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Motivation
• Regions of higher 

magnetic complexity 
are known to 
produce large flares

• More than 80% of X 
class events occurred 
in βγδ and δ spots 

• The magnetic 
complexity of a 
region plays 
important role in 
flare production

No. 1, 2000 RELATION BETWEEN d SPOTS AND LARGE FLARES 585

FIG. 2.ÈPeak Ñare intensities in W m~2 for each spot group as a function of peak area in disk fraction, with each magnetic class plotted separately.
Clearly all the big events at upper right occur in d spots, those classed bcd by SOON. Regions producing no Ñares have been omitted.

passage, and the highest (with d as the highest) magnetic
classiÐcation. Thus, a region is considered d if it reached
that value once in its disk passage.

Several more minor errors can also cause problems. The
SOON sites submit corrections by entering a second report
with the same time and date information as the Ðrst ; on 92
occasions both a corrected and an original report remain in
the data set. Variation of area reports on a given day is
considerable, but the scatter was similar in both directions.
Since we use peak areas, this gives a small upward bias to
the areas used. An active e†ort has been made to match
GOES Ñares with optical reports, so most GOES bursts, and
almost all large ones, are correctly matched with active
regions. While we could not do a comprehensive check on
the identiÐcations, they generally appear to be correct.

Because the region is observed for several days at several
stations, an adequate consensus of its properties is obtained.
The X-ray data reported by the GOES satellites appear gen-
erally reliable, except as noted above. The intercomparison
of a large database tends to even out the e†ects of errors in
measurement and philosophy. Since our data show strong
e†ects, they are fully adequate for general Ñare prediction.

A more important point is that while we perforce use the
GOES data, there is some question whether or not they

represent the true Ñare ““ importance.ÏÏ The GOES value is a
peak value, measuring the time integral of the hard X-ray
input, which is probably the primary energy input. But peak
values give no weight to extended energy input. This is
probably the source of the signiÐcant e†ects attributed to
long-duration Ñares in which the total input is much larger
than that implied by the peak value. On the other hand, the
GOES peak is a reasonable indicator of the integrated hard
X-ray input.

3. METHOD AND RESULTS

We compared magnetic classiÐcation, spot group area,
and the peak soft X-ray (SXR) Ñux during its disk transit.
We assigned to each active region the highest magnetic
classiÐcation reported during its disk transit, as well as the
greatest area reported, and the largest Ñare. In general,
Mount Wilson classiÐed a spot group as d if any two
umbrae of opposite polarity in a group were very close,
resulting in many more such regions than the USAF bcd
class, which only recognized regions where the major spots
were in a d conÐguration. However, all regions classiÐed by
SOON are also classiÐed d by Mount Wilson. Regions clas-
siÐed are all checked directly on BBSO and Mount Wilson
data.
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Goal
• How could regions with higher magnetic 

complexity produce more large flares?
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Bin by magnetic 
properties...

“Parent 
distribution”?

Change in the 
slope?

Combined plot
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Data

• RHESSI microflare list (below GOES C 
class, 25,006 events): flare start time, end 
time, peak time, position (arcsec), peak 
count rate (background subtracted)

• Active region information(Solar Region 
Summary by NOAA/SWPC): NOAA 
number, location, area (μ-hs), Zurich/
McIntosh Sunspot Classification, Mount 
Wilson Magnetic Classification
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AR magnetic properties:
Zurich/McIntosh Sunpost Classification (McIntosh, 1990)

• Configuration of Group: 
whether penumbra is 
present, how penumbra is 
distributed, the length of the 
group

• Type of Largest Spot: 
type of penumbra, size of 
penumbra, symmetry of 
penumbra and umbrae within 
that penumbra

• Sunspot Distribution: 
the relative spottedness in 
the interior of a sunspot 
group
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AR magnetic properties:
Mount Wilson Magnetic Classification

• α: A unipolar sunspot group

• β: A bipolar group with a simple and distinct division between 
the polarities

• γ: A complex AR in which the positive and negative polarities 
are so irregularly distributed as to prevent classification as a 
bipolar group

• βγ: A sunspot group that is bipolar but in which no continuous 
line can be drawn separating spots of opposite polarities

• δ: A complex magnetic configuration of a sunspot group 
consisting of opposite polarity umbrae within the same 
penumbra

• βγδ: A sunspot group of βγ but containing one or more δ spot
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Methodology

• Find the closest AR for each flare 
(778 AR)

• Plot & fit slopes for the frequency 
distribution of peak count rate in 
12-25 keV range, binning by AR 
magnetic classification
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Results: Frequency distribution vs. 
Zurich/McIntosh Sunspot Classification

No significant changes 
in slopes

Wednesday, August 4, 2010



Results: Frequency distribution vs. 
Mount Wilson Magnetic Classification

Again, no significant changes in slopes
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Slope comparison & Summary
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Zurich/McIntosh: Configuration of Group & Mount Wilson Classification

AR magnetic class does NOT affect the 
shape of flare frequency distribution
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Results: Flare productivity vs.
Zurich/McIntosh Sunspot Configuration of Group
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Results: Flare productivity vs.
Zurich/McIntosh Type of Largest Spot

Complexity
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Results: Flare productivity vs.
Zurich/McIntosh Distribution of Spots
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Results: Flare productivity vs. 
Mount Wilson Magnetic Classification
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Conclusions
• There is no change in the slope as a function of 

magnetic complexity: there may be “parent 
distribution” of flare frequency that is a 
fundamental property for every AR

• It is still possible but unlikely that there is a break 
up in flare distribution for flares larger than C class

• Zurich/McIntosh Classification may be more 
appropriate measure of magnetic complexity for 
microflare productive regions
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Next step

• Investigate further by using MDI 
magnetograms: total unsigned flux, average 
AR magnetic field strength, Schrijver’s R 
value, potential magnetic energy
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Additional slides
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Frequency of AR OccurrenceTHE CLASSIFICATION OF SUNSPOT GROUPS 259 

Fig .  2. 
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Frequency of occurrence of the 17 categories within the McIntosh classification. Data from Kildahl 
(1980) .  

The most complex groups are those with k-spots and compact interiors. The kc-com- 
bination was only 1.5% of this 7-year sample, but included nearly as many class D 
groups as class E and class F. When group interiors are compact the groups are most 
likely to also have k-spots (60%). Groups with symmetric principle spots rarely are 
compact. Large principle spots, with areas in excess of 250 millionths solar hemisphere, 
represent 9.2 % of this sample, which is consistent with 15 % of groups having total areas 
at least this large (Newton, 1958). 

McIntosh, 1989
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