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The present study investigates the variation in the geomagnetic storms, measured by Dst and Kp indices (with Kp scaled
as Kp x10 for consistency) in relation to the southward component of the interplanetary magnetic field (IMF) B, component,
solar wind speed (V) and the product of the solar wind speed V and IMF B, for the three consecutive solar cycles (SCs)
23,24 and the rising phase of SC 25. The study enhances understanding of the dependency of geomagnetic activities on
interplanetary parameters. From this study it is found that the product of V and Bz as the most geoeffective parameter and
produces significant disturbance in Earth’s magnetospheric conditions compared to V or Bz alone, this is because
when solar wind speed V combines with southward magnetic field (Bz) it enhances the magnetic reconnection due to
which plasma flow speed suddenly increases and the induced electric field swaps the charge particles, which enhances
the geomagnetic activities. The study also determined the correlation coefficient between the Dst index and VBz for
these three SCs, which are (0.7, 0.65 and 0.5), and between the Kp index and VBz is (-0.7, -0.65 and 0.55), respectively.
The Kp index shows resemblance with the solar wind speed V, i.e. both these parameter reaches to its peak values
corresponding to Dst minima. Furthermore, this study also investigated the variation of Dst and Kp index with solar
wind speed V and IMF Bz separately and found that the correlation between these parameters is moderate across all three
SCs. This suggests that solar wind speed (V) or IMF (Bz) alone is not sufficient to produce intense geomagnetic storms.
Additionally, there is an average time lag of 1 to 2 days between Bz minima and Dst minima, which indicates a complex
mechanism involved in magnetic reconnection between Earth’s magnetosphere and IMF, the Dst and Kp indices found to
vary inversely with respect to each other (during sharp dip in Dst Kp index reach to its peak value), also the geomagnetic
activities during SC 23 and the rising phase of SC 25 is comparatively high and shows resemblance, which suggests
the same kind of variation may also be expected for the SC 25 as that of SC 23 which helps in predicting space weather
conditions.
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1 Introduction

Solar wind is a stream of charged particles that
mainly consists of protons, electrons and heavy ions'.
It originates from the Sun’s corona and plays an
important role in the modulation of space weather
conditions. It is a key factor in determining the
intensity of GS and variation in Kp index, based on
their velocities, solar winds are classified into three
categories, slow speed solar wind (300-500 Km/s)
originated near Sun’s equatorial belt’, high speed
solar wind (600 to 800 Km/sec) originated in coronal
holes® and very high-speed solar wind originated in
the large-scale plasma eruptions on the Sun’s surface,
with speed exceeding (2000 Km/sec)*. When the solar
winds enter the magnetosphere, it produces a ring
current’. This ring current generates an additional

*Corresponding author: E-mail: csbphysics@gmail.com

magnetic field, which is opposite to the Earth’s
magnetic field. As a result, the Earth’s magnetic field
conditions are disturbed, which is known as a
geomagnetic storm (GS).

The IMF is an expansion of the Sun's magnetic
field, carried outward from the solar corona by the
solar winds. The coupling between the Earth's
magnetosphere and the IMF is the primary cause of
geomagnetic storms’. The interplanetary origins of
geomagnetic storms are associated with large-scale
structures such as interplanetary coronal mass ejection
(ICME) and the corotating interaction regions (CIRs),
which act as the main carriers of the southward
component of IMF”®. When the Bz component of
IMF reconnects with Earth’s magnetic field, it allows
mass and energy to enter Earth’s magnetosphere,
which quantifies the Kp index value. A higher value
of the Kp index indicates a strong geomagnetic storm.



592 INDIAN J PURE APPL PHYS, VOL. 64, JUNE 2026

The high-speed SW and CME:s are the key drivers of
GS, whose strength is measured by the Kp index'’,
according to several studies the production of
geomagnetic storms is results of interactions
between solar wind parameters and the Earth’s
magnetosphere'' ¥, Specifically the southward
component (Bz) of the IMF, it is significant because it
triggers magnetic reconnection at the magnetopause,
but most of the studies shows that IMF. B, Alone is
insufficient to fully describe the intensity of a
geomagnetic storm. The combined parameter VBz,
representing the product of solar wind speed V and
IMF Bz, serves as a more effective indicator of geo
effectiveness, as it accounts for both the strength of
the magnetic field and the efficiency of energy
transfer.

The Intensity of a geomagnetic storm is commonly
characterised using the Kp and Dst indices. The Kp
index is calculated by taking the average of all the K
values recorded at 13 geomagnetic observatories
worldwide, making it a global indicator for measuring
Geomagnetic activities. The Kp index used for space
weather forecasting' it ranges from 0 to 9. When the
value of the Kp index becomes greater than 6, it
indicates strong geomagnetic storms. While the
horizontal component of the Earth's magnetic field
measured at four low-latitude, mnear-equatorial
geomagnetic observatories is averaged to determine
the value of the Dst index, according to the different
values of Dst, GSs are classified as moderated
(=100 nT < Dst < =50 nT), intense GS (-100 nT >
Dst > -250 nT) and super intense -250 nT > Dst).

2 Data Sources and Methodology

For the present study, the Superposed Epoch Chree
analysis method'® is used, considering the occurrence
day of a moderated geomagnetic storm (—100 nT <
Dst < =50 nT) as the zero-epoch day (key event). The
six days preceding the occurrence (zero-epoch) day of
storm are assumed as —1, =2, =3, —4, =5, —6 days,
while the six days following the zero-epoch day are
denoted as +1, +2, +3, +4, +5, +6 days, since a £6-day
window provide a balance, it allows capturing the full
evolution of storms and also reduce overlapping
between consecutive events. The average value for
these days corresponds to every year, and a graph is
plotted between two or three parameters to visualise
their variation with respect to each other. The daily
average value of the Kp index, Dst, solar wind speed
and IMF Bz are taken from the omniweb interface

(omniweb.gsfc.nasa.gov/form/dx1.html)  for  the
period 1997 to 2024. The correlation coefficient
between the above variable also determined using the

Karl Pearson correlation coefficient formula r =

W for each year, and then their average for
x0y

different solar cycles and compare them with each

other to verify their relationships and effects on each

other.

3 Results

3.1 Dst and Kp Indices

The Dst index is used to measure large-scale
geomagnetic storms. Dst shows the severity of
geomagnetic storms, and it is not directly responsible
for disturbance in the communication and navigation
system'’. In contrast, the Kp index is derived from
multiple mid-altitude geomagnetic observatories
around the world, making it a global indicator for
geomagnetic activities. It is directly responsible for
the communication and navigation systems
disturbances'®, Kp indicates early disturbances in
Earth’s magnetic field conditions and strong
geomagnetic  disturbances are often observed
corresponding to high Kp values (Kp>1)'®. The
present study revealed that the Kp index and Dst for
most of the years from 1997-2024 are inversely
correlated with each other, i.e., the peak value of the
Kp index aligns with the Dst minimum (Fig.1), which
implies that a rise in geomagnetic activity typically
leads to the occurrence of geomagnetic storms.
Also, for the years when the value of the Kp index
is high a strong dip in Dst values, which suggests
that the two parameters are highly interrelated
with each other, and both measure geomagnetic
activities. The correlation coefficient between these
two parameters is significantly high, approximately
(-0.8) (Table 1). For the years (1998, 2017, 2022 and
2024), the Kp index either leads or lags the Dst
minimum by 1 or 2 electric field swaps the charge
particles days, which indicates a complex coupling
mechanism between solar wind and Earth’s
magnetosphere.

3.2 Dst and Kp indices Variation with Solar Wind Speed

The Dst index is commonly used to monitor the
geomagnetic storm. Dst is influenced by many
interplanetary parameters such as the solar wind
speed, plasma density and interplanetary magnetic
field, etc., among these, the solar wind speed
plays a crucial role, which significantly affects the
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Fig. 1 — Chree analysis results from —6 to +6 days with respect to the occurrence day of the GS (zero epoch day). To study the pattern of
the Dst and Kp indices, the variation of their mean values is plotted for solar cycles 23, 24 and 25

Table 1 — Average correlation coefficient between speed and become minimum when solar wind speed
various parameters reaches to its maxima, after that when solar wind speed
Correlation coefficient SC 23 SC 24 SC25

starts decreasing Dst increases gradually which is also

Dst and VB, 0.70 0.63 050 found by many researchers'’ they reported that CIRs
Kp and VB, -0.70 -0.65 -0.55 linked with fast speed solar wind produce a GS* with
Dst and Solar Wind -0.47 -0.67 -0.45

gradual decrease in the Dst value. The years 1999,
Dstand B, 0.67 0.56 034 2002, 2005, 2012, 2017, 2021 and 2023 exhibit strong

KP and Solar Wind 0.46 0.37 0.31 geomagnetic events, with sharp spikes in the solar wind
Kpand B, -0.55 047 -0.31 speed and correspondingly sudden drop in Dst value
Dst and Kp -0.78 -0.68 -0.82

(Fig 2), The variation between the SW speed and Dst is
magnetospheric conditions and produces GSs. When  not very sharp for all the years, this is because Solar
the value of the solar wind speed increases the Dst  wind speed alone is not sufficient to produce GS, it’s is
value become more and more negative, From the study  the product of the solar wind speed and the IMF Bz
it found that for most of the years of SC 23, 24 and 25  which is responsible for producing sudden depression
the Dst value decreases gradually with Solar wind  in Dst value®.
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Fig. 2 — Chree analysis results from —6 to +6 days with respect to the occurrence day of GS (zero epoch day). To study the patterns of
Dst, Kp index and solar wind speed, the variation in their mean values is plotted for solar cycles 23, 24 and 25

The Kp index is a Parameter that measures the
intensity of geomagnetic activities. Many studies have
shown that an increase in the solar wind speed is
associated with geomagnetic disturbances, and the
solar wind speed and plasma density affect the
intensity of the GS, which is measured via the Kp
index. In this study, it was found that the value of the
Kp index increases with Solar wind speed in a similar
pattern, which indicates that these two parameters are
highly correlated with each other. These findings
support Richardson et al., who reported that the Kp
index increases with an increase in the solar wind
speed. Based on the study of Dst and Kp index with
solar wind speed, it was observed that solar wind
speed is the key driver of both Dst and Kp index,

and Kp index acts as an indicator of geomagnetic
disturbances on Earth.

3.3 Dst and Kp Index Variation with IMF Bz

Solar winds carry the IMF towards Earth’s
magnetosphere. The southward components of IMF
(Bz<0) play a crucial role in disturbing the Earth’s
geomagnetic conditions, when the IMF Bz is anti-
parallel to the Earth’s magnetic field, due to magnetic
reconnection, a magnetic pause is produced® and this
magnetic pause allows solar wind energy to enter the
magnetosphere and produce geomagnetic disturbance.
The intensity of GSs depends directly on the negative
value of B,; it is well established that when the
negative Bz value changes by a small amount, it has a
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measurable effect on geomagnetic conditions>. This
study revealed that when IMF Bz value starts
decreasing, the Dst index also decreases and reaches a
minimum along with Bz which is in good agreement
with previous studies®, but the Kp index shows
inverse relationship with IMF Bz i.e Kp starts
increasing and become maximum corresponds to Bz
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Fig. 3 — Chree analysis results from —6 days to +6 days with respect to the occurrence day of the GS (zero epoch day). To study the
patterns of Dst, Kp index and Bz, the variation of their mean values is plotted for solar cycles 23, 24 and 25 (Contd.)
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Fig. 3 — Chree analysis results from —6 days to +6 days with respect to the occurrence day of the GS (zero epoch day). To study the
patterns of Dst, Kp index and Bz, the variation of their mean values is plotted for solar cycles 23, 24 and 25

coincide with Bz and Kp maxima. Also, the average
correlation coefficient between IMF Bz and Dst for
three SCs is 0.55, and the correlation coefficient
between IMF Bz and Kp is -0.46, which suggests that
Dst and IMF (Bz) are directly related and Kp is
anticorrelated to Bz. For the years 1998, 1999, 2002,
2003, 2011 and 2017, the Dst became minimum after
a lag of one day compared to the IMF B, value; this
delay is mainly due to the magnetospheric delay

response time, since the solar energy first interacts
with the magnetotail, after which it intensifies the ring
current. For the starting phase of SC 25, the Dst
minima occur after Bz turned southward (-ve) to
northward (+ve). This finding supports previous
studies®™ who identify Bz as a primary key driver of
space weather disturbances. Negative Bz enhances
geomagnetic activity, leading to stronger storms
(more negative Dst values).
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3.4 Dst and Kp Index with VBz

After finding the relation between Dst and Kp with
solar wind speed and IMF Bz, the variation in Dst and
Kp values with the product of VBz also investigated,
the product of V and Bz is important since it produces
an electric field ( Esw= Vg x Bsw ) Which swaps the
ionized particle (coming towards the Earth’s
magnetosphere from the Sun with solar wind or
CMEs) away towards the polar region which later
produce auroras, also due to that the geomagnetic
activities are intensified when this product become
more negative it act as a fuel gauge for GS. The study
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Fig. 4 — Chree analysis results from —6 days to +6 days with respect to the occurrence day of the GS (zero epoch day). To study the
pattern of Dst, Kp index and VBz, the variation of their mean values is plotted for solar cycles 23, 24 and 25 (Contd.)



598 INDIAN J PURE APPL PHYS, VOL. 64, JUNE 2026

1000 60
500 40
0 20 g
, -500 o 5
&'-1000 oo 2
-1500 5
-2000 -40 o
-2500 -60
-3000 -80
DAYS
400 2012 30
200 20
0
0 =
N 0 g
&'200 10 2
o
-400 20 @
-30
-600 b
-800 -50
1000 60
500 40
5 20 5
N 0 A
@' -500 =
= 20 <
=
-1000 40 B
1500 60
-2000 -80
DAYS
60
40
20 o
o
0 o
Z
20
w
-400
-60
-80
DAYS
40 300
200
20 100
0
0 <
. -100 5
== St
. =
1%
-40 -400 ©
&5 -500
-600
-80 -700
2023
40
20
a
o
N 0 [=)
3 Z
-20 =
1%
o
-40
-60

DAYS

VB,
N
o
(= §

600
400
200

0
-200
-400
-600
-800
-1000

VB,

1000

500

-1000

-1500

1000

500

VB,

-500

-1000

-1500

60
40
20

VB,

-20
-40
-60
-80
1000
500
N 0
<
-500

-1000

-1500

DST AND KP

DAYS
2013 60

N
o
DST AND KP

DAYS
2015

DST AND KP

2017 60

2022

L O s N W A
DST AND KP

RN

2024 DAYS

N
<]
DST AND KP

—e—V.BZ
—— DST
DAYS —e—KP

Fig. 4 — Chree analysis results from —6 days to +6 days with respect to the occurrence day of the GS (zero epoch day). To study the
pattern of Dst, Kp index and VBz, the variation of their mean values is plotted for solar cycles 23, 24 and 25

compared to V or Bz alone (Table 1). Based on these
findings, it was observed that the product of V and Bz
is a highly geoeffective parameter, which supports the
earlier findings®'.

4 Conclusion
i It found that the Kp index is more
sensitive to short-term fluctuations in Earth’s
magnetospheric  conditions, while Dst is

ii

responsible  for large-scale  low-altitude
geomagnetic storms.

For the three consecutive solar cycles, the
product of solar wind speed (V) and IMF Bz
consistently shows very high geoeffectiveness
in driving geomagnetic disturbances, as
indicated by variations in the Dst and Kp
index values.
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The average value of the correlation
coefficient between the Kp index and Dst is
approximately  (-0.8), which indicates
correspond to high Kp index value
corresponds to a more negative Dst, with a
lag of one to two days for a few years.

During solar maxima, the minimum value
of IMF (Bz) coincides with a high Kp
index value and the Dst minima occur
simultaneously with Bz minima for most
of the years. The average -correlation
between IMF Bz and Dst index is
approximately 0.55, while between IMF
Bz and Kp is -0.46.

The Kp index shows a positive correlation
with solar wind speed V (.40) also when solar
wind speed increases, geomagnetic activities
also increase, which reflected by high value
of Kp index, which make Kp index a reliable
indicator of solar wind driven geomagnetic
disturbances, also value of Dst index become
more negative correspond to high solar wind
speed with an average correlation coefficient
(-0.53).

Dst and Kp indices are closely correlated with
VBz; for most of the years, peaks of Dst
minima and VBz minima coincide, while Kp
index peaks inversely with VBz. The value of
the correlation coefficient between VBz and
Dst is 0.61, and between VBz and the Kp
index is -0.63, which is higher than V or Bz
alone.

Solar cycle 25 shows a resemblance in terms
of frequent geomagnetic storms occurrence,
suggesting a potentially solar-active solar
period ahead.

For the years 1997, 2007, 2008, 2009, 2018,
2019 and 2020, no geomagnetic storm was
observed in the intensity range (—100 nT <
Dst < =50 nT), since these are the year’s
corresponding to solar minimum, so the solar
activities are comparatively low.
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