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Increase of Horizontal Force caused before
Commencement of Geomagnetic Storm

Kazuo YANAGIHARA

Abstract

Dst of gradually commenced storm is studied using Sugiura’s equatorial Dst
during 1961-63. When the time of sharp decrease in horizontal force is taken as
a reference point of storm time instead of the beginning vaguely determined, Ds¢
of gradually commenced storm is clear. A gradual increase of horizontal force is
found for one day or more before the reference point which is clearly the starting
time of main phase. Many examples of SC-storm show also the same gradual
increase before ssc. The gradual increase in the initial period may be a substantial
character of storm phenomena, except severe isolated storms, without regard to
occurrence of ssc.

A geomagnetic storm begins usually with a “storm sudden commencement” ssc,
and its time is taken as the starting point of the storm time. Disturbance variations
of the storm are considered generally according to the storm time. However, when
any sudden impulse is not identified just before a severe disturbance on magnetogram,
the disturbance may be called “gradually commenced storm”. This bears a serious
difficulty in determining of starting point of the storm. At an observing station an
increase of activity, such as K-index, may be a tentative base to determine it, though
the change of activity is not necessarily parallel to Dsr. Initial stage of Dst becomes
inevitably vague in this case. On the other hand it may be difficult to identify a critical
phase of Dst in a gradually commenced storm at a station because Ds-parts or irregular
disturbances may occur simultaneously. '

Sugiura‘®? has reported hourly values of equatorial Dst free from Ds. Using his
Dst, a common character of sharp decrease in horizontal force is found for nearly all
gradually commenced storms. It is clearly the beginning of the main phase.

The sharp decrease is so clear for each storm that its time can be determined
within an error of one hour or so. The time of this sharp decrease is taken here as
the zero hour of storm time instead of the beginning determined vaguely by an observer.
This does not mean that the storm begins at the time, but means that the time is only
a common reference point of storm time.

During three years from 1961 to 1963, fifteen gradually commenced storms are
selected. The beginning time of storm determined by the observer at Kakioka'® and
the zero hour of storm time defined here are shown in Table 1. Sugiura’s hourly
values of Dst of these gradually commenced storms are superposed according to the
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Table 1. Gradually commenced stbrm.

5 Beginning of storm time Storm range
ate . \ in
ye];?'ti% éﬂm sharpindi;:rease Kakioka
d h d h T
1961 May 5 14.0 5 20 151
July 4 02.0 4 21 102
Sept. 23 23.2 24 14 113
Dec. | 03.2 1 7 174
1962  Feb. 11 — 11 18 —
Feb. 15 16.0 16 8 150
Apr. 6 03.0 6 4 104
May 5 19.0 6 9 117
May 3I 04.0 31 5 111
July 31 15.3 31 19 108
Sept. 11 19.5 12 5 131
Dec. 17 02.5 17 15 107
1963 Jan. 29 11.3 29 20 131
June 6 16.0 6 19 117
Oct. 23 19.0 23 23 206
’
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"Fig. 1 Mean Dst of 15 gradually commenced storms during 1961-63
calculated from Sugiura’s hourly values of equatorial Dst. The
zero hour of the storm time is the time of sharp decrease.
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Fig. 2 Dst of Sc-storm (after Sugiura). The zero hour of the storm
time is the time of sharp decrease.
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storm time defined here for six days from —72 to +72 hours. The mean Dst¢ of
gradually commenced storm thus obtained are shown in Fig. 1.

In the region of positive storm time in Fig. 1 the main phase and the last phase
.of gradually commenced storm are clear, being just the same as those of Sc-storm.
Before the zero hour, the horizontal force increases gradually. The period of increase
is one day or -more. This is apparently equal to the initial phase of mean Sc-storm
-except that the period is rather long and the increase is gradual.

Looking carefully at Sugiura’s Dst, similar gradual increases of horizontal force
«caused before ssc are often found for Sc-storms, especially for isolated moderate Sc-
storms. Four examples are shown in Fig. 2. The zero hour of storm time is again
the time of sharp decrease (Table 2). Occurrence of ssc is indicated by an arrow in

Table 2. Sc-storm.

Beginning of storm time Amplitude Storm range
Date ssc sharpindigrease K%ii?lia Kg}(ilc;ika
d h m d h T r
1961  Feb. 13 02 53 13 09 4 121
Aug. 29 17 09 29 18 9 112
1962 Dec. 4 03 34 4 06 26 105
1963 Feb. 9 22 31 9 23 8 108

[ the figure. Dst of the Sc-storm resembles the mean of gradually commenced storm
in Fig. 1. The horizontal force begins to increase before ssc. The ssc occurs rather
near the maximum. As far as the examples concern, no difference is found in Dst
between Sc-storms and gradually commenced storms. Importance of ssc is small in
the meaning of an epoch-maker.

According to the recent view geomagnetic storm phenomena must be caused by
the active solar wind and a ssc or ssc-like event is due to a discontinuity in the solar
wind. It may not be necessary that growing of solar wind begins with a discontinuity,
at least with a measurable discontinuity. Before a clear storm phenomenon starts, the
solar wind may increase its pressure on the earth magnetosphere. This is the case for
the one day increase of horizontal force described above. The ssc in the examples
is small (Table 2) and is merely a step in the course of increasing. It will be of value
to note that it takes about one day to start the sharp decrease of horizontal force
which is clearly formation of equatorial ring current.

Another case that an increase of the solar wind begins with a discontinuity also
can occur. Rather it will be the typical case of storms hitherto referred. In this case
the said gradual increase of horizontal force is not found in the initial stage. Severe
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-or moderate severe storms usually show this character. It is particularly clear in isolated
severe storms.

Severe geomagnetic disturbance occurs often as a group of storms. The solar
wind must be intense during this active period. The gradual increase of horizontal
force is often identified at the beginning of the active period. It may be a substantial
character in the early stage of one active period, except those of severe isolated storms.
A ssc may occur in the gradually increasing period or may not. The number of ssc
.can be more than one if it occurs. In case of many ssc’s increase becomes stair-like.
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