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First insights 
into the applicability and importance of 

different 
3D magnetic field extrapolation approaches 

for studying the pre-eruptive conditions



Most of the pre-eruptive conditions of the source regions 
are identified only based on solar surface data.

But they manifest in the lower solar atmosphere.

Pre-eruptive conditions could be determined more 
accurately based on lower solar atmospheric data.

(Korsos et al. ApJ 2019, 2021, 2022)

Motivations of that work
How to make a big leap in the solar eruption prediction? 

Different referee reports: 
• Why do/did you use this extrapolation approach(s)? 
• Why not that one? 



Studying the magnetic field evolution in the lower solar atmosphere

• The potential field (PF), linear force-free field (LFFF), and 
nonlinear force-free field (NLFFF) extrapolation models of 
Wiegelmann & Sakurai (2021).

• A neural network-based method that integrates
observational data and the physical NLFFF model of Jarolim
et al.  Nat. Ast. (2023).

• The photospheric Br, Bt, and Bp vector magnetic fields that
are obtained from the Spaceweather Helioseismic
MagneticImager Active Region Patches (SHARPs).



AR11166 
complex and ”furious” 

Active Region 

AR12645 
complex but ”peaceful” 

Active Region

Studying the magnetic field evolution of two magnetically complex  
active regions in the lower solar atmosphere

Credits: idl PFSS and https://helioviewer.org/



Evolution of the two magnetically complex  active regions

”furious” Active Region ”peaceful” Active Region

Credit: http://helio.mssl.ucl.ac.uk/



How much free magnetic energy do they have?
Efree > 2*1032 [erg] (Liokati et al. 2022)

”furious” Active Region ”peaceful” Active Region



Studying the magnetic field evolution at different lower solar 
atmosphere heights with promising flare predictors

Selected most promising predictor parameters based on the FLARECAST project.
Georgoulis et al. (J. Space Weather Space Clim. Volume 11, 39,37, Agora, 2021)

Credits: Georgoulis et al (2021)

Credits: Georgoulis et al (2021)
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Studying the magnetic field evolution at different lower solar 
atmosphere heights with MPIL flare predictors at 0.4 Mm

”furious” Active Region 
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Studying the magnetic field evolution at different lower solar 
atmosphere heights with Beff flare predictors at 1.44 Mm

”furious” Active Region 

”peaceful” Active Region



Studying the magnetic field evolution at different lower solar 
atmosphere heights with promising flare predictors



Summary

• Morphological/proxy parameters were similarly developed based on the PF, LFFF, NLFFF and ML extrapolation 
data.

• The PF-LFFF and NLFFF-ML pairs share the same maximum height in the lower solar atmosphere, where the 
proxies reach their respective threshold levels.

• For prediction purposes,  that PF, LFFF, and ML methods are viable options due to their required computation 
times.

i) PF is 20-50 mins/observation, 
ii) LFFF is 40-70 mins/observation,
iii) ML is 60-100 mins/observation,
iv) NLFFF could be as long as from several hours up to 24 hour,

depending on the size of the active region. 

• However, if one would like to use a more accurate assumption based on non-linear force-free fields then the 
new neural network-based extrapolation method Jarolim et al (2023) is the most recommended one.

• There is merit in broadening the utilization of a combination of distinct prediction parameters in the lower solar 
atmosphere.


