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Generation mix for Germany 15 - 25 February 2019
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Variability in the electricity mix

16 September 2021

short-range variability (hours – days)

Source: https://www.agora-energiewende.de
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Generation mix for Germany 15 February - 15 March 2019
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Variability in the electricity mix
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multi-day variability (days – weeks)

Source: https://www.agora-energiewende.de
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Generation mix for Germany 1 January - 16 December 2019
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Variability in the electricity mix
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seasonal variability (months)

Source: https://www.agora-energiewende.de

winter wintersummer
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Weather variability affects renewables

16 September 2021
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Balancing through knowledge 

about weather regimes?

mailto:grams@kit.edu


Christian M. Grams grams@kit.edu – NextGenEC 2021 Institute of Meteorology and Climate Research (IMK-TRO)16 September 20216

1) Variability across scales

2) Weather regimes

3) Modulation of wind power

4) Forecasting regimes

5) Modulation on subseasonal time scales
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are quasi-stationary, persistent, and recurrent flow patterns of the large-

scale extratropical atmospheric circulation 
(e.g. Vautard 1990, Michelangeli et al. 1995, Hannachi et al. 2017)

explain character of weather on multi-day to multi-week time scales
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Weather regimes

16 September 2021
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Weather regimes – Definitions

16 September 2021

EOF analysis – clustering – persistence

classification vs. physical grounding vs. targetted circulation types

optimal number of regimes, seasonality (e.g. Falkena et al. 2020)

regional extent: weather regimes vs. weather typing (e.g. Neal et al. 2016)

Fig. 1 from review by Hannachi et al. 2017

Fig. 1 from Ferranti et al. 2015
Fig. 2i-l and 3e-h from Bloomfield et al. 2020
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Weather regimes in other world regions

16 September 2021

Fig. 1 from Simon Lee et al. 2019 , see also Vigaud et al. 2018 Fig. 1 from Matsueda and Kyouda 2016
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1) Variability across scales

2) Weather regimes

3) Modulation of wind power

4) Forecasting regimes

5) Modulation on subseasonal time scales
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Weather regimes – 100m wind variability (winter) 

16 September 2021

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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Atlantic trough (AR, 9.7%) Eu. Blocking (EuBL, 10.9%) Greenland Bl. (GL, 11.7%)Sc. Blocking (ScBL, 6.5%)

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
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16 September 2021
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Current and Future wind deployment

Predominant offshore deployment 

in North Sea and Baltic Sea

Hardly new deployment in Spain

Little new deployment in Balkans
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Example – winter 1992/93

13

Planned Future Balanced FutureCurrent

+137GW

+30GW +67GW

+40GW
→ Multi-day variability in European wind power 

could be balanced through spatial deployment 

informed by weather regimes
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1) Variability across scales

2) Weather regimes

3) Modulation of wind power

4) Forecasting regimes

5) Modulation on subseasonal time scales
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Weather regimes – forecast product examples

16 September 2021

see discussion of products in Grams et al. 2020, ECMWF Newsletter 165

EOF1/2 space 4WR probabilities 7WR lifecycles
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Weather regimes – (flow-dependent) forecast skill

16 September 2021

Fig. 6 from Matsueda and Palmer 2018, see also Ferranti et al. 2015

Fig. 6 from Büeler et al. 2021, in revision

year-round BSS for individual regimes in ECMWF reforecasts
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1) Variability across scales

2) Weather regimes

3) Modulation of wind power

4) Forecasting regimes

5) Modulation on subseasonal time scales
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Stratosphere
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Weather regimes – sources of S2S predictability
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Fig. 1. from Waugh et al. 2016

• symmetric SPV

• westerly polar night jet 

in 10-50 km height

• tropospheric westerly jet 

meanders around globe 

• 5-10km height
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Systematic biases in S2S model response

2m temperature anomaly 0-30d after 2% 

strongest/weakest SPV

▪ Left: ECMWF reforecasts tend to 

unambiguous warm/cold response

▪ Right: reality shows weaker anomalies

ECMWF IFS extended-range reforecasts ERA-Interim

-2.1        -1.2              0.0             1.2          2.1 [K]
Büeler et al. (2020) QJRMS, doi:10.1002/qj.3866
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Regime response to extremely weak SPV (SSW)

lagged regime frequencies [%]

AT & GL response

days relative to SSW

taken from Domeisen, Grams, and Papritz 2020, see also Beerli and Grams 2019, Beerli et al. 2017, Büeler et al. 2020, Charlton-Perez et al. 2018, Papritz and Grams 2018
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Surface impact of SSWs – 2m temperature

taken from Domeisen, Grams, and Papritz 2020
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Madden-Julian-Oscillation
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Weather regimes – sources of S2S predictability
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Climate.gov drawing by Fiona Martin 
Fig 3 from Lin et al. 2009, see also Cassou et al. 2008, Robert Lee et al. 2019

Z500 anomalies after MJO Phase 3

5-10d 10-15d

NAO+
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Joint forcing by MJO – ENSO – stratosphere
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Weather regimes – sources of S2S predictability

16 September 2021

Fig. 4 from Robert Lee et al. 2019
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a note on regimes and climate change 

weather regimes are quasi-stationary, persistent, and 

recurrent flow patterns in the extratropics

weather regimes govern variability of weather on sub-

seasonal time scales (10-30 days)

interesting for country-aggregated or continent-scale 

forecast in the energy sector

windows of forecast opportunity beyond 2 weeks due to 

slower climate modes (MJO, stratosphere)

Contact: grams@kit.edu @cgrams_lsdp
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Summary

16 September 2021

mailto:grams@kit.edu
mailto:grams@kit.edu
https://twitter.com/cgrams_lsdp


Christian M. Grams grams@kit.edu – NextGenEC 2021 Institute of Meteorology and Climate Research (IMK-TRO)25

(Incomplete) List of References

16 September 2021

Regime Definitions / Basics / Review

Vautard, R., 1990: Multiple weather regimes over the North Atlantic: analysis of precursors and successors. Mon. Wea. Rev., 118, 2056–2081, doi:10.1175/1520-

0493(1990)118<2056:MWROTN>2.0.CO;2.

Michelangeli, P.-A., R. Vautard, and B. Legras, 1995: Weather Regimes: Recurrence and Quasi Stationarity. J. Atmos. Sci., 52, 1237–1256, doi:10.1175/1520-

0469(1995)052<1237:WRRAQS>2.0.CO;2.

Hannachi, Abdel., D. M. Straus, C. L. E. Franzke, S. Corti, and T. Woollings, 2017: Low-frequency nonlinearity and regime behavior in the Northern Hemisphere 

extratropical atmosphere. Rev. Geophys., 2015RG000509, doi:10.1002/2015RG000509.

Dorrington, J., and K. J. Strommen, 2020: Jet Speed Variability Obscures Euro-Atlantic Regime Structure. Geophysical Research Letters, 47, e2020GL087907, 

doi:https://doi.org/10.1029/2020GL087907.

Falkena, S. K. J., J. de Wiljes, A. Weisheimer, and T. G. Shepherd, 2020: Revisiting the identification of wintertime atmospheric circulation regimes in the Euro-Atlantic 

sector. Q.J.R. Meteorol. Soc., 146, 2801–2814, doi:https://doi.org/10.1002/qj.3818.

Madonna, E., C. Li, C. M. Grams, and T. Woollings, 2017: The link between eddy-driven jet variability and weather regimes in the North Atlantic-European sector. Q.J.R. 

Meteorol. Soc, 143, 2960–2972, doi:10.1002/qj.3155.

Neal, R., D. Fereday, R. Crocker, and R. E. Comer, 2016: A flexible approach to defining weather patterns and their application in weather forecasting over Europe. Met. 

Apps, 23, 389–400, doi:10.1002/met.1563.

mailto:grams@kit.edu
https://doi.org/10.1175/1520-0493(1990)118%3c2056:MWROTN%3e2.0.CO;2
https://doi.org/10.1175/1520-0469(1995)052%3c1237:WRRAQS%3e2.0.CO;2
https://doi.org/10.1002/2015RG000509
https://doi.org/10.1029/2020GL087907
https://doi.org/10.1002/qj.3818
https://doi.org/10.1002/qj.3155
https://doi.org/10.1002/met.1563


Christian M. Grams grams@kit.edu – NextGenEC 2021 Institute of Meteorology and Climate Research (IMK-TRO)26 16 September 2021

Regimes in the context of energy meteorology

Bloomfield, H. C., D. J. Brayshaw, and A. J. Charlton‐Perez, 2020: Characterizing the winter meteorological drivers of the European electricity system using targeted 

circulation types. Meteorological Applications, 27, e1858, doi:10.1002/met.1858.

Bloomfield, H. C., D. J. Brayshaw, P. L. M. Gonzalez, and A. Charlton-Perez, 2021: Pattern-based conditioning enhances sub-seasonal prediction skill of European 

national energy variables. Meteorological Applications, 28, e2018, doi:10.1002/met.2018.

Brayshaw, D. J., A. Troccoli, R. Fordham, and J. Methven, 2011: The impact of large scale atmospheric circulation patterns on wind power generation and its potential 

predictability: A case study over the UK. Renewable Energy, 36, 2087–2096, doi:10.1016/j.renene.2011.01.025.

Cannon, D. J., D. J. Brayshaw, J. Methven, P. J. Coker, and D. Lenaghan, 2015: Using reanalysis data to quantify extreme wind power generation statistics: A 33 year 

case study in Great Britain. Renewable Energy, 75, 767–778, doi:10.1016/j.renene.2014.10.024.

Clark, R. T., P. E. Bett, H. E. Thornton, and A. A. Scaife, 2017: Skilful seasonal predictions for the European energy industry. Environ. Res. Lett., 12, 024002, 

doi:10.1088/1748-9326/aa57ab.

Cortesi, N., V. Torralba, N. González-Reviriego, A. Soret, and F. J. Doblas-Reyes, 2019: Characterization of European wind speed variability using weather regimes. 

Climate Dynamics, doi:10.1007/s00382-019-04839-5. 

Ely, C. R., D. J. Brayshaw, J. Methven, J. Cox, and O. Pearce, 2013: Implications of the North Atlantic Oscillation for a UK–Norway Renewable power system. Energy 

Policy, 62, 1420–1427, doi:10.1016/j.enpol.2013.06.037.

Grams, C. M., R. Beerli, S. Pfenninger, I. Staffell, and H. Wernli, 2017: Balancing Europe’s wind-power output through spatial deployment informed by weather regimes. 

Nature Climate Change, 7, 557–562, doi:10.1038/nclimate3338.

Pickering, B., C. M. Grams, and S. Pfenninger, 2020: Sub-national variability of wind power generation in complex terrain and its correlation with large-scale 

meteorology. Environ. Res. Lett., 15, 044025, doi:10.1088/1748-9326/ab70bd. 

Santos-Alamillos, F. J., D. J. Brayshaw, J. Methven, N. S. Thomaidis, J. A. Ruiz-Arias, and D. Pozo-Vázquez, 2017: Exploring the meteorological potential for planning 

a high performance European electricity super-grid…. Environ. Res. Lett., 12, 114030, doi:10.1088/1748-9326/aa8f18.

Thornton, H. E., A. A. Scaife, B. J. Hoskins, and D. J. Brayshaw, 2017: The relationship between wind power, electricity demand and winter weather patterns in Great 

Britain. Environ. Res. Lett., 12, 064017, doi:10.1088/1748-9326/aa69c6.

Torralba, V., N. Gonzalez‐Reviriego, N. Cortesi, A. Manrique‐Suñén, L. Lledó, R. Marcos, A. Soret, and F. J. Doblas‐Reyes, 2020: Challenges in the selection of 

atmospheric circulation patterns for the wind energy sector. International Journal of Climatology, doi:10.1002/joc.6881. 

Zubiate, L., F. McDermott, C. Sweeney, and M. O’Malley, 2017: Spatial variability in winter NAO–wind speed relationships in western Europe linked to concomitant 

states of the East Atlantic and Scandinavian patterns. Q.J.R. Meteorol. Soc., 143, 552–562, doi:10.1002/qj.2943.

mailto:grams@kit.edu
https://doi.org/10.1002/met.1858
https://doi.org/10.1002/met.2018
https://doi.org/10.1016/j.renene.2011.01.025
https://doi.org/10.1016/j.renene.2014.10.024
https://doi.org/10.1088/1748-9326/aa57ab
https://doi.org/10.1007/s00382-019-04839-5
https://doi.org/10.1016/j.enpol.2013.06.037
https://doi.org/10.1038/nclimate3338
https://doi.org/10.1088/1748-9326/ab70bd
https://doi.org/10.1088/1748-9326/aa8f18
https://doi.org/10.1088/1748-9326/aa69c6
https://doi.org/10.1002/joc.6881
https://doi.org/10.1002/qj.2943


Christian M. Grams grams@kit.edu – NextGenEC 2021 Institute of Meteorology and Climate Research (IMK-TRO)27 16 September 2021

Impact on surface weather and society

Charlton-Perez, A. J., R. W. Aldridge, C. M. Grams, and R. Lee, 2019: Winter pressures on the UK health system dominated by the Greenland blocking weather 

regime. Weather and Climate Extremes, 25, 100218, doi:10.1016/j.wace.2019.100218.

Lavaysse, C., J. Vogt, A. Toreti, M. L. Carrera, and F. Pappenberger, 2018: On the use of weather regimes to forecast meteorological drought over Europe. Natural 

Hazards and Earth System Sciences, 18, 3297–3309, doi:https://doi.org/10.5194/nhess-18-3297-2018.

Papritz L. and Grams C. M., 2018: Linking Low‐Frequency Large‐Scale Circulation Patterns to Cold Air Outbreak Formation in the Northeastern North Atlantic. 

Geophys. Res. Lett., 45, 2542–2553, doi:10.1002/2017GL076921.

Pasquier, J. T., S. Pfahl, and C. M. Grams, 2019: Modulation of Atmospheric River Occurrence and Associated Precipitation Extremes in the North Atlantic Region by 

European Weather Regimes. Geophys. Res. Lett., 46, 1014–1023, doi:10.1029/2018GL081194.

Schaller, N., J. Sillmann, J. Anstey, E. M. Fischer, C. M. Grams, and S. Russo, 2018: Influence of blocking on Northern European and Western Russian heatwaves in 

large climate model ensembles. Environ. Res. Lett., 13, 054015, doi:10.1088/1748-9326/aaba55.

Yiou, P., and M. Nogaj, 2004: Extreme climatic events and weather regimes over the North Atlantic: When and where? Geophys. Res. Lett., 31, 

doi:10.1029/2003GL019119. 

mailto:grams@kit.edu
https://doi.org/10.1016/j.wace.2019.100218
https://doi.org/10.5194/nhess-18-3297-2018
https://doi.org/10.1002/2017GL076921
https://doi.org/10.1029/2018GL081194
https://doi.org/10.1088/1748-9326/aaba55
https://doi.org/10.1029/2003GL019119


Christian M. Grams grams@kit.edu – NextGenEC 2021 Institute of Meteorology and Climate Research (IMK-TRO)28 16 September 2021

Forecast skill and predictability of regimes

Cortesi, N., V. Torralba, L. Lledó, A. Manrique-Suñén, N. Gonzalez-Reviriego, A. Soret, and F. J. Doblas-Reyes, 2021: Yearly evolution of Euro-Atlantic weather regimes 

and of their sub-seasonal predictability. Clim Dyn, doi:10.1007/s00382-021-05679-y. 

Büeler, D., L. Ferranti, L. Magnusson, J. F. Quinting, and C. M. Grams, 2021: Flow-dependent sub-seasonal forecast skill for year-round Atlantic-European weather 

regimes, in revision for Q. J. R. Meteorol. Soc..

Ferranti, L., S. Corti, and M. Janousek, 2015: Flow-dependent verification of the ECMWF ensemble over the Euro-Atlantic sector. Q.J.R. Meteorol. Soc., 141, 916–924, 

doi:10.1002/qj.2411.

——, L. Magnusson, F. Vitart, and D. S. Richardson, 2018: How far in advance can we predict changes in large-scale flow leading to severe cold conditions over 

Europe? Q.J.R. Meteorol. Soc., 144, 1788–1802, doi:10.1002/qj.3341. 

Grams, C. M., L. Magnusson, and L. Ferranti, 2020: How to make use of weather regimes in extended-range predictions for Europe. ECMWF,. 

https://www.ecmwf.int/en/newsletter/165/meteorology/how-make-use-weather-regimes-extended-range-predictions-europe

Matsueda, M., and T. N. Palmer, 2018: Estimates of flow-dependent predictability of wintertime Euro-Atlantic weather regimes in medium-range forecasts. Q.J.R. 

Meteorol. Soc., 144, 1012–1027, doi:10.1002/qj.3265.

Strommen, K., 2020: Jet latitude regimes and the predictability of the North Atlantic Oscillation. Q.J.R. Meteorol. Soc., 146, 2368–2391, 

doi:https://doi.org/10.1002/qj.3796.

mailto:grams@kit.edu
https://doi.org/10.1007/s00382-021-05679-y
https://doi.org/10.1002/qj.2411
https://doi.org/10.1002/qj.3341
https://www.ecmwf.int/en/newsletter/165/meteorology/how-make-use-weather-regimes-extended-range-predictions-europe
https://doi.org/10.1002/qj.3265
https://doi.org/10.1002/qj.3796


Christian M. Grams grams@kit.edu – NextGenEC 2021 Institute of Meteorology and Climate Research (IMK-TRO)29 16 September 2021

Modulation of regime occurrence and predictability on S2S time scales (often in context of energy 

meteorology)

Beerli, R., H. Wernli, and C. M. Grams, 2017: Does the lower stratosphere provide predictability for month-ahead wind electricity generation in Europe? Q.J.R. 

Meteorol. Soc., 143, 3025–3036, doi:10.1002/qj.3158.

Beerli, R., and C. M. Grams, 2019: Stratospheric modulation of the large-scale circulation in the Atlantic–European region and its implications for surface weather 

events. Q.J.R. Meteorol. Soc., 145, 3732–3750, doi:10.1002/qj.3653.

Büeler, D., R. Beerli, H. Wernli, and C. M. Grams, 2020: Stratospheric influence on ECMWF sub-seasonal forecast skill for energy-industry-relevant surface weather in 

European countries. Q.J.R. Meteorol. Soc., 146, 3675–3694, doi:https://doi.org/10.1002/qj.3866.

Cassou, C., 2008: Intraseasonal interaction between the Madden–Julian Oscillation and the North Atlantic Oscillation. Nature, 455, 523–527, doi:10.1038/nature07286.

Charlton‐Perez, A. J., L. Ferranti, and R. W. Lee, 2018: The influence of the stratospheric state on North Atlantic weather regimes. Q.J.R. Meteorol. Soc., 144, 1140–

1151, doi:10.1002/qj.3280.

Domeisen, D. I. V., C. M. Grams, and L. Papritz, 2020: The role of North Atlantic–European weather regimes in the surface impact of sudden stratospheric warming 

events. Weather and Climate Dynamics, 1, 373–388, doi:https://doi.org/10.5194/wcd-1-373-2020.

Green, M. R., and J. C. Furtado, 2019: Evaluating the Joint Influence of the Madden-Julian Oscillation and the Stratospheric Polar Vortex on Weather Patterns in the 

Northern Hemisphere. J. Geophys. Res. Atmos., 124, 11693–11709, doi:https://doi.org/10.1029/2019JD030771.

Lee, R. W., S. J. Woolnough, A. J. Charlton‐Perez, and F. Vitart, 2019a: ENSO Modulation of MJO Teleconnections to the North Atlantic and Europe. Geophys. Res. 

Lett, 46, 13535–13545, doi:10.1029/2019GL084683.

Lee, S. H., A. J. Charlton‐Perez, J. C. Furtado, and S. J. Woolnough, 2020: Representation of the Scandinavia–Greenland pattern and its relationship with the polar 

vortex in S2S forecast models. Q.J.R. Meteorol. Soc, 146, 4083–4098, doi:https://doi.org/10.1002/qj.3892. 

Lin, H., G. Brunet, and J. Derome, 2009: An Observed Connection between the North Atlantic Oscillation and the Madden–Julian Oscillation. J. Climate, 22, 364–380, 

doi:10.1175/2008JCLI2515.1.

Lin, H., G. Brunet, and J. Derome, 2009: An Observed Connection between the North Atlantic Oscillation and the Madden–Julian Oscillation. J. Climate, 22, 364–380, 

doi:10.1175/2008JCLI2515.1.

mailto:grams@kit.edu
https://doi.org/10.1002/qj.3158
https://doi.org/10.1002/qj.3653
https://doi.org/10.1002/qj.3866
https://doi.org/10.1038/nature07286
https://doi.org/10.1002/qj.3280
https://doi.org/10.5194/wcd-1-373-2020
https://doi.org/10.1029/2019JD030771
https://doi.org/10.1029/2019GL084683
https://doi.org/10.1002/qj.3892
https://doi.org/10.1175/2008JCLI2515.1
https://doi.org/10.1175/2008JCLI2515.1


Christian M. Grams grams@kit.edu – NextGenEC 2021 Institute of Meteorology and Climate Research (IMK-TRO)30 16 September 2021

Regimes in other world regions

Lee, S. H., J. C. Furtado, and A. J. Charlton‐Perez, 2019b: Wintertime North American Weather Regimes and the Arctic Stratospheric Polar Vortex. Geophys. Res. 

Lett., 46, 14892–14900, doi:10.1029/2019GL085592.

Matsueda, M., and M. Kyouda, 2016: Wintertime East Asian Flow Patterns and Their Predictability on Medium-Range Timescales. SOLA, 12, 121–126, 

doi:10.2151/sola.2016-027.

Vigaud, N., A. w. Robertson, and M. K. Tippett, 2018: Predictability of Recurrent Weather Regimes over North America during Winter from Submonthly Reforecasts. 

Mon. Wea. Rev., 146, 2559–2577, doi:10.1175/MWR-D-18-0058.1.

Regimes and climate change

Fabiano, F., H. M. Christensen, K. Strommen, P. Athanasiadis, A. Baker, R. Schiemann, and S. Corti, 2020: Euro-Atlantic weather Regimes in the PRIMAVERA coupled 

climate simulations: impact of resolution and mean state biases on model performance. Clim Dyn, doi:10.1007/s00382-020-05271-w. 

Fabiano, F., V. L. Meccia, P. Davini, P. Ghinassi, and S. Corti, 2021: A regime view of future atmospheric circulation changes in northern mid-latitudes. Weather and 

Climate Dynamics, 2, 163–180, doi:10.5194/wcd-2-163-2021.

Santos, J. A., M. Belo-Pereira, H. Fraga, and J. G. Pinto, 2016: Understanding climate change projections for precipitation over western Europe with a weather typing 

approach. J. Geophys. Res. Atmos., 121, 2015JD024399, doi:10.1002/2015JD024399.

Yiou, P., J. Cattiaux, A. Ribes, R. Vautard, and M. Vrac, 2018: Recent Trends in the Recurrence of North Atlantic Atmospheric Circulation Patterns. Complexity, 2018, 

1–8, doi:10.1155/2018/3140915.

mailto:grams@kit.edu
https://doi.org/10.1029/2019GL085592
https://doi.org/10.2151/sola.2016-027
https://doi.org/10.1175/MWR-D-18-0058.1
https://doi.org/10.1007/s00382-020-05271-w
https://doi.org/10.5194/wcd-2-163-2021
https://doi.org/10.1002/2015JD024399
https://doi.org/10.1155/2018/3140915


Christian M. Grams grams@kit.edu – NextGenEC 2021 Institute of Meteorology and Climate Research (IMK-TRO)

C
y
c

lo
n

ic
B

lo
c

k
e

d

Atlantic trough (AT, 13.1%) Zonal regime (ZO, 13.8%) Scand. Trough (ScTr, 11.3%) 

Atlantic trough (AR, 9.7%) Eu. Blocking (EuBL, 10.9%) Greenland Bl. (GL, 11.7%)Sc. Blocking (ScBL, 6.5%)

31

Weather regimes – 2m temperature variability (winter) 
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Grams, C.M., et al. (2017), doi:10.1038/nclimate3338.

Blog: https://christiangrams.wordpress.com/balancing-europes-wind-power/

Cyclonic regimes go along 

with mild conditions in 

most parts of Europe

Blocked regimes go along 

with cold conditions in 

many parts of Europe
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Modulation of wind power potential
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Bars for each country of

ΔCF : wind power 

output change wrt. 

winter mean

numbers: country’s IC in GW

gray shading: DJF mean 100m wind

Grams, C.M., et al. (2017), doi:10.1038/nclimate3338.

Blog: https://christiangrams.wordpress.com/balancing-europes-wind-power/
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Stratosphere
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Weather regimes – sources of S2S predictability

16 September 2021

Fig. 6 from Beerli and Grams 2019, see also Beerli et al. 2017, Büeler et al. 2020, 

Charlton-Perez et al. 2018, Domeisen, Grams, and Papritz 2020, Papritz and Grams 2018

regime frequency in strong / neutral / weak SPV 

states. Pale below winter (DJF) mean.

Fig. 1. from Waugh et al. 2016
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Downward impact of extremely weak SPV (SSW)

60-90°N GPH anomaly NATL sector

[std]

lagged regime frequencies [%]

AT & GL response

GL at SSW onset EuBL at SSW onset

days relative to SSW

AT response GL response

taken from Domeisen, Grams, and Papritz 2020
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Stratosphere-dependent forecast skill

Adapted from Figure 4 in Büeler et al. (2020): RPSS distributions for month ahead, country-aggregated 2mT forecasts (categorical in upper,

middle, lower terciles) initialized in different SPV states. Box-and-Whisker Plots show the 10, 25, 50 ,75; 90% percentiles, dashed line the mean of

the RPSS distribution. Thin box-and-whiskers show 10, 25, 75; 90% percentiles of distributions from random forecasts with similar sample size.

One (two/three) stars denote overlap of less than 25% (10% / 5%) with the random distribution.

Büeler et al. (2020) QJRMS, doi:10.5194/wcd-2019-16

stronger SPVweaker SPV stronger SPVweaker SPV

RPSS distributions for month ahead, country-aggregated 2mT forecasts 
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