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The problem: predicting space weather (in general) & solar flares (in particular)

The fusion: FLARECAST & other FP7 & H2020 SWx projects

Conclusion

The approach: FLARECAST
• Science  
• Architecture 
• Expected results
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OUTLINE



SOLAR FLARES: THE SINGLE …

A sudden commencement of enhanced, localized electromagnetic emission extending over 
practically the entire range of the electromagnetic spectrum, from γ-ray to radio wavelengths  
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SOLAR FLARES: … AND THE PLENTY

“Active” solar conditions over a 3-day period in 
July 2000
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No. of flares per class over typical solar cycle
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MAJOR FLARE REPERCUSSIONS: EVERYTHING UNDER THE SUN
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THE CHALLENGE 

Objective: predict solar flares from near real-
time (NRT) observations of solar evolution 

Source: SDO/HMI JSOC

• Prediction typically incolves solar 
photospheric (LOS or vector) magnetic 
field measurements. SDO/HMI is the most 
prominent source of these data

• Predictive parameters are inferred locally
• Observational cadence:

— 45 s, for full-disk LOS data
— 720 s, for full-disk vector data
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THE APPROACH: FLARECAST  / H2020 PROTEC-2014 PROJECT
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“Diverse expertise and ways of thinking … this is what FLARECAST is all about”   
(FLARECAST 1st year press release)

Science
• solar physics 
• artificial intelligence  
• validation  
• exploration

Infrastructure
• hardware 
• software buildup

Communication
• governments / end users 
• public
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“Diverse expertise and ways of thinking … this is what FLARECAST is all about”   
(FLARECAST 1st year press release)

Science
• solar physics 
• artificial intelligence  
• validation  
• exploration

Infrastructure
• hardware 
• software buildup

Communication
• governments / end users 
• public

Credit: celestial dreams



FLARECAST SCIENCE: SOLAR FLARE PREDICTORS
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Utilize pretty much everything proposed in peer-reviewed literature

Bobra & Couvidat, ApJ, 2015



FLARECAST SCIENCE: PREDICTION ALGORITHMS
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Skill comparison between different machine-
learning techniques applied to SDO/HMI data

Example of multi-layer-perceptron reproduction 
of a given time series 



FLARECAST SCIENCE: VALIDATION ON COMMON GROUNDS
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BSS=1

BSS=0

BSS —> ∞  

Binary validation on categorical data

Courtesy: Shaun Bloomfield

Source: WMO Forecast Verification  

Probabilistic validation



FLARECAST SCIENCE: EXPLORATIVE RESEARCH
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• Understand solar magnetic 
eruptions (flare-CME 
connection)

• Improve future flare prediction

• Investigate suitability of the 
flare forecasting window

• Advance CME prediction

Aulanier et al., A&A, 2013



FLARECAST ARCHITECTURE
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EXPECTED RESULTS
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The FLARECAST forecasting system: openly 
accessible, featuring:  

• fully automated flare forecasting based on  
our best (fully validated) results 

• open-source software that will allow end 
users to perform their own tests. 
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The FLARECAST forecasting system: openly 
accessible, featuring:  

• fully automated flare forecasting based on  
our best (fully validated) results 

• open-source software that will allow end 
users to perform their own tests. 

FLARECAST will aim to both revamp solar 
flare prediction and contribute to a better 
understanding of the drivers of flare activity.
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P. Chiarini, SWSC, 2013

FP7 SWx Projects
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P. Chiarini, SWSC, 2013

FP7 SWx Projects

H2020 SWx Projects:

HESPERIA

PROGRESS

Can we consolidate the accumulated 
know-how and expertise toward a future  
integrated SWx prediction platform?



THE VEHICLE: THE EC CONTINUES TO SUPPORT SWx RESEARCH
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COMPET-5-2017: “Proposals are expected to improve the 
understanding of Space Weather phenomena and their impact 
on space systems and terrestrial infrastructure, and are also 
expected to analyse viable mitigation strategies, and to 
demonstrate how these add value compared to existing 
mitigation strategies” 
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COMPET-5-2017: “Proposals are expected to improve the 
understanding of Space Weather phenomena and their impact 
on space systems and terrestrial infrastructure, and are also 
expected to analyse viable mitigation strategies, and to 
demonstrate how these add value compared to existing 
mitigation strategies” 

Plausible ways to tackle 
such calls:
• Expand / extend existing 

projects (can a single project 
lead to an integrated solution, 
though?) 

• Fuse between different 
projects (aiming at one step 
at a time) 
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FLARECAST : a PROTEC-2014 / Horizon 2020 solar flare-prediction project

[ To our knowledge ] The most comprehensive flare-prediction effort attempted to 
date 

Synthesis in action: multi-level expertise, open-source infrastructure, 
“crowdsourcing” in terms of end-users performing new runs on new predictors  

Is this enough for a comprehensive SWx forecasting? No! - CMEs, SEPs 

EC / ESA : Utilize the collage of existing projects and expertise to expand on and 
aim toward a unified, expandable infrastructure along the lines of FLARECAST and 
other projects
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