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ARE THE SUBSTORM ONSETS TRIGGERED OR SPONTANEOQUS?
Yu.P. Maltsev (Polar Geophysical Institute, Apatity, Russia)

Abstract. The average behavior of the solar wind parameters in the course of substorms was analyzed with the use of
the superimposed epoch method. The onset was assumed to be a zero time. The solar wind data with five-minute
resolution were used. It is shown that the onset is not accompanied by any sufficiently sharp changes in the IMF B,,
IMF modulus, and solar wind dynamic pressure. An average substorm occurs under negative B,, the average integral of

B, over the time from the moment of the southward turning of B, up to the substorm onset being ~140 nTxminutes. This
proves in favor of spontaneous nature of onsets.

Introduction

Substorm onset marks the transition from a comparatively quiet growth stage to the explosive stage. Whether this
transition is spontaneous, i.c. initiated by some magnetospheric processes, or it is caused by sharp changes in the solar
wind, is a subject of many controversies. :

The supporters of the spontaneous origin of the onsets point out distinct changes in the magnetosphere that are
associated with accumulation of energy and can lead to an explosive energy release. In particular, the tailward
stretching of the magnetic field lines at the growth stage is accompanied by thinning of the current sheet in the
magnetotail. If the factors leading to the thinning act permanently the cross-tail current eventually disrupts. The field
line collapse will give rise to dipolarization and to release of the accumulated energy.

The supporters of the triggered origin of the onsets try to find sharp changes in the solar wind occurring simultaneously
with the substorm onsets. Usually one looks for jumps in the two parameters: the north-south IMF component and solar
wind dynamic pressure. Many onsets occur without any jump. Such substorms are generally known as spontaneous.
Some onsets happen almost simultaneously either with jumps of the IMF northward [Caan et al., 1977] or with leaps in
the dynamic pressure [Kawasaki et al., 1971; Burch, 1972; Kokubun et al., 1977)]. Such substorms are called triggered.

The question is whether these changes really serve as a detonator for explosion or they just occasionally coincide with it
in time. After all, many sharp changes in the solar wind do not lead to any substorm onset. The answer can be obtained
from statistics, in particular, by superimposed epoch analysis with assuming the onset to be a zero time. Foster ef al.
[1971] did not find statistically any distinct changes in the solar wind related to substorm onsets. Caan ef al. [1975]
having superimposed 20 onsets (the IMF data being available for 15 events) obtained the northward IMF turning at the
very instance of the substorm explosion onset. The same authors after using more representative statistics denied this
result. After processing 1800 onsets, Caan et al. [1978] showed that the averaged IMF displayed no sharp changes.
Sergeev et al. [1986], having obtained the similar result by superimposing 80 substorms stressed that northward step-
like IMF variations occurred more often near the onset.

In spite of the absence of statistical relation of the onsets to any distinct changes in the solar wind, the idea of triggered
onsets is still rather popular. For instance, Lyons [1995] suggested a substorm mechanism in which the onset is
triggered by a deceleration of magnetospheric convection caused by a northward IMF turning.

The aim of this paper is to look once more for any relation of the substorm onset to changes in the z-component,
modulus of the IMF, and solar wind dynamic pressure as well as to discuss the role of the northward and southward
step-like IMF variations.

Results

In Table 1 are shown the moments of 49 substorm onsets chosen from Proceedings of ICS1 and ICS3. The solar wind
data obtained by the IMP-8 satellite with 5-minute resolution were used. The data are recorded at a CD-ROM prepared
by the Institute of Geophysics and Planetary Physics, UCLA.

Figure 1 shows averaged behavior of some solar wind parameters obtained by the superimposed epoch method for the
49 substorms. The zero time corresponds to the substorm onset. The behavior of B8,IMF is shown on the top panel by the
solid line. The IMF data are available for 61% of time, which corresponds to about 30 “complete” substorms. The
dashed line shows the results of Caan et al. [1978]. The both curves do not expose any distinct changes in B,IMF at ¢ =
0.
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Table 1. Moments of onsets used (year, month, day of month, day of year, hour, minute)

76 03 03 063 20 00
78 04 03 093 23 58
7901150151927
7901190192343
7901220222230
790126 026 19 35
79 01 30 030 20 35
79 03 04 063 00 11
79 03 04 063 22 36
7903220811124
79032208114 36
7904240831112

79 08 22 234 08 40
7911 13317 06 46
8002 16 047 06 55
8110202931651
811020293 18 56
8110202932035
81110831208 00
8112023362134
8504 10 100 22 00
8504111010120
8504 1110103 45
85050212209 00

8505021221023
86 01 02 002 03 27
86 01 08 008 00 17
86 03 25 084 20 00
86 03 25 084 22 00
86 03 25 084 23 00
86 03 26 085 01 20
8604 01 091 18 51
86 04 09 099 17 40
86 0503 123 01 11
86 0503 123 09 36
860508 12812 15

86072720812 16
86 07 2921007 29
8608032152015
8608 2824011 53
8609192621633
861019292 1132
880114014 15 40
88061316502 11
86 08 31 244 20 27
9101 24 024 00 25
9103 04 063 19 38
9106111621705

7907 06 187 19 25

The averaged dynamic pressure of the solar wind is presented on
the middle panel. One can see no significant changes at z = 0
either. However, the pressure data are very scarce, ~14%, which
corresponds to 7 “complete” substorms. But in this case the IMF
modulus |B| must change at the pressure jump. To check it up
|B] was also averaged over 30 “complete” substorms (the
bottom panel). One can see that there are no visible changes in
|B| that proves the absence of pressure leaps at ¢ = 0.

Figure 1 shows that both the dynamic pressure and IMF modulus
are enhanced during substorms. The pressure is ~4 nPa for four
hours prior the onset and ~3 nPa for four hours after the onset
(the pressure of the quiet solar wind being of about 2 nPa), |B| ~
12 nT instead of ~5 nT for quiet wind.

The distribution of the onsets under various B, IMF is shown in
Figure 2. The B, component for each event was averaged within
the 2-hour time interval, one hour before the onset and one hour
after it. The spread is rather large, nearly +5 nT. About a quarter
of substorms occur under northward IMF.

Discussion

Figure 1 proves in favor of the spontaneous nature of onsets. As
it is commonly supposed the southward IMF component leads to
accumulation of energy in the magnetosphere. After exceeding
some threshold, this energy begins releasing explosively. The
threshold southward flux may be estimated as follows

0

F=- [B,dt

TO
where ¢ = 1, corresponds to the southward turning of the IMF, ¢ =
0 corresponds to the onset of the substorm explosive stage. The
solid line in Figure 1 yields 1, ~ -70 minutes and F ~ 140
nTxminutes. Caan et al. [1978] assumed 71, ~ -4 hours and
obtained F = 74 nTxminutes for weak substorms (with the mid-
latitude intensity H = 10-11 nT), F = 244 nTxminutes for
moderate substorms (H = 12-15 nT), and F = 298 nTxminutes for
strong substorms (H > 16 nT). Dmitrieva and Sergeev [1985]
obtained F = 255 nTxminutes for isolated substorms.
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Figure 1. Averaged behavior of the B,IMF (the
top panel), solar wind dynamic pressure (the
middle panel), and IMF modulus (the bottom
panel) for 49 substorms. The dashed line at the
top panel shows the results of Caan et al.
[1978].
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Distribution of Bz near the onset
(averaging within plus-minus one hour)
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Figure 2. The histogram showing the distribution
of the onsets under various B,.

The same order of F can be obtained from the paper
by Sergeev et al. [1986] where along with the
superimposed epoch analysis a supplementary study
of IMF step-like variations was performed. Some
results of that paper are reproduced in Figure 3.

Sergeev et al. [1986] argue that there are the following
three reasons in favor of triggered nature of the onsets:

1)
2)

3)

the onsets occur in average on the recovery of
the IMF southward component (Figure 3a);

the positive IMF step-like variations dominate
near the substorm onsets (Figure 3c);

the time delay between the changes in the polar
cap convection and substorm onsets correlates
with the solar wind discontinuity orientation
(Figure 3d).

Nevertheless all the three reasons are not sufficiently
convincing:

1)

2)

3)

Even if substorm onset does not relate to the
solar wind it must occur on either growth or
recovery stage of the southward IMF. The fact
the onsets happen on the recovery stage can be
just an occasion result.

It is quite natural that the positive IMF step-like
variations are concentrated on the recovery stage
of the southward IMF. At the stage of B,
descending (30-60 minutes before the onset) one
can see the dominance of the negative step-like
variations (Figure 3b).

The correlation of the time delay #p; - tpc with an,
shown in Figure 3d can be caused by the n,
correlation with #p- but not with #p;.

Conclusions
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Figure 3. Results of the paper by Sergeev et al. [1986].

a). The averaged B,IMF for 29 isolated AE events with a
clear impulsive spike of AL index within 15 min from the
zero time. b). The histogram showing the distribution of the
cases of negative step-like variations of B,IMF for 80
substorm events. ¢). The same as in Figure 2b but for
positive step-like variations. d). The time delays between
the changes of the polar cap convection and substorm onsets
for 27 events; tp; is the moment of the onset determined as a
train of Pi2 pulsation; #p¢ is the moment of the weakening of
the convection; n, is the projection of the normal to the x-
axis of the solar wind discontinuity.

Averaged behavior of the solar wind parameters does not expose any sharp changes of Bz, IMF modulus, and dynamic
pressure at the onset of the substorm explosive stage. This proves in favor of spontaneous nature of onsets owing to
some internal magnetospheric processes. The energy for the substorms is loaded due to the IMF southward flux.
Dominance of positive step-like variations near onset may be connected with the recovery of the southward IMF and
does not prove that some onsets are triggered.
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