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WS Seasonal Forecasting – Progress report

https://iea-wind.org/task51/task51-work-s
treams/ws-seasonal-forecasting/

https://iea-wind.org/task51/task51-work-streams/ws-seasonal-forecasting/
https://iea-wind.org/task51/task51-work-streams/ws-seasonal-forecasting/


Task 51 homepage:
 https://iea-wind.org/task51
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End use

Weather Prediction

Power and Uncertainty 

Task Work is divided into 3 work packages:
WP1: Weather Prediction Improvements
WP2: Power and Uncertainty Forecasting
WP3: Optimal Use of Forecasting Solutions

IEA Wind Task 51 Work distribution
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IEA Wind Task 51 Work distribution – phase 1

Modelling & data 
assimilation

Collaborations

WMO, PVPS T16

IEA Task 48 Airborne 
Wind Energy

Hydro TCP, Hydrogen 
TCP, Biomass TCP

PVPS Task 16, Hydro 
TCP, Hydrogen TCP, 
IEC SC8A WG2, …

Wind Tasks 52 Lidar, Task  
44 Farm Flow Control and 
50 Hybrids

PVPS Task 16

Task 25, ESIG, IEA ISGAN, 
PVPS T16, G-PST, DESTINE

ESIG, IEEE WG Energy 
Forecasting, PVPS Task 
16, IEC SC8AWG2

 EMS,  WEMC, WEXICOM

PVPS Task 16, Wind 
Tasks 52 Lidar, DestinE, 
IEC SC8AWG2

 PVPS Task 16



“
”

… complex systems require    
    → Structured solutions
    → Cooperation on all levels
    → a holistic view for solution development 

Forecasting for the weather-driven 
Energy System

..to succeed with the energy 
transition, we need to close the gap 
between research and industry 
applications... 
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IEA’s take on the VRE integration development:  
Introduction to iea’s VRE integration phases

Full presentation 
available here: 
Integrating Solar and 
Wind - Global experien
ce and emerging challe
nges - launch webinar -
 Event - IEA

https://www.iea.org/events/int
egrating-solar-and-wind-global-
experience-and-emerging-chall
enges-launch-webinar

NOTE: Phases are not to 
be understood as 
decarbonisation measure, but 
as integration challenge !!!

https://www.iea.org/events/integrating-solar-and-wind-global-experience-and-emerging-challenges-launch-webinar
https://www.iea.org/events/integrating-solar-and-wind-global-experience-and-emerging-challenges-launch-webinar
https://www.iea.org/events/integrating-solar-and-wind-global-experience-and-emerging-challenges-launch-webinar
https://www.iea.org/events/integrating-solar-and-wind-global-experience-and-emerging-challenges-launch-webinar
https://www.iea.org/events/integrating-solar-and-wind-global-experience-and-emerging-challenges-launch-webinar
https://www.iea.org/events/integrating-solar-and-wind-global-experience-and-emerging-challenges-launch-webinar
https://www.iea.org/events/integrating-solar-and-wind-global-experience-and-emerging-challenges-launch-webinar
https://www.iea.org/events/integrating-solar-and-wind-global-experience-and-emerging-challenges-launch-webinar
https://www.iea.org/events/integrating-solar-and-wind-global-experience-and-emerging-challenges-launch-webinar
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Phases of VRE integration - Current (2023) and expected in 2030

2030
2023

Legend

IEA’s take on the VRE integration development:  
Introduction to iea’s VRE integration phases

NOTE: Some countries  
are in low phases due 
to hydro power 
prevalence – not 
necessarily because 
they are not far 
enough in the 
decarbonisation!!



From groups of single wind turbines to 
large-scale Wind Energy Systems

...2000 ...2025

Slide design: Corinna Möhrlen

Penetration level: From 0.4% wind  …. >40% wind in electric grids 



Workstream Atmospheric Modelling and 
Physics & first simulations for airborne wind 

Wind 
speed

Wind 
direction

Wind profiler Nordholz: Wind at 669 m

 Gartow tower: Wind at 341 m a.g.l.

Wind 
speed

Wind 
direction

ICON-DE model now 
in 15min resolution 
every hour

MSEPS ensemble now 
with post-processing 
up to 1.800m

Private and public 
weather forecast 
services prepare for 
phase 4-6

Collaboration with 
Airborne Wind Task 48

DWD: data assimilation 
with 150-300m masts 
started

https://www.weprog.com/


 Need for more Signal-processing Research
Remote sensing device’s volume based measurement with height is of advatage  
Availability of ”trustworthy” data from remote sensing devices deteriorate with height...

SODAR LIDAR

Laser 
beams

---> The aim of  signal processing research is to enhance availability  & trustworthiness 
        ... and make instruments fit-for-purpose 

See TALK by Johan Arnqvist
Session 10D Forecasting



Example 1:  Meaning of a “holistic” view:

Uncertainty Propagation throughout 
the entire model chain 

The publication served to 
1) Define 
2) describe
3) review

throughout the chain of forecast modelling:
 Uncertainty sources 
 Uncertainty mitigation approaches 
 Uncertainty validation approaches 

for each type of uncertainty source from 
planning phase   operation phase  market phase→ →

OpenAccess Download:
https://www.sciencedirect.com/
science/article/pii/S136403212
2004221

https://www.sciencedirect.com/science/article/pii/S1364032122004221
https://www.sciencedirect.com/science/article/pii/S1364032122004221
https://www.sciencedirect.com/science/article/pii/S1364032122004221


Workstream Uncertainty :
Uncertainty Propagation throughout the model chain with real data

tool 
1

R-
verify 

tool

tool 
3

* Uncovering wind power forecasting uncertainty sources and their propagation through the whole modelling chain
https://www.sciencedirect.com/science/article/pii/S1364032122004221

Publication

Discussion & writing of 
publication with most 
suitable test cases 

Discussion & testing of 
verification platform

tool 
 2

Uncertainty
Quantification 
with test data 

sets 
according to 

2022 UQ 
publication*

PHASE I
2022-2023

PHASE II
2024-2025

Online 
Verification
Platform

PHASE III
2025...

https://www.sciencedirect.com/science/article/pii/S1364032122004221


Validation & Verification 
              code examples

Examples developed within the 
IEA Wind Task 36 and Task 51:

WE-validate 
Available on GitHub: https://github.com/joejoeyjoseph/i-validate/ 
Use Case: Demo Jupyter Notebook (U.S. Mountain Wave case):
https://nbviewer.jupyter.org/github/joejoeyjoseph/i-validate/blob/main/notebooks/demo_notebook.ipynb

Existing metrics: RMSE, cRMSE, mean bias, mean absolute error
Existing plots: time series, histogram, scatter plot

WE-validate-prob – R-package for probabilistic verification
Renamed on Github: evalprob4cast
Existing metrics: CRPS, Brier Score, ROC curve, Histograms, 

    Reliability Diagram, Contingency table
Existing plots: time series, historgrams, ROC curve, CRPS

WE-
Verify-
prob

Chapter 14, 
Section 14.3 
Assessment of 
forecast 
performance

Available on GitHub: https://github.com/jbrowell/evalprob4cast
Publication: https://doi.org/10.48550/arXiv.2504.03544

https://github.com/joejoeyjoseph/i-validate/
https://nbviewer.jupyter.org/github/joejoeyjoseph/i-validate/blob/main/notebooks/demo_notebook.ipynb
https://www.sciencedirect.com/science/article/pii/B978044318681300026X#s0040
https://github.com/jbrowell/evalprob4cast
https://doi.org/10.48550/arXiv.2504.03544


https://ieee-dataport.org/competitions/hybrid-energy-forecasting-and-trading-competition

Challenges for Energy Forecasting

https://ieee-dataport.org/competitions/hybrid-energy-forecasting-and-trading-competition


 Extreme Power System Events

Resilience of the power system has many faces
 impact changes with penetration levels > 30% of Renewables
 Can forecasts mitigate impact?
 Grid resilience must now be treated as an economic imperative

Definition of Extremes are dependent on impact
 How can we cooperate on critical conditions ?
 What time-scales do we need for mitigation strategies 

across dicipines?
 ….

Collaboration across diciplines 
 Multi-diciplinary task requires multi-diciplinary task force groups 
 Meteorologists
 Energy Meteorologists
 Grid operators and Power Engineers
 Traders and Markets
 Policy Makers
 Governments

©eur
onew
s.co
m

©indus
trialne
ws.co.
uk

April 28, 2025 
Iberia blackout

…  ...
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https://iea-wind.org/2025/02/14/iea-wind-task-51-workshop-on-extremes-in-the-power-system/

NEWS
iea-wind.org/task51

Agenda topics: 

 Definition and associated differences of extremes in 
meteorology and the power system 

 Forecasting tools to mitigate Extremes in the power system 

 AI and Cybersecurity in Extreme situations 

https://iea-wind.org/2025/02/14/iea-wind-task-51-workshop-on-extremes-in-the-power-system/
https://iea-wind.org/task51


Where are the gaps ... ?

AI makes forecasting  easier and faster. If you (would) get 
high-resolution forecasts from AI – how important is 
uncertainty and transparency ? 
(1=not at all, 5=very important)

How do you deal with uncertainty in 
weather forecasts at the moment? 

Not at all
Gut feeling

Use experience
experience

Not yet at all

Scenarios

Umbrella

Model comparison

Questions posed to 120 participants in an IEA Wind Task 51 workshop in Vienna in 2024



“Probabilistic Forecasting Games & Experiments” initiative:
2nd Experiment Evaluation 

Where are the gaps ? ....WS Decision-making under Uncertainty

Take away:
Teaching, use-cases and industry recommendations are necessary for the industry 
to deal with weather uncertainty impacting the energy transision!

Results that are worth looking into…

Participant scores 
 ~80% of participants did not reach a score > “all-safe” 
 ~42% reached a score > “chance level” < “all-safe”
 ~17% reach exactly “all safe” - only 1% played safe!
 ~40% had a score < “chance level”

Strategy Payoff

Risky 0

All Safe 27.000

Chance level 13.750

Gods eye 55.000



Where are the gaps ... ?

Question posed to 60 participants in an IEA Wind Task 51 Workshop Forecasting for 
Extremes in the Power System at the German Weather Service last week ...

What is the most important application for you (related to power system 
extremes) that you would like AI to help with?



What comes to your mind, when you think about forecast uncertainty in 
energy markets?

Question posed to 60 participants in an IEA Wind Task 51 Workshop Forecasting for 
Extremes in the Power System at the German Weather Service last week ...

Where are the gaps ... ?



Task 51: Forecasting for the Weather-Driven Energy System

Poll result 
at a task 
meeting in 
2021 when  
preparing for 
the next 
phase of the 
task yielded 
this word 
cloud ... 

What are the most important topics to 
cover in the next phase of the task ?



Work Streams: WP1 Weather WP2 Power WP3 Applications Deliverable Collaboration

Atmospheric physics and 
modelling (WP1)

    List of experiments and data
Workshop AIWP

WMO, PVPS T16

Airborne Wind Energy 
Systems (WP1)

    Presentations on workshops / special 
session on AWE conference

Task 48 Airborne 
Wind Energy

Hydro TCP, Hydrogen 
TCP, Biomass TCP, 
WEMC

Minute scale forecasting 
(WP2) 

    Wind Tasks 32 Lidar, 44 
Farm Flow Control and 50 
Hybrids

Uncertainty quantification 
and forecast evaluation 
(WP2)

   
 
 
 

Workshop Fc evaluation PVPS T16, WMO

Decision making in 
integrated forecasting 
(WP2)

Survey Decision making
Workshop Integrated Power System 
Forecasting

PVPS T16, ESIG

Data policies, markets and 
sharing (WP3)

    ESIG
IEEE WG Energy 
Forecasting

Forecasting challenges and 
extreme power system 
events (WP3)

    Workshop Fc Challenges Task 25, ESIG, IEA ISGAN, 
PVPS T16, G-PST

Recommended Practice and 
standardisation (WP3)

    IEC Standard
RecPract v3

 IEC

IEA Wind Task 51 Work distribution – new phase 2 …. 
9 workstreams

Modelling & data 
assimilation



Accuracy  vs.  
Impact 
>50+% RES in 
power grids in a 
changing climate

Common 
Definitions 
weather 
conditions &  
power system

 Data quality 
requirements 

to tackle 
challenges in 
power system

Collaboration Needs
    & Research

Take Aways:
Which tools are 
necessary to tackle 
uncertainties & 
Extremes in systems 
with high penetration 
of renewable energy?

HOWTO deal with ...

visibility & 
operability 
DSO        TSO
Forecaster 
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iea-wind.org/task51

The IEA Wind TCP agreement, also known as the Implementing Agreement for Co-operation in the Research, Development, and 
Deployment of Wind Energy Systems, functions within a framework created by the International Energy Agency (IEA). Views, findings, and 
publications of IEA Wind do not necessarily represent the views or policies of the IEA Secretariat or of all its individual member countries.

Operating Agent & Task Managers:

Gregor Giebel       Caroline Draxl          Corinna Möhrlen              

Roskilde, Denmark       Golden (CO), USA          Assens, Denmark       

grgi@dtu.dk            caroline.draxl@epri.com           com@weprog.com           

Get in touch with us...

Task 51 – “Forecasting for the 
weather-driven Energy System”

presenting

See also following 
dissemination 
slides ...

https://iea-wind.org/task51
http://ea-wind.org/task51
mailto:grgi@dtu.dk
mailto:caroline.draxl@epri.com
mailto:com@weprog.com


Task 51 Web Presence 

https://www.youtube.com/c/
IEAWindForecasting

https://iea-wind.org/task51

Website Channel

Webinar 
Weather-AI 

IEAWindForecasting https://youtu.be/t6H7diavQdg

https://iea-wind.org/task51
https://youtu.be/t6H7diavQdg


Handouts
 2-page handouts: quick overview of major results
 3 currently available; can be obtained from:

https://iea-wind.org/task51/task51-publications/
task51-posters-and-handouts/

Task  
Overview

Forecast Solution 
Selection

Uncertainty and 
Probabilistic 
Forecasting



Elsevier OpenAccess Book

ORDER or DOWNLOAD for free NOW!

ISBN: 978-0-443-18681-3

PUB DATE: November 2022

DISCOUNT: Non-serials

FORMAT: Paperback

Editors: Corinna Möhrlen, John W. Zack, and Gregor Giebel

https://www.elsevier.com/books/iea-wind-recommended-practice-for-the-implementation-
of-renewable-energy-forecasting-solutions/mohrlen/978-0-443-18681-3

Online OpenAccess:

https://www.sciencedirect.com/book/9780443186813/iea-wind-recommended-pra
ctice-for-the-implementation-of-renewable-energy-forecasting-solutions

IEA Wind Task 51 Information

iea-wind.org → Task 51 → Publications → Recommended Practice

https://www.elsevier.com/books/iea-wind-recommended-practice-for-the-implementation-of-renewable-energy-forecasting-solutions/mohrlen/978-0-443-18681-3
https://www.elsevier.com/books/iea-wind-recommended-practice-for-the-implementation-of-renewable-energy-forecasting-solutions/mohrlen/978-0-443-18681-3
https://www.sciencedirect.com/book/9780443186813/iea-wind-recommended-practice-for-the-implementation-of-renewable-energy-forecasting-solutions
https://www.sciencedirect.com/book/9780443186813/iea-wind-recommended-practice-for-the-implementation-of-renewable-energy-forecasting-solutions
https://iea-wind.org/task51/task51-publications/task51-recommended-practices/


IEA Best Practice Recommendations for 
the Selection of a Wind Forecasting Solution v2: Set of 4 Documents

Part 1: Selection of an Optimal 
Forecast Solution

Part 2: Design and Execution of 
Benchmarks and Trials

Part 3: Evaluation of Forecasts 
and Forecast Solutions

Part 4: Data Requirements for 
Real-time Applications

Now as OpenAccess book!
Introduction: https://www.youtube.com/watch?v=XVO37hLE03M

https://www.sciencedirect.com/book/9780443186813/iea-wind-recommended-practice-for-the-implementation-of-renewable-energy-forecasting-solutions


Validation & Verification         
      code examples

Examples developed within the IEA Wind Task 36 and Task 51:
See: https://iea-wind.org/task51/task51-publications/task51-recommended-practices/

evalprob4cast   (book: WE-validate-prob)
An R-package for evaluation of ensembles as 
probabilistic forecasts or event forecasts

Available on GitHub: https://github.com/jbrowell/evalprob4cast
Publication: https://doi.org/10.48550/arXiv.2504.03544
Existing metrics: CRPS, Brier Score, ROC curve, Histograms, 
                          Reliability Diagram, Contingency table
   Graphics: time series, histograms, ROC curve, CRPS

WE-validate
Software package for Wind Energy Validation 
Available on GitHub: https://github.com/joejoeyjoseph/WE-Validate
Publication: https://www.sciencedirect.com/science/article/pii/S0960148122014707

Use Case: Demo Jupyter Notebook (U.S. Mountain Wave case):
https://nbviewer.jupyter.org/github/joejoeyjoseph/i-validate/blob/main/notebooks/demo_notebook.ipynb

Existing metrics: RMSE, cRMSE, mean bias, mean absolute error
Existing plots: time series, histogram, scatter plot

eval-
prob
4cast

Chapter 14, 
Section 14.3 
Assessment of 
forecast 
performance

See also our workshops & conference page: 
https://iea-wind.org/task51/task51-publications/task51-workshops-and-special-sessions/​

https://iea-wind.org/task51/task51-publications/task51-recommended-practices/
https://github.com/jbrowell/evalprob4cast
https://doi.org/10.48550/arXiv.2504.03544
https://github.com/joejoeyjoseph/WE-Validate
https://www.sciencedirect.com/science/article/pii/S0960148122014707
https://nbviewer.jupyter.org/github/joejoeyjoseph/i-validate/blob/main/notebooks/demo_notebook.ipynb
https://nbviewer.jupyter.org/github/joejoeyjoseph/i-validate/blob/main/notebooks/demo_notebook.ipynb
https://www.sciencedirect.com/science/article/pii/B978044318681300026X#s0040
https://iea-wind.org/task51/task51-publications/task51-workshops-and-special-sessions/


The Task 51 Information Portal 
aims to be a useful resource 
for people in forecasting, 
especially providing links to 
publically available data for 
model development.

https://iea-wind.org/task-51/
t51-information-portal/



Workstream Decision-making under Uncertainty  
 

https://iea-wind.org/task51/tas
k51-work-streams/ws-decision-
making-under-uncertainty/

Table and collection of 
forecasting Games:
iea-wind.org/taks 51 
  → Workstreams  Decision Making →
     under Uncertainty

https://iea-wind.org/task51/task51-work-streams/ws-decision-making-under-uncertainty/
https://iea-wind.org/task51/task51-work-streams/ws-decision-making-under-uncertainty/
https://iea-wind.org/task51/task51-work-streams/ws-decision-making-under-uncertainty/


https://iea-wind.org/task-51/project-list/

https://iea-wind.org/task-51/project-list/
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