








shifted to the right of where the line would fall. This confirms the data shown in
Table 15, that SOON flares have a tendency to be brighter than GONG flares. Also in
this case, flare brightness values may be quite similar between networks, but may still fall

in different brightness categories. The standard errors of the linear fit coefficients are

Figure 25. SOON vs GONG Flare Brightness Comparison

0.18 for the intercept and 0.06 for the slope. The coefficient of determination, , was
calculated to be equal to 0.738. This indicates a linear fit with less error than was seen in

the area comparison.
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4.4.3 Event-Level Flare Comparison

Recall that event-level flares are those defined as those rated 2B or
larger/brighter. During the period of study, there were nine event-level flares as reported
by the SOON observatories. Eight of these were rated 2B and one was rated as 3B.

Following in Table 16 are further details for these particular flares. For these event-level

Table 16. SOON Event-level Flares and GONG Ratings

2011 Date/ | SOON Rating / | GONG Sharpness Comments
UT GONG Rating | /SOON Quality

3 Aug /1350 2B/ IN 0.0228 /3
4 Aug /0355 2B /2B 0.0271/3
9 Aug / 0806 2B /2B 0.0216/3

Flare in progress at sunset at
6 Sep /2221 2B/ 3B 0.0304 /3 SOON site

Flare observation ended
7 Sep / 2238 3B/3B 0.0311/3 prematurely at SOON site
due to clouds

Flare in progress at sunset at
24 Sep / 0936 2B /2B 0.0319/3 SOON site
25 Sep / 1531 2B/ 3B 0.0280/3
26 Sep / 1443 2B /2N 0.0286 /3
3 Nov /2023 2B/2B unavailable / 3

flares, 56% of the time GONG rated in the same category of brightness and area as
SOON, 22% of the time GONG rated lower by one category of brightness or area, and
22% of the time GONG rated higher by one category of brightness or area. In all nine

cases, the SOON observation quality was rated the default 3, or ‘fair’ quality. For the
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cases where there was a difference in category, it was not always obvious to determine a
certain reason for the differences. In the case from 3 August, GONG observed the flare
peaking 16 minutes before SOON followed by a gradual decline, though it is unknown
what the SOON flare evolution was during this time because only the flare peak time is
known. The disparity in peak time is a good reason why there was a difference, since
flare evolution is fairly rapid. Also, the sharpness value in GONG was lower at the time
that SOON observed the flare peak (0.0211). This particular case was disqualified for the
SOON to GONG comparison in previous sections, due to the difference in peak time, but
it is relevant to the event-level comparisons. In the case from 6 September, the flare was
occurring near sunset at the SOON, and the elevation angle would have been extremely
low. Here it is plausible that GONG would rate the flare as being larger. For the 25
September case, there were two other GONG sites that also observed the flare; one also
rated the flare a 3B and the other a 2N. The site that rated the flare a 2N had poorer
seeing conditions with a sharpness value of 0.0147. Perhaps the SOON observation also
had less than favorable atmospheric seeing conditions, although this is not indicated in
the observation of ‘fair’ quality and no clouds during the flare. There are some instances,
however, where the SOON observation quality rating is left unchanged from the default
“fair’ yet clouds are noted by the observer in the plain text of the bulletin (see Section
4.2). It is therefore worthwhile to consider not only the SOON quality rating but also the
accompanying plain text. For the final flare where there was a difference, on 26
September, there was actually little disparity in brightness between SOON and GONG.
Here SOON rated the flare ‘brilliant’, with an intensity of 3.7 times the background,

while GONG rated the flare ‘normal’, with an intensity of 3.5 times the background.
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This is another example of where flare category may differ but actual area or brightness
values are similar.

4.4.4 Differences in Peak Flare Times

Once again, a comparison of peak flare times was performed between the two

observing networks (Table 17). The average difference in flare peak time was less than

Table 17. SOON to GONG Time Difference Between Sites

Characteristic Number of Average Time
Between Sites Occurrences Difference (minutes)
Area 1\(/i;lttfﬁorles 47 L5
Area Si:;zforles 36 29
Catl:gr(l)%‘:letsn li/iitch 49 L7
Cat]:;:)grlilgl eSisffer 33 2.1

two minutes, however where there was a difference in area, the average time difference
increased to over two minutes. There is some indication of an increased peak time
difference being related to a disparity in area or brightness categories, but the difference
between peak times of different categories and peak times of the same categories is still
rather small. Figures 26 and 27 are similar to Figures 24 and 25 in that they compare
SOON and GONG brightness and area measurements, except this time, instead of color
coding differing categories, the data points are color coded according to the difference in
peak flare time. The red points represent where there difference in flare peak times was
greater than or equal to 3 minutes (but less than 10) and the blue points represent where
the difference in flare peak times was less than 3 minutes. The plots indicate that while

68



Figure 26. SOON vs GONG Flare Area Comparison — Peak Times Highlighted

Figure 27. SOON vs GONG Flare Brightness Comparison — Peak Times
Highlighted
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there are some flares with significantly different area or brightness ratings that also have
more than three minutes between peak flare times, there are also many other similar
disparate flares that have a smaller difference in peak times between networks.

4.4.5 SOON to GONG Conclusion

The overall variability comparing SOON to GONG flare ratings of flares greater
than subflares was 66%, since in 56 of the 85 total flares observed by both networks
received different category ratings. Recall that the variability for flares greater than
subflares within SOON was 55% and within GONG was 60%. It is not surprising that
the SOON to GONG variability not very different. Considering different observing
instruments and algorithms were used to calculate flare ratings between the two
networks, the 66% variability is acceptable. It does offer justification for higher
variability between different networks than within the same network.

For event-level flares the variability was 44%, or 4 of 9 flares, where in five cases
there was a match in ratings between networks. In the SOON to SOON comparison there
were only three total event-level flares where all three received the same rating, and in

the GONG to GONG comparison the variability was 38%, or 3 of 9 flares.

4.5 GONG flares not observed by SOON

Since there are twice as many observatories in the GONG system (six globally)
than in the SOON system, there should be a larger total number of flares witnessed by
GONG, however this is affected by maintenance down time, seasonal variations in
observatory patrol overlap, and local weather conditions. The purpose of this comparison

was to see if GONG saw some flares that SOON missed for various reasons. The
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thinking was that if there are some significant X-ray flares that were not observed in the
SOON networks, it would be worthwhile to analyze the GONG imagery at corresponding
times. The most current database for X-ray flares is the GOES-15 X-ray instrument data,
archived by the Space Weather Prediction Center (SWPC, 2012). The GOES X-ray
instrument continuously monitors the sun for X-ray flares, and a flare rating is assigned
according to Table 3 in Chapter 2.

Figures 28 and 29 show how GOES X-ray flux is correlated with SOON flare

Figure 28. GOES X-ray Flux vs SOON Flare Area

brightness and area for the 100 flares larger than subflares. The plots indicate that there

is some relationship between X-ray flux measurements and flare area and brightness,

71



Figure 29. GOES X-ray Flux vs SOON Flare Brightness

however there is still a fair amount of variability. For example, M-class X-ray flares
correspond to flare areas ranging from under 50 millionths to over 500 millionths.
Likewise, for the same category of X-ray flares, SOON intensity ranges from minimum
flare brightness to an intensity of over 4.5 times the background.

The number of X-ray flares as detected by GOES was examined starting during
the period of this study, 11 March to 30 November 2011. Of particular interest were the
larger M and X-class flares, since these are the most energetic in soft X-rays. Also, the
number of these was more manageable compared to the number of C-class flares (over
800). There were however 20 M-class and one X-class flares for which there was no

associated SOON optical observation according to the SWPC online archive of flares.
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All the GONG imagery for these flares was analyzed to determine if H-alpha flaring

could be detected. Of the 21 total, there were 10 optical flares successfully analyzed in

the available GONG imagery. Table 18 contains a breakdown of the 21 X-ray flare

Table 18. GONG Flares Not Observed in SOON

Number of

Characteristic
Occurrences
9 Limb flare where IDL algorithm could not
be run accurately
2 Unavailable or incomplete imagery
10 At least one site observed and flare rating

was available

cases, including why in 11 cases a GONG flare rating was not able to be determined.

The area and brightness categories of the 10 flares successfully analyzed are

shown in Table 19. If more than one GONG site had imagery available for a particular

Table 19. GONG Flare Ratings Not Observed in SOON

Brightness
Faint Normal Brilliant Total Percent

51
S| 0 1 0 0 1 10
=
(=]
g. 1 3 2 0 5 50
Ll

2 1 1 2 4 40

Total 5 3 2
Percent 50 30 20
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flare, than the site with the largest or brightest flare was used as the rating in the table.

The most significant finding of the analysis of the GONG imagery based on the X-ray

flare database is that some of the visible flares were found to be of notable size. Of

particular interest are the two optical 2B flares that would be considered event-level

flares by the Air Force Weather Agency. Table 20 contains some details on these

particular flares.

Table 20. GONG Event-level Flares Not Observed in SOON

Brightness
2011 Date / . Area . .
(hh:mm) UT GONG Rating (millionths) (intensity/ Sharpness
background)
30 Jul /21:01 2B 263 4.2 0.015
24 Sep / 19:12 2B 326 4.0 0.029

This section demonstrates that there are flares that the GONG network observes
that the SOON network does not observe, some of which are significant. Although there
were not a large number of flares initially found, future study could incorporate the
considerable number of C-class flares as additional candidates. More flares would also
likely be detected by using a more robust algorithm that scans the full solar disk for

flaring on all archived GONG imagery during the period of this study.
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5. Conclusions and Recommendations
The results of the analyses between the SOON and GONG observing systems are

discussed in this chapter. Additionally, topics for further research will be presented.

5.1 Summary of Results

The overall conclusion of this research is that GONG is an effective system to
detect and categorize solar H-alpha flares with similar capabilities as the SOON system.
This conclusion was determined by examining solar flare variability within the SOON
system, within the GONG system, and between the two systems.

During this study there were 124 flares of subflare category or greater observed
by two SOON sites with an overall variability of 8% due to differences in brightness
and/or area category rating. When the flare category was increased to greater than
subflares (18 flares), the variability increased to 55%. Finally, for event-level flares
(greater than 2B) there was no variability (0%) since in all three flares, both SOON sites
rated the flare 2B. In the majority (80%) of the cases when there was a difference
between the two sites’ observations, the site with the larger solar elevation angle had the
larger or brighter flare category rating.

Two or more GONG sites observed 86 flares of subflare category or greater
during this time period with an overall variability of 44% due to differences in brightness
and/or area category rating. When the flare category was increased to greater than
subflares (43 flares), the variability increased to 60%. Finally, for event-level flares, the
variability decreased to 38%, or 3 of 8 flares in which there was a difference in brightness

or area category. In the majority (95%) of the cases when there was a difference between
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the two sites’ observations and sharpness was calculated, the site with the higher
sharpness had the larger or brighter flare category rating.

There were 85 flares greater than subflares observed by both GONG and SOON
with an overall variability of 66% due to differences in brightness and/or area category
rating. Of the 36 flares where there was a difference in area category, GONG had the
higher area category 53% of the time. Of the 35 flares where there was a difference in
brightness category, SOON had the higher brightness category 86% of the time. For
event-level flares the variability was 44%, or 4 of 9 flares. GONG observed all SOON
event-level flares within one brightness or area category. There were three additional
event-level flares detected by GONG that were not observed by SOON networks, and
there were no SOON event-level flares that GONG missed. While there are some
differences in flare rating between the two networks, most flares rate in the same
brightness or area categories and many flares rate the same in both. The variability
between flare category rating between SOON and GONG was 66% for flares greater than
subflares, which was similar to variability within the GONG network (60%) and within
the SOON network (55%). While GONG can provide flare monitoring as effectively as
SOON, there are other SOON missions, including sunspot and magnetogram analysis that

were not considered in this project.

5.2 Future Research Recommendations
There are three additional research opportunities that are presented that would
serve to expand the breadth of this project. For example, this study could be repeated

once SOON imagery is calibrated before being archived. Since SOON imagery could not
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