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Properties of slow magnetic clouds
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Abstract

Slow (VSW¡ 400 km s−1) magnetic clouds have been analyzed to determine their characteristics and geoe�ectiveness. It
is found that slow clouds have mean magnetic �eld strengths of ∼ 13 nT, peak BS ∼ 9 nT, and dawn–dusk electric �elds
of ESW ∼ 2:5 mV m−1. The clouds are small in spatial size, typically ∼ 0:18 AU. The slowest events may have been
accelerated to their speeds by interaction with the slow solar wind. Slow clouds are surprisingly geoe�ective. Five out of 27
events caused major (DST6 − 100 nT) magnetic storms. Likewise, these geoe�ective clouds may have been decelerated to
VSW¡ 400 km s−1. The issue of interplanetary acceleration/deceleration will be examined with SOHO coronal mass ejection
data in the near future.
c© 2003 Published by Elsevier Ltd.
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1. Introduction

A considerable amount of attention has been directed to-
wards fast interplanetary coronal mass ejections (ICMEs),
because the southward magnetic �elds (BS) possibly con-
tained within the ICMEs proper (magnetic clouds) and their
upstream sheaths, can both cause major (DST6− 100 nT)
magnetic storms (Gonzalez and Tsurutani, 1987; Gonzalez
et al., 1994; Tsurutani and Gonzalez, 1997; Tsurutani et al.,
1992, 2003; Farrugia et al., 1997; Tsurutani, 2001). If south-
wardly directed BZ �elds are present within both the sheaths
and the following magnetic cloud events, “double storms”
result, with nonlinearly large storm (DST values) intensities
(Kamide et al., 1998).
Recently, Gonzalez et al. (1998) have demonstrated that

there is a linear relationship between magnetic cloud mag-
netic �eld strength and cloud velocity at 1 AU. The stronger
the �eld strength, the higher the velocity and vice versa.
Although a speci�c mechanism has not been proposed to
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explain this empirical feature, it is surmised that something
similar to “melon-seed acceleration” is occurring near the
sun. The higher the internal (magnetic) pressure of the mag-
netic cloud, the higher the external forces on the cloud, and
thus the greater the acceleration.
It is the purpose of this paper to identify the properties of

slow magnetic clouds and to determine their geoe�ective-
ness at Earth. This has not been done before. It is surmised
that because of their slow velocities, most will not have up-
stream shocks. However, if they do have upstream shocks,
they should be weak and the sheath plasma and �elds should
therefore be only weakly compressed and not particularly
geoe�ective. Another question that will be answered is “does
the magnetic cloud velocity–magnetic �eld magnitude rela-
tionship still exists at very low speeds or not?”

1.1. Event selection

Magnetic cloud events with velocities less than
400 km s−1 were selected. All events have been previously
identi�ed in the literature. We refer the readers to Lepping
et al. (1990), Bothmer and Rust (1997), Bothmer and
Schwenn (1998), and Gonzalez et al. (1998) for further
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discussion of the events. The velocities at the center of the
clouds were used in this study. The latter positions were
used to avoid regions where compressional e�ects due to
magnetic cloud–solar wind interactions may be present.

2. Results

Fig. 1 is an example of an interplanetary magnetic cloud
event on October 10–11, 1997 that was preceded by an in-
terplanetary shock and sheath. The shock is indicated by
a vertical dashed line at ∼ 1630 UT. The cloud proper
(∼ 2200 UT January 10 to ∼ 2100 UT January 11) is indi-
cated in the second panel by a horizontal bar and is identi�ed
by the low beta characteristics (third from the bottom panel)
and smooth magnetic �elds (second panel) (Tsurutani and
Gonzalez, 1995). This plasma and �eld data were obtained
by the WIND instrumentation (Lepping et al., 1995; Ogilvie
et al., 1995, respectively). The interplanetary southward
BZ component leads to a storm main phase that extends
from∼ 1800 UT, 10 January 1997 to 0400 UT, 11 January.
The storm main phase can be noted in the DST (bottom)
panel.
The southward component of the interplanetary sheath BZ

�elds (between the shock and the cloud) leads to intense
substorm activity (AE ∼ 1300 nT) prior to the arrival of the
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Fig. 1. The January 10–11, 1997 magnetic cloud and related mag-
netic storm. The magnetic �eld is given in GSM coordinates.

cloud. The storm main phase is caused by these �elds. The
southward sheath BZ �elds are present between ∼ 1700 and
∼ 1840 UT with the peak AE at approximately the same
time. Later, the cloud BS leads to further storm intensi�ca-
tion and drives the ring current to reach the peak DST values
of 6 − 135 nT. The DST index has a small “in�ection” at
∼ 2000 UT. The DST index starts to recover and then de-
creases again. This is a “double storm” event, with the �rst
portion of the storm due to sheath BS �elds, and the second,
more intense portion by the magnetic cloud BS �elds.
Although the velocity just behind the shock was

∼ 450 km s−1, by the middle of the magnetic cloud, the
speed had decreased to 395 km s−1. This event was there-
fore accepted for this study.
Table 1 shows the cloud properties for all 27 events and

the resultant peak geomagnetic activity. The values from
this table will be discussed graphically (later). The columns
from left-to-right are: the event date, duration, the interplan-
etary electric �eld (VSW max × BS max), the magnetic �eld
magnitude at the center of the cloud, the southward mag-
netic �eld at the center of the cloud, the speed at the center
of the cloud, the presence (Y) or lack of presence (N) of
an interplanetary shock preceding the cloud, the size of the
cloud along the GSM −X direction and the maximum DST
of the storm.
Fig. 2 shows the magnetic cloud �eld magnitudes as a

function of solar wind speeds. There is no apparent rela-
tionship. The R value (correlation) is 0.08. The curve �t to
the data is given at the top of the �gure. The magnetic �eld
(|B|max) dependence on solar wind speed is only 0.01, or
essentially no correlation.
The speed distribution was also examined (but not dis-

played to save space). The solar wind speed was more or
less uniformly distributed. There was one exception, how-
ever. The greatest number of events (6 out of 27) had speeds
in the narrow range of 320–330 km s−1 (the lowest speed
range). It is possible that this peak is due to the acceleration
of very slow events (those originally¡ 300 km s−1) up to
the (slow) solar wind speed. Gopalswamy et al. (2000) in-
tercompared similar solar events using SOHO near-solar ob-
servations and compared them to their ∼ 1 AU speed mea-
surements. They noted an acceleration of the slowest events
up to speeds of ∼ 300 km s−1.
Fig. 3 shows the distributions of the magnetic �eld

strengths at the center of the clouds (panel a) and the peak
BS within the clouds (panel b). Although both values are
on average relatively small, it should be noted that there are
a few events with very large �elds. It is these later events
that cause major (DST6− 100 nT) storm events (see also
Table 1).
The cloud sizes range from ∼ 0:075 to ¿ 0:4 AU with

a peak occurrence at ∼ 0:175 AU (Table 1). These scale
sizes are small compared to the “¿ 1 day” (¿ 0:25 AU
for VSW = 400 km s−1) that was set as a minimum size
requirement for the identi�cation of clouds in the original
Klein and Burlaga (1990) paper.
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Table 1
The properties of the slow magnetic clouds used in this study

Date � Esw Bmax Bs max Vmax IS Size Dst min
(h) (mV m−1) (nT) (nT) (km s−1) (AU) (nT)

2/27–28/1968 2.9 2.5 10 9 320 N 0.12 −37
1/15–16/1970 2.9 2.5 8.6 7.6 380 N 0.36 −50
6/23/1971 2.8 2 11 8.5 348 N 0.18 −16
11/17/1975 3.6 2.75 16 11 360 N 0.15 −90
1/10–11/1976 7.2 5:5+ 20 20 400 N 0.15 −156
1/16/1978 2.6 4 9 8 325 N 0.35 −50
10/30/1978 3.6 9 13 11 360 — 0.21 −90
9/18/1979 5.6 5 18 15 370 N 0.31 −150
12/31/79–1/1/80 2.4 4 8.5 6 400 N 0.17 −44
2/16/1980 5.3 4 15 14 380 — 0.27 −133
3/19–22/1980 2.6 14 16 10 320 Y 0.49 −50
5/7–8/1992 3.6 9 13 9 400 N 0.27 −60
7/20–21/1992 2.6 1.5 13 8 320 N 0:10+ −13
8/22/1995 2.9 2 11.5 9 365 Y 0.27 −60
5/17/1996 2.0 4 6.5 6 395 N 0.09 −26
5/27/1996 3.1 4 9 8 390 N 0.15 −30
7/1/1996 2.8 1 13.5 6 355 N 0.14 −20
8/7/1996 1.5 4.5 8 4.5 342 N 0.16 −22
12/24/1996 2.3 2.5 12.5 7 325 N 0.15 −31
4/21/1997 3.9 3 15 10 390 N 0.18 −107
6/8–9/1997 3.8 2.5 13 10 380 N 0.16 −85
7/15/1997 3.9 4.5 13 12 350 N 0.10 −45
9/18/1997 2.4 2 13 9 343 N 0.19 −55
10/10/1997 4.0 6 12.5 10 395 Y 0.32 −130
2/4/1998 2.3 3 15 7.5 335 N 0.21 −34
3/4/1998 1.8 1 10 7 365 Y 0.26 −35
8/20/1998 3.2 4 16 10 323 N 0.28 −65
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Fig. 2. The relationship between |B| at the center of the cloud and
solar wind velocity, both taken at 1 AU.

If one compares the (10) events that occurred during so-
lar maximum (de�ned as events occurring within the years
1968±2, 1979±2, and 1989±2), and compares those to the

(16) events that occurred during solar minimum (1974± 2,
1984 ± 2, and 1996 ± 2), it is noted that the solar maxi-
mum events are slightly larger. The latter are of an average
∼ 0:27 AU size, compared to ∼ 0:19 AU for the solar min-
imum events.
Fig. 4 shows the dawn–dusk electric �elds and the peak

DST values for the storm events. There is a more-or-less
linear relationship between the electric �elds andDST values.
The R value is 0.87. The dependence is ESW � 0:03DST.

3. Conclusions

We have analyzed all slow magnetic clouds published to
date. It is found that, in general, they are small in size, have
low magnetic �eld strengths, and typically cause moderate
(DST ∼ − 25 to −75 nT) magnetic storm activity. Only 5
of the 27 events were led by interplanetary shocks/sheaths.
With the exception of the October 10, 1997 event, the shocks
were generally weak and the sheaths not particularly geo-
e�ective, as expected. Five of the 27 events caused major
(DST6− 100 nT) magnetic storms and were thus strongly
geoe�ective. The cause of their geoe�ectiveness was in part
due to strong dawn–dusk electric �elds (ESW¿ 5 mV m−1)
within the clouds, or long durations of the electric �elds
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Fig. 3. In panel (a), the distribution of magnetic �eld magnitude values of slow clouds. Panel (b) gives the distribution of peak BS values.
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Fig. 4. The relationship between the interplanetary electric �eld
and the maximum DST of the storm.

(¿ 5 h), or both. The reason for these events having both
strong �elds and low velocities is not clear at this time.
The possibility of unusually rapid deacceleration in the
solar wind during this transit from the sun to 1 AU will be
investigated using SOHO coronal mass ejection data in the
near future.
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