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Abstract. We have analyzed the dynamics of solar
wind and interplanetary magnetic field (IMF) parame-
ters during the development of 933 isolated geomagnet-
ic storms, observed over the period from 1964 to 2010.
The analysis was carried out using the epoch superposi-
tion method at intervals of 48 hrs before and 168 hrs
after the moment of Dst minimum. The geomagnetic
storms were selected by the type of storm commence-
ment (sudden or gradual) and by intensity (weak, mod-
erate, and strong). The dynamics of the solar wind and
IMF parameters was compared with that of the Dst in-
dex, which is an indicator of the development of geo-
magnetic storms. The largest number of storms in the
solar activity cycle is shown to occur in the years of
minimum average values (close in magnitude to 1) of
the solar wind parameter B (B is the ratio of plasma

pressure to magnetic pressure). We have revealed that
the dynamics of the Dst index is similar to that of the 8
parameter. The duration of the storm recovery phase
follows the characteristic recovery time of the B pa-
rameter. We have found out that during the storm main
phase the B parameter is close to 1, which reflects the
maximum turbulence of solar wind plasma fluctuations.
In the recovery phase, B returns to background values
~2-3.5. We assume that the solar wind plasma turbu-
lence, characterized by the B parameter, can play a sig-
nificant role in the development of geomagnetic storms.

Keywords: geomagnetic storms, solar wind, inter-
planetary magnetic field, Dst index, § parameter, turbu-
lence.

INTRODUCTION

The constant impact of solar wind (SW) and inter-
planetary magnetic field (IMF) variations on Earth's
magnetosphere leads to geomagnetic disturbances,
among which the most powerful are magnetic storms.
Over the last decades, geomagnetic storms have been
considered as one of the main factors of near-Earth
space weather. Their sources are mainly solar disturb-
ances (flares and Coronal Mass Ejections, CMEs) and
Corotating Interaction Regions (CIRs) of high-speed
SW plasma streams from coronal holes on the Sun and
slow SW streams [Borovsky, Denton, 2006; Tsurutani et
al., 2006; Guo et al., 2010]. By their nature, magnetic
storms are very diverse; traditionally, they are divided
into storms with sudden and gradual commencements
[Akasofu, Chapman, 1975]. Storms of the former type
have a pronounced sudden commencement (Storm Sud-
den Commencement, SSC), which manifests itself as a
sharp jump in all magnetic field components almost
simultaneously across the globe. CME-driven solar
flares and magnetic clouds cause magnetic storms with
sudden commencement [Guo et al., 2010]. Geomagnetic
storms with gradual commencement feature a gradual
increase in all magnetic field components, and their
development is associated with both high-speed streams

from coronal holes and compression areas of CIR [Tsu-
rutani et al., 2006]. According to [Obridko et al., 2013],
storms with sudden and gradual commencements form
two independent populations. However, publications
have recently appeared in which magnetospheric dis-
turbances are selected according to the types of SW
streams (drivers), e.g. [Ermolaev et al., 2007, 2010a;
2010b; Dremukhina et al., 2019]. Storms with sudden
commencement are sometimes called CME storms; and
those with gradual commencement, CIR storms.
Numerous publications deal with statistical and
morphological patterns of geomagnetic storms, e.g.
[Gonzalez et al., 1994; Loewe, Prolss, 1997; Venner-
stroem, 2001; Hutchinson et al., 2011; Haines et al.,
2019]. There is also an extensive literature on condi-
tions on the Sun and in the interplanetary medium,
which lead to the development of storms. Many works
analyze heliospheric conditions favorable for the devel-
opment of storms, using the epoch superposition method
[Lyatsky, Tan, 2003; Zhang et al., 2006; Ermolaev et
al., 2007, 2010a; Katus et al., 2015; Dremukhina et al.,
2019]. The most frequently considered interplanetary
medium parameters are the velocity V; the density N;
the proton temperature T; the SW dynamic pressure
Payn=pV? (p is the plasma density); the IMF B,, By, B,
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components; the modulus B; the E, component of the
SW electric field (E,= —V,B,). Results of the statistical
analysis show that the behavior of the parameters differ
for different types of SW streams leading to the devel-
opment of storms [Ermolaev et al., 2007, 2010a;
Dremukhina et al., 2019].

Among the SW and IMF parameters under study,
sharp fluctuations in Py, and a southward rotation of
the vertical IMF component are considered as a trig-
ger for the storm main phase. Gonzalez et al. [1994,
1999] note that the negative B, component (B,<0) is
the main parameter responsible for the development
of geomagnetic storms. Moreover, it controls the du-
ration of the storm main phase and its intensity
[Vichare et al., 2005]. The question of which parame-
ter controls the duration of the storm recovery phase
remains open.

Much less attention is paid to the discussion of the
behavior of the SW parameter B during storm develop-
ment (the B parameter is the ratio of thermal pressure to
magnetic pressure: B=NKT/(B%(87)). At the same time,
the B parameter is used as one of the criteria for identi-
fying SW streams of different types. For example, the
large-scale solar wind structures CIR and CME, as driv-
ers of storms, are characterized by p>1 and (<0.5 re-
spectively [Ermolaev et al., 2009]. In one of the recent
works [Yermolaev et al., 2021], the authors present the
mean f parameter for various SW drivers. Furthermore,
among other SW and IMF parameters studied by the the
epoch superposition method, some works, such as [Er-
molaev et al., 2007, 2010a], present the time variation
of the B parameter during storms. It is observed that the
B parameter dynamics during storms depends on the SW
stream type. According to [Ermolaev et al., 2010a], 1-2
hrs before the onset of storms, § decreases for CME and
magnetic clouds, and increases for CIR and sheath —
the compression area ahead of the leading edge of a
piston. This tendency in the behavior of B for these SW
streams persists until Dst becomes minimum. For SW
streams of other types, the B parameter dynamics remains
unchanged as storms develop.

Meanwhile, our previous studies [Zotov, Klain,
2017; Zotov et al., 2018, 2019] have shown that this
parameter plays a significant role in the magnetosphere
dynamics, described by the A, index. The A, index is
known to characterize the planetary geomagnetic dis-
turbance. So, the observation of the periodic or chaotic
mode in the A, dynamics and hence in the magneto-
sphere dynamics during solar cycle depends greatly on
the B parameter. At B values close to 1, the chaotic
mode was observed in the magnetosphere; and at §>1,
the periodic mode [Zotov et al., 2019]. The B parameter,
which determines trigger modes in the magnetosphere
dynamics [Zotov et al., 2019], characterizes the SW
plasma turbulence [Borovsky, Funsten, 2003].

Since magnetosphere activity, along with planetary
indices (K, Ay, etc.), is also quantitatively characterized by
the Dst index, the question arises as to whether and how
the B parameter affects the behavior of this index and
hence geomagnetic storms. As is known, the Dst index
is an indicator of geomagnetic disturbances in middle
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and equatorial latitudes and of the power of the ring
current during geomagnetic storms. The Dst index is
widely used to identify geomagnetic storms, assess their
intensity, and classify them. According to minimum nega-
tive Dst values, storms are classified as weak, moderate,
and strong [Gonzalez et al., 1994; Loewe, Prolss, 1997].
A number of works examine the relationship of Dst with
SW and IMF plasma parameters [Burton et al., 1975;
Wu, Lepping, 2002; Echer et al., 2008]. The research re-
sults have shown that during geomagnetic storms Dst ex-
hibits the highest correlation with B, and E,. The latter
clearly indicates that there is a relationship between Dst
and these parameters. The correlation between Dst and
other interplanetary medium parameters (V, Pgyn, N) is
much weaker.The correlation between Dst and the B pa-
rameter is not discussed, although, as mentioned above,
in some works, e.g. [Yermolaev et al., 2010b], the time
profiles of Dst and B parameter are presented without
examining their possible relationship. As a rule, in such
studies, the B parameter is analyzed at relatively short
time intervals (12 hrs before and 24 hrs after the onset
of a storm), which do not allow tracing the  dynamics
during the storm recovery phase. Besides, no specific
analysis of simultaneous observations of Dst and 3 dur-
ing a storm has been carried out. The possible influence
of this parameter on the intensity or other characteristics
of storms has also not been explored. In this context, it
is of undoubted interest to study the possible relation-
ship between the Dst dynamics and the  parameter.

In this paper, without selection by types of SW
streams that cause geomagnetic storms, we try to figure
out whether the B parameter has any effect on the dy-
namics of the development of storms of various intensi-
ties with sudden and gradual commencements. For this
purpose, we perform a joint study of the dynamics of SW
and IMF plasma parameters, in particular of the B parame-
ter and the Dst index, during geomagnetic storms.

DATA

In this work, we use hourly average data on SW and
IMF plasma parameters and the Dst index over the period
from 1964 to 2010 from the OMNI database
[https://spdf.gsfc.nasa.gov/pub/data/omni/low_res_omni].
The B parameter in OMNI is defined by the expression

4.16T N,
B ( 10 +5.34j 57

where T is the temperature; N, is the proton density;
B is the magnetic field. In addition, from OMNI we
have taken annual average Wolf numbers and [ parame-
ter values over the period 1964-2020. Information on
magnetic storms for the period 1964-2010 has been ob-
tained from geomagnetic storm catalog 1 presented on the
website of the World Data Center for Solar-Terrestrial
Physics (Moscow) [http://www.wdcb.ru/stp/geomag/
geomagnetic_storms.ru.html]. In addition, to estimate
the annual number of storms we have used geomagnetic
storm catalog 2 from the Kakioka Magnetic Observatory
(Japan) [http://www.kakioka-jma.go.jp/obsdata/data-
viewer] for 2011-2020. Both catalogs contain infor-
mation about the type of storm commencement (sudden
or gradual).
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RESULTS

Before proceeding to the presentation of the main
results, it is necessary to say about some observed regu-
larities that have stimulated this study. It has long been
known that solar activity and geomagnetic storms are
closely related phenomena. Storms with both sudden
and gradual commencements have an 11-year cycle and
occur at different solar cycle phases. From 1964 to
2020, according to data from the two geomagnetic
storm catalogs, there were 537 storms with sudden
commencement and 1588 storms with gradual com-
mencement.

We analyze variations in their number during a solar
cycle.

Figure 1 illustrates variations, which occurred during
several solar cycles (20-24), in annual average Wolf
numbers (a) and in the annual number of geomagnetic
storms (c) with sudden (red curve) and gradual (green
curve) commencements. Figure 1 indicates that storms
with sudden commencement are mainly observed during
the growth and maximum phases of solar activity; and
those with gradual commencement dominate during the
decay phase. This regularity in observation of geomag-
netic storms has previously been noted, e.g. [Obridko et
al.,, 2013; Kurazhkovskaya, 2020]. This figure also
shows the dynamics of annual average values of the SW
parameter 3 (b). Comparing the dynamics of the number
of storms and the parameter 3 in a solar cycle, it is easy to
see that their maximum number generally falls within
years of minimum pB, regardless of the type of storms.
During these years, 8 values are close to 1, i.e. in the SW
plasma stream the mean thermal pressure turns out to be
approximately equal to the magnetic one. This fact may
indirectly point to the relationship between the occur-
rence of storms and the SW plasma parameter.

Another experimental fact pointing to the possible
relationship between storms and the parameter 3 is the
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following. During geomagnetic storms, the typical Dst
dynamics is its sharp decrease over a relatively short
period of time (from 2 to 12—15 hrs) followed by a slow
recovery (from 1 to 7-8 days) to the initial level. Figure 2
illustrates variations in the p parameter and the Dst in-
dex for two months (from May 1 to June 30, 2005),
plotted using OMNI hourly average data. The original
data was smoothed with a nine-point moving average.
In this time interval, several isolated storms of various
intensities with sudden and gradual commencements
occurred. Near the onset of each storm, a sharp jump in
the B parameter was observed, followed by its decrease,
and practically each decrease in B to 1 or less than 1
coincided with a sharp decrease in Dst indicating the
development of a geomagnetic storm. In other words,
the Dst and B variations were roughly similar. Thus, the
results presented in Figures 1 and 2 point to the fact that
not only the number of observed magnetic storms, but
also their development, is likely to be somehow related
to the behavior of the B parameter.

Based on the above assumptions, we have carried
out an in-depth study of the dynamics of SW and
IMF parameters during geomagnetic storms. For
1964-2010 from catalog (1), we have selected 933
isolated geomagnetic storms for the analysis: 288
with sudden commencement and 645 with gradual
commencement. The storms were considered isolated
if the recovery phase of the previous storm did not
entail the onset of the next storm. They were selected
by the type of commencment in accordance with
catalog 1, which contains this information. In addi-
tion to the most frequently analyzed interplanetary
parameters listed in Introduction, we have examined
the following parameters: the ratio of the density of
alpha particles to the density of protons Ny /N,, the
parameter B, the Alfvén Mach number M,=VN"%/20B.

1964 1972 1980 1988

100 =

1980 1988

Y
1996
Years

2020

Figure 1. Variations in annual average Wolf numbers W (a), the B parameter of SW (b), and the annual number of geomag-
netic storms Ngiom (€) With sudden (red curve) and gradual (green curve) commencements in solar cycles 20-24
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Figure 2. Variations in hourly average 3 and Dst over the period from May 1 to June 30, 2005. Vertical lines show minimum Dst

The interplanetary medium parameters were analyzed
by the epoch superposition method. As a reference
we have taken the moment of minimum Dst during
each storm. According to the data obtained by Ermo-
laev et al. [2007], the duration of the main phases of
isolated storms vary from 2 to 15 hrs with an average
7+4 hrs The behavior of the SW and IMF parameters
was examined at the interval of 48 hrs before and 168
hrs after the minimum Dst. The choice of the 48 hr
interval before the minimum Dst is justified by the
possibility of analyzing the dynamics of the parame-
ters both before the onset of a storm and after it, dur-
ing the main phase. The duration of the storm recov-
ery phase spans a longer period from 5 to 7 days. In
this regard, the dynamics of the parameters was ex-
amined for 168 hrs after the minimum Dst. Compared
to other researchers, we have analyzed data for longer
time intervals (in general, the study covers an interval
of 9 days). The geomagnetic storms were selected
according to the type of storm commencement (sud-
den or gradual) and according to the intensity esti-
mated by the Dst index.

The dynamics of all SW and IMF parameters during
observation of storms with sudden and gradual com-
mencements was compared with the Dst variation also
obtained by the epoch superposition method. In general,
the qualitative behavior of these parameters during
storms with sudden and gradual commencements is con-
firmed by the results obtained by other researchers
[Loewe, Prolss, 1997; Zhang et al., 2006], who took the
minimum Dst as a reference. That is why, we do not
analyze the dynamics of all parameters during storms,
but, based on the purpose of this study, we compare the
Dst index only with some of them.

Figure 3 depicts the averaged variations of the
most geoeffective SW parameters, namely IMF B,
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and the dynamic pressure Pgy,, as well as Dst and f3
during isolated storms with sudden (a) and gradual
(b) commencements.

As expected, features of the dynamics of these pa-
rameters are identical for storms with sudden and grad-
ual commencements. There are differences only in the
peak values of B,, P4, and Dst in the storm main phase,
which are quite natural. According to [Borovsky, Den-
ton, 2006], storms with sudden commencement are gen-
erally more intense than those with gradual commence-
ment.

The main peculiarity of the behavior of these parame-
ters (Figure 3) is that IMF B, and SW Pg,, subject to
sharp fluctuations near the onset of a storm, recover to
background values rather quickly — within ~48 hrs
after the onset of a storm. A similar trend is also noted
in the behavior of the modulus B, the E, component of
the SW electric field, and other interplanetary parame-
ters. Nonetheless, the storm recovery phase (Dst) lasts
for up to 5-7 days. A similar recovery time is typical for
the B parameter. Figure 3 indicates that characteristic
recovery times of 3 are much longer than those of B,
and P4y, Note that in contrast to the dynamics of the
interplanetary parameters (such as B,, Pgn, B, E), the
variation in the parameter  during storms is similar to
the typical Dst variation. The qualitative agreement of
the dynamics of the B parameter with the Dst index is
characteristic of storms with both sudden and gradual
commencements. The behavior of the averaged values
of the presented parameters (Figure 3) does not go be-
yond the confidence intervals, which indicates the statis-
tical significance of the result. Is such regularity ob-
served during storms of different intensity?

To answer this question, we divided storms with sud-
den and gradual commencements in terms of the minimum
Dst in nanotesla into weak (-50<Dst<-30), moderate



N.A. Kurazhkovskaya, O.D. Zotov, B.I. Klain

Bz, nT

48 -24 0 24 48 72 96 120 144 168
8—
7—
6 -
c
C 5 =
Q
3—
2 - |
1 T T T T T T T
48 -24 0 24 48 72 96 120 144 168
0 - |
20 -
40 |
-
c .
« -60 =
(7}
Q
-80 -
-100 =
AN —rT T T T T T T
48 24 0 24 48 72 96 120 144 168

T
48 24

T
0

T 1 1 1 1 711
24 48 72 96 120 144 168
Time, hours

Figure 3. Averaged dynamics of the IMF B, component, the

b
2 = '
0 = -
- -2 -
=
N
Q 4 -
6 -
8 LI B I B B R |
48 24 0 24 48 72 96 120 144 168
8 - |
7 -
6 = |
&
c5 =
,%4
Q
3
: |
T T T T T T T T 1
48 24 0 24 48 72 96 120 144 168
0 - |
20 -
40 =
'_
=
« 60 =
w
Q l
.80 -1
-100 =
AT T T T T T T
48 24 0 24 48 72 96 120 144 168
‘1 |
3 - |
@ 2 -
1 -
0 |
| N I N R B B R
48 24 0 24 48 72 96 120 144 168

Time, hours

SW dynamic pressure Py, the Dst index, and the B parameter

during isolated storms with sudden (a) and gradual (b) commencements. The confidence intervals corresponding to the probabil-

ity of 0.95 are shown by black lines

(-100<Dst<-50), and strong (Dst<-100) according to
the criterion from [Loewe, Prolss, 1997]. To increase sta-
tistics, we have combined strong and severe storms into
one class. The number of the isolated storms under study is
given in Table.

Number of storms | Number of storms
with sudden with gradual
commencement commencement
Weak 50 278
Moderate 134 308
Strong 104 59

Next, we compare the dynamics of the Dst index
and the B parameter during storms of different inten-
sities with sudden and gradual commencements (Fig-
ure 4). The time of the minimum Dst index is seen to
practically coincide with the time of the minimum
parameter. The behavior of the Dst index and the
parameter obtained by the the epoch superposition
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method is approximately similar for storms of various
intensities. Estimated accuracies of the average val-
ues of the Dst index and the B parameter have shown
that they do not go beyond the confidence intervals
with a probability of 0.95, as well as the averaged
data in Figure 3. The latter indicates the statistical
significance of the result. The attained minimum Dst
index (storm intensity) is in agreement with the B
parameter: the smaller is B during the storm main
phase, the more intense is the storm. For example,
during the main phase of strong storms B<1; moder-
ate storms, B~1; and weak ones, 1<B<2. This is typi-
cal of storms with both sudden and gradual com-
mencements. In other words, the intensity of storms
is to some extent determined by the B parameter.

A characteristic feature of the B parameter is that its
value differs significantly during undisturbed periods
and in different storm phases. Before the storm, B varies
on average from 2 to 3.5; during the storm main phase,
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its value becomes close to 1; in the recovery phase,
returns to background values ~2-3.5 (Figure 4). In Fig-
ure 4 are the same characteristic features of the storm
recovery phase and the 3 dynamics for storms of differ-
ent intensities as in Figure 3. Such behavior of the Dst
index and the B parameter suggests that, regardless of
the intensity of geomagnetic storms, the duration of the
storm recovery phase is likely to be controlled by the
behavior of the B parameter. It is possible that a shift in
the balance of thermal and magnetic pressures deter-
mines the development of the storm main phase and
subsequently of the recovery phase.

Evolution of the § parameter from the quiet period
(before the development of storms) to the recovery
phase is clearly seen in Figure 5, which shows ( dis-
tributions before the onset (from —48 to —24 hrs), in the
main phase (—24-0 hr), and in the recovery phase (0—
168 h) of isolated storms with sudden (a) and gradual
(b) commencements. The choice of duration of these
time intervals is governed by the average statistical
behavior of the Dst index (Figure 4). When construct-
ing these distributions, we have restricted ourselves to
the analysis of B in the range 0~4 since, according to
[Veselovsky et al., 2010], this range contains approxi-
mately 90 % of all B parameter values observed. In ad-
dition, taking into account the results presented in Fig-
ures 14, our interest was in examining the behavior of
B near B=1. Figure 5 clearly shows a change in the posi-
tion of the maximum [ parameter, with the B behavior
being the same for storms with sudden and gradual
commencements. Before the onset of a geomagnetic
storm and during the recovery phase, the maximum ob-
servation frequency of B corresponds to f>1. In the
main phase, the maximum number of observations of 3
falls on <1 or close to 1. Thus, different geomagnetic
storm phases differ in their associated B parameter.
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DISCUSSION

The results of the study show that the plasma parame-
ter B has an effect on the global disturbance of the mag-
netosphere, namely on the development of geomagnetic
storms. In a solar cycle, the largest number of storms with
both sudden and gradual commencements occurs in years
when the mean 8 parameter is close to 1 (Figure 1). Dy-
namics of the Dst index, which is an indicator of geo-
magnetic storms, and the dynamics of the B parameters
are almost identical (Figures 3, 4). The fact that the dy-
namics of the Dst index follows the behavior of the
parameter is reflected by the statistical dependence of the
averaged Dst index on the mean (3 parameter (Figure 6)
during 288 storms with sudden (a) and 645 storms with
gradual (b) commencements. In both cases, averaging
was carried out using accumulated hourly data from the
onset of a storm for 168 hrs.

The intervals analyzed included the storm main and
recovery phases. The experimental data is fairly well
approximated by third-order orthogonal polynomials, as
evidenced by the correlation coefficients for storms with
sudden and gradual commencements (r=0.88 in both
cases). This allows us to assume that there is a relation-
ship between the Dst variation and the B parameter, re-
gardless of the type of storm commencement. The quali-
tative behavior of the approximating polynomials is
roughly the same for storms with sudden and gradual
commencements. As the B parameter increases, the in-
tensity of storms decreases. The difference between
these dependences is that for storms with sudden com-
mencement the highest intensity is observed at B<1; and
for storms with gradual commencement, at B<1.25.
When >2, Dst almost stops to increase. The relation-
ship between the Dst index and the B parameter is non-
linear (Figure 6).
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Due to the fact that the most geoeffective parameters
B, and Py, (as well as other parameters) recover in a
relatively short time, they cannot be responsible for the
duration of the storm recovery phase. As inferred from
our results, one of the factors determining the duration
of the storm recovery phase may be the B parameter.
From our point of view, 3 not only controls the duration
of the recovery phase of storms with sudden and gradual
commencements, but also is one of the important factors
affecting their intensity (Figure 4). The smaller the val-
ue of B during the storm main phase, the greater the
intensity of the storm. During the main phase, the § val-
ue is close to 1, regardless of the storm type. It is at f~1,

according to [Chernyshov et al., 2014], that the level of
turbulent space plasma fluctuations reaches its maxi-
mum. Wang et al. [2018], using satellite observations,
have studied the relationship between the frequency of
inflections in SW magnetic field power spectra and the
B parameter. The inflection point frequency in the mag-
netic field power spectrum is an important characteristic
of turbulence dissipation and is determined not only by
the scale, but also by the amplitude of turbulent fluctua-
tions. According to [Wang et al., 2018], the highest de-
gree of turbulence in SW is achieved at 0.1<B<1.3,
which does not contradict the numerical simulation re-
sults [Chernyshov et al., 2014]. Similar results have
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been obtained in [Safrankova et al., 2021], when exam-
ining the relationship between SW turbulence and the
value. The degree of turbulence of SW, magnetosheath,
and magnetotail depends on the plasma parameter B
[Borovsky, Funsten, 2003]. Thus, the B parameter may
be a certain integral characteristic of interplanetary
plasma turbulence, which has some effect on the devel-
opment of geomagnetic storms. According to [Antono-
va, 2002; Borovsky, Funsten, 2003; D'Amicis et al.,
2010], the interplanetary plasma turbulence also affects
the efficiency of the SW-magnetosphere interaction,
which produces geomagnetic disturbances.

It is traditionally believed that the dominant mecha-
nism of the occurrence of geomagnetic disturbances is
the reconnection of the interplanetary and geomagnetic
fields at the appearance of an intense southward IMF
component. In this case, large-scale electric fields ap-
pear which provide SW stream energy input into the
magnetosphere. Pulinets et al. [2012] note that Earth's
magnetosphere interacts directly not with SW plasma,
but with magnetosheath plasma, whose characteristic
feature is a high level of turbulence. It is the turbulent
effects of the magnetosheath that largely determine the
dynamics of processes at the magnetopause and the
formation of large-scale magnetospheric convection. At
the same time, the convection excitation mechanism
considered in [Antonova, 2004] does not require pene-
tration of the SW electric field into the magnetosphere
due to large-scale reconnection. Thus, the role of the
electric field (emerging during reorientation of B,) in the
processes of energy input into the magnetosphere during
storms is not as unambiguous as it was thought to be.
In our opinion, the B parameter can play the role similar
to that of the large-scale electric field during storms,
taking into account the fact that its dynamics practically
coincides with the Dst variation and reflects the level of
space plasma turbulence.

Our experimental data allows us to assume that ge-
omagnetic storms reach their highest intensity at a very
specific level of SW plasma turbulence. At B~1, a bal-
ance is established between thermal and magnetic pres-
sures in the magnetosphere, which is a favorable condi-
tion for the formation of the storm main phase. When
the thermal pressure begins to exceed the magnetic
pressure, the magnetosphere becomes quiet. Without
denying the role of B, and its associated E,, as well as
other interplanetary medium parameters, we would like
to draw attention to the possible influence of the B pa-
rameter on the development of geomagnetic storms. The
probability that other key interplanetary medium param-
eters affect the duration of the geomagnetic storm re-
covery phase is significantly lower. Thus, our study has
established new facts that should be taken into account
when modeling the storm development (Dst variations)
and interpreting it.

CONCLUSION

The joint analysis of the interplanetary parameters
and the Dst index describing the development of geo-
magnetic storms has shown that the dynamics of the Dst
index, regardless of the type of storm commencement
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and intensity, is similar to the dynamics of the § param-
eter. The largest number of storms in a solar cycle oc-
curs in the years of minimum mean values of the B pa-
rameter (close to 1). The duration of the storm recovery
phase follows the characteristic recovery time of the f
parameter. The intensity of storms with sudden and
gradual commencements is determined by the B pa-
rameter. We have found that during the storm main
phase the B parameter is close to 1, which reflects the
maximum level of SW plasma turbulent fluctuations.
Before the onset of a storm and in the recovery phase, 3
varies from ~2 to 3.5. The SW plasma turbulence, char-
acterized by the B parameter, can play a significant role
in the development of geomagnetic storms.
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Terrestrial Physics (Moscow), the Kakioka Magnetic
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dard Space Flight Center, NASA, USA).
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