions <« - Probability
* other parameters are fixed *  Year
* NAO
*  Temperature
* Blocking
*  Humidity
S
® annual
o ® summer
= ® winter
QV
To) N~
'Cll}

Exceedance probability (%)

nao year temperature blocking humidity

p=5%

y = 1990

n=

T = 10°C

b =

h = 75%

—— all stations
= Median

(Fauer, Rust, 2023)
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‘ Results‘ Large-scale dependencies — Future projections ! Key result !

Distribution of 197 stations

* Reference event 2015: 5%-probability (factor 1)

* Simulate changes of probability { in changing large- Distribution of stations

" = Annual
scale conditions < £ 20-
E [
= 10+ | |
* Training: historical station-wise block maxima = -
* Prediction: use projections from MPI-ESM for large- g, =
. qe . O
scale temperature, humidity, blocking, year 5 \
5 OIS
o 1/2- — ! |
(@)] =  median |
% 1/4 -| === log mean
= i i i T I
@) 2015 2032 2049 2066 2183 2100

year
Fauer, 2024
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Use our R library IDF &

qvailable on CRAN
library(IDF) * convenient aggregation
* Parallelize processes
# aggregate precip sums e Easy inclusion of covariates
block maxima = IDF.agg(data, c(1, 6, 12, 24)) * Extract parameters
* Plot IDF curves
# estimate d-GEV parameters e Customize your plots

fit = gev.d.fit(block maxima$xdat, block maxima$ds)

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

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

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

for training
O O -
*°* & —>
O - O O
o ® >
Stations Grid-based model or reanalysis Distribution of extremes
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Extreme precipitation shows non-stationarity, meaning that its distribution can change Fig. 6
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flexibility to use annual maxima as well as seasonal maxima to be fitted in a generalized e

extreme value setting. To further increase the efficiency of data usage, maxima from

different accumulation durations are aggregated so that information for extremes on
different time scales can be provided. Our model is trained to individual station data with

Exceedance protatasy (%)

s w0 21 2

=k =S

temporal resolutions ranging from one minute to one day across Germany. Models are

chosen with a stepwise BIC model selection and verified with a cross-validated quantile

skill index. The verification shows that the new model performs better than a reference

model without laree-scale information. Also. the new model enables insights into the
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