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Abstract. The paper studies the influence of inter-

planetary factors on the degree of symmetry of the 
magnetospheric ring current. The geomagnetic indices 
SYM-H, ASY-H, and interplanetary parameters for the 
period 1981–2015 are considered. The indicator of the 
degree of symmetry of the ring current is the ratio SYM-
H/ASY-H. Analysis is based on annual averages of geo-
magnetic and interplanetary parameters. This approach 
allows us to identify large-scale patterns. The relation-
ships are examined of the degree of symmetry of the 
ring current and the indices SYM-H and ASY-H with the 
value B of the interplanetary magnetic field (IMF), the 
IMF north-south component Bn, and the solar wind ve-
locity V. It is concluded that properties of magneto-
spheric ring currents are described by these indices 
more adequately when offsets in their values are taken 

into account than without regard for them. It is found 
that when offsets in ASY-H are considered the symmet-
ric ring current prevails approximately twice over the 
asymmetric one for average conditions in the solar 
wind: V<550 km/s, B<10 nT, ǀBnǀ<2 nT. Under quiet 
solar wind conditions (V<450 km/s, B<5.5 nT, ǀBnǀ<0.7 
nT), the degree of symmetry of the ring current increas-
es. It is established that with intensification of interplan-
etary parameters (V, B, ǀBnǀ) the symmetric ring current 
index SYM-H grows more strongly than the asymmetric 
ring current index ASY-H. 

Keywords: geomagnetic indices SYM-H and ASY-H, 
magnetospheric ring current, interplanetary parameters. 

 
 

 

 

INTRODUCTION 
The magnetospheric ring current consists of two 

main parts: symmetric and asymmetric. The geomagnet-
ic indices SYM and ASY were developed to estimate the 
symmetric and asymmetric ring current components 
respectively [Iyemori et al., 1992].  

Quite a lot of works have studied the influence of in-
terplanetary parameters on the SYM and ASY indices. 
Shi et al. [2006] have found that when the interplanetary 
magnetic field (IMF) north-south component Bn is nega-
tive, an increase in the solar wind (SW) dynamic pres-
sure additionally enhances the ring current asymmetry. 
Singh et al. [2013] have examined the effect of smooth 
and abrupt changes in IMF Bn on ASY-H and ASY-D 
during magnetic substorms. Haiducek et al. [2017], us-
ing the SWMF system, have modelled the forecast of 
the geomagnetic indices Kp, SYM-H, AL and have estab-
lished that the model excels at predicting SYM-H. 
Bhaskar and Vichare [2019] with the aid of an artificial 
neural network have successfully predicted SYM-H and 
ASY-H during nine geomagnetic storms of solar cycle 
24; the SW velocity and density, as well as IMF B, By, 
Bz were utilized as input data. During the main phase of 
severe storms, there are noticeable deviations of the 
predicted index values from the observed ones, which 
indicates the effect of internal factors such as magneto-
spheric processes. In [Makarov, 2022] based on exten-
sive statistical data, the relationships of SYM-H and 
ASY-H with key interplanetary parameters have been 
analyzed and it has been obtained that the dependence 

of ASY-H and SYM-H on the IMF north-south compo-
nent is determined by the IMF strength. Moreover, it 
has been found that SYM-H and ASY-H depend on the 
SW plasma parameter β: their absolute values decrease 
with increasing β regardless of the sign of IMF Bn 
[Makarov, 2024]. It is assumed that this is due to the 
transition of the magnetosphere to quiet state because of 
the increasing predominance of thermal pressure over 
magnetic pressure in SW and a decrease in the level of 
turbulence.  

Correlation relationships between ASY-H and inter-
planetary medium parameters for 107 magnetic storms 
with Dst<–50 nT induced by SW streams of different 
types (CIR — corotating interaction regions and ICME — 
interplanetary coronal mass ejections) have been inves-
tigated in [Boroev, Vasiliev, 2020] and it has been 
found that average ASY-H during the magnetic storm 
main phase depends on the electric field and the IMF 
southward component regardless of the stream type; no 
relationship between ASY-H and SW velocity has been 
detected. Namuun et al. [2023] have examined correla-
tion relationships between SYM-H and various inter-
planetary parameters for 131 CME-driven magnetic 
storms and 161 CIR-induced magnetic storms. The au-
thors have concluded that SYM-H in the case of CME 
storms has a greater dependence on the SW velocity and 
the convective electric field, and in the case of CIR 
storms it more strongly depends on the SW electric 
field, the velocity of the open magnetic flux dφ/dt, and 
the reconnection electric field EKL. 



G.A. Makarov 

32 

Symmetric and asymmetric ring currents have differ-
ent properties [Bakhmina, Kalegaev, 2008]. The symmet-
ric ring current is formed due to decoupled motion of 
magnetospheric plasma protons and electrons, trapped by 
the geomagnetic field along closed trajectories around 
Earth, and it exists constantly. The partial ring current is 
formed in the night and dusk sectors near the geomagnet-
ic equator due to enhanced magnetospheric convection 
during disturbances. The partial ring current is thought to 
develop during the magnetic storm main phase and to 
decay immediately after its maximum [Barkhatov et al., 
2008]. Although the weak longitude asymmetry of the 
magnetospheric magnetic field measured on Earth's sur-
face is also present during geomagnetically quiet periods, 
it is not known for certain whether it is related to the ex-
istence of the partial ring current in the quiet magneto-
sphere [Kalegaev et al., 2008]. 

Weygand and McPherron [2006] have studied such a 
characteristic of ring currents as the degree of sym-
metry, defined as the SYM-H/ASY-H ratio. They have 
figured out that the ring current is always asymmetric. 
Examining SYM and ASY variations, the authors [Wey-
gand, McPherron, 2006; Iyemori et al., 2010] have re-
vealed that there are offsets of their values. According 
to the definition given in these papers, offset is a non-
zero index value under magnetically quiet conditions. 
Weygand and McPherron [2006] have suggested that 
the offsets may be caused by the joint effect of various 
magnetospheric current systems. Earlier in [Alexeev et 
al., 1996; Maltsev et al., 1996; Tsyganenko, Sitnov, 
2005], it has been shown that not only the ring current 
itself, but also magnetopause currents, the magnetotail, 
and field-aligned currents contribute to geomagnetic 
characteristics of the ring current.  

Most works on the relationship of SYM and ASY 
with interplanetary parameters have been performed for 
storm and sub-storm conditions. The study of solar-
terrestrial relations and space weather phenomena is 
incomplete without taking into account the large-scale 
properties of the ring current and its long-term dynam-
ics. Such properties can be investigated by analyzing 
data with a time resolution of a day or longer. Such 
studies are often conducted by statistical methods using 
daily and annual average terrestrial, interplanetary, and 
solar parameters. For daily average terrestrial parame-
ters, different phases of geomagnetic storms may over-
lap; therefore, the storm parameters (phase, intensity, 
duration, etc.) will largely be smoothed over. In this 
regard, it is important to study variations in annual aver-
age SYM and ASY obtained from daily average data. The 
purpose of the work is to examine the effect of inter-
planetary parameters on the degree of magnetospheric 
ring current symmetry. 

 
EXPERIMENTAL DATA 

The SYM and ASY indices are calculated from the H 
and D components of the geomagnetic field at six mid-
latitude stations (the network consists of more than ten 
stations). These indices have a 1-min time resolution 
and are divided into SYM-H, SYM-D, ASY-H, and ASY-
D. SYM-H and SYM-D are, in fact, averaged deviations 

of the geomagnetic field H and D components from the 
quiet level at observation stations adjusted for geomag-
netic latitude, whereas ASY-H and ASY-D are defined as 
the differences between maximum and minimum H and 
D components after subtracting the corresponding 
symmetric parts from the disturbance field. The SYM-H 
index is generally negative (similar to Dst), SYM-D 
takes values of both signs, and ASY-H and ASY-D are 
always positive. The method for determining the SYM and 
ASY indices is described in detail in [Iyemori et al., 2010].  

The data is analyzed based on annual average SYM-H 
and ASY-H and interplanetary parameters for 1981–2015. 
The geomagnetic indices were taken from the website of 
the World Data Center for Geomagnetism 
[https://wdc.kugi.kyoto-u.ac.jp/index.html]; interplanetary 
data, from the website of NASA's Space Physics Data Fa-
cility [http://omniweb.gsfc.nasa.gov/]. The IMF compo-
nents in this database are represented in the RTN coordi-
nate system: the R-axis is directed radially from the Sun; 
the T- axis, toward the Sun's rotation; and the N-axis is the 
vector product of the R and T axes. At zero heliographic 
latitude, the N and T axes are parallel. The RTN and GSE 
coordinate systems at near-Earth distances differ in the 
opposite directions of the R and X axes, as well as T and Y 
axes respectively. 

After excluding days with no data on interplanetary 
and geomagnetic parameters, 10759 days remained in 
the data array. When examining the relationship of 
SYM-H and ASY-H with the IMF north-south compo-
nent Bn, the data was classified according to the sign of 
Bn: there were 5670 days with Bn <0 (including 118 days 
when daily average Bn was zero), and 5089 days with 
Bn>0. 

 
RESULTS AND DISCUSSION 

Figure 1 plots the index of the degree of ring current 
symmetry SYM-H/ASY-H as function of IMF B, SW 
velocity V, and IMF north-south component Bn (c). The 
plots yielded the corresponding linear regression equa-
tions and correlation coefficients r. The index of the 
degree of symmetry is seen to depend on B and V; the 
correlation coefficient between SYM-H/ASY-H and IMF 
B is 0.8; and between SYM-H/ASY-H and V, it does not 
exceed 0.5. As for the relationship between SYM-
H/ASY-H and IMF Bn, when considering the data re-
gardless of the sign of the IMF north-south component 
(panel (c)) it is absent: r=0.1. Since the IMF north-
south component is one of the main factors influencing 
magnetospheric processes, the index data was divided 
into two subarrays according to the sign of Bn. Panel (d) 
shows the relationships between SYM-H/ASY-H and Bn 
separately for southward and northward IMF. The rela-
tionship is seen to be pronounced: at Bn≤0, r=0.73; at 
Bn>0, r=0.50. It can be said that as the absolute values 
of the interplanetary parameters increase, the value of 
SYM-H/ASY-H increases in absolute value and ap-
proaches 1. 

SYM-H/ASY-H=–1 means that the symmetric and 
asymmetric components of the ring current are equated 
to the maximum values of the interplanetary parameters. 
It turns out that the asymmetric current prevails over the 
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Figure 1. Index of the degree of ring current symmetry SYM-H/ASY-H as function of IMF B (a), solar wind velocity V (b), and 
IMF north-south component Bn without classifying (c) and by classifying (d) data according to the sign of Bn; panels present linear 
regression equations and correlation coefficients r 

 
symmetric one most of the time, but this cannot be the 
case. With large-scale averages, it is logical to assume 
that the symmetric component of the ring current should 
dominate the asymmetric one due to the fact that in the 
absence of geomagnetic disturbances the symmetric ring 
current is constantly present in the magnetosphere 
[Kalegaev et al., 2008]. Such a current decays slowly 
during the geomagnetic storm recovery phase, which 
can last quite a long time [Weygand, McPherron, 2006], 
whereas the asymmetric ring current develops during 
the geomagnetic storm main phase and its decay time is 
much shorter [Weygand, McPherron, 2006; Bakhmina, 
Kalegaev, 2008].  

In Introduction, offsets of SYM and ASY were dis-
cussed. Weygand and McPherron [2006] have suggest-
ed that the offset of SYM-H probably occurs due to the 
combination of three effects: Chapman—Ferraro cur-
rents under quiet conditions; ring current under quiet 
conditions, and the difference between the tail effect on 
quiet and stormy days, whereas the offset of ASY-H is 
due to the combination of two effects: the asymmetric 
ring current that is always present in the inner magneto-
sphere, and noise on local time plots, which was caused 
by incomplete subtraction of the quiet day variation at 
each station. 

The presence of an offset in Dst values has been 
detected in [Takalo, Mursula, 2001; Hakkinen et al., 
2003]. Takalo and Mursula [2001] have investigated 
the seasonal diurnal variations of the Dst index on 
quiet and all days and have found that these varia-
tions are associated with uneven distribution of sta-
tions of the Dst network. Analysis of diurnal and sea-
sonal variations in Dst allowed Hakkinen et al. 
[2003] to conclude that stations of the Dst network 
had different entry levels so that average Dst differed 
by 10 nT. In [Makarov, 2020], it has been shown that 
the annual Dst variation occurs due to the uneven 
distribution of the network of stations involved in 
determining Dst.  

In [Weygand, McPherron, 2006], the SYM-H index 
was adjusted for the contribution of SW dynamic pres-
sure to it, and during statistical study on storm time it 
was estimated that the offset of SYM-H and ASY is 
~18±2 nT depending on the method in use. Zhao et al. 
[2022], having examined the relationship of very large 
geomagnetic storms (Δ SYM-H<–200 nT) with SW pa-
rameters, came to the conclusion that the empirical for-
mulas employed in such works estimate the intensity of 
storms with large statistical errors. In [Makarov, 2021] 
based on data on seasonal variations in the indices, as 
well as on the results of regression analysis of annual 
average indices and the level of magnetic activity for 
1981–2016, it has been found that the offsets for SYM-
H is –0.1 nT and for ASY-H is 13.6 nT. In this paper, it 
is difficult to take into account the offset during statisti-
cal study of the contribution of different sources to 
SYM-H and ASY-H.  

Given the importance of the offsets of the indices 
considered, we re-estimate the relationship between the 
index of the degree of ring current symmetry and inter-
planetary parameters, using offsets obtained in 
[Makarov, 2021] from the results of statistical study. 
The offset of SYM-H is tiny, so it can be ignored, but in 
ASY-H it is significant. After ASY-H was corrected for 
13.6 nT, SYM-H/ASY-H were calculated (for the results 
see Figure 2). 

Comparing Figure 2 with Figure 1 shows that, first-
ly, there is practically no relationship between SYM-
H/ASY-H and interplanetary parameters, except for the 
weak connection between the symmetry index and the 
IMF north-south component when the data was classi-
fied according to the sign of Bn (d); and, secondly, aver-
age SYM-H/ASY-H varies near –2. This behavior of the 
symmetry index may indicate the predominance of the 
symmetric ring current over the asymmetric one in the 
case of annual average data. Indeed, the symmetric ring 
current exists continuously, whereas the partial ring current 
develops during the magnetic storm main phase and decays 
immediately after its maximum. The ring  current becomes 
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Figure 2. Index of the degree of ring current symmetry SYM-H/ASY-H as function of IMFB (a), SW V (b), and the IMF north-
south component Bn (without classifying (c) and by classifying (d) data according to the sign of Bn) after considering the offset of 
ASY-H; panels exhibit linear regression equations and correlation coefficients r 

 

 

Figure 3. The ASY-H and SYM-H indices as function of IMF B (a and b respectively), SW velocity V (e and f), and the IMF 
north-south component Bn (c, d, g, h; data is classified according to the sign of Bn); panels show linear regression equations and 
correlation coefficients r 
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symmetric during the recovery phase [Kalegaev et al., 
2008]. Since the storm recovery phase is much longer 
(about three times or more) than the main phase, the 
symmetric ring current persists for a longer time and at 
daily averaging makes a contribution to geomagnetic 
variations, which exceeds the contribution of the asym-
metric ring current in the main phase when the intensity 
of this current is much higher. It is known [Weygand, 
McPherron, 2006], for example, that the response time 
for SYM-H (5.25 and 64.3 hr) is almost twice as long as 
that for ASY-H (2.2 and 20.9 hrs). 

In Figure 2, a, b, c, three points can be seen when 
ǀSYM-H/ASY-Hǀ>4, they correspond to small values of 
B, V, and Bn>0, i.e. to the cases when the partial ring 
current is minimum. The outlier with positive symmetry 
corresponds to positive SYM-H. Panel (d) quite clearly 
demonstrates the nonlinear relationship of SYM-H/ASY-
H with Bn according to which the symmetric ring cur-
rent noticeably prevails over the asymmetric current at 
small values of Bn. The index of the degree of ring cur-
rent symmetry can be seen to increase when V<450 
km/s, B<5.5 nT, ǀBnǀ<0.7 nT. Such patterns are expected 
due to different properties of symmetric and asymmetric 
currents. Thus, when taking into account the offset, 
ASY-H more adequately reflects properties of magneto-
spheric ring currents than when ignoring it. The offsets 
of the indices are caused by contributions of all major 
magnetospheric current systems. 

Figure 3 illustrates the correlation relationships of 
ASY-H and SYM-H with interplanetary parameters. 
When the relationship with Bn was examined, the data 
was divided into two subarrays: Bn≤0 and Bn>0; in oth-
er cases, the sign of Bn was ignored. The relationships 
shown in the figure are consistent with the known ones — 
the geomagnetic indices increase in absolute value with 
increasing B, V, and ǀBnǀ. Note should be made of the 
linear regression coefficients: in all equations related to 
interplanetary parameters, the coefficients for SYM-H 
are higher than for ASY-H, with values of both indices 
being comparable. This implies that SYM-H increases 
more strongly than ASY-H as the absolute values of SW 
parameters increase: 1.37 for B, 1.33 for V, 1.5 for Bn<0, 
and 1.08 for Bn>0. This paper is based on annual aver-
age data. With this averaging of data, storm and sub-
storm processes are smoothed out; in addition, it is nec-
essary to take into account time scales of ring current 
components — they are larger in the symmetric compo-
nent [Weygand, McPherron, 2006]. The said SYM-H 
property probably also makes an additional contribution 
to the relationship of SYM-H/ASY-H with interplanetary 
parameters. 

 
MAIN RESULTS 

The geomagnetic index ASY-H has been shown to 
more accurately measure properties of magnetospheric 
ring currents when taking into account the offset of its 
values than when ignoring this offset. When considering 
the offset of ASY-H, the symmetric component of the 
ring current prevails approximately twice over the 
asymmetric one for average conditions in the solar 

wind: V<550 km/s, B<10 nT, ǀBnǀ<2 nT. When the solar 
wind is quiet (V<450 km/s, B<5.5 nT, ǀBnǀ<0.7 nT), the 
index of the degree of ring current symmetry increases. 

From annual average SYM-H and ASY-H, it has been 
found that with an increase in the absolute values of 
interplanetary parameters (SW velocity, IMF magnitude 
IMF north-south component), the symmetric ring cur-
rent index SYM-H increases more strongly than the 
asymmetric ring current index ASY-H. 

The work was financially supported by the Govern-
ment assignment (State Registration Number 
122011700182-1). 
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