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The Swiss energy transition
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MeteoSchweiz-Blog | 25.02.2025

Das letzte Halbjahr zeigte sich bisher
sehr neblig

Zahlreiche Mittellandbewohner auf der

Alpennordseite durften sich im vergangenen
Halbjahr mindestens einmal Gber die anhaltenden

Mebel- oder Hochnebelperioden gewundert habe. ..

»  Wirtschaft

Fehlprognose beim Solarstrom: Pl6tzlich
fehlte der Schweiz die Produktion eines
grossen Kernkraftwerkes

Schlechte Prognosen (ber die Einspeisung von Solarstrom haben vor
einer Woche dazu gefiihrt, dass viel zu wenig Strom im System war. Di
Netzgesellschaft Swissgrid konnte fiir einen Ausgleich sorgen - zu
horrenden Kosten von schatzungsweise 30 Millionen Franken.
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Dunkelflaute in Deutschiand

News » Wirtschaft

Strompreis schiesst hoch

Kein Wind, keine Sonne:
Deutschland in der Dunkelflaute
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Multi-day variability winter 2024/25 in Germany
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Weather regimes

= WR are quasi-stationary, persistent, and recurrent states of the large-scale flow
* WR explain multi-day variability of large-scale flow over a specific region

Blocked regimes

Here following Grams et al. 2017 doi:10.1038/nclimate3338 adapted to ERA5S
* 10d low-pass filtered normalized Z500 anomalies from ERAS5 (1979-2019)

= EOF analysis & k-means clustering of 7 leading EOFs (76% of variability) & objective definition of
individual regime life cycles (e.g. >5 day persistence)
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Slido survey

1) Have you heard of weather regimes and in
which context are you using regimes?

2) For which region are using regimes?
3) How often are you using regimes?

4) From which source are you getting regime data
information?
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Cyclonic

Blocked

Weather regimes — 100m wind variability (winter)

Atlantlc Trough (AT 13.1%) Zonal regime (ZO 13 8%) Scand Trough (ScTr 11 3%)

Cyclonic regimes go along
with above average wind
speed in most countries
adjacent to the North Sea

Blocked regimes go along
with below average wind
speed in most countries
adjacent to the North Sea

Grams, C.M,, et al. (2017), doi:10.1038/nclimate3338.
Blog: https://christiangrams.wordpress.com/balancing-europes-wind-power/
see also Zubiate et al. (2017) doi:10.1002/qj.2943
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Regime interannual

variability

100m wind speed anomalies by country

Annual wind speed anomaly for 2021
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Central and NW European wind drought 2021
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Multi-day variability winter 2024/25 in Germany

[GWhiday] Date selection: 01.11.2024 - 28.02.2025 Agora c
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Weather regime index (IWR)

Weather regimes in winter 2024/25

weather regime index time series 1.11.2024-28.2.2025
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“Dunkelflaute” in Germany XIT  rewrourz

periods with little wind & solar power output Meteorological Applications

often feared as ,cold Dunkelflaute® ©iano sec Tackimolc gy fox, Weakher st Clibe
following Driicke et al. 2021 (doi:10.1016/.renene.2020.10.102) ~ "SHIHATAE @openicees © @ S

Meteorological conditions during periods of low wind speed

ObjeCtiVG definition: combined capacity factor < 0.06 for and insolation in Germany: The role of weather regimes
at Ieast 2 dayS Fabian Mockert B Christian M. Grams, Tom Brown, Fabian Neumann

First published: 21 July 2023 | https://doi.org/10.1002/met.2141 | Citations: 1

e

A :

https://doi.org/10.1002/met.2141

Collaboration with Prof. Dr. Tom Brown, Dr. Fabian
Neumann (TU Berlin) and Fabian Mockert (KIT)

Photo: Bernhard Mhr, www.wolkenatlas.de
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Mockert et al. 2023, doi:10.1002/met.2141

“Dunkelflaute” in Germany — seasonality @*@9
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* Dunkelflauten preferentially in winter and during
and Greenland Blocking

* in autumn also Scandinavian Blocking
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Dunkelflauten occur in particularly

long-lasting regime life cycles
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Mockert et al. 2023, doi:10.1002/met.2141

“Dunkelflaute” in Germany — surface weather Qb*- i
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intra-regime weather variability

2m temperature anomaly of Germany in DJF

* country-aggregated 2mT anomaly
(ERAS) Germany

* e.g. there are cold and mild GL

— days

2m temperature anomaly [K]

—15 4

AT Z0 ScTr AR EuBL  ScBL GL NR Clim

Gerighausen et al. 2025 doi:10.48550/arXiv.2408.04302. in press at Met. Apps.
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intra-regime weather variability

Germany, GL, DIF, cold days (bercile: 144] Geimany, L, BIF, warm days {tercila

iermany: tercile of events (144) of T2M, GL in DJF

average anomalies
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2m Temperature [°C]

Gerighausen et al. 2025 doi:10.48550/arXiv.2408.04302. in press at Met. Apps.
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intra-regime weather variability

Year-round weather regimes: country-aggregated weather variability
Supplemental Materials to the article Garighausen at al, (2024): Visualisations of country-aggregated surface weathar
variability during North-Atlantic European weather regimes based on ERAS 1979-2021 following 2017 )
distribution during regimes, mean weather regime index in upper and lower tercile, and maps of surface weather anomaly on
average and in lowerlupper lercile of considered variable.

Variable: | ?m tempaerature anomaly ~  Reglme:| Greanland biocking (GL)

Gerighausen et al. 2025
s doi:10.48550/arXiv.2408.04302
> in press at Met. Apps.
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interactive visualisations
retrievable at Zenodo:

https://zenodo.org/records/
12923703

(3 GB!)

Garmany: tercile of events {144) of T2M, GL in DJF
coldestdays . average anomalies

8 o 8
2m Temperature [*C)

Maps of mean surface weather anomaly (shading) and Geopolantial height at 500 hPa (contours in gpdm) duning the lower (laft) and upper (rght) tercile of
couniry-aggregated surlace weather anomalies, and average conddions (middie) during a regeme.
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regime knowledge in forecasting

* ECMWEF extended-range
forecast of regime index
correctly predicts GL and
co-projection in AR three
weeks ahead!

||

Weather regime index

W =R O R RW

* this was related to a cold
Dunkelflaute

2m Temperature [°C]
Capacity factor

Gerighausen et al. 2025
doi:10.48550/arXiv.2408.04302
in press at Met. Apps.
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outlook regimes and forecasting

* MeteoSwiss together with ECMWEF currently implement operational forcast
products for these regimes

* Exploration of solar power gaps in Switzerland in a MSc thesis at MeteoSwiss

* Modulation by stratosphere and MJO provide ,window of forecast opportunity” (
Cassou 2008, Beerli and Grams 2019, Lee et al. 2019, Spaeth et al. 2024)

* PostProcessing and ML-tuned ,regime activity” forecast very promising for
improving regime prediction up to three weeks (Mockert et al. 2025 in review for QIRMS )

ORIGINAL ARTICLE

Windows of opportunity in subseasonal weather

NN - .D ﬁ.-(J .08

- t& - . - - - ﬂ
regime forecasting: A statistical-dynamical approach 3
. - .} - ] 2} 5 - 2 B 0 '04 2
Fabian Mockert'** | Christian M. Grams™® | Sebastian £ NNuwe - ws- : z
: £ -0.00
Lerch*®® | Julian Quinting' g NN st - [ oo s
Vnstitute of Meteorology and d Climate Research = e e — g | r ’
Troj MKTRO), Karlsruhe L T o) e AR Rl fore v SR £ Climatology | -—0.08
Ins KIT), Karlsruhe, are prominent sources of sub; 1 predictability in the ex pics. It has — U—
Germany been shown that the joint interaction of MJO and the SPY can modulate the AT ZO SclTr AIR EuIBLSCIBL GL

Weather regimes

19


https://doi.org/10.1038/nature07286
https://doi.org/10.1002/qj.3653
https://doi.org/10.1029/2019GL084683
https://doi.org/10.1029/2024GL109733
https://doi.org/10.48550/arXiv.2505.02680
https://doi.org/10.48550/arXiv.2505.02680

Regimes for climate monitoring: low stratus in Zurich
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Summary

* weather regimes multi-day weather variability with relevance
for wind and solar power

* Dunkelflauten related to blocked regimes
* Greenland blocking can produce cold Dunkelflaute

* regime knowledge helps understanding intra-regime
weather variability and aids forecasting

* MeteoSwiss currently explores use of regimes for climate
monitoring and sub-seasonal forecasting

 Solar power gaps of concern for CH energy transition

christian.grams@meteoswiss.ch

‘Year-round weather regimes: country-aggregated weather varlability

interactive visualisations

https://zenodo.org/records/
12923703
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Slido survey

1) Have you heard of weather regimes and in
which context are you using regimes?

2) For which region are using regimes?
3) How often are you using regimes?

4) From which source are you getting regime data
information?

© Zurich, September 2025, Christian M. Grams
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Weather regime index (IWR)

Regimes for climate monitoring

weather regime index time series 1.9.2024-30.4.2025 anomalous regime freq. in 2024/25
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Weather regimes

cluster mean 2500 anomaly (¢‘(¢,A) ,, shading) and absolute values (black contours)
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Cyclonic regimes: Blocked regimes: updated to ERA5 (1979-2019, publication in preparation)
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* Greenland blocking


https://doi.org/10.1038/nclimate3338

Regime characteristics
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Mockert et al. 2023, doi:10.1002/met.2141

“Dunkelflaute” in Germany S%’%

= following Drlcke et al. 2021 (doi:10.1016/i.renene.2020.10.102)
= objective definition combined capacity factor < 0.06 for at least 2 days

J
Months
—— Offshore wind (6%) Solar (44%) Combined range
—— Onshore wind (50%) -——- Combined - Threshold
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curnulative WR freq. [% of mem.]

Regime forecasts in preparation

(a) overview regime forecast

WR freq in 100 MEMBER extended- range forecast initialed at 20250927_00
R S———

]
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ScTr

maxfWR = 1.0
AT s}

contact: @cgrams_lsdp

EuBL ScBL GL

daily ECMWF extended-range 100 member ensemble forecast —

IFS ensemble BT 20250927 00

(b) detailed regime forecasts

WR index 100 MEMBER extended-range ensemble BT: 20250927 _00

EuBL ScBL GL
contact: @egrams_tsdp

MeteoSwiss and ECMWF

© Zurich, September 2025, Christian M. Grams

(c) details on members

active WR lifecycles in 100 MEMBER forecast initialised at 20250927 00

ensamble membar

SoBREBEALEBRIAERESE

=
e

0927 00 1002 00  TOOT 00 10R2 00 NNT 00 1022 00 1027 00 1101_00
forecast date [MMDD_HH]

mmmmmm
EuBL ScBL GL

maxWR >= 1.0
AT Z0 SeTr

in implementation at
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