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11th March 2011 and the consequences

DWD energy activities | IEA wind task 51 extremes workshop | 30.09.2025

https://www.agenzianova.com/de/news/Zehn-Jahre-nach-
der-Katastrophe-von-Fukushima-gedenkt-Japan-der-mehr-als-
15-Opfer/

Sendai

Okuma

Kesennuma

Fukushima

Tokio

azifischer
Ozean

50 km

Epizentrum
Erdbeben-
stªrke: 9,1

Tsunami
14 Meter
undhºher

80 km

20 km

https://interaktiv.tagesspiegel.de/lab/
fukushima-die-ueberlebenden-der-
dreifachkatastrophe/

Goal for 2030: 
65%Ғ рф҈

of the grosselectricity
productionin 2024

RE GrossElectricityProductionin Germany



3

> 10 years of interdisciplinary research projects

DWD energy activities | IEA wind task 51 extremes workshop | 30.09.2025

Č Partners from 
operational and 
academic research 
organisations, 
transmission system 
operators, private 
companies

Č Interagency cooperation

Č User forum meets 
annually
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Impact of EWeLiNE, ORKA &Co.

ü Focus on RE-variables in model development and output

Á Boundary layer physics, nowcasting and data assimilation, stochastic physics, ensemble 
ƎŜƴŜǊŀǘƛƻƴΣ ǎƻƭŀǊ ŜŎƭƛǇǎŜΣΧ

Á Extension of lead time 27h -> 45h

Á Radiation output every 15 min instead of 1h

ü New verification scores

Á Integration of 100m wind in scorecard

ü Relevance in strategic decisions

ü Support of ministry and networking activities (e.g. annual energy user forum @DWD)

ü Integration of topic in DWD Act

DWD energy activities | IEA wind task 51 extremes workshop | 30.09.2025
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DWD Act: Adjustment in 2017

DWD energy activities | IEA wind task 51 extremes workshop | 30.09.2025

MeteorologicalsafeguardingofΧ important infrastructure, 
in particularfor the energysupply
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Goals of the DWD Energy Programme

DWD energy activities | IEA wind task 51 extremes workshop | 30.09.2025
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Underlying database

ü Observation systemsalongwith (homogenised) climatologicaltimesseries

Á Satelliteimages

Á Radar composits

Á Radiosoudings

Á Weatherstationsand mastdata

Á Χ

ü NWP and KI basedforecastmodels(hereICON modelsuitein particular)

Á Time criticalforecastsin varioustemporal and spatialresolutions

Á Includingestimationsof forecastuncertainty

Á Reanalyses

ü Climate modelsfor seasonaland decadalprediction

DWD energy activities | IEA wind task 51 extremes workshop | 30.09.2025

https:// opendata.dwd.de
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ICONGlobal
non-hydrostatic

Det 13 km Resolution
EPS 26 km Resolution
120 levels

40 Members

Analyses every 3h

EnVAR + LETKF

Forecasts
180h: 00,12 UTC 
120h: 06,18 UTC
51h: 03, 09, 15, 21 UTC

ICON-EU 2-way nest

Det 6.5 km Resolution
EPS 13 km Resolution
74 levels

40 Members

Analyses every 3h

EnVAR + LETKF

Forecasts 
120 h: 00, 06, 12, 18 UTC  
51 h: 03, 09, 15, 21 UTC

ICOND2 LAM
convection permitting

Det 2 km Resolution
EPS 2 km Resolution
65 levels

40/20 Members

Hourly Analyses

KENDA: 4D-LETKF

Forecasts 
48h: 00, 03, 06, 09, 12, 15, 
18, 21 UTC

ICON-D2RUC
convection permitting
2-mom.-micro physics

Det 2 km Resolution
EPS 2 km Resolution
65 levels

40/20 Members

Analysenstündlich

KENDA: 4D-LETKF

Forecasts
мпƘΥ ллΣ лмΣ лнΣ ΧΣ но ¦¢/

ICON and the model chain at DWD

In addition:
Å Pollen forecasts at 00 UTC
Å Emergency system
Å AICON

ICONART and ICON-
EU ART Ensemble

Det and EPS with 
26/13 km resolution

10 members

Analyses every 3h

EnVAR + LETKF

Forecasts 
180+120h: 00, 06, 
12, 18 UTC

ICOND05

Det 500 m
Resolution

doubly nested with  
2-way nesting in 
ICON-D2

Started from ICON-
D2 after 40/50 min 

Forecasts
48h: 00, 03, 09, 12, 
15, 18, 21 UTC
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üGraph NeuralNetwork developedin ANEMOI framework

üBasedon ICON-DREAM reanalysis(15 years)

ü ICON grid (13 km resolution), 13 levels

üForecasts every3 h, up to 180 h at 00 and 12 UTC

üVariables:

o surface pressure, 2m temperature, 2m rel. humidity, 10m wind, precipitation
o Temperature, wind, pressure, specifichumidityon 13 modellevels

üpublicationon opendata.dwd.de plannedfor the 1st quarter2026

AICON
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Climate Datasets for RE-applications

DWD energy activities | IEA wind task 51 extremes workshop | 30.09.2025

Climatologiesfrom satellitedata
Reanalysesfrom NWP models

Monitoring and analysesof
climatologicaltrends
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Identified topics for DWD‘scontribution

DWD energy activities | IEA wind task 51 extremes workshop | 30.09.2025

production
transport, 

distribution
and storage

Trading and 
sales

End user

Meteorological
datacollection

Numerical
weather- and 

climatemodelling

Power 
modelling, 
potential 
capacity

Power supply
and grid security

Optimisedmet. + clim. datasets+ 
uncertainteis(wind, rdiation, 
temperature)

Energy 
weather-
consulting

reliable forecastsof
criticalweather
situations

datasets+ uncertainties(wind, 
radiation, temperature, snow, aerosols)

Č Support of public 
agencies for planning, 
monitoring processes

Č Data for Energy system 
analyses
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Photovoltaic:

Fog

Snowcover

Small-scale clouds

Mineral Dust

Wind energy and grid operations:

Daily cycle (LLJ)

Fronts (Power down)

Turbulence in boundary layer

Changing weather (Gradients)

Icing (Turbines, Power lines)

Lightning and thunderstorms

Quelle: http://www.solarserver.de/solar-magazin/solar-interview/photo-

voltaik-im-winter-aktuelle-expertentipps-fuer-betreiber-von-

solarstromanlagen.html

Quelle:

http://de.sat24.com/de

Quelle: 

http://www.pennenergy.com/articles/pennenergy 

/2014/12/wind-power-smart-anti-icing-system-for-

rotor-blades.html

DWD energy activities | IEA wind task 51 extremes workshop | 30.09.2025

Working with stakeholders to identify

critical weather situations



13

Content of the DWD Energy Programme

DWD energy activities | IEA wind task 51 extremes workshop | 30.09.2025

Co-Design of products& datasets

Optimisationof
modelphysics

Development of
probabilisticwarning
products

Development of
αultraǊŀǇƛŘά datasets Analysis of climatological

aspectsfor grid planning

Data assimilationof
planetaryboundarydata
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Oneimportant focusof the
researchprojectGridcast, 
further develomentund 
implementationnecessary
Interdisciplinaryactivities
wanted! 

Defining „weather extremes“

ü Weathersituationsthat threatenthe energyinfrastructure: 

Á Freezingprecipitationand snow-> icingon power lines

Á Very strong winds-> damageon power poles

Á Χ

ü Weathersituationsthat challengethe securityof supply

Á α5ǳƴƪŜƭŦƭŀǳǘŜάΚ αIŜƭƭōǊƛǎŜάΚ

Á Χ

ü Forecasts for a weather-drivenenergysystem-> extremes 
couldalso meanextremelylarge forecasterrors

DWD energy activities | IEA wind task 51 extremes workshop | 30.09.2025

Presentationof Gregor 
Pantein sessionαdefining
ŜȄǘǊŜƳŜǎ όнύά

Second part of this keynote
Ą Frank Kaspar



ĂDunkelflauteñ: Background & analysis for event in 2024

Č ñDark doldrumsò (German ñDunkelflauteò) refers to a weather situation with 

low solar radiation and calm, which leads to low electricity generation from 

wind and solar energy.

Č Such events occurred in November and December 2024 in Germany and led 

to the question, if there is an increase in frequency or duration of such events 

(e.g. due to climate change).

Č Previous studies have shown that the events are oft associated with specific 

weather patterns.
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Berliner Energietage: Auswirkungen des Klimawandels auf die Energieversorgungssicherheit 16
https://www.energy-charts.info/charts/power/chart.htm?l=de&c=DE&interval=month&month=11&legendItems=ew4w4&year=2024

Electricity generation (wind & solar) in Germany



Berliner Energietage: Auswirkungen des Klimawandels auf die Energieversorgungssicherheit 17

Electricity generation (wind & solar) in Germany

https://www.energy-charts.info/charts/power/chart.htm?l=de&c=DE&interval=month&month=12&legendItems=ew4w4&year=2024



Datasets used in the analysis

www.cmsaf.eu

Satellite-based surface solar radiation (SARAH-3)
Reanalysis ERA5 & COSMO-REA6  

for wind

EMS2025

http://www.cmsaf.eu/


Reporting to the public with further details (in German)

19
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Mean wind speed at 100 m height (Germany)
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ĂDunkelflauteñ (2.11. ï7.11.2024)
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ĂDunkelflauteñ (6.11.2024)
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ĂDunkelflauteñ (12.12.2024)
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Grosswetterlagen (GWL)

Č The Grosswetterlagen (GWL) classification is a set of 29 large-scale 
European weather patterns, originally described by Hess & 
Brezowsky. 

Č The GWLs used here are based on an improved and updated version 
of the automatic-objective GWL classification method of Paul James

Č P. Hess, H. Brezowsky: Katalog der Grosswetterlagen Europas, Berichte des Deutschen 
Wetterdienstes 113, Offenbach am Main (1969)

Č P. James: An objective classification method for hess and Brezowsky grosswetterlagen over
Europe. Theor. Appl. Climatol., 88 (1ï2) (2007), pp. 17-42

29



Energy production per GWL
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Simulated solar (red) 

and wind (blue) energy 

production [GWh] 

depending on GWL in 

Germany from 1995 to 

2015 based on daily 

sums considering only 

the winter months 

(October to March).

Drücke et al., 2021

https://doi.org/10.1016/

j.renene.2020.10.102

https://doi.org/10.1016/j.renene.2020.10.102


31

Frequency of GWL 

considering the 20 

lowest energy 

production events 

during 1995ï2015 with 

120 h event length

Drücke et al., 2021

https://doi.org/10.1016/

j.renene.2020.10.102

https://doi.org/10.1016/j.renene.2020.10.102


13.10.2025 Berliner Energietage: Auswirkungen des Klimawandels auf die Energieversorgungssicherheit 32



Number of days
with GWL ĂHigh 
over Central 
Europeñ in the
winter halfyear
(Oct.-March)

13.10.2025 33

Quelle: Kaspar et al, 2024 - aktualisiert

Berliner Energietage: Auswirkungen des Klimawandels auf die Energieversorgungssicherheit
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Quelle: Kaspar et al, 2024 - aktualisiert

Longest duration
(days) with GWL 
ĂHigh over
Central Europeñ 
in the winter
halfyear (Oct.-
March)



ĂDunkelflauteñ (6.11.2024 and 12.12.2024)
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GWL ĂHeight over Central Europeñ

13.10.2025 36

Kaspar et al, 2024



Conclusions

Č The eventsin November and December2024 occuredduringD²[ αIƛƎƘ 
over/ŜƴǘǊŀƭ 9ǳǊƻǇŜάΣ consistentto earlierstudieson this weatherpattern.

Č An increasein frequencyor durationisnot observed. 

Č Typically, a contrastin the wind anomaliesbetweenCentral Europe and 
Northern Scandinaviaoccurs.

Č Bär, F., Kaspar, F.: Energiewetter im Jahr 2024: Meteorologischer Jahresrückblick auf energierelevante 
Wetterelemente. Deutscher Wetterdienst / BMDV-Expertennetzwerk, 2025. https://www.dwd.de/energiewetter 

Č Drücke, J., Borsche, M., James, P., Kaspar, F., Pfeifroth, U., Ahrens, B., & Trentmann, J. (2021). Climatologicalanalysis
of solar and wind energyin Germany usingthe Grosswetterlagenclassification. RenewableEnergy, 164, 1254-1266.

Č YŀǎǇŀǊΣ CΦΣ .ŅǊΣ CΦΣ 5ǊǸŎƪŜΣ WΦΣ WŀƳŜǎΣ tΦΣ hǎǘŜǊƳǀƭƭŜǊΣ WΦΣ ½ŜǇǇŜǊƛǘȊΣ aΦΥ YƭƛƳŀǘƻƭƻƎƛǎŎƘŜ 9ƛƴƻǊŘƴǳƴƎ ŘŜǊ α5ǳƴƪŜƭŦƭŀǳǘŜά 
im November 2024. Deutscher Wetterdienst, 2024
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Summary

ü Renewable Energy sector as a strategic key customer of DWD

ü 5²5Ωǎ ŜƴŜǊƎȅ ǇǊƻƎǊŀƳƳŜ ŀǎ ŦƻŎŀƭ Ǉƻƛƴǘ ŦƻǊ ǊŜǎŜŀǊŎƘ ŀƴŘ ŀǇǇƭƛŎŀǘƛƻƴǎ

ü Current developments and applications

Á Operational services for customers: warnings critical weather situations, nowcasting 
products, exploring AI-enhanced techniques

Á New ICON configurations: ICON-ART, ICON-D2-RUC-EPS

Á hƴƎƻƛƴƎ L/hb ŘŜǾŜƭƻǇƳŜƴǘǎΥ {ƻƭŀǊ ŜŎƭƛǇǎŜΣ !L/hbΣ Χ

DWD energy activities | IEA wind task 51 extremes workshop | 30.09.2025
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Dunkelflaute / Hellbrise

ü Project LongCast(Fraunhofer IEE + DWD, BMWK, 2024ς2027)

ü Forecasts of theseeventsƻƴ άŀƭƭέtime scales(days, weeks, seasons, decades)

ü Weatherregimes, circulationpatterns, teleconnections

ü Defineobjectivecriteria

Á Whichweathersituationsarecriticalfor network operators?

Á Different on different time scales?

DWD energy activities | IEA wind task 51 extremes workshop | 30.09.2025
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ICON-ART   Aerosol and Reactive Trace gases

DWD energy activities | IEA wind task 51 extremes workshop | 30.09.2025

ü Operational sinceMarch 2024

ü Availableat opendata.dwd.de/weather/nwp/v1/m/

ü Model init.: 8 per dayόллΣ лоΣ ΧΣ нм ¦¢/ύ

ü Max. leadtime: 180(00, 12), 120(06, 18), 51όлоΣ Χύhours

ü bŜǎǘ ά9¦-NA2έ larger than ICON-EU

ü Grid spacing: 26 km ENS + 26 km det.

ICON: 26 km ENS, 13 km det.

ü Ensemble: 10+1 members

ICON: 40+1 members

ü Improvementsin ICON-ART radiationforecasts
due to mineraldustasprognosticvariable

20250412 00 UTC + 120 h

Mineral dust
Aerosol opticaldepthat 550 nm
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Optimisation of model physics

Č Optimisationof radiation 
scheme, e.g. low stratus

Č Further development of  
ICON-ART for prognostic 
aerosol forecasts

Č Consideration of the effects of 
solar eclipse

Der DWD im Dialog mit dem Energiesektor | DLR-Oldenburg | 23.04.2025
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Č Development of highlyresolved, rapidlyavailable
4D datasetsusingKI-enhanceddataassimilation
approaches

Č As meteorological input data in dynamic line rating

Č For gridded Wind-Nowcasting applications

Der DWD im Dialog mit dem Energiesektor | DLR-Oldenburg | 23.04.2025

Development of „ultra rapid“ datasets
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Product development in Co-Design

DWD energy activities | IEA wind task 51 extremes workshop | 30.09.2025

Č Development of probabilisticwarningproductsto
support the securegridoperationdn to protect
criticalinfrastructure

Č Evaluation and use of new modelling systems (e.g. 
SINFONY) with high update rates, extended data 
assimilation and improved model physics

Č Support the integration of probabilistic forecast 
information into energy applications

Der DWD im Dialog mit dem Energiesektor | DLR-Oldenburg | 23.04.2025
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Analysis of climatological aspects for grid planning

Č Definition of requirementsfor planning
applicationsand Energy systemanalysis

Č Use of (new) reanalysisdata

Č Climatologicalanalysesof criticalweather
situationsfor the energysector

Der DWD im Dialog mit dem Energiesektor | DLR-Oldenburg | 23.04.2025
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Solar eclipse in ICON

ü Simulatereductionof solar constantduring(partial) solar eclipsein ICON

Á Affect radiationat the surface

Á Feedback on temperature, wind, PBL, cloudsΣ Χ

ü Impact dependson weathersituation

ü Implementation

Á plannedfor 2025

Á for all configurations(global, ICON-5нΣ Χύ

DWD energy activities | IEA wind task 51 extremes workshop | 30.09.2025


