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Abstract—A statistical study of interplanetary disturbances with different positions of the interplanetary mag-
netic field maximum that generate Forbush decreases is performed. It is shown that the most effective inter-
planetary disturbances are those with the position of the field maximum 6–15 h after the start of the event.
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INTRODUCTION
The effectiveness of different interplanetary distur-

bances is widely studied because it is of fundamental
interest and practical importance [1–4]. The relation-
ship between the structure of interplanetary distur-
bances and geomagnetic activity is most often studied,
but there are also many works dedicated to the effect
the structure of coronal mass ejections (CMEs) has on
the modulation of cosmic rays (CRs) or (more pre-
cisely) the properties of Forbush decreases (FDs)
[2, 4–6].

The complete structure of a CME-induced inter-
planetary disturbance includes the ejection itself, the
interplanetary shock wave, and the turbulent zone
between them. This structure is reflected in the two-
stage character of an FD [7–9]: the first decrease is
associated with the arrival of a shock wave; the second,
with entering into the ejection itself. It is difficult to
avoid subjectivity in selecting and classifying real
events. To reduce the influence of subjective factors,
we must base the separation of events on objective
quantitative parameters.

In this work, we consider the relationship between
the structure of large-scale interplanetary distur-
bances and Forbush decreases in galactic cosmic rays
(GCRs). Since GCRs are charged particles, the most
important property of the interplanetary medium for
them is the magnetic field. The main factor in the
structure of the interplanetary disturbance is the dis-

tribution of the magnetic field. It is therefore logical to
consider the position of the maximum intensity of the
interplanetary magnetic field (IMF) in the distur-
bance as a classifying parameter.

The aim of this work was to identify features and
characteristic signs of CME-induced interplanetary
disturbances with different structures, based on the
position of the IMF maximum, and understand how
the structure of the observed disturbances is related to
their effectiveness (the ability to generate FDs in CRs
and increases in geomagnetic activity).

DATA AND METHODS
We used the database of Forbush effects and inter-

planetary disturbances created at IZMIRAN [12],
which contains data on the main CR parameters (den-
sity and anisotropy) obtained through a global survey
method for particles with rigidity of 10 GV [10]. It also
contains the main parameters of the solar wind (SW)
from [13], data on associated solar f lares [14] and
CMEs [16], SSC time [15], and other parameters.

Our database contains approximately 7500 events,
from which we chose FDs (1) with SSCs; (2) with
complete data on the IMF (mainly for this reason, we
limited to the time period 1996–2017); (3) with sepa-
rate CMEs as solar sources associated with solar
flares; and (4) “pure” events, i.e., those sufficiently far
away from neighboring ones. As a result of this selec-
tion, only 65 events remained. To increase the proba-
bility of disturbances with complete structure, we† Deceased.
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Fig. 1. Behavior of the main parameters of the solar wind,
cosmic rays, and geomagnetic activity during the Forbush
decrease on January 22, 2004. Top panel: SW speed (right-
hand scale, upper curve) and IMF (left-hand scale, lower
curve). Center panel: variation of CR density (A0) (left-
hand scale, upper curve) and the equatorial component of
CR vector anisotropy (Axy) (right-hand scale, black col-
umns). Bottom panel: measurements of the geomagnetic
data (indices Dst (right-hand scale, upper curve) and Kp
(left-hand scale, columns)). The vertical grey line is the
time of SSC detection.
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Fig. 2. Superposed epoch (zero hour is the one with the
SSC) average behavior of CR variations with rigidity of
10 GV (right-hand scale, black curve) and Kp index of geo-
magnetic activity (left-hand scale, columns: medium grey
for Kp < 4, light grey for Kp = 4, dark grey for Kp ≥ 5) for
different groups of events: (a) Early, (b) Medium, (c) Late.
The arrows show the average position of the maximum
IMF intensity and solar wind speed for each group. The
regions of the distribution of these maxima are shaded.
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chose only FDs associated with central solar sources
(−30° to 30°) and obtained 42 fairly confidently iden-
tified FDs.

RESULTS AND DISCUSSION

The resulting 42 events with central solar sources
were divided into three subgroups according to the
time of the IMF maximum (tB): the Early (tB < 6)
group included 21 FDs, the Medium group (6 ≤ tB ≤ 15)
included 10 events, and the Late group (tB > 15)
included 11 FDs.

Figure 1 shows an example of the event from the
Medium group. The top panel of Fig. 1 shows the
behavior of the SW speed and IMF, the central panel
shows the variation of the CR density (A0) and the
equatorial component of the CR vector anisotropy
(Axy), and the bottom panel shows measurements of
geomagnetic data (Dst and Kp indices). The vertical
grey line is the time of SSC detection.

The Forbush decrease on January 22, 2004, began
with SSC detection at 01:37 UT. It was a large event
with an amplitude of 9%. The CME that caused this
FD was very fast (965 km s−1) and associated with the
C5.5 f lare (S13W09) at 22:02 UT on January 19. The
IMF maximum (Bmax = 25.4 nT) and the FD mini-
mum are close to each other and quite far from the
maximum SW speed (Vmax = 666 km s−1). A large geo-
magnetic storm was recorded during this event
(Kp max = 7, Dst min = −149 nT). The equatorial compo-
BULLETIN OF THE RUSSIAN ACADEM
nent of the vector anisotropy in this event was as high
as Axy max = 4.32%.

Behavior of the Parameters in Different Groups, 
Averaged Using Superposed Epochs

Let us consider the behavior of the GCR variations
and geomagnetic activity, averaged using superposed
epochs for different types of CMEs from central solar
sources for the Early (Fig. 2a), Medium (Fig. 2b), and
Late (Fig. 2c) groups.

In the Early group, the maximum SW speed most
often lags behind the IMF maximum, while in the
other groups it remains ahead. The distribution of the
maximum speed is wide in all groups, but it is widest
in the Late group.

The largest average FD is in the Medium group,
reaching approximately 5.4%. This value is quite high
[11] even for a separate FD, and averaging with super-
posed epochs underestimates the value of Forbush
decreases. The average FD value is lower in the Early
group (3.1%), and even smaller in the Late group
(2.1%).
Y OF SCIENCES: PHYSICS  Vol. 85  No. 10  2021
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Table 1. Values of the main parameters, averaged using superposed epochs

Group AF, % Kp max Bmax, nT tB max, h Vmax, km s−1 tV max, h

Early 3.01 5+ 18.9 ± 8.0 2.29 564.6 ± 98.8 10.5
Medium 5.4 7 26.4 ± 15.9 10 634.5 ± 183.7 5.5
Late 2.1 5 17.7 ± 5.3 30.9 497.4 ± 85.6 15.7

Table 2. Averaged maximum values of different parameters of the solar wind, geomagnetic activity, and cosmic rays.

Early

(tB < 6)
Medium

(6 ≤ tB ≤ 15)
Late

(tB > 15)

Average parameters of the solar wind and geomagnetic indices

Mean Max Min Mean Max Min Mean Max Min

Bmax, nT 19.15 ± 1.68 34.6 7.5 26.38 ± 5.04 55.8 12.9 17.74 ± 1.60 24.6 9.1

Vmax, km s−1 567.4 ± 20.7 774 449 634.5 ± 58.1 959 391 497.4 ± 25.8 677 409

Kp max 5.24 ± 0.32 7.3 2.3 6.30 ± 0.63 8.7 3.3 5.64 ± 0.31 7.3 4.3

Ap max, nT 66.14 ± 11.34 154 9 128.70 ± 31.45 300 18 74.00 ± 12.07 154 32

Dst min, nT –60.3 ± 7.3 –132 –22 –133.9 ± 40.6 –422 –4 –79.6 ± 13.0 –159 –26

Average parameters of cosmic rays

Mean Max Min Mean Max Min Mean Max Min

AF, % 3.52 ± 0.50 9.4 0.9 5.66 ± 0.81 12.3 2.7 2.87 ± 0.59 8.9 0.9

Dmin, % –0.76 ± 0.11 –1.97 –0.21 –1.15 ± 0.28 –3.40 –0.46 –0.49 ± 0.06 –0.81 –0.16

Axy max, % 2.00 ± 0.15 3.81 1.15 2.69 ± 0.32 4.35 1.60 1.83 ± 0.12 2.45 1.31

Az range, % 2.16 ± 0.18 4.51 1.00 2.32 ± 0.23 3.68 0.99 2.55 ± 0.47 5.29 1.34
The magnetic storm in the Medium group is not
only the largest (strongest), it is also the longest: the
storm level (Kp around 5 and above) persists for
approximately a day, and the disturbed level (Kp

around 4) is observed more than two days after the
start of the event. In other groups, the averaged mag-
netic storm (small) ends much faster, especially in the
Early group (after only 6 hours). The geomagnetic
activity in the Late group is more prolonged. All the
above parameters are summarized in Table 1.

Averaged Extreme Parameters

Table 2 shows the average values of different
parameters of the solar wind, cosmic rays, and geo-
magnetic activity for the selected groups. The param-
eters of the solar wind and geomagnetic activity are the
maximum IMF intensity, Bmax; the maximum SW
speed in the event, Vmax; and the extreme values of the
geomagnetic indices (Kp max, Ap max, Dst min). The CR
parameters are the FD magnitude AF; the maximum
hourly decrease in CR density Dmin; the maximum
value of the equatorial component of the CR vector
BULLETIN OF THE RUSSIAN ACADEMY OF SCIENCES
anisotropy Axy max; and the variation in the Az compo-
nent of CR anisotropy, Az range.

Table 2 shows that the Medium group stands out
markedly in almost all parameters, relative to the two
other groups. It has the highest average values for all
parameters of the solar wind (Bmax, Vmax) and geomag-
netic activity (Kp max, Dst min). It also contains the larg-
est FDs with the highest values of the equatorial com-
ponent of CR anisotropy. The only parameter in
which the Medium group is inferior to the Late group
is the variation in the Az component of anisotropy, but
this excess is negligible (within the statistical error).

CONCLUSIONS
The time of the IMF maximum is an important

parameter that can be used to classify Forbush
decreases and associated solar wind disturbances.
Events with central solar sources were divided into
three groups, according to the time of the IMF maxi-
mum (tB): Early (tB < 6), Medium (6 ≤ tB ≤ 15), and
Late (tB > 15). Considerable differences between the
groups in terms of the characteristics of the solar wind,
geomagnetic activity, and cosmic rays were revealed.
: PHYSICS  Vol. 85  No. 10  2021
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Forbush decreases with the position of the IMF max-
imum 6–15 h after the start of the event were accom-
panied by the highest values of the main parameters of
the solar wind, geomagnetic activity, and cosmic rays.
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