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André Csillag!

Imagine...

Why automating solar flare predictions?
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FLARECAST HIGH-LEVEL OBJECTIVES

* Develop asolarflare prediction system based on
automatically extracted physical properties of solar active
regions, coupled with state-of-the-art solar flare prediction
methods and validated using the most appropriate forecast
verification measures.

* FLARECAST top-level objectives:
— To understand the drivers of solar flare activity and
improve flare prediction
— To provide a globally accessible flare prediction service
that facilitates expansion
— To engage with space weather end users and inform policy
makers and the public
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FLARECAST IN SIMPLE TERMS

* What is the data trying to tell us about flare prediction?
* Input: SDO HMI images

e Output: a flare prediction of the kind:
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* Forthe following characteristics

¢ Steps:

¢ Support: Infrastructure

THE FLARECAST SCENE

* H2020 Project 2015 —31.12.2017

* Partners: Academy of Athens (Georgoulis, Pl),
Northumbria U. (Bloomfield Project Scientist), U.
Genova (Piana), CNR (Massone), CNRS (Vilmer), U.
Paris Sud (Buchlin), FHNW (me © ), Met Office
(Jackson)

* Adiverse group of ~¥50 scientists and engineers
working together

* Mix of expertise inflare prediction (AA, TCD, UN),
mathematics (UGE, CNR), Computer Science (UPS,
FHNW), and user perspective (Met Office)




FLARECAST WORKFLOW

Step 1: Data Step 2: Feature Step 3: Prediction
acquisition property extraction training / execution

Flare prediction

Step 4: Data
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FLARECAST INPUT DATA

SDO/ HMI data
LOS magnetograms (hmi.M_720s)
SHARP vector magnetograms —

definitive (hmi.sharp_720s)

SHARP vector magnetograms — NRT
(hmi.sharp_720s_nrt)

SRS active region &flare data
(YYYY_events.tar.gz)

Property Extraction Algorithms

Feature ———
Properties L

Mix of information already
available and newly
generated
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PREDICTION ALGORITHMS
Non ML

Standard ML

Advanced ML

Link

Innovative ML
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FORECAST VALIDATION via statistical assessment

- Forecasted Flare Forecasted No-Flare
Observed Flare True Positive False Negative
False Positive True Negative

TP

Probability of detection: POD=
TP+FN

False Alarm Rate FAR =

FP+ TN
TP + TN
Accuracy ACC=

TP + TN + FP + FN

2(TP +TN) -N
Heidke Skill Score: HSS=

N
True Skill Statistic (Bloomfield, 2012): TSS = POD-FAR

Preliminary analysis of HMI data

* Consider the following properties extracted with SMART (Higgnset al 2011,
Ahmedetal2013):

¢ Training Data: 8 August 2011 are used totrain the madels (2,623 samples)
* TestData: first 12 hr of 9 August 9 2011.(1,474 samples)




Training set: ground truth
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Test set: ground truth

Test set: predicted labels

SUPPORT: DOCKER CONTA

INERS

Management Infrastructure Algorithms
luigi hmi ropert rediction
webapp g ) prop! = Y|P .
service service service service .
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workflow_manager_service db_service

Docker Engine

Linux

The evolution of science communication

* Public Understanding of Scence
* Dialog with the Public

* Public Engagement in Science =
* Public Participation in Science

* to Responsible Research and Innovation RRI.




Experimenting with new communicaton formats
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FURTHER ONGOING WORK: DEEP LEARNING

P
Thanks to the FLARECAST team !

Aleksandar Torbica, Andre Csillaghy, Anna Maria Massone,

Annalisa Perasso, Chloé Guennou, Colin Klauser Costis
Gontikakis, Cristina Campi, D. Shaun Bloomfield, Dario Vischi,
David Jackson, Douglas Biesecker Eric Buchlin, Etienne Pariat,
Federica Sciacchitano, Federico Benvenuto, Flavio Miille ; Fraser
Lott, Frederic Baudin, Graham Bames, Hanna Sathiapal, loannis
Kontogiannis, Jonas Liithi, Jordan Guerra, Kostas Florios, Manolis
Georgoulis, Manuel Ramirez Lopez, Marco Soldati, M
Worsfold, Michele Piana, Neal hurburt, Nicole Vilmer Pablo
Alingeri, Pascal Demoulin, Pedro Russo, Peter Gallaghe ; Roman
Bolzem, Sabrina Gu astavino, Samuel von Stachelski, Silvia Villa,
Sophie masson, Sophie Murray, Stefan Miille ; Sung-Hon g Park,
Vangelis Argoudelis, Vittorio Latorre, Véronique Bommier




