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ABSTRACT

The interplanetary magnetic field, its east-west component (By), and its north-south component (Bz) fluctuate
within solar activity and play a key role in the interaction of the solar wind with Earth’s magnetosphere. In this
manuscript, daily averaged data spanning the initial decade (from 1 January 2014 to 5 May 2024) were
employed to establish the criteria -130nT< Dst <-100nT. A significant, moderate, and weak correlation between
geomagnetic storms and the interplanetary magnetic field (IMF), By, and Bz has been identified. For instance,
the IMF exhibits an anti-correlation coefficient of -0.7 in the years 2023 and 2015. Additionally, By and Bz
demonstrate a robust correlation coefficient of +0.7 in the year 2018.
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1. Introduction

The predominant factor contributing to geomagnetic storms is the presence of solar wind structures that are
associated with a pronounced southward interplanetary magnetic field (IMF), which interact with the Earth's
magnetic field and facilitate the transfer of solar wind energy into the Earth's magnetosphere. Geomagnetic
storms may arise from two distinct types of IMF structures: high-velocity wind streams and coronal mass
ejections (CMEs) (Gonzalez et al., 1999). The current systems within the magnetosphere-ionosphere are
significantly affected by the interplanetary magnetic field as elucidated in the literature (e.g., Juusola et al.,
2014; Huang et al., 2017; Laundal et al., 2018; Milan et al., 2017; Reistad et al., 2014; Smith et al., 2017).
Previous examinations of the Interplanetary Magnetic Field (IMF) and its components in geocentric solar
magnetospheric (GSM) coordinates indicate that the IMF Bz (north-south component) delineates the
comprehensive convection pattern of the plasma, which is concomitant with the high-latitude ionosphere in both
the northern and southern hemispheres. Specifically, this encompasses two vortex cells alongside an anti-
sunward flow over the polar cap, in conjunction with a sunward return flow traversing the lower latitudes during
both the morning and evening sectors (convection pattern of two-cell) under conditions of entirely southward
IMEF. Conversely, in the case of a northward IMF, it is observed that two additional cells with opposing vorticity
(convection pattern of four cells) may persist within the central polar cap. These cells are identified as being
significantly distorted in the direction of either the dawn or dusk sector, contingent upon the polarity of the
dawn-dusk IMF By (Heppner & Maynard, 1987).

The contribution of IMF Bx in reconnection processes as well as the evolution of ionospheric plasma flow
samples, has not been as broadly considered; for example, the high-latitude convection statistical models are
generally prepared concerning the IMF Bx and By Nevertheless, the confirmation has revealed implying at the
potential significance of IMF Bx to lobe reconnection processes (e.g., Forster & Haaland, 2015; Taguchi &
Hoffman, 1995). It has been extensively established over an extended duration that the interplanetary magnetic
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field's By component serves as a pivotal element in the dynamics between solar wind and the magnetosphere;
for illustrative purposes, one may reference the convection patterns observed in auroral regions and polar caps
(Cowley et al., 1991; Heppner & Maynard, 1987; Ruohoniemi & Greenwald, 1996, 2005; Thomas & Shepherd,
2018). Within the confines of the magnetosphere, the y component exhibits a positive correlation with the
interplanetary magnetic field component across both open and closed magnetic field lines (e.g., Fairfield, 1979;
Cowley and Hughes, 1983; Lui, 1984; Kaymaz et al., 1994; Wing et al., 1995; Petrukovich et al., 2005; Case et
al., 2021).

2. Data Analysis

The daily averaged data downloaded from (omniweb.gsfc.nasa.gov/form/dx1.html) spanning a decade (from 1
January 2014 to 5 May 2024) were meticulously analyzed within the context of the GSM system. This
investigation delves into the annual fluctuations of the Interplanetary Magnetic Field (IMF) and its Bz
component about geomagnetic activity, utilizing the specified criteria of -130nT < Dst < -100nT for the initial
ten years of data. Subsequently, a superposed epoch analysis has been employed for both investigations, taking
into account the 1, £2, +£3, 4, ..., £18 events surrounding the designated zero day. Correlation coefficients
have been observed regarding the annual variations among various parameters, including IMF, By, Bz, and the
Dst-index. The correlation coefficient is constrained within the range of -1 to +1, wherein the extremities denote
the maximum correlation, while a value of zero indicates the absence of correlation (Silwal et al., 2021; Ratner,
2009). In the analysis of a decade's worth of data, we observe noteworthy findings for the years 2015, 2018, and
2023.

3. Study of the IMF Bz magnitude concerning geomagnetic activity

At the minimum value of Dst, the maximum inclination in magnitude of the interplanetary magnetic field (IMF)
has been observed to occur on the zero-day for the years 2015, 2018, and 2023, particularly in 2023 strong
correlation of -0.7 has been found between the Dst and the IMF, exhibiting variations up to its highest
magnitude, which is recorded to lie within the range of 18nT to 20nT. A moderate relationship has been found
of -0.6 between Dst and IMF as well as in the period spanning from +5 to +10 days the magnitude of the IMF
decreases to levels below 4nT in 2015, whereas in 2018, the lowest magnitude is observed to drop below 3nT
during the (15-18) days preceding the event and moderate correlation of -0.6 observed.
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Figure 1. The following time series representation illustrates the +18-day period surrounding the event

concerning the daily mean values of the interplanetary magnetic field alongside the Dst index for 2015, 2018,
and 2023.
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For the energy transfer in the terrestrial magnetosphere from the solar wind, the major factor is the orientation
of the interplanetary magnetic field (Tenfjord & @stagaard, 2013). IMF Bz powerfully controls the transfer of
energy because it greatly determines whether the magnetic field of Earth is antiparallel or not.

In the examination of the oscillations of Bz, we analyze the temporal interval that precedes the event by 18 days,
during which Bz commences to display fluctuations at magnitudes below zero. As indicated by prior research,
the intensity of geomagnetic storms exhibits a significant dependency on the southward component Bz (Rathore
et al., 2014); however, this study reveals that such a result was exclusively observed in the year 2018, while a
moderate dependency was noted in the years 2015 and 2023. In the year 2018, the lowest recorded Dst, along
with the most significant negative Bz peak, was documented on the initial day; in contrast, the highest peak
occurred within the range of +10 to +15 days. In the year 2015, the minimum declination in the Interplanetary
Magnetic Field (IMF) was observed at the maximum inclination in the Disturbance Storm Time (Dst) index
before a timeframe of 0 to 5 days preceding the event. Moreover, for the year 2023, the lowest and highest peaks
of IMF magnitude were identified for the interval of O to 5 days before the event (see Figure 2).
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Figure 2. The outcomes of the superposed epoch analysis extend from -18 to +18 days in relation to the day of
the geomagnetic storm occurrence (designated as zero epoch). The illustration delineates the fluctuation of the
average values of Dst and the mean values of IMF Bz for the years 2015, 2018, and 2023.
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Within the magnetosphere, the solar wind kinetic energy can be transformed into magnetic energy during
magnetic reconnection. When the IMF By is strong, (Wilcox & Ness, 1965), frequently magnetic tension
deflects the consequential flow of plasma variably on newly magnetic open field lines in both hemispheres, and
leads a notable asymmetries in the magnetosphere (Tenfjord et al., 2015) explicit in auroral intensity (Newell
et al., 2004; Shue et al., 2001), global convection patterns (Haaland et al., 2007; Heppner & Maynard, 1987;
Pettigrew et al., 2010) and currents (Anderson et al., 2008; Green et al., 2009; Laundal, Gjerlov, et al., 2016).
For the year 2018, during periods of minimal disturbance represented by Dst (zero-day), the highest peak
variations in the magnitude of By have been observed, with values oscillating between SnT and 6nT. And the
lowest peak has been found between the magnitude -3nT and -4nT for 0-5 days preceding the event. The
maximum recorded inclination in the magnitude of By occurred on the +18 day in 2015, coinciding with the
lowest declination observed between the 10-15 day interval following the event at a low Dst magnitude. In the
year 2023, at minimal Dst levels, the magnitude of By fluctuates to -10nT on zero day, while the maximum
inclination has been detected five days before the event, during which its magnitude reaches 4nT at a positive
Dst magnitude.
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Figure 3. Superposed epoch analysis of the magnetic field component IMF By concerning geomagnetic activity
for the temporal periods of -18 and +18 days encircling a specific event, for the years 2015, 2018, and 2023.

4. Conclusion

The fluctuations of the Interplanetary Magnetic Field (IMF) and its east-west component (By) alongside its
north-south component (Bz) as delineated in this research, IMF reveal a significant inverse correlation (-0.7)
with the Dst index for the years 2015 and 2023, as well as a correlation of -0.6 for the year 2018. The peak
inclination was observed in 2015 within a timeframe of 0-3 days before the event, during which the magnitude
of the IMF exceeded 16nT. Furthermore, the Bz component demonstrates a robust positive correlation (+0.7)
with the Dst index in 2018, while also showcasing moderate correlations of +0.5 in 2015 and +0.6 in 2023. The
magnitude of Bz attains its maximum inclination within the range of 18nT to 20nT, indicating that the
corresponding level of geomagnetic activity remains low (characterized by minimum Dst values). The east-west
component demonstrated a robust correlation of +0.7 in the year 2023, while presenting a moderate correlation
of -0.5 in 2018 and a weak correlation of +0.4 in 2015. The peak inclination for this phenomenon has been
identified on the initial day for this magnitude of By, reaching up to 14nT.

2015 2018 2023
IMF, nT -0.7 -0.6 -0.7
By, nT 0.4 -0.5 0.7
Bz, nT 0.5 0.7 0.6

Table 1. The outcomes derived from the superposed epoch analysis spanning from +18 to +18 days for the
annual investigation of solar cycle 25.
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