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ABSTRACT

Geomagnetic storms can significantly impact the Earth's ionosphere, which is crucial for communication and navigation, particularly
at low latitudes. This study examines the effects of two major geomagnetic storms on the low-latitude ionosphere that occurred
during October 2003 and March 2015. In the analysis of the two events, data from NASA Space Physics data resources, Omni web,
were analysed. Our analysis of the electron density, temperature, and ion composition data reveals significant disturbances in the
ionosphere during both storms. The October 2003 storm caused a decrease in electron density and an increase in temperature, while
the March 2015 storm had a more moderate impact. Our findings underscore the significance of understanding geomagnetic storms'
effects on the low-latitude ionosphere, aiding in mitigating their impact on radio communication, navigation, and satellite operations.
This study contributes to our understanding of geomagnetic storms' effects on the ionosphere and provides valuable insights for
future research and applications.
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1. INTRODUCTION

Geomagnetic storm can be defined as an interval of time when
a sufficiently intense and long-lasting interplanetary convection
electric field leads, through a substantial energization in the
magnetosphere-ionosphere system, to an intensified ring current
sufficiently strong enough to exceed some key threshold of the
quantifying storm time Dst index [1-4]. Magnetospheric storms
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and substorms influence the ionosphere by altering the critical
frequency and altitude of the F region during disturbances. The
critical frequency first increases before the storm (substorm) ac-
tive phase, then decreases during the active phase, and increases
again after this phase. On the contrary, the F region altitude
increases during the active phase and decreases after this phase
[5]. A geomagnetic storm is a complex process: its various fea-
tures act at different heights. Space weather events, particularly
intense geomagnetic storms pose significant challenges to our
technological infrastructure and satellite-dependent systems re-
volving through the ionosphere [6].
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# prompt: open this data with

import pandas as pd
import numpy as np

df = pd.read_excel('/content/omni_hro2_imin (1).xlsx")

599995.6, 9999.99,89.99],0)

print (df. columns)
print (df.head)

import matplotlib.pyplot as plt

te (DD/MM/YYYY)™,

plt.grid(True) #
plt.legend()
plt.tight_layout()
plt.shou()

Figure 1. Sample implementation of codes.

In the F2 layer the midlatitude effect is basically an iono-
spheric response to storm-induced changes in the neutral atmo-
sphere, which are primarily a consequence of a strong Joule heat-
ing in the auroral thermosphere. At lower heights the role of
ionization and photochemical processes increases due to shorter
electron lifetimes. At the base of the F/ layer (160-170 km) the
storm effect is almost absent. At E-region maximum a complex
action of several factors results in a slight decrease of foF2, even
though below and above, the electron density increases.

Farther down, in the lower ionosphere, a strong increase of the
electron density is observed as a consequence of a very strong en-
hancement of particle precipitation. In the neutral upper middle
atmosphere, the effects of enhanced precipitation weaken with
decreasing altitude and become insignificant and/or absent in the
stratosphere. The effect of geomagnetic storms reappear in the
lower atmosphere but as an effect of different morphology and
origin, there at least three altitudinal regions of distinctly dif-
ferent geomagnetic storm-related processes responsible for ob-
served effects:

1. F2layer, where the ionospheric effect is basically a response
to storm-time changes of the neutral thermosphere caused
primarily by Joule heating.

2. The lower ionosphere and upper middle atmosphere, where
the effects are caused by storm-related injections and pre-
cipitation of energetic particles of magnetospheric origin.

3. The lower atmosphere, where the effect has different mor-
phology as well as mechanisms, which are possibly related
to changes in galactic cosmic ray flux and atmospheric elec-
tricity.

The effects of a geomagnetic storm are generally strongest in
the auroral zone, their amplitude weakens toward middle lati-
tudes, some of them disappear at low latitudes, but some of them
reappear or strengthen near the geomagnetic equator, namely ef-
fects in the F region [7].

The study drawing inference from Refs. [8-11] is aimed at
examining the effects of the October 2003 and March 2015 geo-
magnetic storms on the ionospheric parameters, such as electron
density, total electron content and ionospheric currents, at low
latitudes.
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Figure 2. Kp-index (blue) and dst-index (Orange) of Oct 28-31, 2003.
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Figure 3. Magnetic field (Bx (blue), By (orange) and Bz (green)) of Oct 28-
31, 2003.
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Figure 4. Auroral (AE-index (blue), AU-index (orange) and AL-index
(green)) of Oct 28-31, 2003.

2. MATERIALS AND METHODS
This research utilized various solar and geomagnetic datasets, in-
cluding:

i. Solar storm data (Dst-index, Kp-index)

ii. Auroral indices (AE, AU, AL)

iii. Solar activity indices (R, F10.7)

iv. Interplanetary magnetic field data (Bx, By, Bz)
v. Flow pressure data (nPa).

Drawing inference from Ref. [12] these datasets were ob-
tained from NASA’s Omniweb (https://omniweb.gsfc.nasa.gov/


https://omniweb.gsfc.nasa.gov/form/dx1.html

Table 1. Geomagnetic storm details of specified time frame.
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Date (Time) Oct 28 (10:00)  Oct 29 (23:00) Oct 30 (22:00)  Oct 31 (00:00)
Kp-Index 47 87 90 83
Dst-Index (nT) -32 -350 -383 -307
Magnetic Field Bx, GSE (nT) 9.9 -6.9 -1.6 -13.6
By, GSE (nT) -2.6 12 114 -23.5
Bz, GSE (nT) 3.8 -16.2 -1.1 -11.9
Auroral AE-index 162 -31 89 -73
AU-index -37 -1243 -1015 -869
AL-index 199 1212 1104 795
Solar activity parameters R (Sunspots No.) 270.9 275.4 267.6 245.2
F10.7_Solar index 247 250 250 239
Flow pressure, nPa 1.61 0 0 0
Table 2. Data from the IRI model.
Date (Time) Oct 28 (10:00)  Oct 29 (23:00)  Oct 30 (22:00)  Oct 31 (00:00)
Electron density Ne (cm™) 1.14e6 1.13e6 1.12¢6 1.11e6
Ne/NmF2 0.971 0.972 0.973 0.975
Temperature Tn (k) 984 972 982 1007
Ti (k) 1000 995 1000 1011
Te (k) 1665 1659 1654 1647
Ion percentage (%) & Ion density O+ 98.8 & 1.13e7 98.8 & 1.11e7 98.8 & 1.10e7 98.8 & 1.09¢e7
N+ 1.1 & 1.25e5 1.1 & 1.24e5 1.1 & 1.23e5 1.1 & 1.22e5
H+ 0 0 0 0
He+ 0 0 0 0
O+ 0 0 0 0
NO+ 0 0 0 0
TEC (1x10'*m2) Cluster -1 -1 -1 -1
TEC 28.2 28 27.7 27.5
t (%) 64 64 64 64
Table 3. Data from superDARN model.

Date Potential (kV) Convection Resultant
L (Time) velocity |By? + B
(m/s) (nT)
b North South
5o Hemi- Hemi-

. sphere sphere

Oct 28 18 21 1000 4
° (10:00)
Iy o o @f Oct 29 78 83 1000 20

¢ (23:00)

Oct 30 59 59 1000 11
Figure 5. Solar parameters (R (Sunspot No.) (blue), F10.7 Solar index (or- (22:00)
ange) and Flow pressure, nPa (green)) of Oct 28-31, 2003. Oct 31 60 81 1000 26
(00:00)

form/dx1.html) and the World Data Center (WDC) for Geomag-
netism, Kyoto Japan (https://wdc.kugi.kyoto-u.ac.jp/), for the
periods of October 28-31, 2003, and March 16-18, 2015.

Our methodology consisted of the following steps:

i. Data collection: We retrieved the required datasets from
NASA's Omniweb and the WDC.
ii. Data preprocessing: We used Python libraries, including
Pandas and NumPy, to clean and preprocess the data.
iii. Data analysis: We employed visualization libraries, such as

iv.

Matplotlib and Seaborn, to generate plots and analyze the
data.

Modeling: We utilized the International Reference Iono-
sphere (IRI) model version 2020 (https://kauvai.ccme.gsfc.
nasa.gov/instantrun/iri/) to obtain electron density, temper-
ature, total electron content, and ion composition in the
low-latitude ionosphere. Additionally, we used the Su-
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Figure 6. Snapshot of IRI model showing the temperature (Tn, Ti, and Te),
the electron density (Ne/cm™ and Ne/NmF2), the ion densities and percent-
ages of O, N, H, HE, O? and NO, and the total electron count (TEC) of March
2003

perDARN convection model (https://kauai.ccme.gsfe.nasa.
gov/instantrun/superdarn/).
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Figure 7. Snapshot of North and South hemisphere SuperDARN convection
model of Oct 28 and 29 (10:00-10:02 and 23:00 - 23:02) 2003

By following these steps, we ensured a clear and reproducible
methodology for our research.

3. RESULTS AND DISCUSSIONS

3.1. OCTOBER 2003

We considered the time period from each day (Oct 28-31), which
had the most storm intensity, which are: Oct 28 (10:00), Oct 29
(23:00), Oct 30 (22:00) and Oct 31 (00:00). From Figures 2 to 5
above, concentrating on the time period of the most storm inten-
sity, we retrieved the data below:

Also, using the known information that the low-latitude iono-
sphere typically refers to the region of the ionosphere that lies
between 30°S and 30°N magnetic latitude and in terms of alti-
tude, it is divided into 3 main sub-region, which are; D-region of
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Figure 8. Snapshot of North and South hemisphere SuperDARN convection
model of Oct 30 and 31 (22:00-22:02 and 00:00-00:02) 2003.

about 50-100km altitude, E-region of about 100-150km altitude
and F-region of about 150-600km altitude. For this research, we
focused specifically on the F-region. We made use of the stated
Magnetic latitude and the altitude of the F-region to get the mod-
els of Figure 6 above, then concentrating on the time frame of
the most storm intensity, we retrieved the data in Table 2.

Furthermore, we made use of the magnetic field data (By and
Bz) to get the model of Figures 7 and 8, then concentrating on
the time period of the most storm intensity, we retrieved the data
in Table 3.

From Table 1, it was observed that Oct 30 (22:00) had the most
intense storm activity — dst-index of -383nT and Kp-index of 90,
followed by Oct 29 (23:00) — dst-index of -350nT and Kp-index
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Figure 9. Kp-index (blue) and dst-index (Orange) of March 16-18, 2015.
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Figure 10. Magnetic field (Bx (blue), By (orange) and Bz (green)) of March
16-18, 2015.
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Figure 11. Auroral (AE-index (blue), AU-index (orange) and AL-index
(green)) of March 16-18, 2015.
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Figure 12. Solar parameters (R (Sunspot No.) (blue), F10.7_Solar index (or-
ange) and flow pressure, nPa (green)) of March 16-18, 2015.
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Figure 13. Snapshot of IRI model showing the temperature (Tn, Ti, and Te),
the electron density (Ne/em™ and Ne/NmF2), the ion densities and percent-
ages of O, N, H, HE, O? and NO, and the total electron count (TEC) of Oct
2015.
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Figure 14. Snapshot of North and South hemisphere SuperDARN convection
model of March 16 and 17 (07:00-07:02 and 22:00 — 22:02) 2015.

of 87, then Oct 31 (00:00) — dst-index of -307nT and Kp-index of
83 and finally Oct 28 (10:00) — dst-index of -32nT and Kp-index
of 47 . For the Auroral, Oct 29 (23:00) has a value of -31 for
AE-index, -1243 for AL-index and 1212 for AL-index, followed
by Oct 30 (22:00) which has a value of 89 for AE-index, -1015
for AL-index and 1104 for AL-index, then Oct 31 (00:00) which
has a value of -73 for AE-index, -869 for AL-index and 795 for
AL-index and finally Oct 28 (10:00) which has a value of 162
for AE-index, -37 for AL-index and 199 for AL-index. Also Oct
29 (23:00) has a value of 275.4 for R (Sunspots No.), 250 for
F10.7_Solar index and O for Flow pressure, nPa, followed by Oct
30 (22:00) which has a value of 267.6 for R (Sunspots No.), 250
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Figure 15. Snapshot of North and South hemisphere SuperDARN convection
model of March 18 (00:00-00:02) 2015.

for F10.7_Solar index and O for Flow pressure, nPa, then Oct 28
(10:00) which has a value of 270.9 for R (Sunspots No.), 247 for
F10.7_Solar index and 1.61 for Flow pressure, nPa and finally
Oct 31 (00:00) which has a value of 245.2 for R (Sunspots No.),
239 for F10.7_Solar index and O for Flow pressure, nPa.

Also, we observed from Table 2, that the electron density (Ne),
was on a steady decrease across Oct 28 (10:00) — Oct 31 (00:00)
while Ne/NmF2 ( NmF2 is the F2 peak density) was increas-
ing; the temperature (Tn) was on a steady increase, Ti (ion tem-
perature) was fluctuating and and Te (electron temperature) was
decreasing; the ion with most prominent percentage in the iono-
sphere across this time frame was O+ (98.8%), follow by N+

Table 4. Geomagnetic storm details of the specified time frame.

Date March 16 March 17 March 18
(Time) (07:00) (22:00) (00:00)
Kp-Index 37 77 60
Dst- -10 -234 -200
Index
(nT)
Magnetic Bx, GSE 3.5 -8.8 2.5
Field (nT)
By, GSE -0.3 -10.6 -1.5
(nT)
Bz, GSE 104 -12.8 2.3
(nT)
Auroral AE-index 79 89 125
AU-index -217 -368 -470
AL-index 296 457 595
Solar ac- R 116 113.2 113.7
tivity pa-  (Sunspots
rameters  No.)
F10.7_Solar 46 38 41
index
Flow 3.9 498 5.32
pressure,
nPa

(1.1%), and then the H+, He+, O,+ and NO+ are all 0); O+
was the ion with the greatest density and decreased across Oct
28 (10:00) — Oct 31 (00:00), N+ had the second highest density,
it was also decreasing across Oct 28 (10:00) — Oct 31 (00:00),
the other ions densities were all O; the electron cluster was con-
stant (-1), total electron count (TEC) was on a steady decrease
across the time frame with its percentage above F peak (t) being
constant 64 across the stated timeframe.

Furthermore, we observed from Table 3, that the convection
velocity was constant (1000m/s), the potential (kV) for Oct 29
(23:00) was highest for North hemisphere (78) and South hemi-
sphere (83), it also is the second highest resultant (By and Bz) of
20nT, followed by Oct 31 (00:00) — 60 for the North and 81 for
the South, with highest resultant value of 26, then Oct 30 (22:00)
— constant of 59 for both North and South hemisphere with a re-
sultant value of 11 and finally Oct 28 (10:00) — 19 for the North
and 21 for the South, resultant value of 4.

We discovered that the most intense storm activity occurred on
October 30 (22:00) with a Dst-index of -383nT and Kp-index of
90, the auroral indices showed significant variations, the electron
density decreased steadily, while Ne/NmF2 increased, the dom-
inant ion was O+ (98.8%), followed by N+ (1.1%) and that the
convection velocity was constant at 1000 m/s.

3.2. MARCH 2015
We considered the time from each day (March 16-18), which had
the most storm intensity, which are; March 16 (07:00), March 17
(22:00) and March 18 (00:00). From Figures 9 - 12, concentrat-
ing on the time of the most storm intensity, we retrieved the data
in Table 4.

Also, using the known information that the low-latitude iono-
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Table 5. Data from the IRI model.

Date (Time)

March 16 (07:00)

March 17 (22:00) March 18 (00:00)

Electron density Ne (cm™) -1 -1 -1
Ne/NmF2 -1 -1 -1
Temperature Tn (k) -1 -1 -1
Ti (k) -1 -1 -1
Te (k) -1 -1 -1
Ion percentage (%) & lon density O+ -0.1 & le-2 -0.1 & le-2 -0.1 & le-2
N+ -0.1 & le-2 -0.1 & le-2 -0.1 & le-2
H+ -0.1 & le-2 -0.1 & le-2 -0.1 & le-2
He+ -0.1 & le-2 -0.1 & le-2 -0.1 & le-2
0+ -0.1 & le-2 -0.1 & le-2 -0.1 & le-2
NO+ -0.1 & le-2 -0.1 & le-2 -0.1 & le-2
TEC (1x10'%m?) Cluster -1 -1 -1
TEC -1 -1 -1
t (%) -1 -1 -1

Table 6. Data from superDARN model.

Date Potential (kV) Convection Resultant
(Time) velocity / By? + B§
(m/ S) (nT)
North South
Hemi- Hemi-
sphere sphere
March 16 18 21 1000 4
(07:00)
March 17 78 83 1000 20
(22:00)
March 18 59 59 1000 11
(00:00)

sphere typically refers to the region of the ionosphere that lies
between 30°S and 30°N magnetic latitude and in terms of alti-
tude, it is divided into 3 main sub-region, which are; D-region of
about 50-100km altitude, E-region of about 100-150 km altitude
and F-region of about 150-600km altitude. For this research, we
focused specifically on the F-region. We made use of the stated
Magnetic latitude and the altitude of the F-region to get the mod-
els of Figure 13 then concentrating on the time frame of the most
storm intensity, we retrieved the data in Table 5.

Furthermore, we made use of the magnetic field data (By and
Bz) to get the model of Figures 14 — 15, then concentrating on
the time period of the most storm intensity, we were retrieved the
data in Table 6.

From Table 4, it was observed that March 17 (22:00) had the
most intense storm activity with dst-index of -234nT and Kp-
index of 77, followed by March 18 (00:00) with dst-index of -
200nT and Kp-index of 60 and then the March 16 (07:00) with
dst-index of -10nT and Kp-index of 37. For the Auroral, March
16 (07:00) has a value of 79 for AE-index, -217 for AL-index
and 296 for AL-index, followed by March 17 (22:00) which has
a value of 89 for AE-index, -368 for AL-index and 457 for AL-
index and finally March 18 (00:00) which has a value of 125
for AE-index, -470 for AL-index and 595 for AL-index. Also
March 16 (07:00) has a value of 116 for R (Sunspots No.), 46

for F10.7_Solar index and 3.9 for Flow pressure, nPa, followed
by March 17 (22:00) which has a value of 113.2 for R (Sunspots
No.), 38 for F10.7_Solar index and 4.98 for Flow pressure, nPa
and finally March 18 (00:00) which has a value of 113.7 for R
(Sunspots No.), 41 for F10.7_Solar index and 5.32 for Flow pres-
sure, nPa.

Also, we observed from Table 5, that the electron density (Ne
and Ne/NmF2 — NmF?2 is the F2 peak density), the temperature
(Tn, Ti — ion temperature and Te — electron temperature), the
electron cluster, total electron count (TEC), the percentage above
F peak (t), the ion percentage were all a constant of -1, the ion
density was also a constant of le-2 across March 16 (07:00) —
March 18 (00:00).

Furthermore, we observed from Table 6, that the Potential
(kV) of March 17 (22:00) was the highest value for both the
North hemisphere (78) and the South hemisphere (83), followed
by March 18 (00:00) which has a constant value of 59 for both
North and South hemisphere and finally March 16 (07:00) with
va 18 for the North hemisphere and 21 for the Sputh, the resul-
tant (By and Bz) of March 17 (22:00) as seen from the table was
the highest (20) followed by that of March 18 (00:00) — 11 and
finally March 16 (07:00) — 4. The Convection velocity was con-
stant (1000m/s).

We discovered that the most intense storm activity occurred
on March 17 (22:00) with a Dst-index of -234nT and Kp-index
of 77, the auroral indices showed significant variations, with the
highest values occurring on March 18 (00:00), the ionospheric
parameters remained relatively constant over the three days and
that the potential was highest on March 17 (22:00) for both the
North and South hemispheres.

Our analysis of the October 2003 and March 2015 geomag-
netic storms revealed distinct characteristics and impacts on the
low-latitude ionosphere. The October 2003 storm exhibited the
most intense activity, with a Dst index of -383 nT and a Kp in-
dex of 90. In contrast, the March 2015 storm had a Dst index
of -234 nT and a Kp index of 77. Both storms displayed signifi-
cant changes in auroral activity, as indicated by the AE, AL, and
AU indices, and were characterized by high sunspot numbers and
F10.7 solar index values, signifying intense solar activity. The
October 2003 storm also showed exceptionally high flow pres-
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sure values.

Our investigation of ionospheric parameters revealed substan-
tial changes in electron density, temperature, and composition
during both storms. Specifically, the electron density decreased
steadily during the October 2003 storm, accompanied by a tem-
perature increase and a shift in ion composition, with O+ becom-
ing the dominant ion. These findings demonstrate that geomag-
netic storms can profoundly impact the low-latitude ionosphere,
causing changes in electron density, temperature, and composi-
tion. Our results have important implications for understanding
the effects of geomagnetic storms on the low-latitude ionosphere
and for refining predictive models of space weather..

4. CONCLUSION

In summary, our study demonstrates the significant impact of ge-
omagnetic storms on the low-latitude ionosphere. The October
2003 and March 2015 storms were particularly intense, causing
changes in electron density, temperature, and composition. Fu-
ture research should further investigate the effects of geomag-
netic storms on the ionosphere and the mechanisms driving these
variations. Additionally, improved space weather models are
needed to enhance prediction and mitigation strategies.

DATA AVAILABILITY

The solar and geomagnetic datasets (Solar storm, Auroral in-
dices, Solar activity indices, Interplanetary magnetic field data
and Flow pressure) is available at https://omniweb.gsfc.nasa.gov/
form/dx 1.html and https://wdc.kugi.kyoto-u.ac.jp/. The Interna-
tional Reference Ionosphere (IRI) model version 2020 is avail-
able at https://kauai.ccmce.gsfc.nasa.gov/instantrun/iri/. The Su-
perDARN convection model is available at https://kauai.ccmc.
gsfc.nasa.gov/instantrun/superdarn/.
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