
Observational properties of large 
active regions

and consequences of their appearance

K. D. Leka
Graham Barnes

NorthWest Research Associates



All magnetic field crossing photospheric boundary influences the corona

Some forms sunspots and collects into active regions, 
some does not.  But it all impacts the corona.



some of those produce energetic events....

does size really 
matter?



Properties of Large 
Active Regions:

A plot of total magnetic flux 
Φtot  vs.  mean vertical flux 
density  |Bz|, also showing the 
flaring activity in the 24hr 
post-observations.  Non-flaring 
regions (X), and flaring regions 
(◊) are shown with the largest 
flare in any 24-hr period (CC, , MM, , 
XX).  The points with Φtot  ≥.1023

Mx are region NOAA AR 10486. 
 Data source: IVM Survey QL 
Data*. 

1.  If it's big, it will
have stronger mean field 
(exact is caveat instrumental 
limits).  
Even if it is not flare-
productive. *: available at

 http://www.cora.nwra.com/~ivm/IVM_SurveyData/ 



2.  But the mean 
magnetic inclination
is not statistically 
different.

Φtot  vs. mean magnetic 
inclination angle (from the 
vertical), γ.



3.  If it's big, it will
carry vertical current.
Even if it is not flare-
productive.

Φtot  vs.  “total unsigned 
vertical current Itot.



Φtot  vs.  “excess magnetic 
energy”: 
(Bobserved-Bpotential)2/8π.

4. The largest active
regions all indicate 
signficant energy 
storage beyond the 
potential field.



5. Only extremely large 
active regions guarantee 
large lengths of strong 
neutral-line shear
(deviation from 
potential).



6. Large active regions
tend toward αbest =0.
This is due to the 
broad distribution
of α = Jz/Bz present.



7.  Large active regions inherently
have more “sources”, which
can allows a greater number
of magnetic connections.



Impacts of a large active region appearance:
AR 10488, October 2003.

> 3 x 1022 Mx in <48hr

 (kinda gives you pause for long-range prediction capability, eh?)

(compare AR 10486, >1023 Mx at around the same time) 
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Emergence of active regions:
● Can be very rapid
● Influence the corona with heating, energy 
injection, and additional sites for reconnection 
as soon as they appear

Large active regions:
● Exhibit current and energy storage
● The extremely large potential active region is rare.

● Are flare-productive
● Any flare-forecasting method has to out-perform 

the total flux as a forecasting parameter!

Put the two together for a volatile situation.






