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To understand the drivers of solar flare activity and improve flare prediction

To provide a globally accessible flare prediction service

To engage with space weather end users and inform policy makers/ public

FLARECAST top-level objectivesFLARECAST top-level objectives

Who?

A European consortium of 9 institutions 

How?

- Automatic extraction of Active Region magnetic properties 
- Comparison with past solar activity – Machine learning/Data mining

What?
Provides an on-line, automatic flare forecasting 

tool, based on state-of-the-art flare prediction methods

�⇥ Flarecas↵ projec↵



  

Eruptivity 
criterion

Predictions!

 SOHO/MDI

Primary Data source: SDO/HMI 
data, vector magnetograms

Quasi real time

Using the SHARP pipeline
+GOES X flares properties

+ (?) AIA (?)

State-of-art 
algorithms

 

machine learning 
and data mining

SMART

Automatic extraction 
of about 50 magnetic parameter

SHARP

Machine learning

Falconer et al. (2011)
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Machine learning

Activité solaire 
passée

 → To understand the physical processes 

involved in solar flares

 → Instabilities?

 → To determine the observables eruptivity 

criteria

Work package 6 : 
Explorative research

How Flarecas↵ work✓?



  

 → None of these parameters provided a clear eruptivity criterion

 → The predictability of the parameters has been only barely tested on simulations

Solar flares  correlated with size and complexity of Active Regions→

Flare prediction  Empirical variation of magnetic →
parameters

Falconer et al. (2011)

But …

Eruptivit⇡ predictor✓

Objectives+:Objectives+:

Testin� th⇥ reliabilit⇡ of th⇥ magneti# parameter✓ use$ i% flar⇥ 
prediction✓, usin� parametri# MHD simulation✓ 



  

3 eruptive simulations

Parametric simulations: orientation and strength of the coronal arcade is varied

Eruptives vs. non-eruptive simulations: 

orientation du dipole  favor the → magnetic reconnection process or not

Dipole strength: only slighlty impact the eruptive flare trigger time

MHD Parametri# Simulation✓

4 eruptive simulations



  

Eruptiv� Eruptiv� 
signatur�signatur�
??????

3D MHD simulations + 
time evolution 

Simulatio% Analysi✓

1.

Magnetogram 
time series for 

each simulation

2.

3.

Computation of 
magnetic 

parameters
(~100) Strong Dipole  (SD, SD E)

Medium Dipole (MD, MD E)

Weak Dipole (WD, WD E)

No Dipole (ND) 

X 7 simulation✓

4.
Time evolution of 

predictors for the 7 
simulations

We analyse the simulations as real data



  

For each parameter X, the four moments m(X), s(X), V(X) et k(X) are also computed, averaged over the 

whole AR

B, Bz, Bh, B
pot, Bz

pot, Bh
pot,

Gradients : Ñ
h
B, Ñ

h
B

z
, Ñ

h
B

h

Fluxes : Ftot,  Fnet, F+, F-

Free energy: r
e
 (Leka 2003)

Magnetic helicity : Hm (Pariat 2009)

Magnetic Field

Inclination angle: g 
Twist parameter: a
Shear angles: y, Y

A(Y > 80º), A(y > 80º)
(Leka 2003) 

Magnetic field geometry 
Jz, Jz

ch, Jz
h, 

Itot, Inet, I+, I-

Idirect, Ireturn
  

(Leka 2003)

Currents
Fx, Fy, Fz, F
dFx, dFy, dFz,

 

(Fisher 2012)

Lorentz forces

Ls, Lssm, Lsgm,  WLss, WLsg (Falconer 2008) 
Lsc, Wlsc   ---- NEW ----
L(Y > 80º), L(y > 80º) (Leka 2003)
R value (Schrijver 2007) 

Polarity Inversion Line 
properties (PIL)

Looking for one or more parameter able to discriminate the ERUPTIVE and STABLE simulations, 
i.e.  different behavior as a function of the eruptive nature, using ONLY 2D surface 

magnetograms, and BEFORE the eruptions.

Teste$ & Develope$ Parameter✓



  Same behavior for all the 

simulations

Different behavior, according to the 

eruptive/stable nature of the 

simulations

Eruption Eruption

Pr⇥-eruptiv⇥ signature✓ : Wha↵ w⇥ ar⇥ lookin� for?



  

99 parameters   → only the 6 parameters related to the 
PIL show a detectable eruptive signature

Pr⇥-eruptiv⇥ signature✓
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99 parameters   → only the 6 parameters related to the 
PIL show a detectable eruptive signature

External PIL
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High masking  pre-eruptive signatures are lost !→

Impac↵ of o4ervatio% pr⇥-processin�



  

Pre-processing  Masking of weak magnetic field areas (significant errors)→
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External edge of the PIL are no longer detected

Impac↵ of o4ervatio% pr⇥-processin�



  

✔ Using parametric MHD simulations, we have tested the reliability of the 

parameters currently used in flare forecasting

✔ From the 99 tested parameters, only the properties related to the PIL (the 

Falconer parameters) presents a convincing pre-eruptive signature

✔ Development of two new quantities, related to current and PIL with strong 

eruptive potential

✔ But, the data pre-processing, i.e. the masking process strongly impact the 

detection of these signatures

✔ We also carried out a parametric study of each Falconer parameter, based 

on the physical thresholds used  investigation of their robustness →

✔ WL
sc
 and WL

sg
 appear as the best eruptive proxies

Thank you!

Conclusion✓



  

Flaring index correlated with Active 

Region size

FI
H
a

Our simulations:

Similar size  similar flux  very similar → →
magnetograms

 →Ver� similar cas� stud�. 
Bu⌧ w� ca� stil� investigat� th� potentia� 
di"erence# o$ervable# betwee� 
eruptiv� or quie⌧ AR#

Limitation✓



  

But the pre-eruptive signatures are even more sensitive to the physical threshold 

chosen in the calculations of each PIL parameters ...

SD Er

SD Er

SD

SD

Eruption
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Solid lines : eruptive simulations 

Dashed lines : non-eruptive simulations

Impac↵ of o4ervatio% pr⇥-processin�



  

Monte-Carlo scheme : 

- Randomize the magnetograms

- Gaussian Perturbations 

Error bars  = standard deviation

Simulated magnetic field measurements = 

mean value

Impac↵ of noise✓

)� pr�-eruptiv� signatur� 
i# stil� detectabl�



  

Stratified atmosphere

Hydrostatic background atmosphere

Coronal magnetic dipole 

Twisted flux tube superimposed 

in the convection zone

Flux emergence 3D visco-resistive simulations 
in a stratified atmosphere + coronal arcade

Leake et al (2013, 2014)

MHD Parametri# Simulation✓



  

Physica7 threshol$ B
9
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No⌧ ver� sensitiv� t2 th� 
magneti3 fiel5 threshol5
 →E6cien⌧ eruptiv� pr7�!

Solid lines : eruptive simulations 

Dashed lines : non-éruptive

Parametri# stud⇡ of WLs⌅
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