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Some Additional Aspects of the Unequal Activity of the
Northern and Southern Solar Hemispheres: Microwave

Radio Bursts and SWFs

Gladys A. Harvey l and Barbara Bell2

1. Introduction

In a study of the geomagnetic effects of major
solar flares observed from 1937 through 1959,
Bell (1961) found that northern sunspot
groups produced 62% of all observed major
flares and a significantly larger proportion
(86%) of those followed by a great geomagnetic
storm. Subsequent investigations (Bell, 1962;
Bell and Wolbach, 1962) showed that the
Northern Hemisphere of the sun has been the
more frequent source of great storms for most
of this century, while the Southern Hemisphere
was the more frequent source in the latter
half of the 19th century. Detailed study of
several active-sun phenomena observed from
1957 through 1960 (Bell, 1963a,b) provided
additional information on the unequal activity
of the two solar hemispheres, but left unan-
swered certain questions of potential interest
to those concerned either with forecasting solar
activity and its terrestrial consequences or
with theoretical understanding of active-sun
phenomena.

Bell (1961, 1963a) showed that major flares
were more concentrated to the solar North
than were flares in general. In the present
paper we investigate each category of flare
importance to see whether the north-south
asymmetry increases progressively with flare
importance, or whether it increases abruptly
for major flares.

We also investigate here the hemispheric
distribution of microwave bursts. In a study
of meterwave bursts of spectral types II and
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IV, Bell (1963a,b) showed that long-lived
bursts of each type are more concentrated to
the North than are short-lived bursts. How-
ever, duration alone is not the ideal measure
of the "importance" of a burst. (No quantita-
tive measures of intensity or energy content
are available from present spectrum records.)
Microwave-burst emission is observed much
more frequently than the relatively rare emis-
sion of spectral types II and IV, and covers a
wide range of magnitudes for which quantitative
measures are available.

The magnitude of the microwave burst is
investigated by hemisphere in relation to three
terrestrial effects: polar-cap-absorption (PCA)
events and geomagnetic storms, arising respec-
tively from high- and low-energy corpuscular
radiation, and sudden ionospheric disturbances,
arising from shortwave electromagnetic radia-
tion. The ionospheric events have been
examined for their relationship to solar flares
and microwave bursts (Hachenberg and Kriiger,
1959; Harvey, 1964) without consideration of the
hemispheric location of the source of the
disturbance. We examine the hemispheric
distribution of the sources of shortwave fadeouts
(SWF) to determine whether a disproportionate
number of major SWFs, like great magnetic
storms, arose from northern active regions.

In a study of 2800-MHz bursts, Harvey
(1965) showed that only major bursts having a
peak intensity >100 flux units and a broad
burst profile (half-width>8 min) were strongly
associated with major geomagnetic storms. We
investigate here whether the dearth of great
storms from southern active regions parallels
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a dearth of southern broad major bursts, or
whether even broad major bursts failed to be
followed by a great storm when they arose
from a southern center.

In the next section we discuss each manifesta-
tion of solar activity individually, while in the
following section we consider various solar-
terrestrial relationships according to the solar
hemisphere from which the activity originates.

2. Hemispheric distribution of active-sun
phenomena

We selected for study the 3.5 years from July
1957 through December 1960. Observations are
unusually complete for this period, and it is
long and active enough to provide sufficient
data to establish the similarity or contrast in
the hemispheric trends displayed by various
types of solar activity. Table 1 lists the types
and sources of the data that we analyzed.

Figure 1 shows the results for both the solar
events and the most probable sources of ter-
restrial events, the total number of events
observed in each importance category, and the
percentage occurring in the Northern Solar
Hemisphere.

TABLE 1.—Types and sources of data analyzed

Activity

Sunspots

Plages

Flares

Major microwave
bursts (2800 to
3750 MHz)

Microwave bursts
(2800 MHz)

Shortwave fadeouts

Geomagnetic storms

Polar-cap absorption

Sources of data

Photoheliographic Results,
Royal Greenwich Observa-
tory Bulletins

McMath-Hulbert Observa-
tory

McMath-Hulbert Observa-
tory Working Lists of Flares
for the IGY, IGC, and 1960

A. D. Fokker (private com-
munication)

National Research Council
CRPL-F Series Bulletins,

Part B, Solar-Geophysical
Data

CRPL-F Series Bulletins,
Part B

Bell list, unpublished, based
i

Bailey (1964)

a. Sunspots.—The distribution of sunspot groups
(58.9% N), shown in the first line of figure 1,
is the basic asymmetry for the period, a norm
to which the other percentages should be com-
pared. That the two solar hemispheres should
have so unequal a number of spot groups has
itself a very small probability of chance occur-
rence (P<10~10 for the observed distribution of
2690 spots, with 50% N "expected"). Of
greater interest here, however, is the fact that
the distribution of some spot-linked forms of
solar activity deviates strikingly from the spot
distribution.

Figure 1 shows also that when spot groups are
subdivided by mean area (in units of 10 ° of
the visible hemisphere), the categories up to an
area of 1000 have almost identical hemispheric
distributions. The percentage North is some-
what greater for spot groups of area >1000,
but the difference is not statistically significant.
The percentage North of the largest spot groups
remains less than that of several forms of spot-
linked activity.

b. Plages.—Considering only those plage regions
that were identified with one or more flares in
the Working Lists, we tabulated the number of
flares listed as occurring in each region during
its disk passage and grouped the plages into
three categories according to the number of
flares. As expected, the percentage of plages
located in the Northern Solar Hemisphere is
very close to that for sunspot groups. However,
figure 1 shows that the percentage in the North-
ern Hemisphere increases with plage im-
portance, when plage importance is rated by
the number of flares observed in the plage.

c. Flares.—When referred to the norm of spot
groups, the Northern Hemisphere is signifi-
cantly (P=0.0003) more productive of flares
than the Southern. With an increase in flare
importance from 1 to 2 (as rated in the Working
lists), figure 1 shows a small, but not statisti-
cally significant, increase in percentage North.
With a further increase in flare importance to
3 and 3 + , we see a marked increase in per-
centage from the Northern Solar Hemisphere.
When the expected asymmetry is taken as
60.6%, the average for all flares > 1 in these
years, the probability is 0.02 that an asymmetry
as great as the observed 72.7% N for


