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Abstract Article Info.

The sudden thermal warming phenomenon in the stratosphere (SSW) occurred

during wintertime, an important thing affecting communication throughout the Keywords:

ionosphere region. This study looks at how the SSW through the stratosphere Basrah  City,  Critical
temperature peak affects the three ionosphere parameters: the total electron content  Frequency, lonosphere,
(TEC), the critical frequency foE, and the foF2 of two layers, E and F2. It uses the SSW, TEC.

IRI-20 model over Basrah city, which is in the south of Iraq and lies at 30.4°N

47.7°E. This study spans 2014 and 2019, during the 24th solar cycle. In the same Article history:

years, 10 hPa pressure heights are taken for hourly stratosphere temperature. It was  pocoived: Sep.04 2024
found_ that there are (7) $SW events during the p_eriod selected, three i_n 2014 an.d Revised: Dec. 07, 2024
four in 2019. The _relatlon_ betvyeen stratospheric temperatures an_d |onosph_er|c Accepted: Dec. 24, 2024
parameters was studied to find this effect. The results revealed non-linear relations  p,\piished:Mar. 01,2025
between them during all event hours, but there is an increase in ionization. The

TEC variation is remarkably present in all events, with positive ionization

enhancement during the daytime, reaching a maximum in the afternoon and then

going down after the sun sets. The foE and foF2 measurements also show a small

change due to changes in the thermosphere's make-up, temperature, winds, and

either the F region dynamo or the E region dynamo. These changes also have an

impact on the TEC enhancement values. This increment in values for the

ionospheric parameters is irregular with time and varies from one parameter to

another.

1. Introduction

The layer of Earth's atmosphere that affect Earth's ionosphere is called
stratosphere, this layer is within the pressure height level of 10hpa (~30km ) above
Earth’s surface. This layer is very important through its effect on the electron density of
the ionosphere layers [1]. The Earth's stratosphere is the conversion area, which
communicates with both the ionized upper region in the high atmosphere (the Earth's
ionosphere, which is very important in communications or radio wave propagation) and
the lower atmosphere (troposphere) [2, 3]. Consequently, the thermal structure, energy
composition, dynamics, chemistry, and functions in controlling high-frequency radio
propagation on Earth present difficulties for communications researchers in this area of
the atmosphere [4, 5]. The impact of the rapid variations in temperature and zonal
circulation in the polar stratosphere extends vertically up towards the mesosphere,
where the ionosphere is found [6] and extends horizontally into low and mid-latitude
regions. This revealed temperature rises in the stratosphere occurring in winter [7]. The
event continues for a few days, while the warming sometimes lasts for weeks or month
depending on the kind of event that was affected by the polar vortex strength [8]. These
temperature rises often occur at 10 hPa in the middle stratosphere. Tens of degrees
Celsius of fast temperature rise persist for several days or weeks. A phenomenon known
as sudden stratospheric warming (SSW) occurs when the westerly polar winds in the
stratosphere are occasionally reversed and the polar vortex is shifted [9]. This
phenomenon affects how the Earth's atmosphere circulates through the troposphere,
mesosphere, and ionosphere. It also changes atmospheric pressure, winds, water vapor
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distribution, and other factors [10-13]. During the chilly winter months, the zonal wind,
which normally blows eastward, can occasionally shift or even reverse and move
westward, changing how it interacts with planetary waves. Disturbances in the upward
planetary wave and zonal wind interaction are linked to this meteorological occurrence
[14]. Over several days, the polar stratospheric temperature rises as a result of this
alteration in its interaction. An unexpected link between low, mid, and high latitudes at
thermosphere and ionosphere altitudes during SSW episodes was recently discovered
[15, 16].

Many studies made by Pedatella et al. during 2010 — 2018 examined the impacts
of solar wave variability and atmospheric tides during SSWs on the ionosphere for low-
and mid-latitude regions, as well as the influence of SSWs on the entire atmosphere and
the relationship between the thermosphere, ionosphere, and mesosphere [17-21]. In
2022, Pedatella and Harvey investigated the circulation, atmospheric tides in the
mesosphere and lower thermosphere, and the zonal mean temperature [22]. In 2023,
Pedatella studied how SSW affected ionosphere plasma densities and electrodynamics
during weak polar vortex states and how it affected thermosphere composition,
temperature, and winds [23]. Other researchers from 2012-2022 focused on the
worldwide reaction of the ionospheric and thermospheric layers to the major and minor
SSW events [24-29]. Others focused on the 2018 SSW event, such as Wang et al. in
2019, studied the impact of the winter major SSW of 2018 on the mid-latitude
mesosphere at (70-85) km altitudes [30]. Liu et al. studied the ionospheric reaction to
the abrupt stratospheric warming event of 2018 in middle- and low-latitude sites over
China [31]. Shi et al., in 2024, discovered that both downward and to the lowest
stratosphere did the positive stratospheric temperature anomaly travel and equator-ward
reaching mid-latitudes of Eastern Europe and Asia through the impact of 2018 SSW
[32]. Greer et al., in 2023, examined the polar vortex strength in mid-latitude and in
different longitudes on the composition of the thermosphere and ionospheric plasma
density in the Asian sector [33]; in the same year, Jinee et al. examined the significant
and minor SSW occurrences that took place throughout the time in the Northern
Hemisphere (1981-2020) [34]. As a result, it is critical to track, examine, and
comprehend how SSW affects the ionosphere in mid-latitude areas of the Earth.

This study examines the relationship between the ionosphere and
stratosphere, especially through the temperature peak variation at a pressure height of
10hpa and the ionosphere parameters for E and F2-layers and the Total Electron
Content (TEC) above Basrah city in the South of Iraq located at mid-latitude region in
the Northern hemisphere. Basrah City was chosen as a study case to investigate the
effect of SSW events that occurred during 2014 and 2019 on the ionosphere through the
ionization response.

2. Data and Methodology
2. 1. Study Area

To understand the effect of SSW on the ionosphere above Basrah city/ Iraq, the
studied area was geographically confined to four main areas: The western desert plateau
located to the west of the Euphrates River, the northern Iraqi highlands, the southern
coastal plain, and the region between the rivers Euphrates and Tigris. Some information
should be known about this region, especially its location in the southwest of Asia and
the northern hemisphere in the mid-latitude region [35, 36]. In this research, Basrah city
(30.4°N; 47.7°E) was taken as a study case (shown in Fig. 1).
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Figure 1: Irag map with Basra city.

2.2. Data Selection

Data for hourly temperatures from the ERA5S satellite are downloaded at an
altitude of 10hpa (~ 30km) in the stratosphere. The fifth-generation ECMWF reanalysis
provides a comprehensive dataset spanning over eight decades from 1940. This
reanalysis merges model data with global observations through data assimilation,
ensuring a consistent and complete dataset. The extraction process involves selecting
specific parameters, such as time in coordinated universal time (UTC), geographical
area (longitude and latitude), and data format to obtain relevant temperature data for the
designated region, cited in (https://cds.climate.copernicus.eu/cdsapp#!/dataset).

The solar indices sunspot numbers (SSN) and flux Fio7 in solar flux unit (sfu, 1
sfu = 10%W m?Hz') were taken from Word Data Center
(https://www.ukssdc.ac.uk/wdccl/data_menu.html), while the disturbance storm time
index (Dst) in (nT) unit based on the presence or absence of a geomagnetic storm was
taken from the Kyoto Japan WDC, cited in (http://wdc.kugi.kyoto-u.ac.jp/dst) for the
same selected period. The ionospheric parameters, critical frequency (in MHz) of E-
layer (foE) and of F2-layer (foF2) and the total electron content (TECx10% in
electrons/m?) were calculated from the International lonospheric Model (IRI-20) over
Basrah city [37-40], the citation of this model (https://irimodel.org/).

2.3. Data Analysis
The years 2014 and 2019 were selected for this study. The criteria of this
choosing were for maximum and minimum solar activity in these two years,
respectively. To avoid any solar activity effect during the selected years, the solar
indices sunspot numbers (SSN), Flux (F107) and geomagnetic disturbance storm time
index (Dst) were taken for the same period, as illustrated in Figs 2-4, respectively. From
these figures, it was found that there are no geomagnetic storm effects. From the Dst
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values, it appears that the Sun is in a quiet condition; also, the other indices, the spot
number and solar flux radiation, are not high [31, 41].
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Figure 2: Daily SSN for Solar Cycle 24 [https://www.ukssdc.ac.uk/cgi-
bin/wdccl/secure/geophysical_data].
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Figure 3: Daily F10.7 (sfu) during events of two years 2014 and 2015.

The hourly temperature data over Basrah city for these two years was taken at
pressure height level of 10hpa (~30km) in the stratosphere, as shown in Fig. 5. From
analyzing the temperature data, it was found that there were seven SSW events in these
two years, three in 2014 and four in 2019 distributed as in Table 1.

To study the impacts of these seven events during the period selected on the
Earth's ionosphere, three different ionospheric levels for three ionospheric parameters
were chosen: the critical frequency (in MHz) for E-layer (foE) at 100km and for F2
layer (foF2) at 300km and TEC (in electrons/m?) at 500km. Figs. 6 - 12 reveal the
hourly stratosphere temperature in Kelvin for the three ionospheric parameters (foE,
foF2 and TEC) for the seven SSW events. Figs 6-8 illustrate events 1-3, respectively for
2014 in which the SSN was maximum and Figs 9-12 represent the events 4-7,
respectively for 2019 in which the SSN was minimum from the solar cycle 24. It can be
noted that the critical frequency (fr) (in MHz) is related to the electron density (Ne¢) (in
electrons/m?®) by the following Eq. 1 [42-44]:

f.. = L (1)
°r 1.24 x 1010
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Figure 4: Hourly Dst (nT) during events of two years 2014 and 2019.
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Figure 5: Temperature for Basrah above 10hpa during 2014 and 2014.
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Table 1: SSW events for 2014 and 2019, their start and end dates with temperature, temperature
maximum, duration time, and temperature difference between start and end.

Event | Year | Startdate | T (K) Max date Tuvax | AT End date T (K) | Duration Increase
No. (dd.mm.hh) (dd.mm.hh) (K) (K) | (dd.mm.hh) (hour) temperature
percentage
1 2014 3-1-9 pm 214 9-1-1 pm 239.2 | 25.2 | 12-1-8pm 212.9 216 11.7757
2 2014 12-1-9pm | 212.3 15-1-9 am 236.7 | 244 | 17-1-6am 226.8 106 10.91846
3 2014 8-2-8 pm 220.6 12-2-9 am 233.8 | 13.2 14-2-8 am 227.3 133 5.98368
4 2019 2-1-4 pm 217.9 6-1-11 am 231 | 131 8-1-11 pm 219.9 152 6.0119
5 2019 19-11-6 am | 222.2 | 22-11-9am | 2335 | 11.3 | 25-11-1am | 224.7 140 5.0855
6 2019 | 26-11-5pm | 2255 | 1-12-11am 242 | 165 | 21-12-5pm | 218.9 601 7.3171
7 2019- | 21-12-5pm | 2189 | 28-12-6pm | 236.9 | 18 10-1-9 pm 220.7 484 8.2229
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Figure 6: lonospheric parameters with stratosphere temperature for event 1 year 2014.
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Figure 7: lonospheric parameters with stratosphere temperature for event 2 year 2014.
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Figure 8: lonospheric parameters with stratosphere temperature for event 3 year 2014.
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Figure 9: lonospheric parameters with stratosphere temperature for event 4 year 2019.
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Figure 10: lonospheric parameters with stratosphere temperature for event 5 year 2019
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Figure 11: lonospheric parameters with stratosphere temperature for event 6 year 2019.
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Figure 12: lonospheric parameters with stratosphere temperature for event 7 year 2019.

3. Results and Discussion

Table 1 represented the events starting date (dd/mm/hh) with its temperature for
each day, the maximum temperature value Tua (K) with its variation from starting
value AT (K), end date (dd/mm/hh) with its temperature, duration time in hours finally
the percentage of increasing temperature between starting and maximum temperature.
So from Fig. 5 and Table 1 it found that in 2014 the two events (1 and 2) lasted from the
3" to the 17" of January and event (3) started from 8 to 14 February 2014, while in
2019 the event (4) lasted 2-8 January, event (5) from 19 to 25 November, event (6) from
26 November to 21 December and event (7) from 21 December 2019 to 10 January
2020 it reveals that all seven events are occurred in winter time. The longest period the
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SSW lasted for 601 hours approximately 25 days or three and half weeks was in 2019
the event (6), while the shortest period for SSW was in 2014 the event (2) lasted 106
hours or four days less than week. It is clear from this that each event varies from one to
another according to the circumstances, but it can be said that they all occurred during
the winter time.

To understand the effect of SSW events on the ionosphere for Basrah city, so the
IRl model with version 2020 which is developed to geomagnetic storms for all
geographic latitudes is used to get the data for three ionospheric parameters, the critical
frequency foE and foF2 in MHz for two layers E and F2 and the total electron content
(TECx10™ in electrons/m?). Each ionospheric parameter was plotted with the
stratospheric temperatures for the seven SSW events, as shown in Figs 6-12, from these
figures we can see that there are a clear impact of this warming on the ionosphere
parameter TEC (at height 500km), it was found that there is a positive enhancement in
the ionization in this region of the atmosphere due to the rise in the temperature of the
stratosphere, and the increase continues for several days. According to other parameters
foE (at height 100km) and foF2 (at height 300km) there are a small enhancement in
critical frequency as well as the electron density according to equation (1) or
enhancements in ionization.

In this research study, the ionospheric plasma density (or critical frequency and
TEC) responses investigate in the case where the sudden stratospheric warming exists,
In this research study, the ionospheric plasma density (or critical frequency and TEC)
responses investigate for two years 2014 and 2019 where the sudden stratospheric
warming (this warming is intra-atmospheric origin) exists, in these two years taken the
solar activity represented by geomagnetic storms low Dst index (quite condition) and
low solar radiation flux index (F107) which carries the solar wind plasma (protons and
electrons) to the ionosphere regions are absent. The time taken of the ionization
variations from the Sun and changing the dynamics of the atmospheric circulation
composition caused by SSW is about some weeks, while the geomagnetic storm is an
order of magnitude smaller spend almost few days. In this special case, at mid-latitude
in the Northern Hemisphere ionospheric electron density response during SSW events is
confirmed.

The TEC variation is present remarkable in all events with positive ionization
enhancement during the daytime reaching maximum afternoon then be down after the
Sun setting, this perturbation occurred due to change in the thermosphere composition,
temperature, winds, and the F2 region dynamo or in some mechanical way of the E
region dynamic. The event which characterized by atmospheric dynamical variation in
the polar stratosphere, causing coupling vertically between different layers of Earth's
atmosphere regions and this strong coupling impacts is play an important role in the
ionospheric perturbations when the Sun is in its calm state (no solar activity).

4. Conclusions

Based on how well the above correlation works in the ionosphere's E and F2 regions,
the E region's dynamics may play a big part in changing the mid-latitude ionosphere's
electrodynamics. This variation is likely one of the main reasons for the TEC
disturbance in the same region during the SSW events we've discussed. After looking at
how TEC changed over two years in the middle latitude and talking briefly about the
SSW event during those two years, the meridional wind in the mesosphere and lower
thermosphere region helped make TEC stronger.
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