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Abstract. The dependences of the geomagnetic in-
dices SYM-H and ASY-H on interplanetary parameters
for the period from 1981 to 2015 according to their dai-
ly averages are studied. The study is carried out in two
ways: the first — the entire data array is analyzed, the
second — the data are divided into 9 activity groups in
accordance with the average daily values of the plane-
tary geomagnetic index A,. A correlation analysis of the
indices with the solar wind speed, magnitude, and the
north-south component of the interplanetary magnetic
field (IMF) has been performed. The search for a rela-
tionship between the ASY-H and SYM-H indices and
interplanetary parameters turned out to be more success-

ful when considering the entire data array than in the
case of splitting the data into groups of magnetic activi-
ty. Regression equations relating ASY-H and SYM-H to
interplanetary parameters are determined. It has been
found that when describing the relationship between the
ASY-H and SYM-H indices and the IMF north-south
component, it is necessary to take into account the con-
tribution of the IMF modulus.
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INTRODUCTION

In the early years of direct spacecraft measurements
of interplanetary plasma, a close relationship was found
between geomagnetic activity and the solar wind velocity
V [Snyder et al., 1963]. Then it was established that ge-
omagnetic disturbances strongly depend on the inter-
planetary magnetic field (IMF): the modulus IBI, the
southward component Bs [Wilcox et al., 1967], the azi-
muthal component B, [Friis-Christensen et al., 1972],
and IMF variability [Ballif et al., 1969].

As the amount of information on interplanetary pa-
rameters increased, such physical values as the inter-
planetary electric field [Rostoker, Falthammer, 1967],
the electromagnetic energy flux from the solar wind
[Akasofu, 1979], as well as various combinations of
interplanetary medium parameters (coupling functions)
began to be considered as geo-effective characteristics
[Burton et al., 1975; Murayama et al., 1980; Holser,
Slavin, 1982]. At an advanced level, the influence of
solar wind parameters on geomagnetic activity is exam-
ined in detail in [Newell et al., 2007; Liemohn et al.,
2018; Lockwood, McWilliams, 2021]. Newell et al.
[2007] have compared ten variables characterizing
magnetospheric conditions, including five geomagnetic
indices and five characteristics of auroral and polar re-
gions with more than twenty possible solar wind cou-
pling functions; Liemohn et al. [2018] have analyzed the
models predicting geomagnetic indices; Lockwood,
McWilliams [2021] have studied the differences be-
tween optimal coupling functions for the transpolar
voltage ®pc, the geomagnetic am index and the SML
index of the auroral oval on the night side of the North-
ern Hemisphere. Note that the above works used obser-
vational data with minute or hour time resolution.

The state of the solar wind varies depending on solar
conditions. The critical interplanetary parameter in the
occurrence of magnetospheric disturbances is the IMF
north-south component. Parameters of the solar wind
vary greatly when high- and low-speed plasma flows
and interplanetary magnetic clouds pass through it
[Yermolaev et al., 2010]. Southward magnetic fields in
high-speed solar wind streams and in corotating interac-
tion regions can be the main source of energy for long-
term geomagnetic activity on Earth [Echer et al., 2013].
Yermolaev et al. [2018] have shown that in such struc-
tures IMF IBI and velocities of interplanetary currents
are significantly increased. Most superstorms were
caused by a shell preceding an interplanetary coronal
mass ejection, or a combination of a shell and a magnet-
ic cloud [Meng et al., 2019].

During geomagnetic storms, a ring current develops
in the magnetosphere, whose intensity mainly determines
the energy release there. When conducting research into
solar-terrestrial relations and the space weather effect on
the processes studied by related branches of science —
meteorology, seismology, biophysics, in addition to plan-
etary magnetic activity indices such as K, A, aa, etc.,
ring current indices, in our opinion, should be used. To
estimate the magnetospheric ring current intensity, the
low-latitude index Dst and the mid-latitude indices SYM-
H and ASY-H have been developed. The SYM-H and ASY-
H indices can identify the symmetric and asymmetric ring
current components respectively [lyemori et al., 1992].
Contributions of not only the ring current but also of
magnetopause, magnetotail currents, and field-aligned
currents to Dst, SYM-H, and ASY-H have been revealed to
date [Alexeev et al., 1996; Maltsev et al., 1996; Tsy-
ganenko, Sitnov, 2005]. The relationship between these
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indices and the interplanetary parameters has been exam-
ined using one-minute data in [Weygand, McPherron,
2006; http://wdc.kugi.kyoto-u.ac.jp/aeasy/asy.pdf].

Solar-terrestrial relations are often studied by statis-
tical methods with the use of daily average terrestrial,
interplanetary, and solar parameters. It is well to bear in
mind that with daily averaging of interplanetary pa-
rameters the indices of plasma and magnetic structures
in the solar wind change and that with daily averaging
of terrestrial parameters different phases of geomagnetic
storms overlap each other; therefore, characteristics of
storms (phases, intensity, duration, etc.) are leveled out.
Nevertheless, it is interesting to analyze the relationship
between daily average SYM-H and ASY-H indices on the
one hand and the main interplanetary parameters on the
other.

The purpose of this work is to investigate the de-
pendence of the SYM-H and ASY-H indices on parame-
ters such as the solar wind velocity V, the IMF modulus
IBl and normal, or north-south, component B, through
daily averaging of the data considered. In the future, it is
planned to study the dependence of these indices on
various solar wind coupling functions, derived from
data on the main interplanetary parameters.

1. EXPERIMENTAL DATA IN USE

The work uses data on the geomagnetic indices SYM-H
and ASY-H and the solar wind — its velocity V, the IMF
modulus 18! and normal component B,, for 1981-2015. The
information on the indices has been taken from the archive
of the World Data Center for Geomagnetism
[https://wdc.kugi.kyoto-u.ac.jp/index.html]; and on the
solar wind, from the website of the NASA Space Phys-
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ics Data Center [http://omniweb.gsfc.nasa.gov]. The
SYM-H and ASY-H indices have one-minute time reso-
lution and are calculated from the geomagnetic field H
component at six mid-latitude stations (the network in-
cludes more than ten stations). SYM-H is, in fact, an
averaged deviation of H from the quiet level at the ob-
servation stations corrected for geomagnetic latitude,
whereas ASY-H is defined as a range between maximum
and minimum values of the H component after subtract-
ing the corresponding symmetrical parts from the dis-
turbance field. The method of determining these indices
is described in detail in [lyemori et al., 1992]. The IMF
components have been used from the OMNI database in
the RTN coordinate system: the R axis is directed radi-
ally from the Sun, the T axis is directed toward the solar
rotation, and the N axis is the vector product of the R
and T axes. At zero heliographic latitude, the N and
solar rotation axes are parallel. The RTN and GSE co-
ordinate systems at near-Earth distances differ in oppo-
site directions of the R and X axes, as well as the T and
Y axes respectively.

The days without data are excluded, so the nhumber
of days considered is 10759. The work is based on daily
average data. Preliminary analysis of the relationship
between the indices and the interplanetary parameters
has shown that the closest correlation is obtained when
comparing the indices with the key solar wind parame-
ters — velocity, IMF modulus and north-south compo-
nent (see Figure 1), whereas the relationship with dy-
namic pressure, electric field, and solar wind density is
very weak: the correlation does not exceed 0.3, except
for the relationship between ASY-H and the dynamic
pressure with a correlation of 0.48.

* *3 r=0,438

120
100}

80

ASYH, nT

60+

40+

SYMH, nT
=)
o

600 800 10000 6 12

V, km/s

4510 5 0 5 10 15 20
Bn, nT

18 24 30 36
B, nT

Figure 1. Distributions of daily average ASY-H and SYM-H as functions of coupling with the solar wind velocity V (a, d), the
IMF modulus IBI (b, €) and north-south component B,, (c, f) obtained across the dataset. In this and the following figures, r are
linear correlation coefficients, solid lines are linear approximation of the corresponding data pairs, dotted lines are zero values of
the corresponding parameter, the SYM-H index and the IMF B,, component in this case
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Regression analysis of SYM-H and ASY-H on the
one hand and V, IBl and B,, on the other is carried out in
two ways: the first — the entire data array is analyzed,
the second — it is divided into activity groups, i.e. all
data have been divided into nine groups in accordance
with daily average A,. Table 1 shows the number of
days in the activity groups, average values, and standard
deviations o of the interplanetary parameters (V, |Bl, By)
and geomagnetic indices (A, ASY-H, SYM-H) in each
activity group. It also gives information on the entire
data array.

We can see (see Table 1) that with increasing geo-
magnetic activity, as expected from the data presented
in the physical literature, the averages of interplanetary
and geomagnetic parameters increase, with B,, gradually
changing direction from north to south, and SYM-H in-
creasing in modulus, standard deviations ¢ of the aver-
ages of interplanetary and geomagnetic data increasing
with Ap; in the group A,>27, large o for all the parame-
ters are likely to result from a wide range of A, varia-
tions.

2. RELATION OF THE ASY-H AND
SYM-H INDICES TO
INTERPLANETARY PARAMETERS

2.1. Results of analysis of the entire data ar-
ray

Figure 1 illustrates distributions of the ASY-H and
SYM-H indices as functions of coupling with the solar
wind velocity V, the IMF modulus |BI and north-south
component B,, across the dataset. It follows from Figure 1
that the relationship exists and can be approximated by a
linear equation of the type y=ax+b, where y is one of
the indices; x is one of the interplanetary parameters; a is
a regression coefficient; b is a free term. The regression
coefficients a and the free terms b in the equations of the

relationship between ASY-H, SYM-H and the interplane-
tary parameters V, IBl, and By, are listed in Table 2 (see the
row Entire dataset). This approach in describing the rela-
tion of the geomagnetic indices to the interplanetary pa-
rameters is applied for simplicity; note, however, that the
magnetosphere responds to variations in solar wind con-
ditions nonlinearly [Vaisberg et al., 2008].

Figure 1 shows that the relationship between both
indices on the one hand and the solar wind velocity and
the IMF modulus on the other is more pronounced. Ac-
cording to Table 2, we can say that SYM-H in absolute
value depends on the solar wind velocity almost twice
as much as ASY-H, and with respect to the IMF modulus
both indices vary almost equally. The correlation of the
indices with the IMF north-south component is less no-
ticeable.

To figure this out, explore the relationship between
the geomagnetic indices and the interplanetary parame-
ters, dividing the entire data array into two subarrays
depending on the sign of IMF B,. Figure 2 shows the
dependences of ASY-H and SYM-H on differently di-
rected IMF B,. In fact, Figure 2 presents the same as
Figure 1, c, f, with the difference that the correlation
analysis of the indices and B, is carried out separately
for B,>0 and B,<0. The correlation coefficients r in the
linear approximation equations between ASY-H and B,
and SYM-H and B,, are 0.189 and —-0.065 for B,>0 and —
0.586 and 0.528 for B,<0 respectively. We can conclude
that the ring current indices for northward IMF are al-
most independent of B,, whereas for southward IMF
both indices are noticeably related to B,: with an increase
in the absolute value of the IMF southward component Bs,
the ASY-H and SYM-H indices increase in absolute value.
The regression equations in this case can be written as
ASY-H=-5.60 Bs+17.17 and SYM-H=8.09 Bs-8.53.

Table 1

Information on the intervals of A, values, the number of days n, the average values and standard deviations ¢ of the geomag-
netic indices Ap. ASY-H, SYM-H and the interplanetary parameters V, IBl, B, in activity groups and across the dataset

Aot ';'?L“agesr <Ay>to, | <ASY-H>xo, | <SYM-H>zo, <V>+o, <B><o, <By>+o,
o 0 nT nT nT km/s nT nT
0-2 841 | 1.60+0.63 | 10.90+2.85 | —2.08+596 | 338.17+44.02 | 3.71+1.35 | 0.33+0.89
35 2609 | 4024075 | 13924381 | -429+801 | 37530+5420 | 4724152 | 0.30+1.14
6-8 2219 | 6.88+0.84 | 17.004439 | -8.02+10.18 | 416.34+67.92 | 575+174 | 0.14+1.29
9-11 1357 | 9944078 | 10.80+4.89 | -11.38+11.72 | 447.70<77.91 | 6.42+195 | 0.07+150
12-14 950 | 12.90+0.86 | 21914520 | -14.24+12.32 | 472.86+87.79 | 6.99+2.15 | 0.02+1.49
1517 624 | 15984078 | 24.324576 | -17.40+1341 | 4858149324 | 7.32+232 | 0.16+1.73
18-20 511 | 18.95+0.84 | 26904630 | —21.21+14.62 | 509.06+98.32 | 7.75+2.46 | -0.20+1.78
21-26 630 | 23.34+178 | 20.714£7.07 | —24.34+14.91 | 528.37+99.66 | 831276 | -0.28+191
>27 1018 | 44.80+23.79 | 432241595 | 45.15+30.70 | 553.23+113.02 | 10.40+3.98 | ~1.01+3.06
di':;isreet 10759 | 12.34+14.02 | 20.68+11.02 | -13.26+18.33 | 437.17+100.32 | 6.31+2.83 | 0.01=166
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Table 2

Regression coefficients a and free terms b in linear approximation equations between the geomagnetic indices ASY-H, SYM-
H and the interplanetary parameters V, |Bl, B, obtained across the dataset and at different signs of IMF B,

IMF B, sign | Number Index V |BI B,
of days a b a b a b
. ASY-H | 005 | 033 | 245 | 523 | —208 | 20.70
Entire dataset | 10759 =oqNi 000 [24.02 | 266 | 354 | 346 | _13.29
ASY-H | 004 | 000 | 179 | 732 | 123 | 17.44
Bn>0 5089 moYMH [ —0.08 | 26.42 | 150 | 048 | —0.76 | —9.26
ASY-H | 005 | 021 | 311 | 301 | 560 | 17.17
Bn=0 5670 FeyMIH [ 009 | 2202 | 382 | 7.72 | 809 | 853
From the data presented in Table 2 we can conclude 40
r=-0.577 r=0.572

that a and b in the equations of relationship of ASY-H
and SYM-H with V and IBl across the dataset represent
the averages of the results of their summing at B,>0 and
B,<0. Note that the dependences of the ASY-H and
SYM-H indices on the solar wind velocity at differently
directed IMF B, do not change. It has to be said that the
correlation coefficients between V and B, for both signs
of B, are lower than 0.018, which indicates that V and
IMF B, are independed of each other. V and IBI (r<0.22)
are almost independent of each other. This information
has been obtained by comparing the parameters sepa-
rately. The nature of the dependence of ASY-H and
SYM-H on the IMF modulus is not the same for different
IMF B, signs — for southward IMF the correlation coeffi-
cients between ASY-H and SYM-H on the one hand and IBI
on the other are noticeably higher than for northward IMF:
for ASY-H r=0.70 and r=0.58 respectively; for SYM-H r=
0.54 and r=-0.27 respectively. Thus, the relationship be-
tween the indices and the IMF modulus when taking into
account the IMF B, sign is similar to the relationship be-
tween the indices and IMF B, in Figure 2.

Figure 3 shows the ratios between IBI and B, for
southward and northward IMF, obtained across the dataset.
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Figure 2. Distributions of daily average ASY-H (a) and
SYM-H (b) as functions of coupling with the IMF north-south
component B,, obtained across the dataset, taking into account
the B,, sign: for southward IMF (left), for northward IMF (right)
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Figure 3. Ratios between |Bl and B, for southward (left)
and northward (right) IMF, obtained across the dataset

The regression equations are as follows: for southward
IMF |B1=-1.24 Bg+5.07, for northward IMF |B1=1.20
By +5.12. The dependences are seen to be the same — the
coefficients a and the free terms b are almost equal, tak-
inginto account the B, sign. Nonetheless, the ASY-H and
SYM-H indices exhibit different dependence on IB! and B,
for different IMF directions (see Figure 2, Table 2). It is
obvious that such a picture results from the response of
intramagnetospheric processes to IMF direction. It is
known [Lockwood, McWilliams, 2021] that the mecha-
nisms of penetration of energy from the solar wind into the
magnetosphere at southward and northward IMF differ.
And the fact that the correlation coefficients between ASY-
H and IMF IBI in both directions of B, are higher than
those between SYM-H and IMF |B! probably reflects the
nature of these indices — SYM-H characterizes the intensi-
ties of the symmetric component of the magneto-
spheric ring current and magnetopause and tail cur-
rents; and ASY-H describes the intensity of the
asymmetric ring current component and the current
systems containing magnetospheric-ionospheric field-
aligned currents [Dubyagin et al., 2014].

Estimate the contributions of IMF |Bl to ASY-H and
SYM-H and subtract them from experimental values of
the indices. To do this, we use the regression coeffi-
cients a and the free terms b in the linear approximation
equations between ASY-H, SYM-H and IMF Bl from
Table 2. Figure 4 depicts the differences obtained after
excluding the calculated contributions of ASY-H(IBI) and
SYM-H(IBI) from experimental values of the indices.
Distributions of the differences between ASY-H-ASY-
H(IBl) and SYM-H-SYM-H(IBI) relative to the IMF
north-south component without separating by the B,
sign are presented in panels a and d; for B,<0, in panels
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b and e; for B,>0, in panels ¢ and f respectively. The
data is seen to be distributed quite naturally — with
decreasing IMF northward component and increasing
IMF southward component, the differences increase
from negative values to positive ones for ASY-H-ASY-
H(IBI) and vice versa for SYM-H-SYM-H(IBI). Recall
that panels b and e present the differences between the
indices for southward IMF; panels ¢ and f, for the
northward one. We have to admit that this method of
searching for the relationship of the indices with the B,
component is ineffective since the correlation of the
data compared in panels b, c, e, f is low. Preference
should therefore be given to considering the relationship
of the indices with B, when the data array is not divided
according to the B, sign (panels a and d), but taking into
account the contribution of IMF IBl. The correlation
coefficient between ASY-H-ASY-H(IBl) and B, is higher
than 0.4, and between SYM-H-SYM-H(IBI) and B, is
higher than 0.5. We can conclude that after excluding
the contribution of the IMF modulus, the ASY-H and
SYM-H indices show a linear correlation with the IMF
north-south component: their absolute values increase as
B, turns from north to south, with SYM-H increasing
almost three times more than ASY-H. The corresponding
regression equations can be written as follows: AASY-
H=ASY-H-ASY-H(IB)=-2.11 B,+0.07 and ASYM-
H=SYM-H-SYM-H(1B/)=6.12B,~16.91.

Examine the behavior of ASY-H and SYM-H when
daily average B, is zero. During the period of interest
there were 118 such days. Figure 5 shows distributions
of the ASY-H and SYM-H indices relative to the solar
wind velocity (a) and the IMF modulus (b). Figure 5
indicates that the dependences of ASY-H on V and of
SYM-H on IBI do not manifest themselves, but there is
a moderate correlation in the relations ASY-H — IBI
and SYM-H — V: with increasing 1B, ASY-H increases;
with increasing V, SYM-H increases. The SYM-H index
characterizes the symmetric component of the ever-
present ring current and the tail and magnetopause
currents, whereas the ASY-H index reflects their
asymmetric component that occurs during magneto-
spheric disturbances [lyemori et al., 1992]. In this case,
in the absence of IMF B,, with increasing V the magne-
tosphere experiences compression such that the ring
current and the magnetopause and magnetotail current
systems intensify, and with increasing |Bl the transfer
of the interplanetary electric field into the magneto-
sphere increases which causes current systems to en-
hance and a partial ring current to appear. In this sam-
ple, the average of <ASY-H>=(10.8+2.9) nT, and
<SYM-H>=(-2.2+5.5) nT; these values are close to the
offsets of ASY-H and SYM-H determined when study-
ing the dependence of these indices on the level of
magnetic activity [Makarov, 2021].

2.2. Results of the analysis of averages in
groups of magnetic activity

Examine the relationship of the ASY-H and SYM-H
indices with interplanetary parameters from their aver-
ages in the groups of magnetic activity. Table 1 lists
averages of ASY-H and SYM-H, V, IBI, and B, in the groups
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H relative to the solar wind velocity V (a) and the IMF modu-
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of magnetic activity. The correlation coefficients r cal-
culated for each pair of the values compared show that
the relationships between the indices and the interplane-
tary parameters are almost functional: for ASY-H
r>0.97, for SYM-H r>0.94. This can be explained by a
small number of groups of magnetic activity and by
operating with the data averaged in the groups. The in-
crease in the indices with increasing V, IBl and decreas-
ing B, is clearly visible, i.e. with the change in the IMF
direction from north to south.

Examine the relationship between ASY-H, SYM-H
and B, by dividing the data into two parts according to
B, sign, as in the previous section. Figure 6 shows de-
pendences of ASY-H and SYM-H on B,, obtained sepa-
rately at B,<0 and B,>0; the corresponding regression
characteristics are given in Table 3. We can see that,
unlike the similar picture across the dataset (Figure 2),
in Figure 6 at southward and northward IMF with an
increase in the absolute value of B, the ASY-H and SYM-
H indices also increase in absolute value. It turns out
that at northward IMF with increasing B,, magnetic ac-
tivity increases. To clarify such an unexpected result, as
above, examine the relationship between IBI and B, at
B,>0 and B,<0 for the average values in the groups of
magnetic activity.

Figure 7 shows the correlations between |B| and B,
for southward (left) and northward (right) IMF. As for the
entire dataset (see Figure 3), IBl increases proportionally
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Figure 7. Ratio between |Bl and B,, at southward (left) and
northward (right) IMF according to their averages in the
groups of magnetic activity

with the increase in the absolute value of B, at B,>0 and
B,<0. The linear regression equations for southward and
northward IMF take the form |B1=-3.31 Bs+3.18 and
IB1=7.35 By—1.12 respectively. The regression coeffi-
cients a in these equations are seen to differ markedly
from those for the entire data array.

Estimate the contributions of the IMF modulus to
ASY-H and SYM-H and subtract them from the experi-

mental values of the indices. For this purpose, apply
the regression coefficients a and the free terms b in the
linear approximation equations between the geomag-
netic indices ASY-H, SYM-H and the IMF modulus |B]
separately for B,<0 and B,>0 from Table 3. The dif-
ferences obtained after excluding the calculated con-
tributions of ASY-H(B) and SYM-H(B) from the exper-
imental values of the indices and by taking into ac-
count the sign of the IMF north-south component B,<0
and B,>0 are distributed randomly, without a certain
regularity. In these relations and also if the B, sign is
ignored, the correlation between the differences ASY-
H-ASY-H(IBl) and SYM-H-SYM-H(IBI) on the one hand
and B, on the other does not exceed 0.3. It follows that
the IMF modulus contribution levels the dependence
of ASY-H and SYM-H on B,, when considering this de-
pendence separately for southward and northward
IMF. Thus, the study into the relationship of ASY-H
and SYM-H with B, by dividing data into groups ac-
cording to the level of magnetic activity can be carried
out without grouping the data by the B, sign.

2.3. Comparison of relationships obtained
from different data samples

If we compare the information presented in Tables 2,
3 (rows Entire dataset), we can notice some differences.
For example, the regression coefficients a in the case of
the relationship of the indices with the solar wind veloc-
ity V and the IMF modulus |BI are quite close for differ-
ent samples, but in the case of the relationship with the
IMF north-south component B, the coefficients a differ
greatly — almost by an order of magnitude. It is fair to
assume that this depends on data sampling. For the en-
tire array of daily average data, the range of variations
in ASY-H is approximately 140 nT; in SYM-H, ~275 nT,;
in V, ~800 km/s, in B, ~35 nT; in B,,~35 nT. If we oper-
ate with data averaged over the groups of magnetic ac-
tivity, the following values are observed: ASY-H~35 nT,
SYM-H~45 nT, V~250 km/s, B~7 nT, B,~1.5 nT. The
ratios between the ranges of the corresponding data
across the entire dataset and activity groups are ~4 for
ASY-H, ~6 for SYM-H, ~3 for V, ~5 for |BI, ~24 for B,;
i.e only for B, an abnormally large ratio is obtained
which probably determines the strong difference in the
coefficients a in Tables 2, 3. When we analyze the
relationship between the indices and B, in the activity

Table 3

Regression coefficients a and free terms b in linear approximation equations between the ASY-H, SYM-H indices, aver-
aged over the groups of magnetic activity, and the interplanetary parameters V, |Bl, B, regardless of the B, sign and at dif-

ferent B, signs

IMF B, sign \Y IBI B,
Index a b a b a b

Entire dataset ASY-H 0.10 | -21.97 3.92 -4.36 | —27.42 21.02
SYM-H | -0.12 38.45 | —4.76 17.07 33.67 | -13.63
B,>0 ASY-H 0.11 | -28.00 4.04 -7.16 31.90 | -14.20
SYM-H | -0.13 47.89 | -5.05 22.28 | —41.01 32.32
B.<0 ASY-H 0.13 | -36.48 5.02 -8.86 | -17.32 6.43
n= SYM-H | -0.18 61.97 | —6.79 26.17 23.92 6.00
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groups, we average the data in them and thereby reduce
the range of their values. As for the free terms b, they
are determined by the spread of data in the samples (see
Table 1).

When dealing with the entire array of daily average
data, the SYM-H index in absolute value depends on the
solar wind velocity almost twice as much as the ASY-H
index, and relative to the IMF modulus both indices
vary almost equally. The correlation of the indices with
the IMF north-south component is less pronounced (see
Figure 1). Given that IMF |Bl and B, vary proportionally,
to identify the dependence of the ASY-H and SYM-H
indices on B, account must be taken of their relationship
with |BI.

When operating with data averaged over the groups
of magnetic activity, the increases in the absolute values
of the indices with an increase in V, |Bl are more uni-
form, and their increase with a decrease in B, is also
obvious, i.e. with the change in the IMF direction from
north to south (see Table 1).

CONCLUSION

The statistical relationship of the magnetospheric
ring current geomagnetic indices ASY-H and SYM-H
with the main interplanetary parameters (the solar wind
velocity V, the IMF modulus IBI and normal (north-
south) component B,,) has been studied. The daily aver-
age values for 1981-2015 were used. Regression analy-
sis of the data in the linear approximation assumption
was carried out in the first case for the entire data array,
in the second for the average data divided into groups
according to the daily average values of the planetary
geomagnetic index A,.

The following results have been obtained:

1. It has been shown that it is preferable to deter-
mine the relationship of the magnetospheric ring cur-
rent geomagnetic indices ASY-H and SYM-H with the
main interplanetary parameters by considering the
entire data array rather than by dividing the data into
groups of magnetic activity.

2. Regression equations describing the dependences
of the daily average values of ASY-H and SYM-H on the
solar wind velocity, the IMF modulus [BI and north-
south component B, have been defined.

3. It has been found that when describing the rela-
tionship of the magnetospheric ring current geomagnetic
indices ASY-H and SYM-H with the IMF north-south
component B, consideration must be given to the con-
tribution of the IMF modulus IBI.

The results of the work can be used to study the
large-scale patterns of the interaction between the solar
wind and Earth's magnetosphere such as seasonal and
cyclic variations in geomagnetic activity, and can also
be useful in examining solar-terrestrial relations and
manifestations of space weather in processes investigat-
ed in meteorology, seismology, biophysics, etc.

The work was carried out under Government as-
signment (State Registration Number 122011700182-1).
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