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TECHNICAL MEMORANDUM

SOLAR ACTIVITY DURING SKYLAB — ITS DISTRIBUTION
AND RELATION TO CORONAL HOLES

INTRODUCTION

In the course of assembling the record of solar activity during the period
of Skylab observations, researchers have noted that solar flaves [1], sunspots
and coronal transients 12], and coronal bright peints [3] were not distributed
uniformly in solar longitude but, instead, were associnted with one hemisphere
of the Sun (136~315 heliographic degrees longitude). In contrast, coronal holes
dominated the quiet hemisphere |1,4]. In this report, we examine the distribu-
tion and properties of solar active regions observed during the Skylab period,
comparing regions within the active hemisphere with regions near coronal holes,

Correlations are presented of (1) flare activity versus heliographic
longitude, {2) active region lifetimes versus coronal hole proximity, (3) active
repion flare production versus coronal hole proximity, and ( 4) active region
magnetic configurations versus coronal hole proximity, Also presented are Ho
synoptic maps showiug coronal hole outlines, cach map including an activity
histogram for each Carrington otation and a chart summarizing solar activity
for the entire Skylab mission period,

METHODOLOGY

Solar activity during the Skylab period is shown in Figures 1 through 10,
using histograms and Ho synoptic charts. The charts are annotated with the
serial numbers of active regions and filaments as assigned by the National
Oceanic and Atmospheric Administration’s (NOAA) Space Environment Center
in Boulder, Colorado. Furthermore, these charts identify the neutral lines in
the radial component of the solar magnetic fields as mapped by filaments and -
systems of fine structures visible in Ho filtergrams obtained by flare patrol
telescopes [5]. Bohlin[4], Bohlin and Rubenstein [6], and McIntosh et al, [ 7]
have shown that the boundaries of coronal holes have a close relationship to the
patterns of large-scale magnetic fields ns depicted from He observations, To
these charts we have added the coronal hole outlines as published by Nolte et al.
[87 and Bohtin and Rubenstein{G].



Active regions = 20 degrees from any coronal hole boundary were utilized
in the coronal hole/active region study. These distances were measured from
the centroid of the N region to the border of the coronnl hole (at central
meridian) as depicted on the synoptic maps.

He flare activity during Skylab was tabulated by the NOAA/Afr Weather
Service {AWS) real-time solar observing network, subsequent film reviews,
and by other solar observatories. Interpretation and compilation of these reports
~were performed by Hirman et al. [9]. X-ray flare magnitudes were determined
from SOLRAD 9 and VELA satellite observations. Using these Ho and X-ray
datt, we have plotted the distribution cof solar flure occurrence versus helio-
graphic longitude in 5 degree increments for each rotation {shown in Figures 1
through 10 below the synoptic maps as histograms). TFigure 11 illustrates flare
oceurrence versus heliographic longitude and active region positions for the
entire Skylab period. (Only flave activity observed during the Skylab missfon is
inciuded in Figure 11.)

 Lifetimes of active regions were determined by their appearance and
disappearance as depicted on inferred magnetic neutral line maps which were
drawn in real time from He prints transmitted (approximately every 8 hours)
© to the NOAA solar support group at the NASA/Johnson Space Center, Active
region lifetimes in days (t) were divided into three groups; t =< 1, 1<t = 7,
and t > 7. Active regions which traversed the east limb and died on the disk
within 7 days and those which were born on the disk and then traversed the west
1imb within 7 days are included in this sample, However, since their lifetimes
are somewhat ambiguous, we have assigned half of these regions to the second
group (1<t = 7) and half to the third group (t > 7).

Comparison of active region magnetic parameters was achieved utilizing
Mt. Wilson's classification system and data, For NOAA active regions with
corresponding Mt., Wilson region numbers, the maximum magnetic complexity
observed was taken from the Solar Geophysical Data (Prompt) region reports.
Tor NOAA active regions without corresponding Mt, Wilson region numbers,
NOAA/AWS observatory determinations of Mt, Wilson classifications were used,
These parameters were subdivided into three subsets of increasing complexity:
(1) regions without sunspots, (2) regions with Mt, Wilson classification of o or
3, and (3) regionz with Mt. Wilson classification of gy or pyA. '



ANALYSIS

As Dodson and Hedeman {1 reported, the Sun exhibited an active and an
inactive hemigphiere during the Shylab mission poviod from mjd-1973 to mid-
1T, A8 shown in Vigure 11, the aetive hemisphore was aetually comprised ol
thrde diserefe, active longitude bands: 1 1a=178 degrees, 186-220 degrees, amd
D005 dogrees,  Table 1 and Fipure 132 present the flave produetion for the
getive homisphore,  Although only &9 poreent of the total nmumber of replons
observed during Sialabh Iy in this active homisphere, they accounted for approxi-
mately 90 pereent of the total mumber of flares,

Table 1 and Figure 12 also show the activity praduced by active repions
- 90 degrees fram the coronal holes,  One finds that the optical and Xeray flarve
production by these regions is less per region when compared to the regions
associated with e active homisphere,  Purthermoere, when the Iarger optical
or more cnergetie N=ray flares are considered, tlave production per region is
lower still. For those regions measured to be < 10 degrees from g coromil hole
bowmdary (14 percent of the towl number of regions), we tind that flave produe-
tion ix deerensed to approximately 10 pereont of the Shylab totat,  (In Figure 1,
porcentages or reglons near corvonal holes reflect the pereentage of total flare
production of those regions after normalization of the number of the coronal hole
regions to the number of active hemisphore repions,)

Included in this sample of reglons - 10 degrees from w coronal hole is a
{laro-vich aetive complex composed of rogfons Y87 and 202, Covonal hole ¥ [10]
formed approsimately 3 degrees from these two regtons during rotation 1608,
The loeation of regions 257 mmd 292 beeame exveedingly quiot during the subse-
quent two solar rotations, producing onty vne subllare, while coronal hole &t
enlarged and became connected 1o the southern polar hole. While the loeation of
regions 87 and 292 {s within one of the active lonzitude beits, the developmaent
ol coronal hole 2% appenrs to have offected the subsequent damping of the ftare
production of that previously active arvea. The appearanee of nelive reglons G87

Cand 292 in that aetive longitude band is not auemalous, The resultant effeets of |
the subsequent bivth and prowth of coromt wle M ave belioved part of a large-
senle, tong=lived provess tather than the etfects of individual active region

. paramoters,

The conteibution of active regfons 287 and 200 to the flare production
totals of regions < 10 deprees from coronal holes is sfgnificant, Without that
cantribution, the remaining 31 vegions { 13 pereent of the total) - 10 degrees
from coventl holes produced only 2 poreent of the total subflare production with
no N-ray flares exceeding the vlass C intensity being observed,

L1
3




Because of the expanded active region numbering scheme used by solar
forecasters during Skylab. there is an inherent bias toward a higher number of
small, short-lived active regions in this study as compaured to most previous
studies of active region lifetimes defined by sunspot and calcium plage parame-
ters, However, since forecaster adherence to the criteria for assignment of
region numbers remained consistent within the Skylab period, numbered active
regions can be compared and correlated by longitudinu.l distributlon within that
period.

From Table 1 and Figure 12b we note that the active hemisphere con~
tained more long=- than short-l{ved active regions. We also note that the con~
verse of this is true for active regions in the vicinity of coronal holes.

Finally, in Table 1 and Figure 12¢, Mt. Wilson magnetic classifications
for Skylab active regions are compared. Regions in the active longitudes had
a tendency to be more complex than average, and regions near coronal holes were
slightly less complex, In fact, for the subset of active regions =10 degrees from
coronal holes (excluding regions 287 and 292} no complex magnetic configuratfons
“were observed. The percentage of normal and reversed polarity regions for the
different subsets of active regions is approximately equal to that of the whole Sun,

CONCLUSIONS

Based ugon this study of a discrete portion of a solar cycle, several
trends beconie evident, During Skylab, active regions near coronal holes
generally (1) produced very little flare activity, {2) had relatively short life-
times, and (3) were magnetically simple, Also during Skylab, the Sun contained
an active hemisphere which (1) was composed of three distinct longitude bands-
of activity and (2) produced almost all of the flaring activity.

1. The eriteria for assigning a NOAA region number to an Ho feature during
Skylab differed somewhat from those generally used prior and subsequent to
Skylab, In addition to regions with sunspots and those which produced flares,.

emerging flux regions and other regions of specific interest to the Sl\ylab
solar experimenters were also given region numbers,
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activity histogram for Carrington rotation 1605,
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TABLE 1. FLARE ACTIVITY PRODUCTION, LIFETIMES, AND MAGNETIC CLASSIFICATIONS
FOR VARIOUS SUBSETS OF ACTIVE REGIONS OBSERVED DURING SKYLAB

All Active
Skylab Active Active Active Regions =10*
Active Longitudes Regions =20° Regions = 10° from CHs
Regions (136° - 315°) from CHs from CHs Without 257 /292
Flare Activity
Number of Active Regions 233 136 (537) 73 (317) 33 {14%) 31(137)
Number of Subflares 1754 1535 (=67 ) 412 (237) 133 {77) 33(27)
Number of IMP ~ 1 Flares 104 91 (997) 24 (237) 8 (97) 1{17)
Number of Class C X-Ray Flares 294 257 (v77) 54 {207 ) 27 (97) o{07)
Number of Class M X-Ray Flares 24 22 (927) 4 (177 3(137) D {07}
Number of Class X X-Ray Flares 3 3 {1007 ) 6 {07) 0(07) 0{Q7)
Lifetimes
| Active Regions = 1 Day 167 12~ 257 337 a7
Active Regions > 1 and = 7 Days 307 347 357 37° 397
Active Regions > 7 Days 15 547 37" 307 267
Magnetic Classifications
Regions Without Sunspots ars 227 R 297 267
Simple (o, 8) 63% 707 66~ 737 747
Complex ( iy, 2¥A) 67 87 47 37 G
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