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[1] This statistical study examines the change in interplanetary magnetic cloud (MC)
type, based on Wind observations of 100 MCs, taken during solar cycle 23 and split into
three intervals: the minimum and rising phase of the cycle (over the years 1995–1998), the
maximum phase (1999–2001), and the declining phase (2002 to early 2006). MC type
refers to the profile of the latitude (or BZ, in geocentric solar ecliptic (GSE) coordinates) of
the magnetic field within the MC, such as N-to-S (i.e., north-to-south from start to end),
S-to-N, all S, almost all S, and so forth, with 10 categories in all. One of the main
findings is that the strictly S-to-N events were very prevalent early in the cycle (i.e., 33%
for the first phase) and tended to decrease in number as the cycle proceeded and that
the strictly N-to-S cases had very low frequency of occurrence early in the cycle (i.e., 8%
for the first phase) but tended to increase in number (22%) toward the end of the cycle,
equal to the number of S-to-N events in that phase. When all S-to-N and N-to-S types for
the full cycle are considered, the former clearly dominated over the latter by 1.4-to-1.

Citation: Lepping, R. P., and C.-C. Wu (2007), On the variation of interplanetary magnetic cloud type through solar cycle 23: Wind

events, J. Geophys. Res., 112, A10103, doi:10.1029/2006JA012140.

1. Introduction

[2] We examine the variation of the occurrences of
interplanetary magnetic cloud (MC) type with respect to
solar cycle phase for the years 1995 through the early part
of 2006 using Wind magnetic field data. Interplanetary MCs
were first identified by Burlaga and coworkers [e.g., see
Burlaga, 1995, and references therein]. A MC is defined as
a region in the solar wind having: (1) enhanced magnetic
field strength, (2) a smooth change in field direction as
observed by a spacecraft passing through the MC, and
(3) low proton temperature (and low proton plasma beta)
compared to the ambient proton temperature (e.g., Burlaga
et al. [1981], Klein and Burlaga [1982], Burlaga [1988,
1995], Farrugia et al. [1997] (on flux rope evolution),
Lepping and Berdichevsky [2000], and Lepping et al.
[2006]). Magnetic clouds are also understood to be large
structures, at large distances from the Sun, so that their
durations are long, i.e., between about 7 and 48 hours at
1 AU, averaging about 21 hours in duration for the better
examples [e.g., Lepping et al., 2006]; this feature is to be
part of our definition of an interplanetary MC in contrast to
the earlier one by Burlaga and coworkers. (Also see
Bothmer and Schwenn [1998], who discuss MCs at other
distances than 1 AU, e.g., at Helios 1 and the Voyagers, and
they stress MC expansion and its role in a definition of a
MC.) It has been shown that a disappearing filament/

eruptive prominence is probably the strongest candidate
for the source of a MC [e.g., Wilson and Hildner, 1986;
Marubashi, 1986; Bothmer and Schwenn, 1994]. MC type
refers to the profile of the latitude (q, in geocentric solar
ecliptic (GSE) coordinates) of the magnetic field (or equiv-
alently BZ) within the MC, such as N-to-S (north-to-south
from start to end), S-to-N, all S, all N, almost all S, almost
all N, etc.; see Table 3 and Figure 12 of Lepping et al.
[2006]. Also see Bothmer and Schwenn [1998] andHuttunen
et al. [2005] concerning MC type classification; however,
they use a slightly different notation scheme. Figure 1
shows sketches of four examples of MCs as flux ropes,
stressing their different attitudes, and the kind of q signature
expected for each one, or equivalently, the kind of BZ

component signature expected, where Z is normal to the
ecliptic plane and where q = sin�1(BZ/jBj), jBj being the
magnetic field magnitude. Note that for each type we can
have two possible handedness (H) ‘‘states’’ (for right-
handed or left-handed). As we see, in the top sketch of
the figure, BZ is almost all northward, and in the bottom
sketch it is almost all southward. The other two cases show
a southward BZ early in the MC (on the left) and late in the
MC (on the right). The specific profile of BZ usually
depends on several factors, but the attitude of the flux rope
is one of the main ones, as indicated in Figure 1. For the
11.3 year interval of interest (specifically from early 1995 to
mid-April 2006) 100 MCs were identified and their mod-
eled properties described on the NASA Goddard Space
Flight Center Wind/MFI Web site http://lepmfi.gsfc.nasa.
gov/mfi/mag_cloud_S1.html.
[3] These 100 MCs are the basis for this study. This

overall interval was split into three phases according to a
scheme defined by Figure 4 of Gopalswamy et al. [2007]:
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1995–1998 (minimum and rising phase, 40 cases), 1999–
2001 (maximum phase, 28 cases), and 2002 to early 2006
(declining phase, 32 cases). The issue of MC type, and
therefore the prevalence of the southward or northward
polarity of IMF BZ within a MC and in what portion of
the MC it occurs, is obviously important with regard to: (1) a
MC’s ability, or not, to trigger a geomagnetic storm,
generally assumed to be via magnetic reconnection [e.g.,
Fairfield and Cahill, 1966; Burton et al., 1975; Wu and
Lepping, 2002, 2005, 2007; Wu et al., 2003, 2006; Bothmer,
2004; Bothmer and Zhukov, 2007; Gonzalez, 1994], (2) the
kind of storm, (3) the specific phasing between the start of
the MC and the storm, and (4) any attempt to make solar
source correlations. Lepping et al. [2005] have stressed the
usefulness of the N-to-S type of MCs in their ability to
facilitate forecasting of minimum Dst, usually many hours
(�6 hours) in advance, for those types of MCs of typical
duration (around 21 hours; see Lepping et al. [2006]),
especially when the observing spacecraft are at L1. This
is because of the possibility, through the use of MC
parameter model fitting, of predicting the time of minimum
BZ (and its specific value) from real time observations of
only the earliest 2/3 of a MC, provided the fitting model is

robust enough. This consideration was, in fact, one of the
motivations behind this study of MC ‘‘type.’’
[4] Huttunen et al. [2005] studied the geoeffectiveness of

MCs for part of solar cycle 23 (years 1997 to 2003) and
reviewed some statistics on MC occurrence rate and other
properties, such as the solar cycle distributions of MC
handedness and ‘‘unipolar’’ events, meaning those that
had inclination angles with respect to the ecliptic plane of
greater than 45�. (We do not consider all cases greater than
45� to be in the category of unipolar; we believe that only
the most severe (e.g., 70�–90�) of these can be called truly
unipolar.) Mulligan et al. [1998] also studied solar cycle
evolution of the structure of magnetic clouds in the inner
heliosphere using Pioneer-Venus Orbiter data in terms of
eight categories, four of low inclination and four of high
inclination. Their period of interest covered an earlier
interval, that from 1979 to 1988. Here we concentrate only
on the interplanetary statistics of MC type and variation of
type during solar cycle 23, to stress the great variety of
magnetic field profiles that MCs present, as part of the
overall study of the relationship between MCs and geomag-
netic storms. Our study differs from the Huttunen et al.
[2005] and the Mulligan et al. [1998] studies in that we

Figure 1. The profile of the q (or IMF BZ) within a MC can be understood in terms of the orientation of
the interplanetary magnetic cloud (MC) as a flux rope. Here are sketches of four examples of different
flux rope orientations and their associated q (or IMF BZ) profiles in GSE coordinates. The end-points of
the boxes represent the boundaries of the MCs, and the shaded regions are where the BZ components are
southward. The ropes on the right and left have axes nearly parallel to the (-) Y (GSE) axis.
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cover a longer/different period (respectively) and distribute
MC type over 10 possible categories, including ‘‘extreme
types’’ that are highly inclined (70�–90�), some of which
(i.e., those called ‘‘all S’’ or ‘‘almost all S’’) are expected to
be optimum for geomagnetic storm triggering. In fact, we
cover slightly more than a full solar cycle (i.e., cycle no. 23,
including 1995 through early 2006), which recently collected
data has allowed. The Huttunen et al. [2005] study of ACE
and Wind MC types covered �2/3 of solar cycle 23.
[5] Besides the obvious issue of geoeffectiveness in

studying the distribution of MC type, and the change of
type over a solar cycle, another important issue of concern
is to see if the expected changes of solar field [e.g., Bothmer
and Rust, 1997] are mirrored by related changes in the
interplanetary medium, through ICMEs/MCs, especially in
the BZ component. We concentrate here on types of MCs,
which are easily identified, and not specifically ICMEs.
Further, using a large number of cases, as we have here, is
needed to make a strong case. We also stress that observa-
tions/measurements of magnetic fields are much easier
when made in situ, as in a MC than when inferred from
images of the Sun’s surface, for such solar-solar wind
associations.

2. Findings

[6] We direct the reader to Table 5 of the NASA Space
Flight Center Wind/MFI Web site http://lepmfi.gsfc.nasa.-
gov/mfi/mag_cloud_CA1.html, which provides the individ-
ual assessments of MC type from the ten possible choices
for the 100 MCs of interest; the definitions of these types
are again given for convenience below the histograms in
Figures 2a, 2b, and 2c. On the Web site the specific
assessments of H are also shown for each case. If we had
included H (for right-handed or left-handed) in the ‘‘state’’
of the MCs, the 10 choices would become 20. However, we
will not include H in this study. The designation of type was
done through visual inspection. There was no formal MC
parameter modeling needed directly in these designations.
[7] Figure 2a shows a histogram of MC types, mainly for

the minimum and rising phase of the solar cycle, in color-
coded representation. Figure 2b shows the maximum phase,
and Figure 2c shows the declining phase, both with the
same color key as used in Figure 2a. In these figures the two
major contrasting types, S-to-N and N-to-S, are designated
by dark green and black, respectively. Those that were
predominately southward (i.e., S-to-N mostly S, all S,
almost all S, N-to-S mostly S) are shown on the ‘‘reddish

Figure 2. (a–c) Histograms of various Wind MC types in
color-coded form for three phases of solar cycle 23. (Both
kinds of field handedness (right and left) are combined in
these histograms.) There are 10 possible MC type profiles,
as defined below the figures with category numbers given to
each. At the top of each bar is the percentage of cases for
that bar with respect to the full number of MCs (denoted by
N at the top right) for that phase. Figure 2a is for the rising
phase (plus a short portion of the minimum phase, occurring
just before the rising phase), Figure 2b is for the maximum
phase, and Figure 2c is for the declining phase, 11.3 years in
all.

A10103 LEPPING AND WU: BRIEF REPORT

3 of 6

A10103



side’’ of the spectrum, being red, reddish purple, orange,
and yellow, respectively. Similarly, those that were predom-
inately northward (i.e., all N, almost all N, N-to-S mostly N,
and S-to-N mostly N) are shown on the ‘‘bluish side,’’ being
dark blue, light blue, light green, and purple, respectively.
Our two main concerns here are to show the absolute
distribution of MC type for each of the three phases of
the solar cycle and to discuss the change in type as time
progresses from one phase to another.
[8] In Figure 2a, S-to-N types (33%) were overwhelm-

ingly the most frequent summing to 51% of all cases if all
related categories are considered (categories 11, 12, and 15).
All N or almost all N (categories 4 and 3, respectively) were
next, summing to 23%. The N-to-S cases (categories 1, 2,
and 5) summed to only 16%, and all S or almost all S (14
and 13, respectively) sum to 13%. This is consistent with
the remarks by Bothmer and Rust [1997] that in solar cycle
23 S-to-N flux ropes are expected to be most prevalent and
that around the years 2006 or 2007 (i.e., at the beginning
of solar cycle 24) N-to-S types should become most
prevalent. If one traces from Figure 2a, through Figure 2b,
to Figure 2c, it is obvious that category 11 (S-to-N), in
absolute numbers (13, 10, and 7 MCs, respectively) is
decreasing over the three phases, and that category 1 (N-
to-S) in absolute numbers (3, 6, and 7 MCs, respectively) is
tending to increase. Likewise, if we include all types of
S-to-N (categories 11, 12, and 15) and all types of N-to-S
(categories 1, 2, and 5), we see the former (20, 10, and 9MCs)
is decreasing and the latter (6, 7, and 14 MCs) is increasing,
as we go through the three phases given in Figures 2a, 2b,
and 2c. To summarize, if we exclude the extreme cases
where the flux rope is very steeply inclined, we see that the
S-to-N type of events was very prevalent early in cycle 23
and clearly tended to decrease in number as the cycle
proceeded and that the N-to-S type of cases was almost

absent early in the cycle but tended to increase in number as it
proceeded. As we see (N, top right in Figures 2a, 2b, and 2c)
there were 40, 28, and 32 MCs in the phases in Figures 2a,
2b, and 2c, respectively.
[9] In Figure 3 we show a histogram of MC types where

now all N = 100 MCs occurring over the full cycle 23 are
considered. Again, as expected, S-to-N types clearly dom-
inate in this interval over N-to-S types, and in fact, if we
combine all S-to-N related categories (categories 11, 12, and
15), we get 39% of all cases, whereas by combining all N-
to-S related categories (categories 1, 2 an 5), we get 27% of
all cases, the rest being the ‘‘extreme’’ cases, discussed
below, giving 34% remaining (12% for S and 22% for N)
cases. Strictly for S-to-N types (cat. 11) and N-to-S types
(cat. 1), there were about twice as many of the former as the
latter.

3. Extreme Categories: All N, All S, Almost All N,
Almost All S

[10] We examine here a few categories that were under-
emphasized above, such as all N and almost all N (catego-
ries 4 and 3) and all S and almost all S (categories 14 and
13). We call these extreme, because they are somewhat
uncommon and geometrically possess an extreme axial
inclination with respect to the ecliptic plane. Also, generally
the MCs that are all S or almost all S will be most
geoeffective, although not in all cases, as discussed below.
To some extent, these four categories suffer from poor
statistics, but we can probably obtain an approximate
picture when the categories in the three phases are com-
pared for a given type(s), and we help by combining
categories 3 and 4 for N and categories 13 and 14 for S,
in our discussion. We again examine Figures 2a through 2c
and start with ‘‘N’’ extreme types. There are 9, 8, and 5 N-
extreme types for the three phases, in the order of Figures 2a,
2b, and 2c, showing a tendency to decrease. Also there are
5, 3, and 4 S-extreme types for the three phases, for the
same order, showing no obvious tendency. When the full
solar cycle is considered (Figure 3), we see that N-extreme
types occurred 22% of the time and S-extreme types
occurred 12% of the time. Hence for about 22% of the
MCs in this cycle it is likely that a geomagnetic storm will
occur only if a southern BZ in a sheath region upstream of
the MC is the cause, not the MC itself. Usually such storms
have been observed to be less intense than average storms
induced by MCs.

4. Summary and Discussion

[11] We see that the strictly S-to-N events were very
prevalent early in cycle 23 (i.e., 33% for the first phase)
and clearly tended to decrease in number as the cycle
proceeded. The strictly N-to-S cases had very low frequency
of occurrence early in the cycle (i.e., 8% for the first phase)
but tended to increase in number (22%) toward the end of
the cycle, equal to the number of S-to-N events in that
phase. In fact, when we combine all S-to-N types for the full
11.3-year interval, they clearly dominate over all N-to-S
types for the full interval by 1.4-to-1. These trends are in
qualitative agreement with the findings of Mulligan et al.
[1998] for the earlier period 1979 to 1988, where they show

Figure 3. Similar to those histograms of Figure 2, except
now we combine all N = 100 MCs occurring over the full
‘‘cycle’’ of 11.3 years, i.e., early 1995 to mid-April 2006.
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yearly changes of S-to-N and N-to-S types over that period.
The extreme cases, when split into the S-types and N-types
separately, were not very frequent during any of the three
phases of the cycle. For example, in considering the full
11.3 years of the solar cycle, there were 12% and 22%, for
extreme S-types and N-types, respectively. However, 12%
of all S or ‘‘almost all S’’ is expected to be very geo-
effective, all other factors being equal (these factors being
strength of hBi across the MC, its duration, and its speed),
because of the usually strong, long-lasting, value of jBZj for
such cases. (This is especially true because the axial fields,
which are mainly the BZ (GSE) components for the extreme
types, are generally stronger than the tangential fields in
ideal MCs/flux ropes, although commonly occurring front-
side compression can alter this in actuality.) In fact, only a
small percentage of all ‘‘extreme’’ cases are not expected to
be geoeffective. These will be most of the all Ns and
‘‘almost all Ns,’’ but both types of even these MCs may
have southward fields in their upstream sheath regions,
behind an upstream shock, which is expected to occur about
half of the time for MCs generally [e.g., see Lepping et al.,
2002]. By its nature a MC has strong fields almost every-
where, and therefore in the southward portion jBZj is likely
to have a strong field; this is aside from the axial versus
tangential field strength issue, mentioned above. The prob-
ability of where the southward magnetic field region will be
specifically changes over the solar cycle, as we have seen in
Figures 2a, 2b, and 2c, and it changes from cycle to cycle,
as pointed out by Bothmer and Rust [1997].
[12] According to Bothmer and Rust [1997], we should

expect N-to-S types (and similar cases) to become predom-
inant, starting over the years 2007–2009. Hence for those
years, and likely for long afterward, a histogram like that in
Figure 2a should show categories 1 (black) and 11 (dark
green) more-or-less reversed as far as frequency of occur-
rence is concerned, and similarly for categories 2 and 12
and for 5 and 15. For magnetic storm forecasting, for the N-
to-S types, schemes may be developed whereby the latter
half of the MC (which would be of southward BZ) may be

predicted from knowledge of the first half of the MC. For
maximum effectiveness of such schemes, this requires that
the N-to-S types to be most prevalent, and that has not been
the case over the interval studied here, solar cycle 23.
However, if Bothmer and Rust [1997] are correct, such
types will be most prevalent starting around 2006, 2007,
and, indeed, we see some evidence that there is such a
(slow) transition to the N-to-S types already over many
years of cycle 23.
[13] This study depended on obtaining a rather large

sample N = 100 MCs and to some degree on subjectivity
(visual inspection), applied judiciously, in estimating into
what category-type to place each MC. Most of the catego-
ries allowed easy judgments, especially S-to-N, N-to-S,
clearly all S, and clearly all N, and some were not, such
as the ‘‘extreme types.’’ Other researchers may have done
the separation somewhat differently, but the overall results
would not likely to have been altered very much from ours,
since these ‘‘extreme types’’ do not constitute a large
percentage of the overall set.
[14] Concerning the ‘‘extreme’’ cases, Huttunen et al.

[2005] included all cases where jqCj was greater than 45�
inclination (where the angle jqCj is the MC’s axis measured
with respect to the ecliptic plane) to be in the category of
‘‘unipolar.’’ This means that they reveal only one polarity
for BZ(GSE) within the MC, or almost only one. However,
we find that only the most severe of these cases are truly
unipolar. Many cases with jqCj > 45� show both positive
and negative BZ, and therefore many of these are capable of
some geomagnetic activity. See, for example, the top and
bottom sketches of Figure 1 where a rather severely tilted
MC may have some portion that is southward.
[15] Finally, we point out that the Wind data set suffers

some ‘‘observation gaps’’ for such studies, due to periods
when the spacecraft was behind the Earth’s bow shock
where the measurements (although taken at the time) are
generally not proper for MC studies nor usually for any
solar wind studies. Most of these ‘‘gaps’’ are short and not
very disruptive to our study. However, there is one rela-
tively large gap, from 13 October 2003 to about 1 March
2004, i.e., of about 4.5 months, when Wind was not in the
solar wind. In Figure 4, which is an updated histogram of
part of Figure 1 of Wu et al. [2006], we show the rate of
occurrence of MCs over the solar cycle in terms of the
yearly average number. Notice that there is a dip around the
year 2003 which is partly due to this ‘‘observational gap.’’
However, we did include a MC, the 20 November 2003
case, within this period because it was in the distant
magnetosheath of the magnetotail where the medium was
more solar wind-like than sheath-like due to its great
distance from Earth (i.e., at about XGSE = �210 RE) and
from the bow shock. We also point out the very marked dip
in year 1999, which was earlier pointed out by Wu et al.
[2003], Gopalswamy et al. [2003], and Bothmer [2004],
which is clearly an anomaly. Bothmer [2004, Figure 2] and
Bothmer and Zhukov [2007] show and discuss a depression
of CMEs (apparently meaning ICMEs) in 1999 in terms of
an increase in the number of fast solar wind flows and CIRs/
Coronal Holes. Wu et al. [2006, Figure 1] show that actual
CMEs do not have a decrease in 1999, and in fact, are rising
in number from 1996 through 2002. Gopalswamy et al.
[2003] explains this paucity of ICMEs/MCs at and around

Figure 4. The yearly average number of MCs as observed
by Wind over solar cycle 23.
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1999 in terms of an evolution of CME solar sources to
higher latitudes on the Sun at this time making it less likely
that the associated ejecta will reach Earth. Generally, we
expect that low-latitude CMEs to have a direct correlation
with the number of ICMEs/MCs at 1 AU.
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[17] Wolfgang Baumjohann thanks the reviewers for their assistance in

evaluating this paper.

References
Bothmer, V. (2004), The solar and interplanetary causes of space storms in
solar cycle 23, IEEE Trans. Plasma Sci., 32, 1411–1414.

Bothmer, V., and D. M. Rust (1997), The field configuration of magnetic
clouds and the solar cycle, in Coronal Mass Ejections, Geophys. Monogr.
Ser., vol. 99, edited by N. Crooker et al., pp. 139–146, AGU,Washington,
D. C.

Bothmer, V., and R. Schwenn (1994), Eruptive prominences as sources of
magnetic clouds in the solar wind, Proceedings of the II Soho Workshop
at Elba, Italy, 1993, Space Sci. Rev., 70, 215–220.

Bothmer, V., and R. Schwenn (1998), The structure and origin of magnetic
clouds in the solar wind, Ann. Geophys., 16, 1–24.

Bothmer, V., and A. Zhukov (2007), The sun as the prime source of space
weather, in Space Weather—Physics and Effects, chap. 3, pp. 31–102,
Springer, Berlin.

Burlaga, L. F. (1988), Magnetic clouds: Constant alpha force-free config-
urations, J. Geophys. Res., 93, 7217–7224.

Burlaga, L. F. (1995), Interplanetary Magnetohydrodynamics, pp. 89–114,
Oxford Univ. Press, New York.

Burlaga, L. F., E. C. Sittler Jr., F. Mariani, and R. Schwenn (1981), Mag-
netic loop behind an interplanetary shock: Voyager, Helios, and IMP-8
observations, J. Geophys. Res., 86, 6673–6684.

Burton, R. K., R. L. McPherron, and C. T. Russell (1975), An empirical
relationship between interplanetary conditions and Dst, J. Geophys. Res.,
80, 4204–4214.

Fairfield, D. H., and L. J. Cahill Jr. (1966), Transition region magnetic field
and polar magnetic disurbances, J. Geophys. Res., 71, 155–169.

Farrugia, C. J., V. A. Osherovich, and L. F. Burlaga (1997), The non-linear
evolution of magnetic flux ropes, Ann. Geophys., 15, 152–164.

Gonzalez, W. (1994), What is a magnetic storm, J. Geophys. Res., 99,
5771–5792.

Gopalswamy, N., A. Lara, S. Yashiro, S. Nunes, and R. A. Howard (2003),
Coronal mass ejection activity during solar cycle 23, in Solar Variability
as an Input to the Earth’s Environment: International Solar Cycle Studies
(ICS) Symposium, 23–28 June 2003, Tatranska Lomnica, Slovak Repub-
lic, edited by A. Wilson, Eur. Space Agency Spec. Publ., ESA SP-535,
403–414.

Gopalswamy, N., S. Akiyama, S. Yashiro, G. Michalek, and R. P. Lepping
(2007), Solar sources of geospace consequences of interplanetary mag-
netic clouds observed during solar cycle 23, J. Atmos. Sol. Terr. Phys., in
press.

Huttunen, K. E., R. Schwenn, V. Bothmer, and H. E. J. Koskinen (2005),
Properties and geoeffectiveness of magnetic clouds in the rising, max-
imum and early declining phases of solar cycle 23, Ann. Geophys., 23,
625–641, Sref-ID:1432-0576/ag/2005-23-625.

Klein, L., and L. F. Burlaga (1982), Interplanetary magnetic clouds at 1 AU,
J. Geophys. Res., 87, 613–624.

Lepping, R. P., and D. Berdichevsky (2000), Interplanetary magnetic
clouds: Sources, properties, modeling, and geomagnetic relationship,
Res. Signpost, 3, 77–96.

Lepping, R. P., D. Berdichevsky, A. Szabo, A. J. Lazarus, and B. J.
Thompson (2002), Upstream shocks and interplanetary magnetic cloud
speed and expansion: Sun, WIND, and Earth observations, in Space
Weather Study Using Multipoint Techniques, Proc. COSPAR Colloq.,
edited by L.-H. Lyu, p. 97, Pergamon, New York.

Lepping, R. P., C.-C. Wu, D. B. Berdichevsky, and T. Narock (2005),
Forecasting the intensity of magnetic storms caused by NYS type inter-
planetary magnetic clouds, Eos Trans. AGU, 86(52), Fall Meet. Suppl.,
Abstract SH23A-0334.

Lepping, R. P., D. B. Berdichevsky, C.-C. Wu, A. Szabo, T. Narock,
F. Mariani, A. J. Lazarus, and A. J. Quivers (2006), A summary of WIND
magnetic clouds for the years 1995–2003: Model-fitted parameters, asso-
ciated errors, and classifications, Ann. Geophys., 24, 215–245, Sref-
ID:1432-0576/ag/2006-24-215.

Marubashi, K. (1986), Structure of the interplanetary magnetic clouds and
their solar origins, Adv. Space Res., 6, 335.

Mulligan, T., C. T. Russell, and J. G. Luhmann (1998), Solar cycle evolu-
tion of the structure of magnetic clouds in the inner heliosphere, Geophys.
Res. Lett., 25, 2959–2962.

Wilson, R. M., and E. Hildner (1986), On the association of magnetic
clouds with disappearing filaments, J. Geophys. Res., 91, 5867.

Wu, C.-C., and R. P. Lepping (2002), The effects of magnetic clouds on the
occurrences of geomagnetic storms: The first four years of WIND,
J. Geophys. Res., 107(A10), 1314, doi:10.1029/2001JA000161.

Wu, C.-C., and R. P. Lepping (2005), Relationships for predicting magnetic
cloud-related geomagnetic storm intensity, J. Atmos. Sol. Terr. Phys., 67,
283–291, doi:10.1016/j.jastp.2004.07.040.

Wu, C.-C., and R. P. Lepping (2006), Solar cycle effect on geomagnetic
storms caused by interplanetary magnetic clouds, Ann. Geophys., 24,
3383–3389.

Wu, C.-C., and R. P. Lepping (2007), Comparison of the characteristics of
magnetic clouds and of magnetic cloud-like structures for the events of
1995–2003, Sol. Phys., 242, 159–165, doi:10.1007/s11207-007-0323-6.

Wu, C.-C., R. P. Lepping, and N. Gopalswamy (2003),Variations of mag-
netic clouds and CMEs with solar activity cycle, in Solar Variability as
an Input to the Earth’s Environment: International Solar Cycle Studies
(ICS) Symposium, 23–28 June 2003, Tatranska Lomnica, Slovak Repub-
lic, edited by A. Wilson, Eur. Space Agency Spec. Publ., ESA SP-535,
429–432.

Wu, C.-C., R. P. Lepping, and N. Gopalswamy (2006), Relationships
among magnetic clouds, CMEs and geomagnetic storms, Sol. Phys.,
239, 449–460.

�����������������������
R. P. Lepping and C.-C. Wu, Space Weather Laboratory, NASA Goddard

Space Flight Center, Greenbelt, MD 20771, USA. (ronald.p.lepping@nasa.
gov)

A10103 LEPPING AND WU: BRIEF REPORT

6 of 6

A10103


