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ABSTRACT

The response of Earth’s ionosphere to the solar radiation during minimum, moderate and maximum solar activity
conditions is studied using the International Reference lonosphere (IRI-2016) model during the solar cycle 24.
The altitude profiles of ion densities (02", NO*, N*, O"), electron density (N.), electron temperature (T¢) and ion
temperature (Ti) are obtained from the IRI-2016 model on 4 January 2020 (F10.7 = 69.8, minimum), 4 January
2012 (F10.7=131.6, moderate) and 4 January 2014 (F10.7 =253.3, maximum) at 45° latitude and 180° longitude
in both the hemispheres for 12 noon local time from 60 km to 500 km altitude. It is found that the ion densities
and electron density show a significant variation above 200km during minimum, moderate and maximum solar
activity conditions, whereas below 200km the variation is more or less same. The electron temperature shows a
significant variation above 300km, whereas below 300km the variation is more or less same. The ion temperature
shows a significant variation between 150km and 450km, whereas below 150km and above 450km the variation
is more or less same. It is also found that the values of densities of O, N*, O and electron are higher at 45°N
than 45°S at 100-200km, 300-400km, above 150km, and above 150km, respectively, at other altitudes these
values are higher at 45°S than 45°N. The values of NO" density, Te and Ti are higher at 45°S than 45°N at almost
all altitudes.
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INTRODUCTION

The Earth’s ionosphere is a region of the upper atmosphere (above 60 km), where free electrons and ions exist
sufficiently in number to influence the travel of radio waves (Wabhi et al., 2005; Bhattacharya et al., 2009; Mayr
and Mahajan, 1971; Mahajan and Pandey, 1980). It plays a crucial role in various atmospheric and space-based
communication, navigation, and remote sensing systems (Meena et al., 2024; Rishbeth and Garriott, 1969;
Schunk and Nagy, 2009). It is the most important part of the Earth’s atmosphere because it is the region where
the Sun first interacts with. It is highly dynamical in nature due to selective absorption of solar electromagnetic
radiation by the atmospheric constituents. It is a region full of active photochemical and dynamical interactions.
Most of the atmospheric phenomena occur in this region. It also acts as a gateway between the Earth’s
environment and the space, where the Sun’s energy is first deposited into the Earth’s environment.

The ionosphere's structure, composition, and dynamics are heavily influenced by solar activity (Meena et al.,
2024). Response of the ionosphere to the changes of solar activity is important part of the space weather issue,
because of its impact on the human space-based activity (Kutiev et al., 2013). The variations in solar activity
causes considerable fluctuations in the ionosphere, affecting neutral density and temperature, as well as ion and
electron densities, temperatures, neutral winds, and electric fields (Momeni and Migoya-Orue, 2025; Kusano,
2023; Gorney, 1990; Liu et al., 2011; Liu and Wan, 2020). Moreover, understanding the ionosphere’s
dependence on solar activity is crucial for the development of accurate empirical ionospheric models (Benella
etal., 2023, Migoya-Oru¢ et al., 2017, Radicella et al., 2021). The study of ionospheric climatology, particularly
the influence of solar activity, offers crucial information on ionospheric weather patterns (Wang et al., 2021,
Jakowski et al., 2012). However, it is one of the least explored parts of the atmosphere owing to the difficulties
in making direct observations from the ground. There are very less studies available to understand the variation
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of ionosphere in both the hemisphere during various solar activity conditions. In this paper, we have studied the
response of the Earth’s ionosphere to solar activity during minimum, moderate and maximum conditions during
the solar cycle 24 in both the hemispheres with the help of well-developed and verified empirical model namely
IRI-2016 model (Bilitza et al., 2017).

Model

Empirical models of the Earth’s ionosphere are an indispensable tool used by scientific communities for data
analysis, initialization of detailed physics-based models, and mission and instrument design. For over decades,
the empirical models of choice among scientists have been the IRI model for ionosphere. The IRI-2016 model
is freely accessible online database model and it was built as an empirical model representing the syntheses of
most of the available ground and space measurements of ionospheric characteristics. This model is used in the
present study to obtain the ion densities, electron density, ion and electron temperatures.

International Reference Ionosphere 2016 (IRI-2016) Model

The IRI-2016 was developed by Bilitza et. al. 2017. The IRI is an international project sponsored by the
Committee on Space Research (COSPAR) and the International Union of Radio Science (URSI) with the goal
of developing and improving an international standard for the parameters in Earth’s ionosphere (Bilitza et al.,
2014). These organizations formed a Working Group in the late sixties to produce an empirical standard model
of the ionosphere, based on all available data sources. Several steadily improved editions of the model have been
released (Bilitza, 2018). For given location, time and date, IRI provides monthly averages of the electron density,
electron temperature, ion temperature, and ion composition in the ionospheric altitude range. In the present study,
we have obtained the altitude profiles (60-500km) of ion densities, electron density, ion temperature and electron
temperature from the IRI-2016 model during the solar cycle 24 for minimum (F10.7 = 69.8 on 4 January 2020),
moderate (F10.7 = 131.6 on 4 January 2012) and maximum (F10.7 = 253.3 on 4 January 2014) solar activity
conditions at 45° latitude and 180° longitude in both the hemispheres for 12 noon local time.

RESULTS AND DISCUSSION

The altitude profiles of ion densities (02", NO", N, O"), electron density (Nc), ion temperature (T;) and electron
temperature (Te) are obtained from the IR1-2016 model on 4 January 2020 (F10.7 = 69.8, minimum), 4 January
2012 (F10.7=131.6, moderate) and 4 January 2014 (F10.7 = 253.3, maximum) at 45° latitude and 180° longitude
in both the hemispheres for 12 noon local time from 60km to 500 km altitude.

Ion Densities and Ion Temperature

Figure 1 shows the altitude profiles of O>" density from 60 to 500 km obtained from IRI-2016 model on 4 January
2020 (minimum, F10.7=69.8), 4 January 2012 (moderate, F10.7=131.6 and 4 January 2014 (maximum,
F10.7=253.3) in north hemisphere (top panel) and in south hemisphere (middle panel) at 45° latitude and 180°
longitude at 12 noon local time. The ratio of O density in north to south is also shown in bottom panel of Figure
1. It can be noticeable from Figure 1 (top and middle panels) that the altitude profile of O>" density shows two
peaks, one at 100km and another at about 175km. The O>" density is more or less same at all altitudes in north
hemisphere (top panel) during minimum, moderate and maximum solar activity conditions. In southern
hemisphere (middle panel), the O>" density is more or less same between 60km to 125km, above 125km a
significant variation can be noticed during minimum, moderate and maximum solar activity conditions. The O,"
density is deceased as solar activity increased from minimum to maximum between 125 km and 200km (middle
panel). Further, the O," density increased as solar activity increased from minimum to maximum above 200km.
Figure 1(bottom panel) shows the relative variation of O," density in northern hemisphere in compare with
southern hemisphere. It can be noticed from Figure 1 (bottom panel) that the O," density is more in southern
hemisphere in compare with northern hemisphere at all altitudes below 100km and above 200km. Between
100km and 200km, the O>" density is more in northern hemisphere in compare with southern hemisphere.
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Figure 1: Altitude profiles of O>" density obtained from IRI-2016 model on 4 January 2020 (minimum,
F10.7=69.8), 4 January 2012 (moderate, F10.7=131.6) and 4 January 2014 (maximum, F10.7=253.3) in north
hemisphere (top panel) and in south hemisphere (middle panel) at 45° latitude and 180° longitude at 12 noon
local time. (Bottom panel) the relative variation of O," density in north hemisphere in compare with south
hemisphere.

Figure 2 shows the altitude profiles of NO" density from 60 to 500 km obtained from IRI-2016 model on 4
January 2020 (minimum, F10.7=69.8), 4 January 2012 (moderate, F10.7=131.6 and 4 January 2014 (maximum,
F10.7=253.3) in north hemisphere (top panel) and in south hemisphere (middle panel) at 45° latitude and 180°
longitude at 12 noon local time. The ratio of NO" density in north to south is also shown in bottom panel of
Figure 2. It can be noticeable from Figure 2 (top and middle panels) that the NO™ density is more or less same
between 60km and 100km in both hemispheres (top and middle panels). It can also noticeable from Figure 2
(top and middle panels) that the NO™ density shows a significant variation at above 100km. The direct correlation
can be noticed between the NO* density and the solar activity above 100km that the NO" density increased as
the solar activity increased from minimum to maximum solar activity. Figure 2(bottom panel) shows the relative
variation of NO" density in northern hemisphere in compare with southern hemisphere. It can be noticed from
Figure 2 (bottom panel) that the NO" density is more in southern hemisphere in compare with northern
hemisphere at all altitudes.
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Figure 2: Altitude profiles of NO" density obtained from IRI-2016 model on 4 January 2020 (minimum,
F10.7=69.8), 4 January 2012 (moderate, F10.7=131.6) and 4 January 2014 (maximum, F10.7=253.3) in north
hemisphere (top panel) and in south hemisphere (middle panel) at 45° latitude and 180° longitude at 12 noon
local time. (Bottom panel) the relative variation of NO™ density in north hemisphere in compare with south
hemisphere.

Figure 3 shows the altitude profiles of N™ density obtained from IRI-2016 model on 4 January 2020 (minimum,
F10.7=69.8), 4 January 2012 (moderate, F10.7=131.6 and 4 January 2014 (maximum, F10.7=253.3) in north
hemisphere (top panel) and in south hemisphere (middle panel) at 45° latitude and 180° longitude at 12 noon
local time. The ratio of N* density in north to south is also shown in bottom panel of Figure 3. It can be noticeable
from Figure 3 (top and middle panels) that the N density varies significantly during minimum, moderate and
maximum solar activity conditions. The N* density increased with solar activity. It can be noticed from Figure
3 relative variation (bottom panel) that the N* density is more in southern hemisphere in compare with northern
hemisphere below 300km and above 400km. The N* density is more in northern hemisphere in compare with
the southern hemisphere between 300km and 400km.

500
450
400

Alttude (km)

ARtuce (km)
1ILL1L,LJ[L

TT T T 1T 1"

ol

INIem™)

Page 624 www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/1JRIAS |[Volume X Issue XII December 2025

500 LI b N AN LA LA L B
I 9 -

LY , Rato NN,

200 |-

Alttude (km)
¥ 8
o O
T
"q:o";i
-
=
-
|
lllJlll‘l

S <
S
T
1

50’11111]11111111111q
02 04 06 08 10 12 14 16 18 20

{IN") in NoethYIN"] in South)

Figure 3: Altitude profiles of N* density obtained from IRI-2016 model on 4 January 2020 (minimum,
F10.7=69.8), 4 January 2012 (moderate, F10.7=131.6) and 4 January 2014 (maximum, F10.7=253.3) in north
hemisphere (top panel) and in south hemisphere (middle panel) at 45° latitude and 180° longitude at 12 noon
local time. (Bottom panel) the relative variation of N* density in north hemisphere in compare with south
hemisphere.

The altitude profiles of O" density obtained from IRI-2016 model on 4 January 2020 (minimum, F10.7=69.8), 4
January 2012 (moderate, F10.7=131.6 and 4 January 2014 (maximum, F10.7=253.3) in north hemisphere (top
panel) and in south hemisphere (middle panel) at 45° latitude and 180° longitude at 12 noon local time are shown
in Figure 4. The ratio of O" density in north to south is also shown in bottom panel of Figure 4. It can be
noticeable from Figure 4 (top and middle panels) that the OF density shows a significant variation during
minimum, moderate and maximum solar activity conditions. The O" density increased with solar activity. It can
be noticed from Figure 4 relative variation (bottom panel) that the O" density is more in northern hemisphere in
compare with southern hemisphere above 150km. Below 150km, the O™ density is more in southern hemisphere
in compare with the northern hemisphere.
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Figure 4: Altitude profiles of O" density obtained from IRI-2016 model on 4 January 2020 (minimum,
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F10.7=69.8), 4 January 2012 (moderate, F10.7=131.6) and 4 January 2014 (maximum, F10.7=253.3) in north
hemisphere (top panel) and in south hemisphere (middle panel) at 45° latitude and 180° longitude at 12 noon
local time. (Bottom panel) the relative variation of O" density in north hemisphere in compare with south
hemisphere.

Figure 5 shows the altitude profiles of ion temperature (T;) obtained from IRI-2016 model on 4 January 2020
(minimum, F10.7=69.8), 4 January 2012 (moderate, F10.7=131.6 and 4 January 2014 (maximum, F10.7=253.3)
in north hemisphere (top panel) and in south hemisphere (middle panel) at 45° latitude and 180° longitude at 12
noon local time. The ratio of T; in north to south is also shown in bottom panel of Figure 5. It can be noticeable
from Figure 5 (top and middle panels) that the T; shows a significant variation between 150km and 450km during
minimum, moderate and maximum solar activity conditions. The direct correlation is found between T; and solar
activity between 150km and 450km. Below 150km and above 450km, the T; is more or less same during three
solar activity conditions. It can be noticed from Figure 5 relative variation (bottom panel) that the T; is more in
southern hemisphere in compare with northern hemisphere at almost all altitudes.
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Figure 5: Altitude profiles of ion temperature (T;) obtained from IRI-2016 model on 4 January 2020 (minimum,
F10.7=69.8), 4 January 2012 (moderate, F10.7=131.6) and 4 January 2014 (maximum, F10.7=253.3) in north
hemisphere (top panel) and in south hemisphere (middle panel) at 45° latitude and 180° longitude at 12 noon
local time. (Bottom panel) the relative variation of ion temperature (T;) in north hemisphere in compare with
south hemisphere.

Electron density and electron temperature

Figure 6 shows the altitude profiles of electron density (N.) obtained from IRI-2016 model on 4 January 2020
(minimum, F10.7=69.8), 4 January 2012 (moderate, F10.7=131.6 and 4 January 2014 (maximum, F10.7=253.3)
in north hemisphere (top panel) and in south hemisphere (middle panel) at 45° latitude and 180° longitude at 12
noon local time. The ratio of Ne in north to south is also shown in bottom panel of Figure 6. It can be noticeable
from Figure 6 (top and middle panels) that the electron profile shows two peaks, one at 100km and other at about
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250km. The Ne shows a significant variation during minimum, moderate and maximum solar activity conditions.
The direct correlation can be seen between N. and solar activity. It can be noticed from Figure 6 relative variation
(bottom panel) that the Ne is more in northern hemisphere in compare with southern hemisphere above 150km.
Below 150km, the Ne is more in southern hemisphere in compare with the northern hemisphere.
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Figure 6: Altitude profiles of electron density (N¢) obtained from IRI-2016 model on 4 January 2020 (minimum,
F10.7=69.8), 4 January 2012 (moderate, F10.7=131.6) and 4 January 2014 (maximum, F10.7=253.3) in north
hemisphere (top panel) and in south hemisphere (middle panel) at 45° latitude and 180° longitude at 12 noon
local time. (Bottom panel) the relative variation of electron density (N¢) in north hemisphere in compare with
south hemisphere.

Figure 7 shows the altitude profiles of electron temperature (Te) obtained from IRI-2016 model on 4 January
2020 (minimum, F10.7=69.8), 4 January 2012 (moderate, F10.7=131.6 and 4 January 2014 (maximum,
F10.7=253.3) in north hemisphere (top panel) and in south hemisphere (middle panel) at 45° latitude and 180°
longitude at 12 noon local time. The ratio of T. in north to south is also shown in bottom panel of Figure 7. It
can be noticeable from Figure 7 (top and middle panels) that the T. is more or less same below 250km in northern
hemisphere and below 350km in southern hemisphere. The T. shows a significant variation above 250km in
north latitude and above 350km in south latitude during minimum, moderate and maximum solar activity
conditions. It can be noticed from Figure 7 relative variation (bottom panel) that the T is more in southern
hemisphere in compare with northern hemisphere at almost all altitudes.

Page 627 www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/1JRIAS |[Volume X Issue XII December 2025

500
450
400
350
300
250

—=8—4 Jan 2020, F10.7=69.8
—8—4 Jan 2012, F10.7=131.6
#—4 Jan 2014, F10.7=253.3

Latitude=45"N
Longitude=180°
Local Time=12 Noon

Altitude (km)

200
150
100

50 g ! v oy by by
1000 1500 2000 2500
T,K)

III|I|IIIIIII[III

3000

500 ;
450
400
350
300
250
200
150
100

50 ‘ 1 I 1 I 1 I 1 | 1
500 1000 1500 2000 2500
T(K)

Latitude=45°S
Longitude=180°
Local Time=12 Noon

Altitude (km)

l"llllllllllllll‘

3000

o

500
450
400
350
300
250
200
150
100

50

Altitude (km)

L L L L I
| I S I I O B |

[ ]
o
.}a
Il

= &

e
N
=
by
-
[N}

0.9 1.0

(T, in North)/T, in South)

Figure 7: Altitude profiles of electron temperature (T.) obtained from IRI-2016 model on 4 January 2020
(minimum, F10.7=69.8), 4 January 2012 (moderate, F10.7=131.6) and 4 January 2014 (maximum, F10.7=253.3)
in north hemisphere (top panel) and in south hemisphere (middle panel) at 45° latitude and 180° longitude at 12
noon local time. (Bottom panel) the relative variation of electron temperature (T¢) in north hemisphere in
compare with south hemisphere.

CONCLUSION

The response of the Earth’s ionosphere to solar radiation is studied during minimum, moderate, and maximum
solar activity conditions at 45° latitude and 180° longitude at 12 noon local time in both hemispheres with the
help of IRI-2016 model. It is found that ion densities, ion temperature, electron density and electron temperature
show a significate variation under varying solar activity conditions. The direct correlation is found between
ionospheric parameters and solar activity at most of the altitudes. It is also found that the O™ and electron density
are more in northern hemisphere than in southern hemisphere. Further, the results show that the ion densities
(02", NO", N), ion and electron temperatures (Te, Ti) are more in southern hemisphere in compare with the
northern hemisphere.
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