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ID ABSTRACT A
The use of the comprehensive flare index as a possible in-
dicator of north-south asymmetry in solar activity is inves-
tigated. Using a data base extending from 1955 through 1980

Iwe discuss several of the problems that were encountered in
using this index as an indicator of possible north-south
asymmetry in solar activity. Preliminary results indicate -

that even allowing for the large number of 'major" flares for
which the location on the sun was not observed, the northern
hemisphere of the sun was decidedly more active than the
southern hemisphere for the period 1959 through 1970. Ji'..

1. Introduction

In studies.of north-south asymmetry in solar activity, various
researchers have used different phenomena as the measure of this asym-

.. metry. For example, Dodson and Hedeman (1972) used the number of sun-
spots and the number of solar flares of importance )1 to show that
the northern hemisphere of the sun was more active than the southern
hemisphere during the early part of solar cycle 20. Waldmeier (1971)
found similar results for 1959-1969 using sunspots, faculae, promi-
nences, the brightness of the white light corona and the intensity of
the green coronal line. In an attempt to relate geophysical perturba-
tions with solar activity on either the northern or southern hemisphere
of the sun, Bell (1961) and Harvey and Bell (1968) found a north-south
solar asymmetry for major flares and microwave radio bursts they asso-
ciated with geomagnetic activity and shortwave fadeouts, respectively.
In a more recent study, Roy (1977) used the "major" flares as defined
by the comprehensive flare index (Dodson and Hedeman, 1971) to show
that, in general, between 1955 and 1970 there was a greater frequency
of flares in the northern hemisphere of the sun than in the southern

. hemisphere, but this northern hemisphere asymmetry was not evident
from 1971 to 1974. This paper extends the results of Roy through 1980

S Q -- and relates problems encountered in both reproducing the earlier
results of Roy and of using the comprehensive flare index as an indi-
cator of north-south solar activity asymmetry.

LJ

rove

-. I5t--

. . . . - .. , . . .- . -. . . "."-.. ". '******.****** * "c. " ".'45



SWcURITV CLASIFICATION. Ozt -0

REPORT DOCUMENTATION PAGE
Is. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS

Unclassified
211, SECURITY CLASSIFICATION AUT140RITY 3. OISTRIBUrIOld/AVAiLABILITY OF REPORT

Approved for public release;
2b DE CL...SSIF ICTO/O A DING SCHEDULE IDistribution unlimited.

4. PERFCAMiNVG ORGANIZATION REPORT NUMSER(SI 5 MONITORING ORGANIZATION REPORT NUMBER(S)

AFGL-TR-85-0119 ~ OFC YSL 7.NM FMNTRN RAIAIN L
Ga. NAME OF PERFORMING ORGANIZATION b FIESMO A AEO OIOIGOGNZTO

Air Frcce Geophysics
Laboratory__ PHP

6c. ADRSS WiCI,. State and ZIP Code) 7b. ADDRESS fClt. Stae ad ZIP Cade) 1 7.[ '
J 4 il ) .

- -. Hanscom APB
V Bedford, MA 01731

Go. 14AME OF FUNDINGWSONSORING l.OFF$IE SYMBOL S. PROCUREMENT INSTRUMENT IDENTIFICATION NUMOER'

S& ADDRESS fWaty. Sltt and ZIP Code) 10. SOURCE OF FUNDING NOS5.

PROGRAM PROJECT TASK VWORK UNIT
ELEMENT NO. NO. NO. No.

11I. TITLE .Inctudq Security Cluasatteataonj Search for the Northi 61102? 2311 23llGl 23ttG112
- South Asymmetry in Solar Activity_______________________

12. PERSONAL AUTHOA(S)

* 13a. TYPE or REC.T O2.TM .VEREO 4 DT OF REPORT (IY.. no.. Day) 15 AEc~NT

is ~ vTARY NOTATION Reprinted from Joint US-Japan Seminar "Recent Advances in the Under-
staniing of Structure &Dynamics of the Heliomagnetosphere During the CurreM*'Haximum &

* FIELD GROUP sum. GR. Solar activity So".ar f lares

The une of the comprehensive flare Index as a possible In-
dicator of north-south &symmetry In solar activity Is Inves-
tigated. Using a date base extending from195hruh98
we discuss several of the problems that were encountered In

using this index as an indicator of possible north-south
asymetr insolr ativty. preliminary results indicate

that even allowing for the large number Of -UaJOt" flares f or
which the location on the sun was not observed, the northern

hemisphere of the sun was decidedly more active than the
southern hemisphere for the perid15thog190

20. DIST RI5IITIONAVAILABI LIT Y OF ABSTRACT 21. ABSTRACTSU.URiTY CLASSIPICATION

UPOCLANIPOIUD/ULIMITED Q SAWE AS APT. 0 OTIC USERS 0 ~ caste

22. MAWE OP NSPON8181.E INDIVIDUAL MILEPROftE NUMBER Orr @PICS MANDL

* DO FORM 1473.83 APR £91 TICW4 or IA 73to OSSOLUTI._____________
SBGIISITV CLANSP CArmi Op 1w PAs

- -r ------ ~ ...--t 7



NJ

2. Comprehensive Flare Index

The comprehensive flare index is the summation of five individual
components as follows:

a. Importance of ionizing radiation as indicated by time-
associated short wave fade or sudden ionospheric disturbance
(scale 1-3);

b. Importance of H-alpha flare (scale 1-3);
c. Magnitude of -10 cm radio flux; (characteristic of log of

flux in units of 10- 22 m-2Hz-);
d. Dynamic spectrum; (Type II = 1, Continuum - 2, Type IV with

duration >10 minutes - 3); and
e. Magnitude of -200 MHz flux; (characteristic of log of flux

in units of 10- 22Wm-2Hz-1 ).

These five components comprise the "profile" of the flare; the
sum of theb.- components gives the comprehensive flare index (CFI). A
flare is con.iidered "major" if it satisfies any one of the following
criteria:

a. Short wave face (or sudden ionospheric disturbance) of
importance >3;

b. H-alpha flare of importance >3;
c. 10 cm radio flux, 0500 x 10-22Wm-2Hz- 1;
d. Type II radio burst;
e. Type IV radio emission with a duration >10 minutes.

3. Method

The comprehensive flare indices for "major" flares from 1955
through 1979 have been compiled by Dodson and Hedeman (1971, 1975,
1981). Unfortunately the indices published for the last four months
of 1979 were estimates based upon preliminary summaries of flare data
and on incomplete solar radio data. These estimated indices have
since been re-evaluated and comprehensive flare indices have been
derived through 1980 (Dodson and Hedeman, unpublished).

A computer file was generated containing these indices for the
period 1955-1980. The file included the date and time of the flare,
the flare profile, the H-alpha importance, the comprehensive flare
index, the plage number in which the flare was observed, and the helio-
graphic coordinates of the flare position. All events were numbered
in consecutive order by year. The first problem was encountered in
numbering the flares that are enclosed by brackets in the Dodson and
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Hedeman lists. These are flares that overlap in time, making it im-
possible to determine an individual CFI for each flare. These flares
were given the same number, indicating that two (or more as the case
may be) were possibly responsible for the individual comprehensive
flare index assigned to that particular "event".

The number of flares in each hemisphere were counted as a function
of month and year. For overlapping flares, the plage number was exam-
ined. If the solar activity for these overlapping events was from the
same plage region, the hemisphere of the location of the flare was
counted only once; if different plages were involved, the hemisphere of
the location of each plage was counted separately.

A second problem was encountered in handling the events for which
no flare location was recorded. The heliographic coordinates of a
flare are known for only those flares for which solar images are avail-
able (usually from H-alpha observations). Although observations from
the worldwide network of solar optical patrol stations were utilized
in the determination of the comprehensive flare indices, there is a
significant percentage of time when optical measurements are simply
not available primarily because of poor viewing conditions, equipment
problems, or the fact that the flare may have occurred just behind the
visible disk. Even through optical measurements may not be available,
the electromagnetic emissions of the flare are often recorded thereby
identifying that a solar event has occurred. In their various tables,
Dodson and Hedeman have assigned a comprehensive flare index to those
events having sufficient electromagnetic emission to satisfy the cri-
teria of a "major" event (see Section 2). We have included these as
"events" with no known location.

4. Results '

We determined the percentage of flares that occurred in the north-
ern hemisphere each year by dividing the number of events in the north-
ern hemisphere by the sum of flares that occurred in the northern and
southern hemisphere. These results, shown as solid circles in Figure 1,
are similar, but not identical, to the results of Roy (1977) for the
period 1955-1974.

We then assigned errors to these data points in order to account
for the "no known location flares". These errors, shown by the error
bars in Figure 1, were calculated In the following way. If we assume
that all the unknown location flares were in the northern hemisphere,
then we determined the absolute top limit of flares in the northern
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hemisphere by summing the known northern hemisphere flares with the
unknown location flares and dividing this sum by the total of all
flares on the sun for each year (i.e. northern, southern and unknown
location flares). The absolute bottom limit was determined by assuming
that all the unknown location flares were in the southern hemisphere.
Thus the total of the northern hemisphere flares was divided by the
total of all flares on the sun. Although it is unlikely that all the

*? unassigned flare locations would be totally on one or the other hemi-
sphere, this method does determine absolute limits of the maximum pos-
sible error. (Note that the location is known for all major flares
that occurred in 1965; thus no error bars are shown.)
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Figure 1. The percentage of "major" flares, as defined by the
. comprehensive flare index, that occurred in the northern hemisphere

of the sun from 1955 through 1980. See text for explanation of the
error shown.
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Since there is a large difference between the number of flares
that occur throughout the solar cycle Figure 2 shows the total number
of events that occurred each year of this study. The shaded section
of each bar represents the number of flares for which we have a known
solar location; the open section of each bar indicates the number of
flares for which no location was identified.
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5. Discussion and Summary

As mentioned previously these results for 1955-1974 are similar,
but not identical to those of Roy (1977). The differences are in the
manner in which the simultaneous events and the unknown location events
are considered. The results illustrated in Figure 1 show that more
"major" flares occurred on the northern hemisphere of the sun than the
southern hemisphere for the period 1959-1970. The extent of the
asymmetry can be determined by summing all the flares for the period
1959-1970. For this 12-year period 77% of the flares occurred in the
northern hemisphere; the maximum range of uncertainity is 69-79%.
The results for the years 1955 through 1958 and 1971 through 1980 are
mixed with no clearly defined preference for solar hemisphere.
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