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Context and motivation

▶ Both energy supply and demand are strongly influenced by 
atmospheric conditions and its evolution over time in terms of 
climate variability and climate change. 

▶ Renewable energy is growing fast to decarbonize the energy system.



Context and motivation

▶ The energy sector routinely 
uses weather forecast up to 
several days. 

▶ But beyond this time horizon, 
past climatological records 
are used to estimate risks.
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S2S4E objective



Objective

Offer an innovative service that improves RE variability management by:

▶ developing new research methods and exploring the frontiers of 
atmospheric predictions for the upcoming weeks and months. 

▶ co-designing a Decision Support Tool (DST) that for the first time 
integrates sub-seasonal to seasonal (S2S) climate predictions to 
inform RE generation and electricity demand. 



Applications

▶ O&M teams:
plan maintenance tasks

▶ Plant owners:
anticipate revenues and cash flow

▶ TSO:
guarantee  supply and 
demand balance

▶ Energy traders:
forecast electricity prices



Challenges and opportunities



Components of the Earth System

ATMOSPHERE



S2S Forecast ranges and skill

▶ Predictability sources: ▶ Skill estimates:



From data to information
and to service



Climate services

▶ User: How much 
energy will I 
produce next 
month? 

▶ Scientist: Bias 
adjustment, skill 
assessment, 
probabilistic 
information, etc.



Decision Support Tool

http://www.bsc.es/ess/resilience/map.htm
l



Methodology and first results



First year results
▶ Evaluation of 5 reanalyses: climatology, trends and 

interannual variability in 4 ECVs (wind, t2m, precipitation 
& solar radiation).

▶ Impact of climate variability on RE generation and 
demand (see poster PA11D-0819)

▶ 8 case studies



Case study 6
US wind drought - JFM 2015 
Seasonal forecasts



Wind anomaly Q1 2015



Event impacts 

“We never anticipated a drop-off in 
the wind resource as we have 
witnessed over the past six months”
David Crane, RNG, September 2015.

“US clean energy suffers 
from lack of wind” 
Financial Times, September 2015.

“El Niño blowing down 
wind projections in US”
Fierce Energy, July 2015.

“El Niño Buffers U.S. Wind 
Power Dreams” 
Wall Street Daily, September 2015.



Widespread and extended in time



Fcsts available 3 to 1 months ahead

− − −

▶ Associated Skill Scores



Why this happened?



ENSO and NPM state

Lledó et al., 2018: Investigating the effects of Pacific sea surface 
temperatures on the wind drought of 2015 over the United States.



Case study 3
Heat wave and wind drought 
in Spain - Sep 2016
Subseasonal forecasts



Heat wave and wind drought in Spain. 
Sep 2016

A hot spell over Europe created a 
combination of:
▶ large increase in electricity 

demand 
▶ lower than usual hydro and 

wind power generation



Wind speed forecasts



Temperature forecasts:



Final remarks
▶ Climate prediction systems have improved in the last decade. Lets 

promote their usage for specific applications!

▶ There is a long way between climate data and services

▶ Case studies help scientists and users close the gap

   Future work 
▶ Improve skill through multi-model ensembles

▶ Improve skill through large-scale teleconnection patterns and 
weather regimes 



Thank you
Get in touch for more 

information!

Public reports of the project will be available for 
download on the S2S4E website: www.s2s4e.eu

Project coordinator: Albert Soret, Barcelona 
Supercomputing Center (BSC)
Contact us: s2s4e@bsc.es

Follow us on Facebook and Twitter!
@s2s4e
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