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Rather than an outline
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In the understanding that we do 
not have all the observational 
information necessary for a 
complete assessment on flare 
prediction

❖ Is this scheme applicable to all 
(major) flare classes?

❖ Is a flare dependent solely on the 
conditions of its source active 
region (flare sympathy; flare 
dependence on CMEs)



Do flaring active regions emerge as unstable structures?

3

2nd ISSI Solar Flare 
Prediction Meeting 27 October 2016Manolis K. Georgoulis

❖ If they do, there may or may not exist stochasticity in flare occurrence, 
depending on the existence of a time span (forecast window)

• If a minimum time span exists, then flare forecasting for forecast 
window > this time span will be binary (YES / NO), while it will be 
probabilistic for forecast window < this time span 

• If a minimum time span does not exist, then flare forecasting for any 
forecast window will be binary — this does not seem to be the case



Stochasticity in flare occurrence
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❖ Flares as time-dependent Poisson processes, via their waiting times 
(Rosner & Vaiana 1978; Gallagher et al., 2002; Wheatland 2002, etc.)

❖ But by the soft X-ray flux of the source active region, as well 

Georgoulis (2012)

• NOAA AR 10930 in December 2006 : the only active region on the disk for > two weeks
• Preliminary work (in progress) has so far suggested a pink-noise GOES timeseries 
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❖ Flares as time-dependent Poisson processes, via their waiting times 
(Rosner & Vaiana 1978; Gallagher et al., 2002; Wheatland 2002, etc.)

❖ But by the soft X-ray flux of the source active region, as well 

Georgoulis (2012)

• NOAA AR 10930 in December 2006 : the only active region on the disk for > two weeks
• Preliminary work (in progress) has so far suggested a pink-noise GOES timeseries 

This, however, does not necessarily imply that flaring 
active regions have nothing special, while emerging



How do active regions evolve to trigger flares?
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❖ What is the most efficient mechanism building the free magnetic energy 
(and, likely, magnetic helicity) to power (eruptive) flares?
• Emergence of sufficient quantities from sub-photosphere (local/global 

helioseismology [e.g., Reinard et al., 2010] )

• Photospheric evolution (systematic flows, Lorentz forces, magnetic PILs?)

— If so, what causes this evolution?* 

• Relatively random events, such as flux emergence on pre-existing flux (Shibata & 
colleagues) or flux cancellation (van Ballegooijen & Martens 1989)

* TBD later
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❖ What is the most efficient mechanism building the free magnetic energy 
(and, likely, magnetic helicity) to power (eruptive) flares?
• Emergence of sufficient quantities from sub-photosphere (local/global 

helioseismology [e.g., Reinard et al., 2010] )

• Photospheric evolution (systematic flows, Lorentz forces, magnetic PILs?)

— If so, what causes this evolution?* 

• Relatively random events, such as flux emergence on pre-existing flux (Shibata & 
colleagues) or flux cancellation (van Ballegooijen & Martens 1989)

Sub-photosphere being questionable, we have seen flare cases 
apparently stemming from both other categories. However, flares in the 

absence of a strong, long-lasting PIL barely, if at all, exceed X1

* TBD later



Typical flare occurrence : flux emergence / cancellation

6

2nd ISSI Solar Flare 
Prediction Meeting 27 October 2016Manolis K. Georgoulis

NOAA AR 11515 

2012.07.01 — 2012.07.04 
Cadence: 10 minutes SDO/HMI & AIA 94 Å & 131 Å 

Source: Helioviewer
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Typical flare occurrence: strong PIL
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NOAA AR 12192 

2014.10.23 — 2014.10.27 
Cadence: 10 minutes SDO/HMI & AIA 94 Å & 131 Å 
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Source: Helioviewer
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Determinism over certain time window?

8

2nd ISSI Solar Flare 
Prediction Meeting 27 October 2016Manolis K. Georgoulis

❖ Stochasticity granted, is there some time span over which a certain 
active region will flare, at least once? 

Looking for sufficient, but perhaps not necessary, conditions

• Formation of a strong PIL, i.e., a PIL 
capable of giving rise to persistent, 
observable shear 

NOAA AR 11158, 14 - 16 Feb 2011

Empirical knowledge maintains that an 
active region with a strong PIL will not 
fade away without giving at least one 
major flare 
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❖ Stochasticity granted, is there some time span over which a certain 
active region will flare, at least once? 

Looking for sufficient, but perhaps not necessary, conditions
• (Not necessarily 

independent from PILs) 
Accumulation of sufficient 
amounts of free magnetic 
energy and relative helicity

Tziotziou et al., ApJ, 2012

When specific thresholds 
are crossed, active regions 
will become flaring 
(eruptive, generally)



Open questions stemming from this reasoning
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❖ How long is this window? Is it 
practical for prediction applications?

• Typically few to several days (up 
to a max of ~2 weeks of active-
region rotation time)

• This forecast time, however, is 
impractical
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Notice, however, that this outcome is 
identical to the case of no stochasticity
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❖ How long is this window? Is it 
practical for prediction applications?

• Typically few to several days (up 
to a max of ~2 weeks of active-
region rotation time)

• This forecast time, however, is 
impractical

❖ Flares tend to occur in clusters, with 
two or more events of wanted class 
within relatively short time windows 

• How would a prediction method 
treat this case?

Notice, however, that this outcome is 
identical to the case of no stochasticity



More open questions: flare sympathy
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Schrijver & Title, JGR, 2011

❖ In case of flare sympathy, 
long-range (i.e., at scales > 
active-region ones) magnetic 
connections should be known 
in order to be able to predict 
flares

❖ Full-sun topological 
information should also be 
useful in improving the 
efficiency of predictions



More open questions: the flare-CME connection
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❖ Several recent works advocate for CME progenitor starting their ascension 
before the flare in eruptive events

Zhang & Dere, ApJ, 2006

❖ If the CME causes the flare, then 
one probably needs to know the 
situation of the global magnetic 
field, particularly in case the CME-
triggering instability is the helical 
kink or the torus one

❖ As most major flares are eruptive, 
the above assessment sounds 
important



A (debated) interpretation of eruptions (incl. flares) in active 
regions
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• Photospheric evolution (systematic flows, Lorentz forces, magnetic PILs?)

— If so, what causes this evolution? 

• General azimuthal Lorentz-force 
component (cylindrical coordinates)

Georgoulis et al., ApJ, 2012
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• Photospheric evolution (systematic flows, Lorentz forces, magnetic PILs?)

— If so, what causes this evolution? 

• General azimuthal Lorentz-force 
component (cylindrical coordinates)

• Along a PIL, however, Fφ ≠ 0 (shear) 

• In this case therefore, Fφ ≃ 0

• At the edges of undisturbed flux tube

• Also along a sheared PIL, non-neutralized 
(i.e., net) currents are formed (Torok et al., 
2014; Dalmasse et al. 2015) Georgoulis et al., ApJ, 2012
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— If so, what causes this evolution? 
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• Debate pertains to the photospheric action of the Lorentz force
• However, if this mechanism works, it creates an irreversible 

situation right after a PIL is formed, that 
— Explains why strong-PILed active regions will give at least one major eruption
— Aligns with the E-H diagram, in case energy and helicity thresholds are crossed 



A few more open questions / challenges
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• Flares being magnetic instabilities, our 
knowledge of magnetic fields is often 
restricted on the (line-tied) photosphere

Gontikakis et al. (2009)

• Timeseries of flare-predictive parameters may 
play an as important role as their instantaneous 
values (e.g., Falconer et al., ApJ, 2012)

Georgoulis (2013)

Meaning that whatever collective photospheric 
parameter will show little, if any change before 
and after the flare (similar probability)

But we are unable to make optimal use of 
this time dependence (or can we?)



Flare precursors: are there any?
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Gontikakis et al., A&A, (2016)

• Case where at part of an intensely 
eruptive active region the mean DEM 
increased by an order of magnitude < 6 
hours before the eruptive flare 

• See also Yumi’s talk on “preflare 
brightenings” and Neal’s talk about 
abrupt eruption flows 



Flare precursors: are there any?

16

2nd ISSI Solar Flare 
Prediction Meeting 27 October 2016Manolis K. Georgoulis

Gontikakis et al., A&A, (2016)

• Case where at part of an intensely 
eruptive active region the mean DEM 
increased by an order of magnitude < 6 
hours before the eruptive flare 

• See also Yumi’s talk on “preflare 
brightenings” and Neal’s talk about 
abrupt eruption flows 

Such signals, however, are yet to be 
unambiguously linked to flares (not 
sure about Neal’s though)
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the solar-physics community ever involved in it. Nonetheless, the creativity and 
breadth of ideas of those involved is staggering.  
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❖ Solar flare prediction is a formidable problem, with only a relatively small part of 
the solar-physics community ever involved in it. Nonetheless, the creativity and 
breadth of ideas of those involved is staggering.  

❖ A wide variety of flare predictors including multiscale, morphological, statistical, 
machine learning, analytical, helioseismic, neutrino-based, SOC-based and data-
driven parameters, many of which belonging to the same category but coming in 
different “flavors”, have been proposed over the past 15 years or so. 

❖ There are multiple prediction techniques, as well. Lately, machine-learning methods 
are gaining ground, as they can be instrumental in determining which predictor, or 
combination of predictors, are working better than others 



Conclusions[2]
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❖ Can we reach a minimum level of agreement on : 
• What are flares - eruption initiators, or eruption consequences (this might also 

insight us on why flares occur)

• Where do flares occur?

• Is there anything special with flaring active regions upon first emergence - 
anything special at some preflare phase of evolution (this can also form the 
guidelines for the limited-FOV predictor)

• Are there any unambiguous flare precursors?

• How can flares be most credibly and practically predicted (instantaneous 
methods; data-driven methods; combinations)?

• What are the factor(s) inhibiting prediction (global field; sympathy; clustering)?


