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Abstract

We have analyzed intense geomagnetic storms (<-100nT)
observed between 2012 and 2020 with disturbances in solar wind
plasma parameters southward component of interplanetary magnetic
fields (IMFBz) GSE, interplanetary magnetic field (IMF), solar wind
plasma pressure (P), and solar wind plasma temperature (T). We have
observed that all the intense geomagnetic storms are associated with
disturbances in solar wind plasma parameters. We have determined a
large positive correlation with a correlation coefficient of 0.61 between
the magnitude of intense geomagnetic storms and the peak value of
disturbances in IMFBz, 0.60 between the magnitude of intense
geomagnetic storms and magnitude of disturbances in IMFBz. 0.71
between the magnitude of intense geomagnetic storms and the peak
value of disturbances in interplanetary magnetic fields (IMFB),0.66
between the magnitude of intense geomagnetic storms and magnitude
of disturbances in interplanetary magnetic fields(IMFB). Further, we
have obtained large positive correlation with a correlation coefficient of
0.68 between the magnitude of intense geomagnetic storms and the
peak value of disturbances in solar wind plasma pressure and 0.62
between the magnitude of intense geomagnetic storms and magnitude
of disturbances in solar wind plasma pressure. Positive correlation
with correlation coefficient 0.87 between the magnitude of intense

6948



P. L. Verma, Saket Kumar, Dolly Ochani, Varinder Pandey, Anita Shukla-
Disturbances in solar wind plasma flow and geomagnetic field disturbances
during the period of 2012-2020

geomagnetic storms and the peak value of disturbances in solar wind
plasma temperature, 0.33 between the magnitude of intense
geomagnetic storms and magnitude of disturbances in solar wind
plasma temperature has also been determined. We have concluded that
disturbances in solar wind plasma parameters southward component
of interplanetary magnetic fields, interplanetary magnetic fields, solar
wind plasma pressure play a crucial role to generate intense
geomagnetic storms.

Keywords: Intense geomagnetic storms, Interplanetary magnetic
fields, Southward component of interplanetary magnetic fields, solar
wind plasma temperature and solar wind plasma pressure.

1. INTRODUCTION

The solar wind consists of charged particles, primarily electrons, and
protons, flowing outward from the Sun, It contains a large amount of
kinetic and electrical energy. When the energy centers inside the
magnetosphere it creates turmoil to the geomagnetic activity which
ultimately results in the geomagnetic storms, sub-storms, and aurora
(Chapman, Bartels 1962, Gonzalez et.al, 1994). All the geomagnetic
disturbances occurring over short periods are measured by
geomagnetic indices. The main indices used to measure variations in
the earth’s magnetic field strength are- Dst index and the AE index
(Rostoker, 1972). The short time disturbance (Dst) index is the index
that i1s used to monitor the worldwide magnetic storm level. It is
constructed by averaging H from mid-latitude and equatorial
magnetograms from all over the world. The values of the Dst index
are negative which means that a magnetic storm is in progress. This
is due to the storm time ring current which flows around the earth
from east to west in the equatorial plane. The more negative value of
Dst the more the intensity of the magnetic storm. The geomagnetic
storms are classified into the four categories as per the value of Dst as
suggested as weak (-30nT to -50nT); moderate (-50nT to -99nT);
intense (-100nT to -250nT) and very intense (-250nT an above)
(Gonzalez.et.al; 1994). The occurrence of a geomagnetic storm depends
upon the solar conditions, particularly the southward interplanetary
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magnetic field (IMF) component and most strong geomagnetic storms
are associated with high-speed streams of solar wind plasma related
to corotating interaction regions (CIRs) or coronal mass ejections
(CMEs) (Gosling et al., 1991; Tsurutani et al., 1995; Gosling,1993;
Crooker and Cliver, 1994; McAllister and Crooker, 1997; Kamide et
al., 1998; Gonzalez et al., 1999). The primary cause of geomagnetic
storms is a strong dawn-to-dusk electric field associated with
southward IMF (Tsurutani et al., 1992; Gonzalez et al., 1994). It may
also be a result of a shocked and compressed ambient field due to the
interaction of high-speed plasma with slower solar wind plasma
(Gosling et al., 1991; Gosling, 1993; Tsurutani et al., 1992, 1995;
Crooker and Cliver, 1994; McAlister and Crooker, 1997). Lyatsky and
A. Tan (2003) have studied geomagnetic storms with solar
disturbances and concluded that the averaged disturbance in the solar
wind responsible for geomagnetic storms is associated with the
compression of ambient solar wind plasma and interplanetary
magnetic field (IMF) ahead of high-speed plasma flow. The magnetic
field strength and plasma density start to increase several hours
before the geomagnetic storm onset. Some other scientists have
studied disturbances in solar wind plasma velocity, density, speed
temperature, and interplanetary magnetic field and concluded that
geomagnetic storms are well associated with disturbances in solar
wind plasma parameters (Pizzo0,1997; Vandas et al., 1997; Crooker et
al., 2000; Wu et al.,2001, Vrma 2009, Verma, 2012, Verma 2014).
Weigel (2010) quantified the influence of solar wind density using two
statistical measures and concluded that the solar wind density
modifies the ability of a given value of the solar wind electric field to
create a Dst perturbation. Ayush et al. (2017) studied the association
between geomagnetic storms and solar wind plasma parameters IMF
Bz, density, temperature, and velocity and results obtained strongly
suggest that IMF Bz has a strong impact on the cause of geomagnetic
storms. Balveer, S., et al (2014) have reported that the Dst of
geomagnetic storms had a strong correlation with solar wind velocity,
IMF B.
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2. Experimental Data

Table - Intense geomagnetic storms and associated disturbances in
solar wind plasma parameters for the perlod of 2012 2020

Totomse Goomagnetic Storms Disturbance in IMFBz (GSE) Disturbance in IMFD T Disturbance i Sofar wind plasma pr Disturbance in solar wind plasma temperature
i Distu D sturb
e Disturban magnit
Onset Peak o Start de n
¥ Tim value time time
2012 68(13) 16.1 9.6 69(1) 10.8 6.71 68(20)
2012 IN(F) 14.7 11.2 114(11) 7.1 7 114(3)
177 115 5 015 T96016)
17.1 14.3 136 5.13 276(0)
7 56 T 51 2 73012
iz B 106 JEED) T Tz BE) 5 BRED) 351 3196) 52807
2015 0] 127 T615) 0 ) ) 133 %6 121 ) 516150 et
151
2013 a5 12 15109 175 126 15109 115 13 152 297 15206 566494
015 17500 05 T7506) s ] [EEE) 12 5 150 () P 516 Z5i652
201 [EX) i 502 15 o3 05 155 52 500, 515 25 012
2015 T6(7) 217 76(9) 24.1 235 76(2) 30.5 23.9 76 (4) 12.86 76(4) 649319
2015 [EE) 19 [EEK) %35 212 [EE] 31T 02 173 (15 12 17820 1222590
2015 280(2) 115 280(18) 4.9 4.8 280(2) 20.4 10 280(7) 5.6 280(13) 562108
015 55310) 15 EE) 51 o1 Haan 195 1 510 1257 55300 7
015 365(0) 06 61 125 6500) 167 9 55 () 5 w01 I}
o IHE) 150 DX} 05 170 5 B 170 1557 147 180D
%0
2017 (19) 135 250(22) 23.6 15.5 250(20) 24.9 17.9 251(4) 7.93 517 253(7)
015 55705 66 35706 T 11 10 T51 24 55) G0z 257 3550

In this investigation, hourly Dst indices of geomagnetic field have
been used over the period 2012 through 2020 to determine onset time,
maximum depression time, the magnitude of intense geomagnetic
storms. This data has been taken from the NSSDC Omni web data
system (http;//omniweb.gsfc.nasa.gov/form/dxi.html)).which has been
created in late 1994 for enhanced access to the near-earth solar wind,
magnetic field, and plasma data of Omni data set, which consists of
one-hour resolution near the earth, solar wind magnetic field and
plasma data, energetic proton fluxes and geomagnetic and solar
activity indices. To determine disturbances in solar wind plasma
parameters, hourly data of solar wind plasma temperature, pressure
and interplanetary magnetic field, the southward component of
interplanetary magnetic fields has been used and these data have also
been taken from Omni web data
(http;//omniweb.gsfc.nasa.gov/form/dxi.html)). We investigate 18
intense geomagnetic storms observed between 2012 and 2020 with
solar wind plasma parameters southward component of
interplanetary magnetic fields (IMFBz) GSE, interplanetary magnetic
fields (IMFB), solar wind plasma temperature, and solar wind plasma
pressure. We used statistical methods association and correlation for
the data analysis of intense geomagnetic storms and solar wind
plasma parameters.
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3. DATA ANALYSIS AND RESULTS

This study uses statistical method association and correlation for data
analysis of the observed intense geomagnetic storms with
disturbances in solar wind plasma parameters. Statistical method
correlation has been used to see how the magnitude of intense
geomagnetic storms i1s correlated with disturbances in solar wind
plasma parameters.

1-From the data analysis of intense geomagnetic storms and
associated disturbances in a southward component of interplanetary
magnetic fields (IMFBz) given in Table and Figure 1,2 it is observed
that all the intense geomagnetic storms are associated with
disturbances in the southward component of interplanetary magnetic
fields (IMFBz) with lowest peak value -4.9 nT to highest peak value -
26.3nT and lowest magnitude -4.8nT to highest magnitude -24.2 nT.
Most of the intense geomagnetic storms of higher magnitudes are
associated with relatively higher peak value disturbances in IMFBz.
The trend line of scatter plot between the magnitude of intense
geomagnetic storms and the peak value of IMFBz given in Figure 1
and magnitude of intense geomagnetic storms and magnitude of
disturbances in IMFBz given in Figure 2 shows a strong positive
correlation. A large positive correlation with correlation coefficient
0.61 between peak values of disturbances in IMFBz and magnitude of
intense geomagnetic storms and 0.66 between the magnitude of
disturbances in IMFBz and magnitude of intense geomagnetic storms
have been obtained by statistical methods.

Scatter plot between magnitude of intense

Scatter plot between magnitude of intense eeomacnetic storms and maenitude of

geomagnetic storms and peak value of IMF
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Figure 1-Shows scatter plot between the Figure 2-Shows scatter plot between the
magnitude of intense geomagnetic storms and magnitude of intense geomagnetic storms and

the peak value of disturbances in IMFBz (GSE). the magnitude of disturbances in IMFBz (GSE).
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Figure 3-Shows scatter plot between the Figure 4-Shows scatter plot between the
magnitude of intense magnitude of intense geomagnetic storms and
geomagnetic storms and the peak value of the magnitude of disturbances in
disturbances in IMFB. IMFB.

2-The results of the data analysis of intense geomagnetic storms and
associated disturbances in interplanetary magnetic fields (IMFB)
given in Table and Figure 3,4 shows that all the intense geomagnetic
storms are associated with disturbances in interplanetary magnetic
fields (IMFB) with the lowest peak value 12.4nT, and highest peak
value 37.7nT and lowest magnitude 3.5nTand highest magnitude
30.2nT. It is also seen that the disturbances in IMFB following the
onset time of intense geomagnetic storms. The trend line of the scatter
plot between the magnitude of intense geomagnetic storms and the
peak value of IMFB (Figure 3) and magnitude of intense geomagnetic
storms and magnitude of disturbances in IMFB given in Figure 4
shows a strong positive correlation. We have determined a large
positive correlation with a correlation coefficient of 0.71 between peak
values of disturbances in IMFB and magnitude of intense
geomagnetic storms and 0.66 between the magnitude of disturbances
in IMFB and magnitude of intense geomagnetic storms have been by
statistical methods.
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Scatter plot between magnitude of intense Scatter plot between magnitude of intense
geomagnetic storms and peak value of solar geomagnetic storms and magnitude of solar
wind plasma pressure wind plasma pressure
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Figure 5-Shows scatter plot between the Figure 6-Shows scatter plot between the
magnitude of intense geomagnetic storms and magnitude of intense geomagnetic storms and
the peak value of disturbances in solar wind the magnitude of disturbances in solar wind
plasma pressure plasma pressure

3-The association and correlation results between intense
geomagnetic storms and disturbances in solar wind plasma pressure
given in Table and Figure 5,6 shows that all the intense geomagnetic
storms are associated with disturbances in solar wind plasma
pressure with the lowest peak value 4.41 nPa, and highest peak value
12.24 nPa , lowest magnitude 2.37nPa and highest magnitude 33.12
nPa. The trend line of scatter plot between the magnitude of intense
geomagnetic storms and the peak value of solar wind plasma pressure
(Figure 5) and magnitude of intense geomagnetic storms and
magnitude of disturbances in solar wind plasma pressure given in
Figure 6 shows a strong positive correlation. A large positive
correlation with a correlation coefficient of 0.68 between the peak
value of disturbances in solar wind plasma pressure and magnitude of
intense geomagnetic storms and 0.62 between the magnitude of
disturbances in solar wind plasma pressure and magnitude of intense
geomagnetic storms have been obtained by statistical methods.

4-From the data analysis of intense geomagnetic storms and
associated disturbances in solar wind plasma temperature given in
Table and Figure 7,8 it is observed that all the intense geomagnetic
storms are associated with disturbances in solar wind plasma
temperature with the lowest peak value 74994°k and highest peak
value 1818664 °k and lowest magnitude 38107 °k and highest
magnitude1558851 °k. The trend line of scatter plot between the

EUROPEAN ACADEMIC RESEARCH - Vol. VIII, Issue 11/ February 2021
6954



P. L. Verma, Saket Kumar, Dolly Ochani, Varinder Pandey, Anita Shukla-
Disturbances in solar wind plasma flow and geomagnetic field disturbances
during the period of 2012-2020

magnitude of intense geomagnetic storms and the peak value of solar
wind plasma temperature (Figure7) and magnitude of intense
geomagnetic storms and magnitude of disturbances in solar wind
plasma pressure given in Figure 8 shows positive correlation. Positive
correlation with correlation coefficient 0.37 between the peak value of
disturbances in solar wind plasma temperature and magnitude of
intense geomagnetic storms and 0.33 between the magnitude of
disturbances in solar wind plasma temperature and magnitude of
intense geomagnetic storms have been obtained by statistical
methods.

Scatter plot between magnitude of intense
geomagnetic storms and peak value of solar wind
plasma temparature

Scatter plot between magnitude of intense
geomagnetic storms and magnitude of solar wind
plasma temparature
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Figure 8-Shows scatter plot between the
magnitude of intense geomagnetic storms and

wind plasma

Figure 7-Shows scatter plot between the
magnitude of intense geomagnetic storms and
the peak value of disturbances in solar wind the

temperature.

magnitude of solar

plasma temperature.
4. CONCLUSION

In this study, intense geomagnetic storms observed from 2012 to 2020
are studied with disturbances in solar wind plasma parameters. From
the analysis of intense geomagnetic storms and their association with
disturbances in solar wind plasma parameters, it is seen that all the
intense geomagnetic storms are associated with disturbances in
plasma parameters. To see the trend of the correlation, scatter plots
has been plotted between the magnitude of intense geomagnetic
storms and magnitudes of associated disturbances in solar wind
plasma parameters interplanetary magnetic fields and the southward
component of interplanetary magnetic fields, solar wind plasma
pressure, temperature (Figure-1,2,3,4,5,6,7,8), the trend line of the
figure shows the positive correlation between the magnitude of
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intense geomagnetic storms and peak values of associated
disturbances in solar wind plasma parameters and magnitude of
intense geomagnetic storms and magnitude of associated disturbances
in solar wind plasma parameters. A large positive correlation with a
correlation coefficient of 0.61 has been found between the magnitude
of intense geomagnetic storms and the peak value of disturbances in
the southward component of interplanetary magnetic fields (IMFBz)
and 0.60 between the magnitude of intense geomagnetic storms and
magnitude of disturbances in the southward component of
interplanetary magnetic fields (IMFBz). A large positive correlation
with a correlation coefficient of 0.71 has also been found between the
magnitude of intense geomagnetic storms and the peak value of
disturbances in interplanetary magnetic fields (IMFB) and 0.66
between the magnitude of intense geomagnetic storms and magnitude
of disturbances in interplanetary magnetic fields (IMFB). 0.68
between the magnitude of intense geomagnetic storms and the peak
value of disturbances in solar wind plasma pressure and 0.62 between
the magnitude of intense geomagnetic storms and magnitude of
disturbances in solar wind plasma pressure. From the further
analysis, a positive correlation with a correlation coefficient of 0.37
has been determined between the magnitude of intense geomagnetic
storms and the peak value of disturbances in solar wind plasma
temperature and 0.30 between the magnitude of intense geomagnetic
storms and magnitude of disturbances in solar wind plasma
temperature. The study of an intense geomagnetic storm is an
important issue for the study of space weather. The solar wind plasma
pressure, temperature, specially IMFB and IMFBz is an important
parameter that indicates the presence of the geomagnetic storm. In
this research, we study solar wind parameters southward component
of interplanetary magnetic fields (IMFBz) GSE, interplanetary
magnetic fields (IMFB), solar wind plasma pressure, solar wind
plasma temperature, and intense geomagnetic storms using the Dst
index. We have used correlation analysis of the magnitude of intense
geomagnetic storms with peak and magnitude of associated
disturbances in solar wind plasma temperature, pressure,
interplanetary magnetic field (IMFB), and the southward component
of the interplanetary magnetic field IMFBz) GSE. we have observed
that the correlation coefficient which we obtained from this research
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work,

strongly suggests that the solar wind plasma pressure,

interplanetary magnetic fields, and the southward component of

interplanetary magnetic fields has a strong impact to generate intense

geomagnetic storms in the magnetosphere of the earth.
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