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The magnetic reconnection has 
  important role in impulsive events! 

Are there any other features of dynamic phenomena 
that may be a signature of  impulsive events? 



Flare forecast strategy   

The majority of the flare forecast methods use magnetograms. 

Present method: 
 

Tracking the dynamics of sunspots input data: 

SDD-(SOHO/MDI - Debrecen Data) 
 

HMIDD-(SDO/HMI - Debrecen Data)  

The data of positions, areas and mean magnetic fields for all observable sunspots and sunspot 
groups on a 1-1.5 hourly basis. 



We define a proxy quantity for the weighted horizontal magnetic gradient: 

  

We follow the variation of WGM in the area of highest magnetic gradient. 

{   

Magnetic flux 

Maximum gradient method  

WGM =

Bp,i
i
∑ ⋅Ap,i − Bn, j

j
∑ ⋅An, j

dpn

Korsos et al. ApJ, 802, L21, 2015  



Generalized selection criteria of the considered spots 

•  A new spot (min. 3 MSH) emerges close (within 40 Mm) to an existing spot of 
opposite polarity in the region of strongest magnetic gradient. This area will be 
traced. 

•  The center of the studied area is fixed! 
 
•  The diameter of the area under study is 3º. Afterwards, all spots are taken into 

account within this region and the weighted horizontal magnetic gradient (WGM) 
is estimated from their summarized data. 

 

Korsos et al. ApJ, 802, L21, 2015  



#1: NOAA 8771 
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No Flare!                  #2: NOAA 11995  
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#3: NOAA 11166 
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Features of interest: 
 
- Steep rise of WGM  
 
- High maximum of WGM  
 
- Decrease of the WGM  until the flare 

- Variation of  WGM  consists of the variation of d  and flux 

What is the predicting value of the WGM variation? Time? Intensity? 
 

Statistics of 130 ARs (within ±60º CMD) 

After the case studies, based on statistics 

Korsos, Baranyi, Ludmany, 2014 ApJ, 789, 107 



Inverse relationships to predict the flare intensity 
The flare intensity can be estimated from the maximum of WGM. 

Relationship between the proxies of the free energy and the released energy. 
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An unexpected phenomenon,  two phases prior to the flare onset:  
         

         At first approaching and then receding fluxes  of opposite  
 polarities prior to flares. 

Push-Pull mode of reconnection identified  
in laboratory experiments (Yamada ,1999) 

“... flare reconnection on a vertical current sheet is caused by the diverging flows that remove  
magnetic flux and plasma from the reconnection site. “ 
A theoretical result of  Kusano et al., (2012, ApJ, 760, 31)  

Two similar results: 



Variation of the distance between the subgroups of opposite polarity 

After an approaching motion the subgroups recede until the flare 

#1:NOAA 8771  

Korsos et al. ApJ, 802, L21, 2015  



The estimate of the expected time of flare onset 
 Approaching and the time from the closest position until the flare onset. 

Korsos et al. ApJ, 802, L21, 2015  
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Relationship between previous maximum of WGM determined and the value of  
WGM at flare onset 

#4: NOAA 8771 

#5: NOAA 9672 

Flare risk signatures 3
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Fig. 1.— Upper images of NOAA AR 8771 in 1999: contin-
uum image, reconstruction from SDD, magnetogram. Diagrams
below the images: variations of WGM , distance between the area-
weighted centers of the spots of opposite polarities, flux amount of
all spots in the encircled area.
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Fig. 2.— Upper images of NOAA AR 9393 in 2001: contin-
uum image, reconstruction from SDD, magnetogram. Diagrams
below the images: variations of WGM , distance between the area-
weighted centers of the spots of opposite polarities, flux amount of
all spots in the encircled area.

is higher than M5 by the GOES classification. This last
condition is motivated by the result of Paper I, namelly
that the two-spot method based on the GM variation is
not reliable at lower intensities.
One of the results published in Paper I was a linear

relationship between the maximum values of GM (the
proxy of the spot-pair method) before the flares and the
peak intensities of the flares detected in the 1-8 Å wave-
length range. This behaviour is now tested and the out-
come plotted with the present method, shown in Figure
3. This figure also support that with the new method
proposed here we can reliably confirm our earlier results
(i.e. that of Figure 6. of Paper I ) The upper diagram (45
single flares) and lower diagram (45 single and 16 multi-
ple flares when we see the largest flare within 18 hours
after a WGM maximum) the can be interpreted as a lin-
ear relationship between the proxy ( WGM ) measures
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Fig. 3.— Relationship between the maximum of WGM and the
GOES intensity of the subsequent flare. The upper diagram shows
when one solar flare happened after the maximum of WGM . The
upper diagram shows when we choose the more largest intensity
flare which was happened after the maximum of WGM .

of the magnetic free energy prior to the flare and the re-
leased energy during the flare.The variation of the WGM
should be tracked and if an increase-maximum-decrease
pattern can be identified then the expected intensity of
the flare can be estimated from the value of the maxi-
mum not only in single flare cases but also in a multiple
flares case. Unfortunately, We have less sample of larger
than X 2.a flare therefore accuracy of estimates of this
flare is more di�cult. In future, we will look for other
characteristics of the multiple flares.
The recent development of the method made also possi-

ble to reveal even further very important connection. It is
conspicuous that in Figures 1 and 2 the increase and de-
crease of the WGM is related to the converging-diverging
motion of the centers of opposite polarity. To determine
the time when the diverging motion begins, a parabolic
curve has been fitted to the time of approaching–receding
curve of the relative motion to find its minimum value.
Thus, two time intervals can be determined, that of the
converging motion and that from the minimum distance
until the flare onset. Figure 4 shows the relationship
between these intervals under three di↵erent conditions.
The upper diagram contains 45 single flare and 16 mul-
tiple flare cases when we investigated the relationship
of approaching–receding time and the middle/lower di-
agrams shows two groups of the samples in an another
approach. The linear relationship between the time of
approaching and the time of receding shows that the re-
ceding has need same time from a minimum point to the
value of the first point where the distance started de-
creasing. The middle diagram contains those cases when
the considered spots are younger than three days at the
time of flare onset, the spots in the cases of the lower
diagram are older than three days. The regression lines
of the two cases are di↵erent, the evolution of younger
spots can apparently be more e�cient in flare produc-
tion. We can estimate onset time of the flare if the study
area younger than three then we added 1 hour to the
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Fig. 1.— Upper images of NOAA AR 8771 in 1999: contin-
uum image, reconstruction from SDD, magnetogram. Diagrams
below the images: variations of WGM , distance between the area-
weighted centers of the spots of opposite polarities, flux amount of
all spots in the encircled area.
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Fig. 2.— Upper images of NOAA AR 9393 in 2001: contin-
uum image, reconstruction from SDD, magnetogram. Diagrams
below the images: variations of WGM , distance between the area-
weighted centers of the spots of opposite polarities, flux amount of
all spots in the encircled area.

is higher than M5 by the GOES classification. This last
condition is motivated by the result of Paper I, namelly
that the two-spot method based on the GM variation is
not reliable at lower intensities.
One of the results published in Paper I was a linear

relationship between the maximum values of GM (the
proxy of the spot-pair method) before the flares and the
peak intensities of the flares detected in the 1-8 Å wave-
length range. This behaviour is now tested and the out-
come plotted with the present method, shown in Figure
3. This figure also support that with the new method
proposed here we can reliably confirm our earlier results
(i.e. that of Figure 6. of Paper I ) The upper diagram (45
single flares) and lower diagram (45 single and 16 multi-
ple flares when we see the largest flare within 18 hours
after a WGM maximum) the can be interpreted as a lin-
ear relationship between the proxy ( WGM ) measures
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Fig. 3.— Relationship between the maximum of WGM and the
GOES intensity of the subsequent flare. The upper diagram shows
when one solar flare happened after the maximum of WGM . The
upper diagram shows when we choose the more largest intensity
flare which was happened after the maximum of WGM .

of the magnetic free energy prior to the flare and the re-
leased energy during the flare.The variation of the WGM
should be tracked and if an increase-maximum-decrease
pattern can be identified then the expected intensity of
the flare can be estimated from the value of the maxi-
mum not only in single flare cases but also in a multiple
flares case. Unfortunately, We have less sample of larger
than X 2.a flare therefore accuracy of estimates of this
flare is more di�cult. In future, we will look for other
characteristics of the multiple flares.
The recent development of the method made also possi-

ble to reveal even further very important connection. It is
conspicuous that in Figures 1 and 2 the increase and de-
crease of the WGM is related to the converging-diverging
motion of the centers of opposite polarity. To determine
the time when the diverging motion begins, a parabolic
curve has been fitted to the time of approaching–receding
curve of the relative motion to find its minimum value.
Thus, two time intervals can be determined, that of the
converging motion and that from the minimum distance
until the flare onset. Figure 4 shows the relationship
between these intervals under three di↵erent conditions.
The upper diagram contains 45 single flare and 16 mul-
tiple flare cases when we investigated the relationship
of approaching–receding time and the middle/lower di-
agrams shows two groups of the samples in an another
approach. The linear relationship between the time of
approaching and the time of receding shows that the re-
ceding has need same time from a minimum point to the
value of the first point where the distance started de-
creasing. The middle diagram contains those cases when
the considered spots are younger than three days at the
time of flare onset, the spots in the cases of the lower
diagram are older than three days. The regression lines
of the two cases are di↵erent, the evolution of younger
spots can apparently be more e�cient in flare produc-
tion. We can estimate onset time of the flare if the study
area younger than three then we added 1 hour to the
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Probability for further flare(s)  

Decrease is above 50%  Decrease is below 50%  

63 % 37 % 

20 % 80 % 
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Conclusions 
 
Tracking of the following quantities may be promising for flare forecast: 
 
 
-  Weighted horizontal gradient of magnetic field (WGM), 
 
-  Steep increase of  WGM     →   for warning, 
 
-  High maximum of  WGM    →  for the assessment of flare intensity and CME, 
 
-  Decrease of  WGM   after maximum   →  for warning, 
 
-   Time of Push mode vs. Time of Pull mode → onset time of flare 

-   Maximum of WGM  vs. the value of WGM  where flare happens. → One or more flare  
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for your attention! 
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