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TRCINICAL MEMORAND UM

STATISTICAL ASPECTS OF THE 1980 SOLAR FLARES: Il. SOLAR
CYCLE ACTIVITY RELATIONSHIPS AND ADDITIONAL REMARKS

I, INTRODUCTION

In a preceding veport [1], this author compiled a list of 1349 flares occurring
in 1980 (the Solar Maximum Year) which met certain selection criteria; namely, these
study flares had accurately known start, maximum brightness, and end times; lati-
tudes: [l importance; and X-ray classes, Thus, cach flare was spaecified by a rise
time, deeay time, duration, latitude of occurrence, Ho importance (areal and relative
brightness), and X-ray class. Irequency distributions of these parameters were
tabulated and illustrated, and a number of conclusions, culminating in a brief descrip
tion of the statistieally typical study flare, were stated.

In this report (Part II) the author continues his analysis of these events,
stressing correlations with solar cyele, as adjudged by the 2800-MHz radio flux
(denoted, FZSDO)’ While some of these were alluded to in the previous report, they

will now be more fully discussed, A third and final report, highlighting reclationships
between pairs of specific study parameters, will conclude this serivs.

II, STUDY REMARKS

The 1349 flares meeting the study sclection eriteria are tabulated in the preced
ing report. They form the data base from which this statistical study and its con-
clusions are made. It is recalled that the data base flares represent a subset of all
the flares reported in Preliminary Report and Forecast of Solar Geophysical Data, a
NOAA (Boulder, Colorado) weekly publication.

Table 1 presents the monthly f{requency (f), percent (p), running frequency
(RI), and running percent (Rp) by flare grouping (A, B, C), as well as the daily
flare rates by grouping (A', B', C!') and monthly sunspot number (Ry) and correceted

2800-MHz radio flux at 1 AU (i.e., astionomical unit), Category A represents those
flares that meet the study criteria; hence, they are the data base flares. Category
B refers to all flares in the NOAA publication which have a positional reference, and
eategory C to all flare entries. Observe that prior to April 1980, there was no
difference between groups B and C; Beginning in late April and continuing to the
present, NOAA includes not only flares of known position but also these significant
X-ray flares, which cannot be correlated with ground observations.

Table 2 shows the daily frequency of occurrence by flare group. Observe that
category C began in late April on DOY (day of year) 119, or April 28. Figure 1
(a,b) displays the daily frequency, plotted from Table 2, of category A data base
flaves; Figure 2 (a,b) plots the category B daily flare frequency.
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TABLE 2. DAILY FLARE COUNTS OF CATEGORY A, B, AND C FLARES

Doy A B c Doy A B C poy A B c
JAN 51 6 10 10 101 7 25 25
1 2 4 4 52 2 3 3 102 5 21 21
2 1 4 4 53 0 2 2 103 6 27 27
3 1 5 5 54 0 2 2 104 8 30 30
4 0 5 5 55 0 4 4 105 6 21 21
5 2 17 17 56 2 11 11 106 3 10 10
6 6 27 27 57 5 9 9 107 3 26 26
7 3 12 12 38 1 7 7 108 1 7 7
8 4 21 21 59 0 1 1 109 0 7 7
9 1 7 7 60 3 12 12 110 0 8 8
10 3 14 14 MAR 111 2 6 6
11 2 4 4 61 ) 6 6 112 1 15 15
12 1 9 9 62 i 10 10 113 2 4 4
13 2 17 17 63 > A 4 114 0 10 10
14 5 10 10 64 1 1 1 115 3 13 13
15 0 2 2 e 1 3 3 116 3 13 13
16 2 10 10 66 0 2 1 117 6 20 20
17 1 4 4 67 1 5 5 118 3 14 14
19 4 6 6 69 > a 4 120 2 7 15
20 0 3 3 70 1 3 3 121 4 9 16
211 7 7 71 0 2 2 MAY ‘
22 1 1 1 ; . ;
. 74 3 11 11 124 3 6 14
25 4 31 3l 7 1 5 B 1256 5 5 13
26 0 18 18 ~
27 0 9 9 76 0 0 0 126 2 14 16
28 3 14 12 77 0 0 0 127 2 9 13
59 > 17 17 78 3 10 10 | 128 3 11 21
30 5 9 9 79 3 19 19 129 4 10 15
31 2 14 14 80 3 14 14 130 5 10 15
81 2 7 7 131 5 13 18
FEB 82 3 11 11 132 10 17 21
32 2 12 12 83 1 6 6 133 4 14 19
33 3 9 9 84 5 8 8 134 1 2 4
34 3 7 7 85 10 20 20 135 3 7 10
35 5 22 22 86 9 21 21 136 2 9 16
36 4 8 8 87 313 13 137 6 17 21
37 2 4 4 88 7 19 19 138 6 14 18
38 6 26 26 89 12 31 31 139 5 19 21
39 1 16 16 90 8 17 17 140 4 13 19
40 0 6 6 91 3 8 8 141 0 9 14
41 4 10 10 APR 142 2 8 10
42 6 30 30 92 3 10 10 143 2 11 16
43 4 19 19 93 5 1 1 144 4 12 12
44 4 26 26 94 3 8 g 145 3 20 21
45 0 4 4 95 ! 20 20 146 4 17 19
46 1 11 11 96 3 14 T 147 0 14 20
47 2 7 7 97 1 14 12 148 3 9 13
48 3 7 7 98 521 51 149 8 27 29
49 1 9 9 09 3 25 25 150 1 9 15
50 3 6 6 100 2 93 73 151 5 8 8




Y A B ¢
12 2 3 8
JUN
153 3 7 14l
15 3 14 18
155 8 14 15
15 7 18 26
157 6 17 28
158 4 20 32
159 5 11 23
160 1 5 14
161 2 4 7
162 4 9 14
163 0 6 12
164 7 31 35
165 9 28 32
16 0 11 11
167 0 9 9
168 4 6 8
169 2 10 10
170 0 5 g
171 4 7 15
172 6 15 17
173 3 9 17
74 4 17 17
175 9 30 34
176 4 30 34
177 6 23 29
178 4 11 14
179 7 14 19
180 5 10 14
181 0 2 9
182 3 11 14
JuL
183 1 5 9
18 1 4 6
185 4 5§ 12
186 0 3 3
187 6 13 17
188 2 9 18
189 3 5 16
19 1 6 19
199 5 8 15
192 2 16 28
193 8 15 19
194 10 27 29
195 7 17 18
19 2 10 13
199 2 11 14
19 1 5 g
199 3 7 8
200 2 44 46
200 2 14 14

TABLE 2, (Continued)
DOY A B ¢
202 4 20 2
203 0 8 14
204 3 13 14 |
205 2 20 27
206 2 13 17
207 1 8 14
208 2 10 13
209 1 8 16
210 0 3 7
211 1 3 g
212 0 1 2
213 1 1 3
AUG
214 0 2 3
215 0 3 3
216 0 2 2
217 0 1 2
218 0 4 9
219 1 3 6
220 1 3 8
221 0 1 3
222 2 5 8
223 2 10 16
224 ] 15 21
225 1 8 11
226 1 7 13
227 1 3 3
228 3 25 25
229 3 14 17
230 1 16 18
231 1 9 10
232 3 21 22
233 1 14 17
234 6 15 18
235 9 17 24
236 7 15 19
237 7 20 26
238 11 25 34
239 2 11 21
240 4 8 13
241 3 12 16
242 5 18 22
243 7 22 24
244 5 14 17
SEP
245 9 32 38
246 4 30 35
247 11 26 31
248 6 23 26
249 3 11 15
250 1 6 9

e —— T

e —— .

DOY A B C
250 2 11 20
252 5 14 20
253 2 16 20
286 4 12 13
265 2 10 13
256 2 6 12
257 5 10 13
258 5 8 11
269 3 7 14
260 3 16 20
261 2 12 14
262 5 20 21
263 3 11 15
266 3 8 13
265 2 7 8
266 3 5 9
267 4 13 15
268 3 25 26
269 0 12 14
270 4 16 21
271 4 16 17
272 1 11 13
273 2 8 11
274 1 14 16
0CT

275 3 16 19
216 6 12 14
2717 4 19 21
278 2 13 17
279 0 11 14
280 2 11 12
281 9 15 18
282 8 27 29
283 5 24 29
284 9 33 3
285 9 27 29
286 9 27 29
287 8 26 30
288 3 21 23
289 2 23 27
200 4 28 30
201 10 28 32
202 12 33 45
203§ 21 28
20 6 10 14
205 5 26 29
296 3 15 22
297 6 14 15
298 1 12 13
209 5 9 13
300 7 18 24




TABLE 2.

—

DOY A B ¢
301 7 21 24
367 7 30 39
303 3 25 26
304 3 12 16
305 4 29 33
NOV “
306 4 40 43
307 10 23 26
308 7 246 26
309 6 31 W
310 5 42 46
311 10 43 50
312 10 44 46
313 12 40 44
314 14 34 39
315 8 34 40
316 14 28 29
317 11 29 32
318 3 10 17
319 8 20 22
320 7 15 20
321 8 20 28
322 7 21 27
323 5 16 21°
324 6 20 24
325 5 13 14
326 5 6 11
327 4 17 18
328 5 15 17
329 2 18 22
330 4 7 15
331 3 310
332 1 11 11:
333 2 15 17
334 3 14 14
335 3 18 23
DEC

336 9 13 14
337 8 25 30
338 6 29 30
339 2 13 15
340 3 8 14
341 1 3 12
342 3 6 9
343 3 12 17
344 5 21 25
345 4 7 16
366 10 17 22
347 11 19 23
348 4 26 26
349 11 24 25
350 3 21 24

B e e e e

T i A
(Concluclad)
oy A B C
351 1 32 32
352 4 12 14
353 5 18 20
354 4 6 8
355 6 16 18
356 2 16 17
357 1 8 13
358 2 8 12
359 3 10 12
360 3 13 15
361 1 13 17
362 2 12 14
363 5 16 24
364 10 24 28
365 1 20 23
366 2 8 9
ORIGINAL p
' AGE
OF IS
POOR QuaLsTy
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Figure 1a, Frequency of category A flares versus month of year, 1980:
January through June,
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Figure 1b., Frequency of category A flares versus month of year, 1980:
July through December.

While the ratio of category A to B flares (Table 2) is highly variable between

0 and 1, the average monthly value (Table 1) ratios are much more stable, being, on
the average, 0.267 * 0.08 (or 30-percent error bars), Thus, out of every 3.75
category B flares, on the average, on» entry for category A is expected. A plot of
monthly category A frequency versus category B frequency values is depicted in
Figure 3. The line running diagonally from lower left to upper right depicts the
average relationship between category A and B flares. Thus, during 1980 the
category A study flares were related tp the category B flares by the equation

fAﬂO.ZG(S fBiO.M fB s (1)
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where f A s the frequency (or number) of category A flares snd L’B the frequency of
catepory B flaves.

Often it.is desirable to compare time-dependent parameters (such as flave fro-
quency) with some solar activity indicator (such as R, or 17""800)‘ In fact, such
comparisons form the basis for this report. However, prior to discussing the results
of such analyses, it may be of interest to show the relationship between the two
commonly used indicators of solar activity. Using Table 1, generate ratios of R ’ to
1"280»0 versus time and plot the results (Fig. 4). Observe that, indeed, therec is o
close relationship between R 2 and FZS()O; i.e., the points tend to be distributed
along a diagonal band associating high R? with high 1;2800 and low R, with low 1:0800'

. ] . v o fmay . ”'0- 049 . . .
While the average value of Rzll 2800 for 1980 is 0,782 -0.090° where the lower bhound

is rather large due to the inclusion of the July and November data points, a better
defined relation is R7/F2800 equal to 0.799 fgggg, which excludes the July and

November data points, Thus, equations relating R‘z and 1'12800 are

sz- 0.799 F + 0.04 F

2800 2800 (2)
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Figure 4, ‘1"280() Versus R?. Line equation excludes July and
November data peints.

and

F?.SOO = 1,252 Rz % 0.00 R'& (3)

Wilson [2] has investigated sunspot variation, particularly for sunspot cycle 21,
the present cycle, and has deduced a number of relationships between smoothed sun-
spot number and smooth numbers ol flares, gradual-rise-and-fall radio events, and
2800 MHz radio flux. The equation relating smoothed sunspot number (Rw) and

smoothed 2800-MHz radio flux (I 13) was deduced to be

]f‘18 =~ 0.89 1{13 + 43 ) (4)

implying that
1 o 194 2 . 5
1113 e 1-121 1 13 70.8 . (O)

Equations (2) and (3) relate monthly averages of sunspot number and 2800-MHz radio
flux. On the other hand, equations (4) and (5) relate smoothed sunspot numbers
and smoothed 2800-MHz radio flux, which are based on a particular smoothing scheme
{(Wilson [%] or Howard [3]).



Figure 4 depiets tho relation between Rz and 1"2800’ and the diagonal line

runping from lower left to upper right is that representation of equation (8), It is
seen that the July and November data points appear anomalously high, possibly
suggesting cither that the R, numbers are too low or that the 1"2800 numbers are too

high., (Throughout the remainder of this report, the author has arbitrarily chosen
to use I"2800 as the solar aetivity indicator for comparisons,)

Figure § graphs the daily flare rates for categories A and B versus time, as
well as their ratio (1‘/‘\/1‘1'3) and 1“2800‘ Observe that, while the category A flares do
not always mimic the rise and fall of 132800’ the category B flare curve does tend to
follow, in an approximate way, the ups und downs of F2800' Thus, there appears to

be a somewhat crude relationship between flare frequency and solar cyele. That is,
usually high Ry implies high F?SOO which implies high fB; conversely, low R? mcans

low 1'128()0 which implies low fB’ (Wilson [2] has deduced approximate relationships

between smoothed sunspot number and smoothed number of flares.) Since the study
flares are related to the category B flares which are approximately related with
132800’ the study flares themselves can yleld relationships pertaining direetly to phase

of solar eyele. (In Figure 5, x is the mean,)

—_— S ___[—r—r—anoo 200 2
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Figure 5. Variation of category A, B, and A/B daily flare rate (i.c., number
of flares per month divided by number of days per month) and month of year
1980. Also, variation of F‘ZSOO over year,
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Figure 6 plots F2800 versus category B daily flare rates (f!, or B' using Table
1), as well as RZ versus fﬁ. (1"2800 versus fﬁ is plotted as the @ and Rz versus
1‘15 as @.) The dark diagonal line running from lower left to upper right depicts an

cye-ball approximation between I and {.}, using all data points, and is given by
' 2800 B
the equation

1"2800 = 3,059 fﬁ + 155.76 . (6)

If the average ratio numbers (Fzsoojfé) are used, we determine the dashed line
given by the equation 300°°B

= 15,192 ff + 5.65 fP’i ) ("N

¥og00 B

. " +3, 676 \ .
since I 2800/% = 15,192 -5 ng for the year. Unfortunately, the highest fé value

did not correspond to the highest Fogge Velue, hence the wide error bars. If the

F2800 = 16.289 'y + 2,88 f'g /
F2g00 VS. f'g, Rz VS. 1’ \/ /— Fagoo ™ 15.192f'g +5.65fg
1980 v/
/
/ Y,
T OMAY / //
| / ®DEC
/ ONOV
1 ; ®APR
200 Fep JAN JUN @ ocT
| 10 / osEp F2800 = 3.069 f'g + 165,76
/ MAY ®DEC [
0] A
° AR //AUG ®APR
| / ®JAN eoCT B
/& ¢’UN
€ 150 / e OSEP 150
@ il o
o / eNoV |
/// .ll.lL.“AuG ¢
1 / oMmaR F &
N // // 5
~ / -
/)

100 ] T T 4 ¥ ) /1 : ¥ 1§ ¥ ¥ ¥ 1 i ¥ L ¥ 1 T 1] T 100
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CATEGORY "B" FLARE RATE (NO, FLARES PER DAY)

Figure 6. F2800 versus category B daily flare rate (0). Rz versus category B
daily flare rate (®). Dark solid-line is visual approximation to F2800 data
points. Dashed-lines refer to mean-slope lines using all data points (right-

most dashed line) and excluding October and November
data points (left-most dashed line).
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October and Novembor I 2.800/ are arbitrarily removed from the average, sinee they
are substantially low, then the relation is deduced to be

I 16,287 f}} % 2,88 I‘I s (8)

2800 B *

since 1"2800“‘13 = 106,287 +§’ ggi, Caution must be emphasized regarding these relation

ships, since the daily flare rates have not been corrected for actual observing time.

Table 3 tabulates various X-ray and importonce ratios, and Figure 7 illustrates
some of the more interesting ones., Observe that the three ratios plotted, although
not directly sugpgestive of a one-to-one rvelation, appear {o be associated in some way
to F2800' In faect, as discussed in Seetion III, M class N-ray flares and, to a lesser

extent, class 1 H.x flares are proportional to 19, values, Similarly, periods of
proj 2800 b

bright flares may correspond to periods of high Fagog values, although the relation
may be somewhat complicated.

As an oxplanation for the legend of Table 3, consider the ratios for November,
Ratio 1 results from dividing the number of ¢ c,lus.s X-ray flares by the number of
study f{lares for the month; hence, C‘If These numbers (for this ratio and ratios

2 through 18) are tabularized in Table 11 b.c in part 1 of this study [11). (Actually,
they are Tables 1 b,c¢ through 12 b,e reprosenting Jmmnry 1880 ﬂxmugh Deeember
1980; Table 15 b,c summarizes the full year,) Since there were 110 © class study
ﬂm'os in November and 192 study flares, ratio 1 is 110/192 - 0.573. Ratios 2 through
18 are computed in similar fashion, YEAR represents the resulting‘ ratio quotients
bused on yearly counts of study flaves.

In Figure 7, three ratios ave plotted in detail: ratio 17 (B/N), ratio 4 (M/C),
and ratio 10 (1/8). Three other ratios are plotted as individual points, showing
their highest ratio values: ratio 5 (X/C, plotted as A), ratio 11 (2/8, plotted as 0),
and ratio 16 (FF/N, plotted as 1), The two large peaks in the ratio 17 curve are
1.8 and 1.5 times, respectively, the ratio's yearly value.

Table 4 gives the moun 'vul,ues for each of the parameters -- RT (rise time), DT
(decny time), D (duration, D : RT + DTY, LAT (latitude of occurrence), XR (X ray
clasg), and IMP (Hw unpm‘tunce) by month and year based on the 1349 study flares.
XK waus deduced by adding the pt,uk energy outputs of all flares and dwidmg by the
total number of flares for the time period of interest. IMD was deduced by giving
cach flare a number, representing a product of an avea (8 = 1, 1 = 2, 2+ 3, 3 = 4,
4 = §) and a relative brightness (¥ = 1, N = 2, B = 3), and d:\qdmg; tho sum of the
products by the total numbey (:I‘ 11m~es Lor the pwiod of interest. As an example, an
SN flave is equal to 2 (=1 = 2 = 8SN); an 1B flare is equal to 6 (v 2 ~ § = 1B); and
so on. Also given in Table 4 arve the mean RT to mean DT ratio (R /D), mean
area (A), mean relative brightness (R.B) _their product (which is proportional to
IMP), mean X-ray cenergy for C flaves (\'R W), mean X-ray energy for M flares

(XR 1), mean X-ray energy for X flaves (X¥ .}\) , and Rz and 1‘2800 values. TFigure

8 a,b,c¢ graphically displays these mean value tabulations, where the numbers in the
parentheses are the yearly mean values.__An apparent relation between mean flare
area (A) and mean relative brightness (RB) is observed, given by the equation

12
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Variation of monthly mean values of latitude (LAT), rise time divided

with month of year 1980, Also, F2800 versus month of year,

), rise time (RT), decay time (DT), and duration (D)
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See text for method of computation.
Also, FZBOO versus month of year.
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RB - 1,660 A + 0.16 A (9)

o T 1T~ +0, 16
since RBJA = 1.669 0.09 *

The upper left hand portion of Figure 8c plots the RB versus A monthly values
and graphically depiets the relation formulated in equation (9), The upper right-hand
portion of Figure 8c displays IMP vorsus A = RB, which is a 45 degree diagonal
(slightly displaced),

III, DISCUSSION

*

A, Rz and “‘2800

While the author has arbitrarily chosen to use F2800 for all parameters versus

“solar activity comparisons, it should not be assumed that it is the "best" indieator,
(Historieally, sunspot number has been utilized extensively,) In fact, both R ’

and 1’2800 fahow+ ggnssdidernble variability from day to day. In 1980, the average yearly
Rz was 155,16 28: 66 (a sprend of + 18 percent), based on monthly Rz values (Table
4). In terms of daily values, Rz ranged from a low of 36 on March 16 to a high of
262 on Junuary 9; thus, its all-inclusive averape is 155,16 ﬂggfé {a spread of

77 percent). The peak Rz monthly average was 179.7 in May, and the smallest

R 2 monthly average was 126.5 in March,

Similarly, the average 1}2800 was 198, 42 fg?,gg (v16 percent spread), based on

monthly 1"2800 values. However, daily F2800 values ranged from a low of 130.9 on

August 4 to a high of 292,8 on May 25, yielding an all-inclusive average of 198,42
*gggﬁ (48 percent spread), The peak FZSOO monthly average was 229,1 in May,

and the lowest Fyg., monthly average was 166,5 in March. Thus, the ratio of average
yeurly R, to 1"2800 is 0,782 ‘fg ggg It is observed that while specific details some-
times disagree (especially based on daily data), the general trends are in agreement
(based on monthly averages). Although equations have been given in the previous
section for a definite value of R, or FQSOO’ it should be remembered that the actual

values really pertain to a range of values, typically *16 percent wide (for F2800)‘

B. Mean Values

Figure 8a illustrates the monthly variation of RT, DT, D, RT/DT, LAT, and
F2800 during 1980. Observe that RT, DT, D, and RT/DT showed upward trends
during the year, while LAT showed a downward trend. Thus, as the year progressed,
the study flares contained more and more flares of longer rise time and decay time

(and duration since rise time plus decay time equals duration), In addition, since
the ratio of mean rise time to mean decay time also showed an upward trend to higher

19
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vatio numbars, the relative proportion of long rise time cvents to long decay time
events was higher., The downward trend of LAT may be an expected resuit since as
the solar cycle progresses from early cycle to late cycle the mean latitude of occur
rence of sunspots (or more correctly active regions) goes from higher latitude to
lowar latitude:; since flares ave associated directly with active regions (rogions of
enhanced magnetic field), they should show a similar variation. (However, 12 data
points or l-year's worth of data are insufficient to describe the relationship.)

Figure 8b shows the monthly variation of IMP, XR, and Vg0 during 1980. The

IMP and XR curves both suggest upward trends, Therefore, study flares late in the
year (about 1 year past solar mexinium) were not only more numorous than corly year
study flares, but also more energetic. The mean X-ray energy curve is somewhat
similar in structure to the F2800 curve, suggesting a possible relationship.

Figure 8c displays the RE, A, and Foggo Variations. The curves suggest an

apparent upward trend for both RB and A; thus, study flares were proportionately
hrighter and larger late in the year as compared to carlier in the year.

C. Rise Times

The left-most portion of Figure 9 is a scatter plot relating RT and Fogoor The

small dotted circles (@) represent the data points. The number beside each cirele is
the month of occurrence, where 1 is January, 2 is February, and so on. The line
passing through the data points is of the form

FZSOO = 28,170 RT * 10.4 RT , (10)
" T +10.27 . ' , ,
since Foa) /RT = 28,170 74" 44, Desed on Table 4, This implies that
RT = 0,038 F2800 + 0.02 182800 » (11
+0.018

sinee fﬁ/l’-’zsoo = 0,038 [o'07p. Tabll 5 identifies the frequency of occurrence (f)

and percent occurrence (p) for the parameter RT from elapsed time duration < 1 min
to 10 min and the sum 510 min for each month and the year. Also given is the
monthly FZSOO value and the total number of gtudy flare occurrences (N). F2800/ £

values for a few sslected RT are:

\
Do . +25. 730
(RT <1 min) Izgoolf = 24,170 9,943
o ) : ~ 4 +20.217
(RT = 1 min) Fogoo/f = 17.943 10,584
. : _ +13. 320
(RT = 2 min) Fogoo/T = 14.520 74" g5g > (12)
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',‘4‘1 . 491

(RT = 3 min) 1,"2800/17 < 20,542

=12,974
[T L N L *“21 » 036
and
" A v ’1'1 . 636
(‘Rl ' 10 ‘“111) 1 2800/c - 29356 ‘0' 979

using all data points.
have the following values:

£ o 2,50 T8 876

(RT -1 min) Foeoo! = 7,641

+11, 534

(RT = 1 min) F:BSOO” = 16,980 Tt e
14 L A - “‘8- ‘195

(RT - 2 min) Fogoo/l = 13,684 4"y os

I - 2 o ¥ 4'32: 509
mod . +20, 422

(RT = 4 min) Fogoo/l @ 27.278 Te" oty

and
(R'T ? U +0. 944
(RT :10 min) Fogoo/T = 2200 o pon

D. Deeay Time

data are represented by dotted triangles (&),
point indieatos the month of occurrence.
of the form

r © 9,168 DT % 2.5 DT

2800

sinew 1. /DT = 9,168 T2 358 Lased on Table 4
inee Fogno/lL (168 5 5gge P .

DT o= 0,112 F 0.04 I

2800 * 2800

ORIGINAL PAGE IS

OF POOR QUALITY (12)

(Cone,)

/

If the lowest and highest ratio values are removed, the ratios

Q‘

? (18)

J

The middle portion of ¥igure 9 is a seatter plot relating DT and F2800’ Thaese

Apain, the numboer beside ecach data
The line passing through the data points is

(14)

This implies that

(15)



since DT/¥ 2 0,112

2800

to 28-30 min, and the sum <30 min for ench month and the year.

+0, 039
-0, 025"
and percent occurrence (p) for the parameter DT from elapsed time duration -1-3 min

Table 6 identifies the frequency of occurrence (f)

Also given is the

monthly Foeny value and the total number of study flare occurrences (N). 1:2800“‘
values for a few selected DT are:

MOT +«1-3 min)

(DT = 4-6 min)
(DT = 7-9 min)
(DT = 10-12 min)

(OT = 13-15 min)

mr

i

16-18 min)

and

(DT =30 min)

using all data points.

(DT <1-3 min)

(DT = 4-6 min)

(DT = 7-9 min)
MT = 10-12 min)
MT = 13-15 min)

24

¥ogeo!t = 78,172 1135228
Fygq! = 20.465 Ty 5o
Fagoq!t = 19.026 12131
Fogoo/f = 17,305 fg: 225
Fogoo/f © 22.120 +}Z§22
Pygg!t = 20,725 110" 202
Fogago!/f = 2.489 jégg;

Y

Fyggo/f = 65,758 T153- 87 )

Foeoo/f = 22.859 110 95
Fygo/f = 17.996 Mg 2500

Fogoq!/t = 17.158 F1+ 230
Fygoq/t = 21.484 15- 070

ORIGINAL PAGE IS
OF POOR QUALITY

(10)

Discarding the highest and lowest ratio values yields:

(1m



ORIGINAL PAGE IS
OF POOR QUALITY

16 vS0T 1'F SS 6V 93 ¢S EL 0L ¥69°6 621 L6 IET PIT ¥SI LO1 S¥T €6 SZT T'9 29| 6¥El FTETN
esizlzizzzit Tze LEVISSE €% 2IOTIISL 06 €I v2l 81 06 €1 @v LSS 2 |SYI|O3C
veiz|42zecr 'y 1'e9 925 9L STe0LIZ €9 91 68 L1 68 [T €L ¥I 66 61)261|AOK
ezizlo e ger €9 S9TIYSE ¥S 6 62 ST €11 61 L€1 € 10T (1 &9 T 86 87)891)130
gcel leceve &9 &ve LG4 £9 L &5 9 &S 9 ST 91 s2l €6 96 O /L[ 8 | 90T} d3s
cert b s vee £ss zés ©e [ Gg L €8 L 6% [ el 2zl 9v v ['S S I8 (I
cestleve s 99 sy 2Ee wE £ YILE €9 § 6€ £ €9 & €9 & 15 6L PP
cestlrtees w61 S2€ €€ HGIEIES L LI pD 00 21 &°ST 61 LIT #1276 TIJ 02T kAL
Tezzle1e e Svs §8S i€ vS 9 9ILE 6@ O 910 €I L01 2T ¥EL ST 978 ¥ ) 21T | AWM
cenzleerze wve L9l €59 01 1 w6 €90 LT 9701 1T 8 6 ¥ST 91 01 1901 ddy
cgstlriees zyy TEE €22 VOIOIEZ [ §21 2T S I GEL E1 L7191 9T 2% v |96 UM
-eer lessg s TpE £Ze UbE 96 L [EIOL 96 £ G112 2z g o711 B ¥ T}ELjead
seetleores &% 11 B6% €6 v G616 2L § 65T IE 0€L 6 2L § vl T)e9 NI
ttegy | ¢ 4 d 2 ¢ 3 d 3 ¢ 2 d 3 d 3 d 3 ¢ 1 d s 4 2 om

TS 0i-4Z Le-S¢ ve-ez 1ie-6t &i91  SiTEl 2101 6-1 9-v e-i>
se3nule “{1C) IWIL AVI3H
HNIdI0¥9 (LM INIL AVDId ¥dd HINOK ¥dd sa1IvA (d) INID¥Id ANV () AONKHODHYd 9 HIAVL

3



Mmoo oAp. . 47,716
(DT - 16-18 min) 2800” 20,1755 7 998
and (1D
Conge.)
+1, 280 (
M <30 min) 2800“ = 3, 461 -0, 926 J .

Y Duration

The right-most portion of Flgure 9 is a seatter plot relating D and ¥ o800

These data are represented by solid circles (@). As before, the number beside cach
data point indicates the month of occurrence, The line passing through the data
points is of the form

2800 ©6.861 D % 2,00 (18)

: \ m y 2,040 . Mig 4 s that
sinece 1 28()0/1) = 6.861 " gq» based on Table 4. This implies that

D = 0,149 F2800 X 0.04 1?2800 ) (19,

since ﬁ/‘FZSOO = 0,149 4ggg$ Table 7 identifies the frequency of occurrence (f) and

percent cecurrence (p) for the parameter D from elapsed time duration ~1-5 min to
56-60 min and the sum 560 min for each month and the year. Also piven is the

monthly ];"2800 value and the total number of study flare occurrences (N). 1’2800/1‘
values for a few seclected D arve:
(D «1-5 min) r £ = 64,741 *+134. 869 )
) 2800° — T - 43,928
= B ¢ ) — +23., 728
(D = 6-10 min) Fogoe/f = 16.192 5" ooy
M o= 19. s " . +5, 489
(D = 11-15 min) 12800“ = 12,656 - 4. 540
20)
. . s e +13, 733 (
(D = 16-20 min) Fogoo/f = 18.524 7' pon
. 91_OR i +16.423
(D = 21-25 lnln) 2800/1‘ = 18,460 7.520
e ORL AN « +158.085
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md
. 1nq t1.552
(D %60 min) I /£ =2.131 _ (20)
2800 0. 838 ) (Cone.)
using all data points. Removing the highest and lowest ratio values yields:
- +42,912 )
- . s - +9, 232
(D = 6~10 min) I‘2800/f = 14,618 -6. 314
. 11 . " - +5.175
o - . . +4o 227
(D = 16-20 min) Fzsoojf = 12,803 -5. 444 > (21)
- 01 . ' _ +6, 281
(D = 21-25 min) 1‘2800/f = 17.569 -6. 469
— op. . i - +36. 298
(D = 26-30 min) F2800jf = 28.735 -16.579
and
. _ +0. 867
(D <60 min) F2800/f = 2.089 ;' nag J
F. Tatitude
The ratio Fooo /LAT for the 1349 study flares of 1980 equals 13.088 ‘f‘zggg
T herefore, ’
F2800 = 13.088 LAT * 4.4 LAT , (22)
based on Table 4, or
LAT = 0.079 F2800 + 0.04 Fz'800 s (23)
. — _ +0.036 . : : A
since LAI‘/F2800 = 0.079 -0. 020" Table 8 identifies the frequency of occurrence (f)

and percent occurrence (p) for the parameters LAT for several latitude bands by
month and year. Also given is the .monthly F2800 value and the total number of

study flare occurrences (N). F2800/f values for a few selected LAT (bands) are:

28



TABLE 8, FREQUENCY (f) AND PERCENT (p) VALUES PER MONTH PER
LATITUDE (LAT) GROUPING

LATITUDE (LAT), degrees
0-9 10-19 20-29 230 NORTH SOUTH
Nlf p | F f p |f b 1f o 1f p 1f2800'
AN | 69 |14 203 50 72,5 | 2 2.0 |3 4.3 |28 40.6]41 59.4 11996

FEB | 73 (18 24.7( 48 658 [ 7 9.6 {0 0 |31 42,542 57,5 (195.1
MAR | 96 |12 12.5| 36 37,5 [ 48 50,0 |0 0 |50 52.1|46 47.9 |166.5
APR | 104 {13 12,5 56 53.8 |20 19.2 |15 14,4 | 47 45.2{ 57 54.8 |209.3
MAY | 112 | 8 7.1 64 57.1 |38 33.9 1.8 | 16 14.3| 96 85.7 |229.1
JUN | 120 | 4 3.3 67 55.8 {43 35.8 5.0 | 23 23.3| 92 76.7 [1909.3
UL | 79| 9 11.4] 33 49.4 |30 38.0 1,3 | 23 29.1/ 56 70.9 {190.8
MG [ 87 [17 195 59 67.8 | 11 12,6 0 |67 77.0| 20 23.0170.3
SEP | 104 | 27 26.0| 66 63.5 | 7 6.7 3.8 | 59 56.7| 45 43.3 [185.9
0c1 | 168 [ 31 18,5110 65.5 {24 14.3 |3 1.8 40,5100 59.5 1202,9
Nov | 192 | 40 20.8 132 68.8 | 20 10.4 0 |[106 55.2[ 86 44.8 |213.4
DEC | 145 [ 39 26.9| 78 63.8 |27 18,6 1,3 | 87 60.0f 58 40,0 |218.8
YEAR [1349 [232 17.2 805 59.7 [277 20.5 [35 2.6 [610 45,2730 54.8

X

- O = o N

£a
an
a0

- O

S mem s

+34, 064 )

(LA’P B 0"90) 210 426

F2800lf = 18,761

+1, 072

(LAT = 10-19°) Fogoo/f = 3320 1 0oy

+80. 809

(LAT = 20-29°) Fogoo/l @ 18.991 T oo ?
(24)
. ' \ - +8, 974
(NORTH LAT) Fogoo/f = 5.345 5" g4
and
JUN ' L +4, 707



using all data points. Discxzding the highest and lowest ratios ylelds:

o . - +15,241 )
(LAT = 0-9°) Fogoo/f = 18,387 "5 gy
ORIGINAL PAGE 1!_3
o ' w nan $1.202 OF POOR QUALI
. o +15, 408
- N . - +3, 515
(NORTH LAT) Fogoo/T = 4. 781 5" 556
ond
_— \ . +1, 353
(SOUTH LAT) Foggo/f = 35816 1'asg )

Figure 10 illustrates F,o,, versus { for LAT = 10-19 degrees, using all data

points. The month of year is identified beside cach data point By a number, where

1 is January, 2 is Vebruary, etc. DPlease note that the solid line passing through the
data points is not the best-fit line but, rather, the mean-slope line based on the
ratio of F,gn, to £ for all data points. The dashed line is, perhaps, a better fit to

the data points (assuming an F2800 variation of #16 percent),

F2800 V&! (LAT 10+ 180)

1980
e .
\“anooilmzl
LAT {10 199)
12 ,—n”‘
it
o
- -
200 |- . ‘ ""\ 10
2.8 e
L ",?aé""* Fa00™ (0.313 1+ 178) « 16%
- Y
”'”"
f
3.
160 )
0 60 100

FREQUENCY, {

Figure 10. F2800 versus frequency (f) for latitudes 10-19 degrees. Solid line is
mean-slope line and dashed line is visual approximation to data.

30



G. Importance

‘The ratio 1’2800111&713 for all study flares equals 66.577 fﬁggz, therefore,

Fagg = 06,577 IMP # 13,7 IMP (20)
based on Table 4, or

IMP = 0,015 1“2800 £ 0.004 F2800 ' (27

sinee iMi‘/FzSOO = 0,015 '*g 883. Table 9 identifies the {requency of occurrence (f)
and percent oceurrence (p) for the pavameter IMP for several selectod Ilx importance
groups by month and year, (Table 9 is limited to subflares, class 1 and 2B evonts,
due to sparseness of clugs 2, 3, and 4 events.) Also given in the monthly 1~‘2800

value and the total number of study {lare occurrences (N). anoo’f values for a few
selected I importance classes are:

S I o v L. g *10» 640 \
‘ . +3. 908
(SN) 1 2800” = 5,582 1. 893
x ) . +7,750
(SB) Fpgpo/L = 9-980 Jg’ gur > (28)
\ .o +31. 461
(1N) 1'2800“ = 25,306 16, 414
and
. . +23, 821
using all data points, and
- ' e +6,638 )
(bl‘) r2800/£ e 13, 872 "4- 900
, s - +1. 496
s ‘ - - +6, 837
(sB) bt 2800” = 9,796 -4, 948 > (29)

31



TABLE 9,

FREQUENCY (1Y AND PERCENT (p) VALUES PER MONTH PER

SELECTED He IMPORTANCE CLASSES

Lt S A

TR IR Y WS T

IHPORTANCE(IMP) , FLASS

EORL

GRIGINAL PAGE IS

oF

N k. 1F 1N

FEB
HAR
APR
MAY
JUN
JUL,
AUG
SEP
ocT
NOV
DEC

f p

f p {7 p [t ]t p

am |

13 13.8
10147
o8 29,2
14 13.5
17 15.2
25 20.8
8 16.1
10 11.6
23 22,1
19113
17 8.9
24 16.6

YEAR

208 15,4

RA6A1I217.410 0.0 8.7
3041111 151100.0 5.4
36 37.51 13 13.5( 1 1.0 9.4
AT A5.2113 12,514 3.8 9.6
38 33,91 23 20,611 0.9 14.3
29 24,2139 32,511 0.8 5.8
20 25,3120 25,311 1.3 8.9
N 35612528711 1.1 3 3.4
37 35.6§21 20,2] 21,91 6 5.8
55 32,71 49 29.21 1 0.6 11.3
A7 24,51 44 22,014 2.1 24 185
65 37,91 30 20,71 1 0.7 18 10.3

L~ SRS R <4

10
16

s S

199.6
196.1
166.5
209.3
J000.1
199.3
190.8
170.3
185.9
202.9
213.4
214,80

457 33,9300 22,2017 1.3 9.4

(IN)

and

(1B)

Fos00

1“2800“‘ = 14,765

+15, 219

If = 23,801 i S

+0,048
=0,225

(29)
(Cone.)

/

using all ratios, except the highest and lowest values. TFigure 11 illustrates Foa00

versus { for SN flares, using all data points.
data point represents month,

As before, the number bLeside each
The solid line is the mean-slope line, and the dashed

line is a visual approximation to the data points (assuming an 1"2800 variation of

*16 percent),

Table 10 identifies f and p values by month and year for a different subset of
the parameter IMP; namely, by relative brightness grouping (¥, N, B) and arecal
grouping (5,1). Also given is the monthly Fogpp Value and the total number of study

flare oceurrences (#). 1"2800” values for these groupings are:

(8)

(1)

32

. o #1.318
Fogoo/f = 2:657 3 poy
! . +9. 451
Foggo/t = 8.694 5" 610

(30)

BB o e S P BT

eagg
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Faa00® 66821

Fagog vs. [ (IMP BN}
1980
IMP (SN}
v
/s
1‘ /l [T
’ {3,087 (+ 158) 3 18%
[ ))] /’
oy
[ ]
200} 10
ug (d
/7
/l
//
,/
/
,/
4
hi 1] T 5

FAEQUENCY, |
Figure 11, Fpgqq versus frequency (f) for importance class SN. Solid line is
mean-slope line and dashed lne is visual approximation to data.

TABLE 10, FREQUENCY (f) AND PERCENT (p) VALUES PER MONTH PER
RELATIVE BRIGHTNESS AND AREA GROUPING

IMPORTANGE(IMP), MAJOR CLASS
5 B 2 F N B
¥ | f p f p fp f p f p £ p | eso0
JAN |69 | 57 82.6 11159 11.4 1318,8 33551 18 26,1] 199.6

FEB | 73 | 51 69,9 1723.3 56,8 1115,1 37 50,7 2534,2} 195.1
MAR | 96| 7780,2 183188 11,0 2930,2 4647.9 21 21,9|166.5
APR | 104 |74 71,2 2826,9 21.9 1817.,3 657 54,8 29 27,9)209.3
MAY | 112 | 78 69.6 2925.9 54,5 1816,1 56 50,0 38 33.9|229.1
JUN | 120 | 93 77,5 23 19.2 4 3.3 2621.7 3831.7 5646,7)199.3
JUL | 79 | A8 60,8 28354 33.8 911,4 27 34,2 43 54,4)190.8
AUG | 87 | 66 75.9 17 19.5 44,6 11 12.6 34 39.1 42148.,3]1170.3
SEP | 104 | 8177,9 21202 21.9 2524.0 A341.,3 3634.6)185.,9
OCT | 167 [123 73,2 39 23.2 53.0 2011.9 7544,6 7343,5)202.9
NOV | 192 |108 56,3 66 34,4 18 9,4 2211,5 7338.0 97 50,5|213.4
DEC | 145 {109 75,2 30 20,7 64,1 2517.2 71 49,0 49 33.8|218.3
YEAR 11349 |965 71.b 327 24,2 56 4.2 227 16.8 595 44.1 527 39.1
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: . B} +9, 236
rys (30)
) Fpgoo!t = 485 *2 T4 (Cone.)
and
. . +5,528
) ¥ogoo/t = 5:561 ging )

using all data points, and

"y & . +1l 199 \ b
($) Fogoo/f = 2.826 4650
. . - +3,181
; . . +6, 073
() Fogoo/f = 11.663 4" 9on } (31)
T 5 ™ & . A nA .“1’ 024
(N) Fogoo/t = #:24% [y 390
and
. +2, 58D
(B) Fogoo/t = 534 955 J

using all data points, except the highest and lowest values.

Figure 12 depicts F2800 versus f for class 1 flares (©) and S flares (A).
Again, the solid lines represent the mean-slope lines, based on the vatio of I~‘2800 to

f, except that in these instances they exclude the highest and lowest ratio values.
One observes that number of class 1 Hn importance flares is better correlated with
FZSOO than is number of subflares, Excluding the November data point, which is

substantially high, the dashed line represents a visual approximation of Fogpo Versus
f for class 1 flares,

Figures 13 and 14 are histoprams of areal importance, showing the variation of
f and p (respectively) with month of year for 1980, based on Tabhle 10. Also shown
is the FZSOQ variation, Notice that, while the trend of number of S flares increased

during the year, the trend of p for § flares was downward. On the other hand, the
trend of f and p for class 1 and class 2 flares was upward. Thus, larger areal
flares were more frequent during periods of high F2800 and during the latter part of
1980, rather than earlier in the year,

34 |
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Fagoovs f (IMP S, 1)
1980

F2800 = 8.295 f (NOTE 2)

NOTE 1:

NOTE 2:

NOTE 3:

LINE EQ INCLUDES
ALL DATA PTS EXCEPT
JUL (7) AND OCT (10)

LINE EQ INCLUDES
ALL DATAPTS EXCEPT
JAN (1) AND NOV (11)

VISUAL APPROXIMATION
TO DATA PTS, EXCLUDING
NOV (11) DATAPT,

N

F2g800 = 2.626 f
/ ( NOTE 1)
/
/
‘ ) As
,\F =
" o112,/ 2800 A12
/ (1.933 f + 151) * 16%
,/ (NOTE3) o1 A
[ 04, A4
/
/ 10 A0
200} A1 A6
A2
% . A7
u. A9
) S FLARES (
: 1 FLARES (®) al
’ /
L/
/
/
150, i 1 ) 1 i i 4
0 50 100
FREQUENCY, f
Figure 12. E2800 versus frequency (f) for importahce classes S and 1. Solid

line is mean-slope line and dashed line is visual approximation to data.
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FREQUENCY,
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F2800

1170
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= S FLARES

L 1FLARES

— L

e 2 FLARES
LARE

Y 3

Figure 13.
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JAN FEB MAR APR MAY JUN

JUL AUG SEP OCT NOV DEC

MONTH OF YEAR, 1980

Variation of frequency (f) for importance classes S, 1, 2, and 3 versus
month of year. Also, 1?2800 versus month of year.
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:150
100~
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©
i
Q.
:
—
- I e 1 FLARES
M b 2 FLARES
0 1) 1 1 1 1 ) ) 1 1 1 1 ]

MONTH OF YEAR, 1980

Figure 14. Variation of monthly percent (p) for importance classes S, 1, and 2
versus month of year. Also, F°800 versus month of year.
ot
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Figures 15 and 16 are histograms of relative brightness, showing the variation
of £ and p (respectively) with month of year for 1980, based on Table 10, Also
shown is the F‘ZBDO variation. The trend of both £ and p for B flares was upward

during 1980. Henge, the brighter Huo flares occurred during periods of high 1?2800’
particularly late 1080, It is apparent, then, that number, size, and brightness of
I flares were greater late in 1980 than in carly 1980, implying that peak flare
activity occurred subsequent to solar maximum, as adjudged by sunspot number.

JI. X-Ray

4

The ratio 1*‘.,800/5{?1 for all study flares cquals 2,694 ~ 10t +3. 480 ~ 104 ;
tharefore, “ -1.658 ~ 10
P w2604~ 100 K % 3.5 « 108 X (32)
2800 - ) / £33 - * ] ¥ M

based on Table 4 and using all data points. If the hiphest and Jowest ratio values
are removed, then

S 1 s 10t @
Fyagp © 2012 % 10% XR & 1.6 x 10" XR (33)

4 +1.569 x 10%

since I IXR = 2.512 ~ 10 .
2800 -1.196 x 10°

Thus

KR = 4.48 ~ 10 D1, % 3,12 x 1070 ¥ (34)
p = 4, 9800 = V¢ 2800 °

5 . “ 9
p = 4 § +3.12 ~ 10 .« 'Pable 11 identifies the frequency of
2800 ~2,02 % 1075

occurrence (f) and percent occurrence (p) for the parameter XR for sceveral selected
X-ray class groupings by month and year. Also given is the monthly 1«‘2800 value

and the total number of study flare occurrences (N). 1"2800“‘? values for several
selected X-ray class groupings are:

since XR/T ,48 x 10

10 (Y S £ m ‘*‘2:237 \
— : . +17. 529

(M1-M5) Fogoo!T 9,652

12. 658 ;1«15. 092
(35)
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and

using all data points.

and

of X-ray class >C5, and flares of X-ray class >M1, respectively.

(XR = M1)
(XR ~ CH)

)

(M)

(C0-CH)
(C6-C9)
(M1-M5)
(XR = M1)
(XR "+ C5H)

()

(D

#

Fogoo/f

{1

Fogoo/!

i

Fogoo/!

Fogoo/t =

Removing the

+16, 492

11,258 7o et

”'4. 553

'{'1 . 323

2. 443 “O. 994

+16. 205

11.545 "8 774

J

(35)
(Cone.)

highest and lowest ratlo values yields:

Fogoo/t = 3062 75 901
Fpagp/t = 12.453 70 090
Foggo/f = 12.114 10110
Fpgoo/t = 10.474 70 028
Fpego/f = 5:803 1y 520
Fpagq/f = 2-410 fg:ggg
Foggo/f = 10.802 T3 020

’

/

(36)

Figures 17 through 19 depict FZSOO versus { for M and C X-ray flarves, flares

In these figurcs,

the number beside each data point refers to the month of year, as before. Also, the
solid lines represent the mean-slope lines based on the ratio of T 2800 to [, excluding

the highest and lowest ratio values.

the data, execluding the NOV data point.

The dashed lines are visual approximations to

The figures suggest a fairly good correla-

tion between F2800 and number of flares of specific X-vray class grouping, particu-

larly for M X-ray flarves and flares of X-ray class =M1.
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Figure 17. 1’2800 versus frequency (f) for X-ray classes M and C, Solid lines
are mean-slope lines and dashed line is visual approximation to data.
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Figure 18,

FBSOO versus frequency (f) for X-ray grouping (XR > C5). Solid

line is mean-slope line and dashed line is visual approximation to data.
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Figure 19, 1"2800 versus frequency (f) for X-ray grouping (XR z M1). Solid
line is mean-slope line and dashed line is visual approximation to data.

Figures 20 and 21 are histograms showing the variation of f and p (respectively)
with month of year 1980, based on Table 11. Also shown is the F2800 variation.

While M and C flares increased in number during the year, the monthly percent
occurrence for C flares decrcased and was markedly depressed in November. (This
may be due to the rather high threshold (about M1) which was employed during part
of November when numerous flares were occurring from a particular active region;
thus, many C flares may not have been counted.) The monthly percent occurrence
for M flares may have slightly increased during the year, being significantly enhanced
in November, Thus, X-ray flares were morc numerous late in 1980 than in early
1980, and they appeared to be much more energetic,

IV. CONCLUSIONS

This study, the second of a three-part investigation, has reviewed additional
aspects of the 1980 solar flares, particularly looking at solar cycle activity effects.
It has been noted that during 1980: (1) 1349 study flares were a subset of 5053
reported flares with known positions; (2) Rz and F2800 were rather strictly related;

(3) daily flare rate appeared to be associated with FZBOO; (4) mean relative brightness
of flares was associated with mean areal extent; (5) R, varied by 18 percent and
F2800 by 16 percent; (6) mean rise times, decay times, and durations all increased
with month of year; (7) mean latitude decreased with month of year; (8) larger,
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brighter, and more energetic flares were more numerous late in the year, subswquent
to solar maximum; (9) mean rise time, deeay time, and duration appeared to be
related to FZBOO‘ and (10) number of H« importance class 1 flares and number of

X-ray class M (and M + X) flares were both correlated with anoo.
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