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With higher shares of renewables in the mix, the electricity system is more
exposed to atmospheric variability risks
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Can we anticipate weekly, monthly and
seasonal anomalies of wind speed, wind
power generation or energy demand?



Extended-range predictability
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Sources of sub-seasonal and seasonal predictability
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Main sources of predictability include:
» ENSO
»Madden Julian Oscillation
» Soil Moisture
» Stratospheric Initial conditions
» Rossby waves
» SSTs/Sea-ice
» Aerosols
»Others? ...

Mariotti et al., 2019



The Madden-Julian Oscillation is the main source of sub-
seasonal variability in the tropics
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The Madden Julian Oscillation
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Stratosphere: Weak vortex events

Jan 2021 weak vortex event ace te B g C

Disruption of stratospheric polar vortex in early January 2021

December 26, 2020 January 5, 2021

January 15, 2021
first day of SSW
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Evolution of 10mb zonal mean winds (60°N) and polar cap (60-90°N) temperatures : j.‘
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By early January, winds reversed sign
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In late December, straospheric
westerly winds began to slow
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Surface temperature anomalies in degrees

'Hatrey e Celsius for (left) the 30 days following all identified
SSWs in the NCEP-NCAR reanalysis record from
1958-2013. From Butler et al. 2017



https://essd.copernicus.org/articles/9/63/2017/

S2S prediction is challenging

Forecast skill is not constant in time. It depends strongly on the occurrence of sources of
predictability: “windows of opportunity for forecast skill” (e.g. strong MJO, weak vortex
event...)

Prediction skill of the 12000 hPa Northern
Annular Mode for week 3 in the S25S models

Neutral Stratospheric Vortex
Week 3 - 1000hPa

* For most models, skill is higher following weak vortex
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How are S2S forecasts produced?

End-To-End forecasting System
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What is the appropriate forecast format?

ENS Meteogram
Reading, United Kingdom 51.52
Extended Range Forecast based on

Daily mean of Total Cloud Cover (okta)
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What is the skill of 2-metre temperature?

ROC score: 2-meter temperature in the upper tercile

Day 5-11 Day 12-18

Day 26-32




S2S skill evolution over the year

FairRPSS of ECMWF 10-m wind speed
for 1996-2015 over Europe
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Forecast skill
characterization in the Fino 1
area for different start dates
(Y axis) and forecast window
(X axis).

Forecast time

Reference dataset: Era-Interim




Forecast skill. Are we filling the gap?

Weather forecasting
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Toth and Buizza, 2018
Incremental Improvement => “quite revolution”

Seasonal forecasting

Forecast lead month for correlation above 0.9 in
NINO3.4 S5T anomalies
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Improved ENSO prediction over past 20 years
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Extended-range forecasting

MJO Bivariate Correlation
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Week 3 2m temp over N. Extratropics

Extended range: evaluation of re-forecasts

Reforecasts verification
RPSS_D, 2m temperature, NHem Extratrop (>30N)

Rapid progress!



CASE STUDIES

from S2S4E



A climate forcing can be detected
iIn an ensemble of numerical simulations

Coupled Earth System Model
Forecast fast & slow evolution fields
and its interactions

Ensemble members

Each member represents one
possible system evolution
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Cold spell and wind drought in Europe January 2017

Standardized anomalies - Dec 2016- Surface temperature

Fe b 2017~ ERA-Inte rim Observed weekly means and climatology

p10-p90

B p33-pes

— climatological mean

Surface Temperature Precipitation

temperature (°C)

--- observed daily mean

— observed weekly mean

=
©
£
s
5
g
e
5
£
=
@




Cold spell and wind drought in Europe January 2017
17 January 2017

Surface temperature forecast in Europe

Forecast lead time

Sub-seasonal forecasts for week starting 2017-01-17 (5W-12E,47N-54N)

Electricity demand forecast in France

(see Bloomfield et al, 2021)

Sub-seasonal forecasts for week starting 2017-01-17 (France)

Forecast lead time
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Cold spell and wind drought in Europe January 2017
17 January 2017

Wind speed forecast

Sub-seasonal forecasts for week starting 2017-01-17 (5W-12E,47N-54N)
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US wind drought

Q1 2015



WindFarms
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Event impacts

“‘US clean energy suffers

from lack of wind”
Financial Times, September 2015.

“We never anticipated a drop-off in
the wind resource as we have
withessed over the past six months”
David Crane, RNG, September 2015.
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Fcsts available 3 to 1 months ahead

Seasonal forecasts for Jan-Mar 2015 > Associated Ski "
Lead time: 3 months Lead time: 2 months Lead time: 1 month
Start date: Oct 2014 Start date: Nov 2014 Start date: Dec 2014 s o res

Start Date

Probability of Oct Nov Dec
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é extremes
3 — Above PO CRPSS 0.14 0.11 0.14
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Which decisions would you
make in view of those
forecasts?
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Why did it happen?

Standardized SST anomalies for Q1 2015
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Attribution experiment with EC-EARTH

2 experiments w 100 members
initialized 1st January 2015

g PDF(wind | normal SST)
PDF(wind | high SST)
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A NAO— as in 2009/10 winter would freeze
Europe’s most vulnerable homes

2009/2010 winter was cold and still: energy demand increased up to 20%

Dor ooro. rapozoza ECHWF ERAS e Sea level pressure difference between
= Iceland and Acgores very weak (NAO™
pattern)

e Easterly flow brings cold continental air

e 1962/63 is an analogue year based on
NAO index

_-=—‘

0° 15°E 80°E 45°E
FEETTETT PR 1100 [T —— |
) 3 0 3 6

ClimateReanalyzer.org | Climate Change Institute | University of Maine

Barcelona

Supercomputing
Center
Centro Nacional de Supercomputacién

e




January 2020: strong NAO+ pattern

Surface air temperature anomaly for January 2020 relative to 1981-2010

S ECMWF
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Conclusions

* S2S prediction is challenging. Skill at this time range depends strongly on
the occurrence of sources of predictability

* S25S models are improving with better representation and prediction of
sources of predictability such as the MJO and stratospheric processes

* There is room for improvement through the use of Al/ML methods to
better calibrate model outputs.

* Case studies suggest that S2S forecasts can be useful for the prediction od
energy demand. However, S2S prediction for wind production is more
challenging.
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