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Spatio-temporal patterns and extremity assessment 

of heavy rainfall events in Germany, 

derived from a radar-based catalogue (CatRaRE, 2001-2020)
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MORE: Katharina Lengfeld et al, 2020

Environ. Res. Lett.15 08500, 
https://doi.org/10.1088/1748-9326/ab98b4

Motivation: The benefit of area-covering measurements

1h - Events 24h - Events

→ small-scaled → large area

Percentage of extreme events (2001-2018) that were 

measured or missed by the DWD precipitation stations → percentage of detected 
events decreases with 
shorter durations

→ only 33% of all events 
have been recorded by 
rain gauges (more than 75% 

observed for D = 24h)

→ the events of short 
duration are rarely 
recorded by the point 
measurements (82.7% 

missed for D = 1 h) 

https://doi.org/10.1088/1748-9326/ab98b4
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→ Additional weather stations
(Better quantitative data)

→ Correction procedures 
(Spoke, Distance, Clutter. . . )

Radar climatology (RADKLIM)1
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 Download: opendata.dwd.de
DOI: 10.5676/DWD/RADKLIM_RW_V2017.002

→ 20 years (2001 - 2020) of re-processed radar data for Germany 

→ with 1 km spatial and 1 hour temporal resolution
→ radar-based reflectivity measurements adjusted to hourly station-based precipitation totals and 

corrected for typical measurement errors applying specific climatological correction methods

RADKLIM (annualy updated)RADOLAN (real-time)

https://opendata.dwd.de/climate_environment/CDC/grids_germany/hourly/radolan/reproc/2017_002/
https://opendata.dwd.de/climate_environment/CDC/help/landing_pages/doi_landingpage_RADKLIM_RW_V2017.002-en.html


EMS Annual Meeting 2021, online, 6–10 Sep 2021, EMS2021-461

3

2

Spatio-temporal patterns and extremity assessment 

of heavy rainfall events in Germany, 

derived from a radar-based catalogue (CatRaRE, 2001-2020)

1 Radar Climatology

Spatio-temporal patterns

4

Catalogue of extreme precipitation events

Applications of the CatRaRE Catalogue



EMS Annual Meeting 2021, online, 6–10 Sep 2021, EMS2021-461

How to define an extreme event?

➔ What is extreme?

➔ Precipitation rates (pixel) with return periods of at least 5 years (=T5 Catalogue) or

➔ Precipitation rates (pixel) exceeding the DWD warning level3 (=W3 Catalogue)

➔ 11 durations between 1 and 72 hours (1, 2, 3, 4, 6, 9, 12, 18, 24, 48 and 72 hours)

➔ Duration-dependent minimal size of a contiguous area

objects for
each analyzed
duration and

time step

2 Catalogue of extreme precipitation events

For each time step (= durations 1 to 72h):

All detected objects:
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From objects to an extreme event?

➔ How to define an independent event ?

➔ Selection of the objects with highest extremity*: combination of mean return
period and area

➔ No spatial overlapping of the detected objects of different durations

➔ Temporal minimum distance referring to the lower duration (but at least 4h)

events
with

characteristic
duration

2 Catalogue of extreme precipitation events

All objects for the same event (with different time steps and duration)

Source: Müller, M. and Kaspar, M.: Event-adjusted evaluation 

of weather and climate extremes, Nat. Hazards Earth Syst. 

Sci., 14, 473-483, doi:10.5194/nhess-14-473-2014, 2014

* EXTREMITY (ET,A)

based on concept of Weather Extremity 
Index (WEI) by Müller and Kaspar
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2 Catalogue of extreme precipitation events

For all detected events the following ATTRIBUTES are determined:

• cataloguetype, event ID

• temporal parameters: start and end time, duration

• spatial parameters: affected area, coordinates, state, county and district of the grid cell with 
maximum precipitation, proportion of the event area [%] in Germany 

• precipitation statistics: mean and maximum precipitation, return period, heavy precipitation index 
(SRI) and extremity (Eta) within the event area

• meteorological parameters: weather type at start and end time of the event according to DWD’s 
objective weather classification, 21- and 30-days antecedent precipitation index 

• additional geographical variables: population, degree of settlement, degree of sealing, land use, 
elevation a.s.l. and topographic position index (TPI)

+ extension with other attributes is possible (e.g. for our projects: fire brigades 

operations, insurance data, air temperature and wind parametres… )



File Geodatabase (.gdb)
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Tabular form 
(.csv File)

Event maxima
(Point Feature Class)

Event zones
(Polygone Feature Class)

Dashboard (online)

CatRaRE Catalogues
* CatRaRE_W3_Eta

* CatRaRE_T5_Eta

2 Catalogue of extreme precipitation events

“CatRaRE”→
Catalogueof 
Radar-based heavy 
Rainfall 
Events 



 Download:

opendata.dwd.de/climate_environment/CDC/event_catalogues/

opendata.dwd.de/climate_environment/CDC/event_catalogues
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2 Catalogue of extreme precipitation events

Event Attributes

Precipitation 

Maximum

Event 

Zone

Working with 
.gdb format:
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Advantage: Possibility of integration with other geospatial data of various formats and resolutions

Topographic map - TopPlus Open 

(WMTS - Web Map Tile Service)

Population density

(100 m Raster)

© Statistisches Bundesamt, Wiesbaden 2015. © GeoBasis-DE / BKG 2020© BFG 2015; GeoBasis-DE / BKG 2015. 

River Basins and Water bodies

(Polygone and Lines - Vector data)

2 Catalogue of extreme precipitation events
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https://arcg.is/1HDqH5

oder: 

https://wetterdienst.maps.arcgis.com
/apps/dashboards/a490b2b390044ff0

a8b8b4c51aa24c60

 Hint: open the Dashboard-Link in a new Browser‘s Window (Internet Explorer)

Or go to: 

dwd.de/klamex

2 CatRaRE Dashboard (online)

https://arcg.is/1HDqH5
https://wetterdienst.maps.arcgis.com/apps/dashboards/a490b2b390044ff0a8b8b4c51aa24c60
dwd.de/klamex
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2 CatRaRE Dashboard (online)
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HELP

(Method 

description 

+ Links to 

the Data)

Attributes 

Description

2 CatRaRE Dashboard (online)
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Only in German…

2 CatRaRE Dashboard (online)
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„Selectors” : Catalogue Type, Timespan, Duration, Area….  

2 CatRaRE Dashboard (online)
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Interactive 
Charts

2 CatRaRE Dashboard (online)
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Interactive Map 
of the CatRaRE Events 
(zones and points of 
maximum precipitation)

+ additional data and 
background maps

2 CatRaRE Dashboard (online)
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Events symbolised according to

Severity index (Schmitt et al., 2017*):

*Schmitt, T.G.: 

Ortsbezogene 

Regenhöhen im 

Starkregenindexkonze

pt SRI12 zur 

Risikokommunikation 

in der kommunalen 

Überflutungsvorsorge, 

Korrespondenz 

Abwasser, Abfall, 

2017 (64), Nr.4

2 CatRaRE Dashboard (online)
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Events Count

2 CatRaRE Dashboard (online)
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Top100 Ranking List

2 CatRaRE Dashboard (online)
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Catalogues 
intersection with 
a selected 
region
(state, county)

2 CatRaRE Dashboard (online)
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All elements are combined

and respond interactively

to User‘s choices

2 CatRaRE Dashboard (online)
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2 CatRaRE Dashboard (online)
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All elements are interactive

2 CatRaRE Dashboard (online)
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3 Spatio-temporal patterns

Comparison between W3_ET,A and T5_ET,A catalogues

➔ The distribution of events according to 

Warning Level 3 threshold (W3_ET,A) reflects 

the orographic amplification and can be 

treated more as a “climatology pattern”

➔ The events classified on the basis of the 5a-

return period (T5_ET,A) are as expected 

more evenly distributed

Both catalogueshave their users and applications. 

On the following slides we present results 

based on the CatRaRE W3_ET,A 
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3 Spatio-temporal patterns

Spatial distribution shows clear
differences betweenlong-lasting 
and short-term heavy precipitation
events

➔ Short-term events (D = 1 to 9 h) 
are more randomly distributed
over Germany

➔ Mostly long-lasting events (D = 12 
to 72 h) are bound to orography
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3 Spatio-temporal patterns

Annual statistics of heavy- rainfall events:

➔ Large interannual variability of 
extreme precipitation events in 
Germany

➔ Large areas are mainly hit by events
of long durations (violett colors) 

➔ Number of extreme events is
dominated by short durations (blue
colors)

➔ Extremely dry year 2018 with largest
number of extreme events (???)

Annual number of the events in Germany

Annual area affected by the events (Germany area only)

1

2 4 3

5

1

4

32

5

6 7 8910

6 78
910

Basis: CatRaRE_W3_Eta

More events and larger affected area in 
2011-2020…but still not enough data for 
trend-analysis
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3 Spatio-temporal patterns

SHORT-TERM LONG-TERM

Number of Events per Pixel (~km 2)
> 7,5% of No Data
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Basis: CatRaRE_W3_Eta
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3 Spatio-temporal patterns

Monthly Number of 

Events ≥ Warning Level 3 

(D: 1-72h, CatRaRE W3ETA)

2018: 

May – June 

Rings – Years
Wedges - Months

Basis: CatRaRE_W3_Eta
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3 Spatio-temporal patterns

Weekly Number of 

Events ≥ Warning Level 3 

(D: 1-72h, CatRaRE W3ETA)

Two weeks: 

28.05.2018 

- 11.06.2018

Rings – Years
Wedges - Weeks

Basis: CatRaRE_W3_Eta
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3 Spatio-temporal patterns

Daily Number of  

Events ≥ Warning Level 3 

(D: 1-72h, CatRaRE W3ETA)

Single “record days”:
29.05.2018: 117
31.05.2018: 136
01.06.2018: 119
09.06.2018: 177

Rings – Years
Wedges - Days

Basis: CatRaRE_W3_Eta
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3 Spatio-temporal patterns

Short-term Events All Events

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Variation during the day and the week (based on the Start-time of the Event)

➔ accumulation of events in the afternoon and early evening when typically summer convection occurs

➔ smaller number of eventsat the begining of the week and delayed convection beginningon Monday

➔ coincidental finding or – derived from the weekly cycle of ozone pollution = traffic volume?                                                 

– more detailed analysis is needed…
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4 Applications of the CatRaRE Catalogue
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4 Applications of the CatRaRE Catalogue

Ranking of extreme 
precipitation events

EXAMPLE:

Top10 short-

term (upper) 

and long-term 

(bottom) 

events in 

2001-2020
Basis: CatRaRE_W3_Eta
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4 Applications of the CatRaRE Catalogue

Event Case Studies

EXAMPLE:

Extremely heavy 

rainfall event 

over the city 

of Münster on 

28th July 2014

1. Precipitation sum

2. Areas where 

DWD's Warning 

Levels are 

exceeded, 

3. Return period

4. Heavy 

Precipitation 

Index (SRI)

according Schmitt

→Data basis for all 

four elements is the 

RADKLIM Dataset 

(v. 2017.002)

1 2

3 4

Area and Location

Main Attributes

Basis: CatRaRE_W3_Eta
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Combining 

CatRaRE W3_ET,A

with the DWD’s 

Objective Weather 

Classification

2001-2020 
number of heavy 
rainfall events per 
RADKLIM Pixel 
depending on 
the weather type

4 Applications of the CatRaRE Catalogue

WET  TYPES (xxxxF) DRY TYPES (xxxxT)

SE

NENW

SW

Basis: CatRaRE_W3_Eta
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4 Applications of the CatRaRE Catalogue

Combining 

CatRaRE W3_ET,A

with the DWD’s 

Objective Weather 

Classification

→ Does 

urbanization 

impact rainfall? 

Hypothesis***: 

rainfall increase  

in the downwind 

region of the city 

(up to 50 km) 

“City-effect” analysis 
for Bremen
(lack of neighboring cities 

and orography influences 
but the North Sea…)

Relative area affectedby heavy-rainfall events (1 - 9 h) depending on 
the advectiontype and the distance to the city of Bremen

Basis: CatRaRE_W3_Eta

***Liu und Niyogi 2019, https://doi.org/10.1038/s41598-019-42494-2

https://doi.org/10.1038/s41598-019-42494-2
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4 Applications of the CatRaRE Catalogue

Combining CatRaRE

W3_ET,A

Example for the 
city of Wuppertal

Hot-Spots: The fire brigade's operations are significantly 
more often in strongly sealed and densely settled sinks… 

(RAINFALL ≠ RUNOFF)

Hot-spot analysis: combination of rainfall 

parameters and geographical variables 

(sealing, settlement, topography…)

→ Projekt KlamEx
Case Studies

Overall Analysis
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Spatio-temporal patterns and extremity assessment 

of heavy rainfall events in Germany, 

derived from a radar-based catalogue (CatRaRE, 2001-2020)
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Summary

➔ We have created an objective Catalogue of Radar-based heavy Rainfall Events “CatRaRE”, 

which contains all heavy short-term and long-term rain events in Germany from 2001 onwards

➔ The CatRaRE Catalogues were published on the DWD's Opendata server

➔ We provide our data in user-friendly format (.csv , Geodatabase, Online Dashboard)

➔ Like RADKLIM Dataset, the CatRaRE Catalog will be updated annually by the DWD

➔ Due to the large number of attributes(met / geo) and possibility of further extensions there are many 

options for interesting applications and analysis - for us and other users…

➔ Already conducted analyses show:

➔ extreme events of short durations happen everywhere in Germany and depend less on 
orography than precipitation of low intensity and long durations (so everybody can be affected!)

➔ large interannual variabilityof extreme precipitation events but not enough data for trend analysis

➔ also an extremely hot and dry year (2018) can bring an enormous number of extreme events
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CatRaRE PAPER (ENG):

“CatRaRE: A Catalogue of Radar-based Heavy Rainfall Events in Germany Derived from 20 Years of Data“

by Katharina Lengfeld, Ewelina Walawender, Tanja Winterrath and Andreas Becker, Meteorol. Z. (Contrib. Atm. Sci.) 

PrePub Article, 2021 (Link)

In German (  click on the miniature to open the publication): 

Do you want to know more?

https://www.schweizerbart.de/papers/metz/detail/prepub/100126/CatRaRE_A_Catalogue_of_radar_based_heavy_rainfall_events_in_Germany_derived_from_20_years_of_data
https://www.dwd.de/DE/presse/pressekonferenzen/DE/2021/PK_26_08_2021/abschlussbericht_klamex.pdf?__blob=publicationFile&v=2
https://www.dwd.de/DE/fachnutzer/wasserwirtschaft/radarniederschlag/radklim-bulletin/radklimbulletin2021download.pdf?__blob=publicationFile&v=3
https://www.dwd.de/SharedDocs/broschueren/DE/klima/radklim_broschuere.pdf?__blob=publicationFile&v=2
https://www.schweizerbart.de/papers/metz/detail/prepub/100126/CatRaRE_A_Catalogue_of_radar_based_heavy_rainfall_events_in_Germany_derived_from_20_years_of_data
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Easy way to find the CatRaRE Data

GO TO: 

→ dwd.de/catrare

CatRaRE W3_Eta_2021.01:

DOI: 10.5676/DWD/CatRaRE_W3_Eta_v2021.01

CatRaRE T5_Eta_2021.01 :

DOI: 10.5676/DWD/CatRaRE_T5_Eta_v2021.01

dwd.de/catrare
https://opendata.dwd.de/climate_environment/CDC/help/landing_pages/doi_landingpage_CatRaRE_V2021.01-en.html
https://opendata.dwd.de/climate_environment/CDC/help/landing_pages/doi_landingpage_CatRaRE_V2021.01-en.html
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GO TO: 

→ dwd.de/klamex

Easy way to find the CatRaRE Dashboard

dwd.de/klamex
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◾ CatRaRE Events Catalogues : https://www.dwd.de/catrare

◾ Radar Climatology Dataset - RADKLIM: https://www.dwd.de/radklim

◾ Project KlamEx (inludes the Dashboard): https://www.dwd.de/klamex

Deutscher Wetterdienst, Hydrometeorology
Frankfurter Straße 135, 63067 Offenbach
E-Mail: hydromet@dwd.de

Ewelina Walawender
E-Mail: ewelina.walawender@dwd.de
Tel. : +49 (69) 8062-2976

Thank You for your attention!

https://www.dwd.de/catrare
https://www.dwd.de/radklim
https://www.dwd.de/klamex
mailto:ewelina.walawender@dwd.de
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All Events (1 to 72h) Events Duration‘s based

→ percentage of detected 
events decreases with 
shorter durations

→ only 33% of all events 
have been observed by 
rain gauges (more than 75% 

observed for D = 24h)

→ the events of short 
duration are rarely 
recorded by the point 
measurements (82.7% 

missed for D = 1 h) 

MORE: Katharina Lengfeld et al, 2020

Environ. Res. Lett.15 08500, 
https://doi.org/10.1088/1748-9326/ab98b4
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Percentage of extreme events (2001-2018) that were 

measured or missed by the DWD precipitation stations 

Motivation: The benefit of area-covering measurements

EMS Annual Meeting 2021, online, 6–10 Sep 2021, EMS2021-461

https://doi.org/10.1088/1748-9326/ab98b4
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Radar Online Adjustment - RADOLAN

➔ Hourly adjustment of the areal radar mosaic by combination with gauge-based

point measurements of the hourly precipitation sum

➔ Retrieval of the ratios/differences between radar pixel and station values

➔ Spatial interpolation of the ratios and differences

➔ Application of the ratios and differences to the unadjusted radar mosaic

➔ Determination of the best adjustment procedure by online verification

➔ Weighted combination of the two gauge-adjusted products

➔ Application in flood prevention and flood protection since June 2005

1 The RADKLIM data set
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2 Catalogue of extreme precipitation events

Duration [h] 1 2 3 4 6 9 12 18 24 48 72

Minimum Area 
[# Pixel ≈ km2] 9 9 9 12 18 27 36 54 72 144 216

Precipitation with a 
Return  Period of 5 
years (≥ 5a) [mm] 
based on RADKLIM

14,8 
to

28,8

18,9 
to

36,5

21,4 
to

42,8

22,4 
to

53,0

26,1 
to

56,0

29,2
to

65,7

31,6 
to

73,5

35,2 
to

87,3

37,8 
to

99,6

44,4 
to

137,8

48,7 
to

167,6

DWD‘s Warning Level 3 
[mm] ≥ 25 ≥ 27 ≥ 29 ≥ 31 ≥ 35 ≥ 37.5 ≥ 40 ≥ 45 ≥ 50 ≥ 60 ≥ 90

Threshold applied for the detection of single precipitation objects:



Weather Extremity Index (Müller und Kašpar, 2014*)

Extremity (Eta)

of the Event = 

maximal combination of 

mean return period,  

area and duration
𝐸𝑡𝑎 =

σ𝑖=1
𝑛 log 𝑁𝑡𝑖

𝑛

𝑎

𝜋

WEI = max(E𝑡𝑎)

Area
Mean  log.

Return Period

Various
durations

Characteristic area Time step of the

maximum extremity
Characteristic Durations
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*Müller, M. and Kaspar, M.: Event-adjusted 
evaluation of weather and climate extremes, 
Nat. Hazards Earth Syst. Sci., 14, 473-483, 
doi:10.5194/nhess-14-473-2014, 2014

2 Catalogue of extreme precipitation events
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2 Catalogue of extreme precipitation events

How a spatially independent event is defined?

✓

Five objects

exceeding

threshold
(different times
and durations)

Object with

highest extremity

(expressed by Eta) 

defines the event
02.08.2018 09:50 UTC; D = 12 h
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2 Catalogue of extreme precipitation events

How temporaly independent events are defined?

02.08.2018 09:50 UTC; D = 12 h
Scheme of the temporal independence of precipitation events. 

Between two events 

a temporal gap of the 

shorter of their 

durations, but in any 

case at least 4 hours 

must be given.

At least 9h At least 4h


