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How does weather affect the power system?

• Cold temperature drives up demand (people staying at home, 
increased heating etc)

• Wind energy makes up large part of electricity generation in GB

So what happens if cold temperature and low wind coincide, how likely are these 
conditions in the present and future, and what is the risk for the power system?

Problem: observational record short (starts in 2005), demand influenced by various other
confounding factors

(Wheatcroft, Dent and Wilson, 2022)
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Study setup - data and assumptions

• Weather data: MERRA-2 reanalysis dataset, 1980-2020 (Gelaro et al. 2017)

• Wind capacity factors from Virtual Wind Farm (VWF) model (Staffell & Pfenniger, 2016, renewables.ninja)

• Total wind capacity to represent present or future scenarios (2022 and 2032 scenarios from NG ESO) –
kept constant over the whole period!

• Temperature sensitive part of demand scales linearly with effective temperature
• Estimate temperature sensitivity factor, different for present and future scenarios (electrification of

the heating system)

• Residual load: temperature related demand minus wind – determines order of events

• Relative severity of extreme events for the power system:
• Exponential decay, based on relevant probability distribution of Britain‘s current power system
• Decay rate depends on what else is connected to the power system and supplies residual load

• Cold and dark season: November to March, daily data at time of peak demand

(Wheatcroft, Dent and Wilson, 2022)
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Study setup - scenarios

We look at different scenarios, representing present and possible 
future conditions:

• PRESENT: ca. 30 GW installed wind capacity (2022 wind 
energy scenario), low temperature sensitivity (-0.6 GW/K)

• FUTURE 1: ca. 60 GW installed wind capacity (2032 wind 
energy scenario), low temperature sensitivity (-0.6 GW/K)

• FUTURE 2: ca. 60 GW installed wind capacity (2032 wind 
energy scenario), high temperature sensitivity (-2 GW/K)
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Distribution of severe events

Present day  

Present day

6



Distribution of severe events

Present day  

2032 wind/low TS 2032 wind/high TS

note the different scale on y-axis
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Is there a particular large-scale pattern driving the
most severe conditions?

Climatology 
(6000 days)
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Is there a particular weather pattern driving the most
severe conditions?

Severe events can occur in all clusters, and are not solely
associated with a particular one! 
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Look at the outliers: very severe days
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Conclusions

• Severe events occurred relatively frequently in the last 40 years
when considering our present day power system

• Ranking of most severe days not very sensitive to scenarios

• But future may be more dominated by rare but very severe events
• Increased wind capacity mitigates wind droughts for many but not all 

days

• Large-scale weather patterns not deterministic for occurrence of
very severe events but increase likelihood

• Compound effect of wind and temperature means wide range of
possible atmospheric conditions relevant

• Local wind flow most relevant for severity of individual days
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Outlook and open questions

• How will climate change affect future events?

• Changes in the distribution of extremes

• Atmospheric mean conditions

➢ Use analogue techniques in future projections

• What happens if we account for storage?

• How do we plan a system when the risk profile becomes more 
dominated by fewer more extreme events, concentrated in a 
smaller number of years?
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Thank you

References:
- Brayshaw, D J, C Dent, and S Zachary (Oct. 2011). “Wind generation’s contribution to supporting peak electricity demand and meteorological insights”. In: Proceedings of the Institution of Mechanical Engineers, Part O: Journal of Risk and 

Reliability 226.1, pp. 44–50. DOI: 10.1177/1748006x11417503.
- Bloomfield, Hannah C., David J. Brayshaw, and Andrew J. Charlton-Perez (Dec. 2019). “Characterizing the winter meteorological drivers of the European electricity system using targeted circulation types”. In: Meteorological Applications 27.1. 

DOI: 10.1002/met.1858. 
- Staffell, Iain and Stefan Pfenninger (Nov. 2016). “Using bias-corrected reanalysis to simulate current and future wind power output”. In: Energy 114, pp. 1224–1239. DOI: 10.1016/j.energy.2016.08.068.
- Wheatcroft, Ed, Chris Dent, and Amy Wilson (2022). “Rescaling of historic electricity demand series for forward-looking risk calculations (in prep.)” In: 17th International Conference on Probabilistic Methods Applied to Power Systems, PMAPS.
- Wiel, Karin van der, Hannah C Bloomfield, Robert W Lee, Laurens P Stoop, Russell Blackport, James A Screen, and Frank M Selten (Sept. 2019). “The influence of weather regimes on European renewable energy production and demand”. In: 

Environmental Research Letters 14.9, p. 094010. DOI: 10.1088/1748-9326/ab38d3.
- Wilson, Amy L., Stan Zachary, and Chris J. Dent (June 2018). “Use of meteorological data for improved estimation of risk in capacity adequacy studies”. In: 2018 IEEE International Conference on Probabilistic Methods Applied to Power Systems 

(PMAPS). IEEE. DOI: 10.1109/pmaps.2018.8440216.

lucie.luecke@ed.ac.uk

14


	Slide 1: Effects of compound events of low wind and cold temperature on Britain’s power system  
	Slide 2
	Slide 3: How does weather affect the power system?
	Slide 4: Study setup - data and assumptions
	Slide 5: Study setup - scenarios
	Slide 6: Distribution of severe events
	Slide 7: Distribution of severe events
	Slide 9: Is there a particular large-scale pattern driving the most severe conditions?
	Slide 10: Is there a particular weather pattern driving the most severe conditions?
	Slide 11: Look at the outliers: very severe days
	Slide 12: Conclusions
	Slide 13: Outlook and open questions
	Slide 14

