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Abstract - The current study investigated the effect of a
geomagnetic storm on the ionospheric parameter NmF2
at low latitude stations Cocos Is (12.1642◦S, 96.8710◦E),
Brisbane (27.47S,153.02E), and Darwin (12.47S,130.85E)
during the 24th solar cycle’s low solar activity period.
The observed variations in NmF2, geomagnetic indices
Dst (Disturbed Storm Time), Kp (K-Index), Ap (AIndex), and Bz were analysed using technology
(Interplanetary magnetic field). All three stations have a
drop in normalised deviation (DNmF2) during the
magnetic disturbance, with Cocos Is experiencing a
negative phase.
Index Terms - Low Latitude, Geomagnetic Storm, Solar
Cycle, NmF2.

I.INTRODUCTION
When the Earth’s magnetic field captures ionized
particles ejected by the sun’s coronal mass ejections or
coronal holes, Geomagnetic storms occur. The
reconnection process occurs when the arriving solar
wind plasma has a southerly field. When the terrestrial
ring current changes, the magnetic field at the Earth’s
surface weakens. Ionization increases and de- creases
during geomagnetic storms referred to as positive and
negative ionospheric storms. According to [1],
thermospheric disturbance gravity waves greatly
influence the propagation of negative and positive
ionospheric storms.
According to [2] the thermospheric incident storm has
a substantial impact on the behavior of the ionosphere
during geomagnetic storms, recasting the neutral air
winds and composition, resulting in a change in rates
of production and loss of ionization; this implies a link
between the ionospheric storm and the matching
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thermospheric storm. Furthermore, [3] observed that
positive storm effects result from the downwelling of
neutral atomic oxygen and uplifting of the F- layer due
to winds.
The negative storm in foF2 and total electron content
(TEC) develops in a formation disturbance region that
travels to lower latitudes in summer than in winter and
prefers the night and morning due to the local temporal
fluctuation neutral winds. Depending on the station
coordinates, local time effects, and specific other
criteria, the reaction of the ionosphere as seen at
different ionospheric stations may be somewhat
distinct during the storm period [3-7].
According to [8], the dusk effect increases electron
density and total electron content (TEC) in the midlatitude ionospheric F-region during magnetic storms;
this is due to an eastward electric field boosting the Flayer and merging in the east- west direction, which is
perhaps responsible for the dusk effect [9].
[10] explore whether eastward prompt penetration
electric fields (PPEFs) during the dominant stage have
effects at equatorial and low-mid latitudes that are
opposed to those at higher latitudes [11]. According
to the physical mechanism of positive ionospheric
storms at low and mid-latitudes, [12] examines that
positive storm are anticipated to fall regularly from 20◦
to 30◦ magnetic latitudes and during the morning-noon
dawn of geomagnetic storms [11]. [13] used a
geomagnetic storm to study the mid-latitude
differences between positive and negative ionospheric
storm impacts.
At low latitude and equatorial areas, ExB drifts are
impacted by fast penetration of magnetospheric
convection electric fields and long-lived dynamo
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electric fields from disturbed neutral winds and stormrelevant replacement in ionospheric conductivity,
according to [14]. Low latitude ionospheric plasma
concentrations, electric fields, and currents are highly
disordered during the intensified geomagnetic event.
Magnetic disruption at the equator’s dayside is
frequently induced by dayside diffusion of the
convection electric field and is associated with
disturbances at high latitudes [15, 16].
The disruption dynamo and direct penetration of the
high latitude electric field to lower latitudes play
essential roles in reshaping the storm time equatorial
ionosphere and thermosphere. As a result, statistical
analyses and empirical models of storm time
equatorial electric fields are created [17, 18]. For
example, [19] studied the F-region reactions over the
low latitude Australian area using four storms during
the high solar activity period.
We analyse and discuss the variations in NmF2 in the
ionosphere at the Australian area during solar cycle 24
in the geomagnetic storm that appeared on January 05,
2015, at 6.16 UT with Dst- index reaching -99 nT at
11:00 U.T. in this work.

Centre
NSSDC
OMNI
Web
services
(http://nssdc.gsfc.nasa.gov/omniweb).
The F2 region response to geomagnetic storms is
conve- niently described in terms of D(NmF2) i.e., the
normalized deviations of NmF2
D(NmF2) = NmF2-(NmF2)ave /(NmF2)ave x100%
The D(NmF2) variations are described in terms of
percent- age in peak electron density.
III. RESULTS

In this paper, the behaviour of the NmF2 of the F2
layer during a geomagnetic storm get investigated. To
represent the ionospheric Response of NmF2 over the
geomagnetic storm, we consider that period 05-07 Jan
2015 occurred at 6.16 UT, with hourly values of Dst,
Kp, Ap, and Bz. We consider the hourly data of NmF2
from the low latitude Australian region (Cocos Is
(12.1642◦S, 96.8710◦E), Brisbane (27.47S,153.02E)
and Darwin (12.47S,130.85E)). The data of NmF2 is
obtained through FoF2 by using the formula.

The storm was intense with minimum Dst –99nT. This
Sudden Storm Commencement (SSC) appeared at
06.16 UT (54 hours) on January 07, 2015. The change
in NmF2 values of all the three stations from January
05 to 09, 2015, is shown in Figure-1. According to fig1, in graph 1 for Cocos Is, the values of DNmF2
become negative -24% at 11 UT (58 hours) after 4
hours of SSC. In graph 2 for Brisbane, the values of
DnmF2 become 2.57% at 09 UT (56 hours) after 2
hours of SSC. Finally, in graph 3 for Darwin, the
values of DnmF2 become 0.06% at 11 UT (58 hours)
after 4 hours of SSC.
The corresponding Dst, Kp, Ap, and Bz graphs are
shown in figure-2. In figure 2, the first graph shows
Dst; according to the graph, in storm time, the Dst
becomes negative -21nT after 2hours, i.e., at 08 UT
(56 hours). The second graph shows the Kp index;
according to the graph, the Kp becomes highest 63
at the same time. The third graph shows the Ap index;
according to the graph, the Ap index becomes 94 at the
same time. The fourth graph shows Bz, which
becomes -17.4 at 09 UT (57 hours). There is a slight
drop in Dst in the recovery phase at 14 UT (62 hours).

NmF2 = 1.24 × (foF2 in Mhz)2 × 1010 per cubic meter

IV. DISCUSSION

FoF2 data were obtained through the U.K. Solar
System
Data Centre (UKSSD) website (https://www.ukssdc.)
for 2015.
This study’s geomagnetic index and solar wind data
represented hourly values of the magnetic index Dst,
Kp index, and interplanetary magnetic field
component Bz. These statistics were taken from the
NSSDC OMNI Web of the National Space Science

According to [20] et al., massive (or severe) storms
have a Dst extreme of -100 nT, ordinary storms have
a Dst extreme of -50 to -100 nT, and dull storms have
a Dst extreme of -30 to -50 nT. The storm was an
average storm

II. DATA AND METHOD OF ANALYSIS
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Fig. 1. The graph shows the normalized deviation of
NmF2 for all three stations of the Australian region.
The first graph shows the deviation in Cocos Is, the
second is in Brisbane, and the third is in Darwin.
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Fig. 2. The graph shows the corresponding Dst-index,
Kp-index, Ap-index and Bz graphs.

based on these characteristics. [21] and [22]
discovered that interplanetary phenomena govern
interplanetary events that trigger intense magnetic
storms. When the IMF stream is oriented in the
negative z-direction, geomagnetic activity increases
[23]. TID (Travelling Ionospheric Disturbances) are
formed at high latitude and migrate to the equatorial
direction, according to [24] and [25].
[26] discovered that during the early phase of a storm
at high and mid-latitudes on the dayside, there is a lack
of positive ionospheric storm impacts and a negative
storm, and the presence of an excessive positive phase
at a low latitude station. [27] discovered that the F2
region diminishes (negative storm impacts) at high
latitudes while increasing (positive storm effects) at
low latitudes; our results show the same for low
latitudes. [28], discovered that the concentration of
electrons at the highest height of the F2-layer is
precisely proportional to the [O]/[N2] ratio.
According to [29], the thermospheric heat affects the
thermospheric composition during a geomagnetic
storm, which causes the negative phase. The
thermospheric heat creates its motion, which moves
the air from the equator to lower latitudes at the F2 layer peaks [30]. The heated gas with a low [O]/[N2]
ratio has a high temperature traveling through the
thermosphere. [31] discovered that the linear
recombination coefficient height increases with
increasing temperature in the F-area, and therefore, the
electron concentration decreases. As a result, the
negative phase in the heated thermospheric gas is
caused by two factors: lower [O]/[N2] and increased
recombination owing to increased temperature [32].
The prompt penetration of electric field (PPEFs) effect
in the equatorial/low-latitude ionosphere could be
related to solar/magnetospheric source electric fields
[33-36] or magnetospheric dynamical procedure, such
as substorms [34]. In both circumstances, there is a
chance to develop an eastward electric field, which
boosts the F layer to higher altitudes where
recombination is significantly lower, increasing F
layer electron density/TEC [37]. According to [19],
the positive phase in intense magnetic storms occurred
in 2000 at Darwin, a low latitude station.
V. CONCLUSIONS
Based on the data provided above, we concluded that
positive storms occur in low latitudes due to
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geomagnetic storms. As a result, the storm is
moderate, with a Dst of -99. The connection between
Bz, Kp, Ap, and DNmF2.
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