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ABSTRACT 
 

The research examines ionospheric F2-layer virtual height (h’F2) variations at Ilorin (14.80°N, 
17.40°W) in the Africa sector and Boa Vista (2.80°N, 299.30°E) in the America sector, during Solar 
Cycle 25's minimum and ascending phases. The aim is to investigate the temporal and spatial 
variations of the virtual height of the F2-layer over two equatorial stations during the minimum to 
ascending phase of Solar Cycle 25 at two equatorial stations in two different longitudinal sectors. 
Analyzing data from these stations statistically, the paper investigates diurnal, seasonal, and 
annual variations in h’F2.Diurnally, the h’F2 demonstrates greater responsiveness during daytime 
(06:00 – 18:00 LT) compared to nighttime (18:00 – 05:00 LT). Seasonally, peak values occur 
around noon and post-noon periods, displaying significant disparities during equinoxes and 
solstices over both stations in the different solar phases. During the minimum phase year (2020), 
peak heights of h’F2 reached 387 km at Ilorin and 372 km at Boa Vista. In the ascending phase 
year (2021), these peaks slightly shifted to 389 km at Ilorin and 404 km at Boa Vista. Annually, the 
highest peak values of h’F2 occur at noon, measuring 376 km at Ilorin and 331 km at Boa Vista 
during the minimum phase, while during the ascending phase, both stations recorded almost 
identical values of 305 km at noon. Overall, h’F2 variation exhibited higher magnitude at Ilorin in the 
African longitudinal sector than at Boa Vista in the American longitudinal sector during the minimum 
phase of solar cycle 25, with the reverse observed during the ascending phase. This detailed 
analysis illuminates the complex variations in ionospheric behavior across various time frames and 
geographic locations, showcasing substantial variability and sensitivity to solar influences in 
equatorial stations across Africa and America. 
 

 
Keywords: Ionosphere; virtual height; minimum and ascending solar phase; solar cycle 25. 
 

1. INTRODUCTION  
 

The ionosphere, situated in the upper 
atmosphere of Earth, plays a vital role in various 
phenomena such as radio wave propagation, 
satellite communication, and space weather 
dynamics [1–5]. Among its layers, the F2-layer 
holds particular significance in long-distance 
radio communication. Understanding the 
dynamic changes in its virtual height over 
equatorial regions throughout the solar cycle is 
imperative for predicting and mitigating potential 
disruptions to navigation and communication 
systems [6 – 10]. The F2-layer, positioned 
approximately 200 to 500 kilometers above 
Earth's surface, is a notable layer of the 
ionosphere. This layer, along with others, 
constitutes the ionosphere—a region of the 
upper atmosphere ionized by solar and cosmic 
radiation [10–11]. The F2-layer stands out for its 
notable electron density, peaking typically during 
daytime owing to solar radiation's ionizing 
effects. Its significance lies in facilitating long-
distance high-frequency (HF) radio 
communication by reflecting radio waves back to 
Earth's surface, enabling over-the-horizon 
communication [12–13]. However, the F2-layer's 
characteristics, including electron density and 
altitude, exhibit variability influenced by factors 
like solar activity, time of day, and geographical 
location [13,10]. These variations exert 

substantial influence on radio propagation 
conditions, underscoring the F2-layer's pivotal 
role in radio communication systems and 
ionospheric modeling [14–16]. The variations are 
investigated by means of measurable 
ionospheric parameters. 
 
Ionospheric parameters used in studying the 
ionosphere F2-layer behavior include the critical 
frequency of the F2–layer (foF2), maximum 
electron density of the F2-layer (NmF2), virtual 
height of the F2-layer (h’F2), maximum height of 
the F2-layer just to mention but a few. The virtual 
height of the ionosphere signifies the perceived 
altitude at which an electromagnetic wave 
undergoes reflection by the ionospheric layer. It 
is termed "virtual" because it represents the 
effective altitude observed by the incoming wave, 
influenced by the refractive characteristics of the 
ionosphere [17-19]. The F2-layer altitude varies 
depending upon the multiple factors including 
solar conditions, geographic/geomagnetic 
location etc. 
 
The equatorial region outlines the vicinity 
encircling Earth's equator, the imaginary line 
dividing the planet into Northern and Southern 
Hemispheres. Extending across several degrees 
of latitude on either side of the equator [20 – 22], 
this zone shows distinct climatic features owing 
to its proximity to the equator. Warm 
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temperatures, high humidity levels, and relatively 
consistent day lengths throughout the year 
characterize the equatorial region. Vital to 
identifying an equatorial area is the Equatorial 
Ionization Anomaly (EIA), a remarkable feature 
of the ionosphere exhibiting asymmetrical 
plasma density distributions in the F-region. The 
dynamic interplay of solar forcing, geomagnetic 
influences, and atmospheric dynamics induces 
significant variations in the virtual height of the 
F2-layer, nestled within the EIA [23-26]. These 
solar-driven variations greatly impact ionospheric 
plasma density and electron dispersion, 
particularly at equatorial latitudes where the 
Earth's magnetic equator intersects with 
geomagnetic field lines [27]. 
 
The solar cycle, a recurring pattern lasting 
approximately 11 years, represents the cyclic flux 
in the Sun's activity. Variations in sunspots, solar 
flares, and other solar phenomena characterize 
this cycle [28–29]. At the core of this 
phenomenon is the Sun's magnetic field, which 
undergoes complete polarity reversal roughly 
every 11 years, driving the solar cycle [30]. The 
solar cycle manifests in distinct phases of high 
activity (solar maximum) moderate activity 
(ascending or descending solar phase) and low 
activity (solar minimum) throughout its 
progression [31]. Comprehending the solar cycle 
is overbearing for studying space weather, solar 
Physics, and potential impacts on Earth's climate 
and technology [32]. Currently, Solar Cycle 25 
commenced around December 2019 and is 
anticipated to extend until approximately 2030. 
This cycle succeeded Solar Cycle 24, spanning 
roughly from 2008 to 2019. While solar cycles 
typically endure around 11 years, their exact 
duration may vary [33]. The present transition 
from solar minimum to the ascending phase 
marks Solar Cycle 25. Throughout this period, 
solar activity has been progressively intensifying, 
leading to fluctuations in solar irradiance, solar 
wind dynamics, and geomagnetic activity 
[28,34,3]. Studying the variations in the virtual 
height of the F2-layer across equatorial stations 
provides insights into the underlying mechanisms 
driving ionospheric dynamics throughout the 
solar cycle. Comparing observations from 
stations at different longitudes allows for the 
identification of longitudinal changes and 
assessment of how factors like geomagnetic 
factors and local time influence the virtual height 
of ionospheric F2-layer.  
 
The aim  of the this study is to investigate the 
temporal and spatial variations of the virtual 

height of ionospheric F2-layer over two 
equatorial stations in two different longitudinal 
sectors during the minimum to ascending phase 
of solar cycle 25.  
 
The results from the detailed analysis of h’F2 
data will help the community to gain more input 
on h’F2 behaviour, especially over the study area 
during the minimum to ascending phase of solar 
cycle 25. The study is very essential for 
deepening our understanding of ionospheric 
physics and its implications for technology 
applications and space weather forecasting 
efforts, the findings from this investigation 
contribute to advancements in these critical fields 
in equatorial regions. 
 

2. MATERIALS AND METHODS  
 

2.1 Data Source 
 
The data used in this research are the hourly 
monthly mean h’F2 experimental data observed 
at Ilorin (Lat. 14.80 ON, Long. 17.40 OW) in the 
African longitudinal sector and Boa Vista (Lat. 
2.80 ON, Long. 299.30 OE) in the American 
longitudinal sector, during minimum to ascending 
phase year 2020 - 2021 of solar cycle 25 with 
Zurich sunspot number Rz = 7.9 and 32.9 
respectively. The Zurich sunspot number (Rz) 
data were used as an index of solar activity for 
each of the years. The observed h’F2 data 
obtained from the DPS digisonde at                  
Ilorin and at Boa Vista were archived at Global 
Ionospheric Radio Observatory (GIRO) with 
website (https://giro.uml.edu/didbase/scaled.php; 
accessed 20th January 2023). The Rz data were 
obtained from the Sunspot Index and Long-term 
Solar Observations (SILOS) with website 
(https://www.sidc.be/SILSO/datafiles; accessed 
20th January 2023). The h’F2 data have                   
been filtered and scaled automatically by the 
DPS digisonde at 95 % confidence level to 
minimize error to an accuracy of about ± 0.3 
MHz. 
 
The retrieved and processed h’F2 data were 
presented depending on the local time (LT) of the 
observation stations and are calculated in ters of 
the coordinated universal time (UTC) using the 
relation in Equations 1a and 1b. 
 

LT = UTC + HD     (1a)   
 
if the station is ahead of UTC. 
 

LT = UTC – HD     (1b)    
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if UTC is ahead of the station, where HD is hour 
difference. 
 
For Ilorin station, Equation 1a was applied 
because Ilorin is 1hour ahead of UTC while for 
Boa Vista, Equation 1b was applied because Boa 
Vista is 4hours behind of UTC. 

 

2.2 Method of Analysis 
 
Analysis was carried out by first finding the 
hourly monthly mean values of the h’F2 data 
using the statistical mean relation shown in 
Equation 2. Secondly the data were grouped into 
four different seasons comprising of three 
months each and were averaged to obtain their 
mean seasonal values using Equation 3, 
following the seasonal grouping used by [8], [13], 
[10], [35]. The seasons are December solstice 
(November, December and January), March 
equinox (February, March and April), June 
solstice (May, June, and July and September 
equinox (August, September and October). 
 
Furthermore, annual mean values of h’F2 for the 
two years under investigation were evaluated 
using Equation 4 following the example of [10]. 
 

𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝑀𝑒𝑎𝑛 ℎ′𝐹2 =
1

𝑛
∑ ℎ′𝐹2𝑖

𝑛
𝑖

           (2)      

                           
where n is the number of hourly data present in a 
month 
 

𝑆𝑒𝑎𝑠𝑜𝑛𝑎𝑙 𝑀𝑒𝑎𝑛 ℎ′𝐹2 =
1

3
∑ ℎ′𝐹2𝑖

3
𝑖

           (3)       

                             

𝐴𝑛𝑛𝑢𝑎𝑙 𝑀𝑒𝑎𝑛 ℎ′𝐹2 =
1

12
∑ ℎ′𝐹2𝑖

12
𝑖

           (4)       

 
Thereafter, the analyzed h’F2 data were plotted 
against the local time of the stations during 
minimum and ascending phases  of solar cycle 
25 to investigate their variations.  
 

3. RESULTS  
 

3.1 Diurnal and Seasonal Variation of 
h’F2 at Ilorin during Minimum Phase 
of Solar Cycle 25 

 
The Figs. 1 and 2 illustrate the plots of the 
diurnal and seasonal variation of h’F2 at Ilorin 
and Boa Vista during the minimum phase (year 
2020) of solar cycle 25 for the different seasons 
against LT respectively. From Figs.1 and 2, all 
the plots followed the same trend and were 
characterized by similar diurnal features of the 

h’F2 variation with LT, showing low values at pre-
noon and post-noon periods, with the highest 
peak values observed before or around noon as 
expected due to the lifting up of the F2-layer 
height as a result of a high level of ionization 
during such period. This phenomenon can be 
attributed to the primary mechanism behind 
ionosphere formation, which is the photo-
ionization of neutral species in the upper 
atmosphere by solar radiation. While other 
factors also contribute to ionization modification, 
photo-ionization predominates during daytime 
hours. At nighttime, the ionosphere in this region 
is predominantly influenced by transport and loss 
processes. This observation underscores the 
typical equatorial ionosphere characteristics over 
Ilorin and Boa Vista. In the F2-layer, particularly 
in equatorial regions, the vertical drift of 
ionization due to E x B force and neutral wind 
becomes notably influential. Consequently, this 
leads to deviations in electron density 
morphology from the expectations of a simple 
Chapman-type theory [35]. 
 
Further observation from the plots revealed two 
typical night peaks; post-midnight peak (05:00 
LT) and pre-midnight peak (20.00 LT).  
 
Diurnally, the h’F2 variation appears to be lower 
at pre-noon period 0:00 – 06:00 LT except at 
05:00 LT where the h’F2 recorded a slight peak 
value of 312 km (post-midnight peak). At post-
noon period (18:00 - 23:00 LT) the h’F2 is also 
low except at 20:00 LT where the virtual height is 
raised to a peak value of 303 km (pre-midnight 
peak). The occurrence of two distinct nighttime 
peaks, observed around 05:00 LT and 20:00 LT 
respectively, can be attributed to sudden electron 
density gradients induced by the initiation and 
cessation of solar ionization, along with the 
superimposition of spread F on the background 
electron density [36]. During the noon period, the 
highest height values of 387 km and 380 km of 
the h’F2 variations were observed at 11: 00 LT 
(morning peak or pre-noon peak) and at 14:00 
LT (afternoon peak or post-noon peak). This can 
be attributed to the influence of solar ionization 
and the effect of E x B force on F2-layer plasma 
since high level of ionization of free electrons can 
be observed during the day, especially during 
local noon. During the night, this concentration 
decreases, but the layer remains due to low 
recombination of highest concentration ion with 
neutral wind transport effects. The equatorial 
meridional wind also plays an important role in 
the nighttime F2-layer ion density maintenance 
[8,13,15]. 
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Fig. 1. Diurnal and seasonal variation of h’F2 at Ilorin during minimum phase of solar cycle 25 
 

 

 
Fig. 2. Diurnal and seasonal variation of h’F2 at Boa Vista during minimum phase of solar 

cycle 25 
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Under the seasonal consideration, the variation 
of h’F2 was observed to be highest (i.e. 312 km) 
during the pre-noon period during June solstice 
at 05:00 LT. At around noon, the highest peak 
value of 387 km was observed during September 
equinox. While at post-noon period the highest 
height value of 303 km was observed during 
December solstice at 20:00 LT. The lowest peak 
value of 232 km of h’F2 variation was observed 
at 06:00 LT during June solstice. 
 

3.2 Diurnal and Seasonal Variation of 
h’F2 at Boa Vista during Minimum 
Phase of Solar Cycle 25 

 
At Boa Vista station, during the minimum phase 
year 2020 of solar cycle 25, the diurnal variation 
from Fig. 2 revealed lower values of  h’F2 
variations at pre-noon period 0:00 – 06:00 LT 
except at 01:00 LT where the h’F2 recorded a 
high peak value of 315 km (post-midnight peak). 
At post-noon period (18:00 - 23:00 LT) the h’F2 
values are also low except at 22:00 LT where the 
virtual height is raised to a peak value of 317 km 
(pre-midnight peak). During the noon period the 
h’F2 variation had highest peak values of 357 km 
at 12:00 LT and 372 km during post-noon period 
at 15:00 LT (afternoon peak or post-noon peak). 
 
For the seasonal variations of the h’F2 at Boa 
Vista station, June solstice recorded a peak 

value of 315 km at 01:00 LT. During the post-
midnight period, 357 km during September 
equinox at 12:00 LT (noon period). During post-
noon period, h’F2 had two highest peak values of 
372 km and 317 km at 15:00 LT and 22: 00 LT 
respectively, during June solstice. The lowest 
h’F2 value of n215 km was seen at 07:00 LT 
during March equinox.  
 
Observations from Figs 1 and 2 showed that the 
h’F2 variations were higher at Ilorin than at Boa 
Vista during minimum phase of solar cycle 25. 

 

3.3 Diurnal and Seasonal Variation of 
h’F2 at Ilorin during Ascending 
Phase of Solar cycle 25 

 
From Fig. 3 at Ilorin station and during ascending 
phase year 2021 of solar cycle 25, the diurnal 
variations of h’F2 were observed to be lower at 
pre-noon period (0:00 – 06:00 LT) except during 
05:00 LT where a high peak value of 331 km 
(post mid-night peak) was observed. At the noon 
period (12:00 – 13:00), the two highest peak 
values of h’F2 (389 km and 387 km) were 
observed at 12:00 LT (noon) and 13:00 LT 
(afternoon or post-noon peak) respectively. 
During post-noon period (18:00 -23:00 LT) the 
h’F2 values were low except at 19:00 LT where 
the virtual height recorded a high peak value of 
315 km (pre-midnight peak).  

 
 

 
Fig. 3. Diurnal and seasonal variation of h’F2 at Ilorin station during ascending phase of solar 

cycle 25 
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Seasonally, the June solstice has the highest 
virtual height of 389 km during noon period 
(12:00 LT) and 331 km during the pre-noon 
(05:00 LT) respectively. During the post-noon 
period, the highest h’F2 value of 315 km was 
recorded during the December solstice at 19:00 
LT. While the least h’F2 value of 218 km was 
observed at 16:00 LT. 
 

3.4 Diurnal and Seasonal Variation of 
h’F2 at Boa Vista during Ascending 
Phase  of Solar Cycle 25 

 
From Fig. 4, the diurnal variation  of h’F2 during 
the ascending phase year 2021 of solar cycle 25, 
showed high peak values of 326 km during pre-
noon at 02:00 LT (post-midnight peak), 387 km 
at 11: 00 LT (morning peak or pre-noon peak). 
During post-noon periods, peak values of                 
404 km and 320 km of h’F2 variations were 
observed at 14:00 LT (afternoon peak or post-
noon peak) and 22:00 LT (pre-midnight peak) 
respectively.  
 
On Seasonally view, the variation of h’F2 at Boa 
Vista station revealed that September equinox 
had the highest peak values of 326 km at 02:00 
LT during pre-noon period, 387 km at noon and 
404 km at 14:00 LT during post-noon period 
respectively, and 320 km during June solstice at 
22:00 LT. From Figs. 3 and 4, it is clear that h’F2 
has a higher variation at Boa Vista than at Ilorin 
during the ascending phase of cycle 25. The 
lowest h’f2 value of 202 km was observed during 
September equinox at 08:00 LT. 

The diurnal variation profiles of h’F2 at Ilorin and 
Boa Vista exhibit slight differences across 
seasons. At both stations, the profile resembles a 
dome shape, occasionally featuring two distinct 
peaks: one in the morning between 10:00 – 
11:00 LT (pre-noon peak) and another in 
between 13:00 – 14:00 LT (post-noon peak), with 
a midday depression known as noon bite out 
(NBO) or plateau. These variations stem from 
diverse dynamics at the equator and the crests of 
the equatorial ionization anomaly (EIA). The 
observed plateau and dome shapes are 
attributed to the relatively weak equatorial 
electrojet signature induced by the E x B drift [37 
- 38]. The combined effect of the Earth's electric 
and magnetic fields contributes to vertical 
ionization drift around the equator, resulting in 
daytime ionization depletion, particularly                 
around noon. Furthermore, the geographical 
positioning of the stations relative to the 
magnetic equator plays a role [39]. Boa Vista, 
situated at latitude 2.80°N, lies on the equatorial 
anomaly region's border, characterized by              
highly variable dynamics, while Ilorin,             
positioned at latitude 14.80°N, resides in the 
northern hemisphere near the equatorial 
anomaly crest. 
 
Previous investigations into F2-layer climatology 
during sunspot cycles 20, 21, and 22 were 
conducted by [40], at Ibadan, Singapore and 
Slough, [41] at Phu Thuy, and [42] at 
Ouagadougou, situated near the magnetic 
equator. These studies revealed similar 
variations in ionospheric behavior observed. 

 
 

 

Fig. 4. Diurnal and seasonal variation of h’F2 at Boa Vista station during ascending phase of 
solar cycle 25 
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3.5 Annual Variation of h’F2 at Ilorin and 
Boa Vista during Minimum Phase of 
Solar Cycle 25  

 

Depicted in Figs. 5 and 6 are the annual 
variations of h’F2 at Ilorin and Boa Vista stations 
during minimum and ascending phase years 
(2020 and 2021 respectively) of solar cycle 25. 
 

From Fig. 5 and during minimum phase year 
2020 of solar cycle 25, it was observed that the 
virtual height h’F2 at Ilorin station is greater than 
that at Boa Vista station. The peak value of the 
virtual height at Ilorin was observed to be 376 km 
at 11:00 LT before noon and the lowest value of 
232 km was observed during pre-noon period at 
06:00 LT. The peak value of the virtual height at 
Boa Vista station (331 km) was recorded during 
post-noon period at 16:00 LT and the lowest 
value of 218 km was observed during pre-noon 
(07:00 LT). This results revealed that the virtual 
height of F2-layer (h’F2) is greater at Ilorin than 
at Boa Vista during minimum phase. This may be 
due to higher level of ionization at Ilorin 
compared to that at Boa Vista. 
 

3.6 Annual Variation of h’F2 at Ilorin and 
Boa Vista during Ascending Phase of 
Solar Cycle 25  

 
As seen from Fig. 6 during the ascending phase 
year 2021 of solar cycle 25, the virtual height at 
Ilorin and Boa Vista stations are almost the same 

at around noon period (11:00 – 12:00 LT) and 
post-noon period (13:00 - 14:00 LT) having a flat 
plateau-like shape. The peak value of the virtual 
height at Ilorin was observed to be 305 km at 
12:00 LT (noon period) and the lowest value of 
220 km at 16:00 LT was observed during post-
noon period. The peak value of the virtual height 
at Boa Vista station was recorded as 319 km at 
15:00 LT during post-noon period and the lowest 
value of 196 km was observed during pre-noon 
(07:00 LT).  Observation from above shows that 
the variation of the virtual height at Boa Vista is 
slightly greater than that at Ilorin during the 
ascending phase. As earlier explained this may 
be ascribed to higher level of ionization at Boa 
Vista compared to that at Ilorin. 

 
4. DISCUSSION 
 
In the equatorial region, the interaction between 
the electric field (E) and the Earth's magnetic 
field (B) generates the E x B force, which induces 
vertical ionization drift. During daytime hours 
(06:00 – 18:00 LT), the E x B force acts upward, 
leading to plasma upward drift, whereas during 
nighttime (18:00 – 05:00 LT), it acts downward, 
causing plasma to drift downward. Research has 
demonstrated that the vertical drift velocity varies 
with season and the phase of the solar cycle [43 
– 44]. Most especially in the F2-layer heights of 
the equatorial region, the combined effect of 
vertical ionization drift by E x B force and neutral 
wind significantly shapes electron density

 
 

 

Fig. 5. Annual Variation of h’F2 at Ilorin and Boa Vista during minimum phase of solar cycle 25 
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Fig. 6. Annual Variation of h’F2 at Ilorin and Boa Vista during ascending phase of solar cycle 
25 

 
morphology, deviating from the expectations of a 
simple Chapman-type theory. From this present 
study the peculiar variations observed in electron 
density within the F2-layer, such as pre-noon and 
post-noon peaks, noon bite-out, post-sunset 
minimum, and nighttime peaks, can be attributed 
to the influence of neutral winds and the E x B 
force on plasma [45 – 48]. 
 

Furthermore, higher variability values observed 
in F2-layer virtual heights during daytime result 
from the complex nature of F2-layer height 
variation driven by E x B force. Nighttime 
enhancement of the F2-layer height in this region 
is primarily influenced by transport and loss 
processes, as well as gravity waves, which 
enhance ionospheric electron density gradients 
[]. During nighttime, the vertical drift initially 
exhibits an upward enhancement around 19:00 
LT, known as the evening time pre-reversal 
vertical enhancement (PRE), followed by a 
downward reversal. The PRE phenomenon, 
mainly driven by eastward electric fields, 
significantly alters the F2-layer height and 
contributes to the evening resurgence of the 
equatorial ionospheric anomaly (EIA) [35]; [49-
50]. The PRE vertical drift controls some major 
phenomena of the equatorial ionosphere, such 
as the post-sunset resurgence of the equatorial 
ionization anomaly and the plasma instability 

processes responsible for the development of the 
plasma bubble irregularities/spread F [50]. 
Understanding PRE and pre-noon plasma drift 
better would offer clearer insights into h’F2 
ionospheric variability. The post-noon peak in 
upward plasma drift signals a rapid depletion of 
electrons from the equatorial ionosphere F2-layer 
height, leading to a sharp drop in h’F2 
immediately after sunset as seen in all the 
figures in this present work. 

 
Observation from this research reveals that Ilorin 
and Boa Vista data showed unusual features 
especially during the nighttime periods that 
require further investigations. This may be 
attributed to the volume of data available for 
analysis in the research and other 
electrodynamics factors.  Therefore, the analysis 
of a larger volume of data from these two 
stations, will be necessary to establish a stronger 
characterization of its ionospheric h’F2 variations. 

 
 Additionally, effect of the stations longitudes has 
some influence on the h’F2 variation in the 
equatorial region. [51], in their study of 
longitudinal TEC variation in the equatorial 
ionosphere region attributed this effect to the 
diverse electron density distribution and 
ionospheric morphology at the different longitude 
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sectors, which may will prompt further 
investigations in the future. 
 
The pre-noon and post-noon peaks along with 
noon bite-out observed in this present study 
compares well with the observation of morning 
and afternoon peaks and noon bite-out in foF2 
with associated height changes in the Australian 
(Asian) sector observed by [52]. In their 
submission the twin peak and bite-out 
phenomenon are attributed to meridional winds 
in the F2-layer which may possibly be related to 
a simultaneous occurrence of strong tidal 
influences. 
 
Our results of higher peak values of h’F2 at the 
African station over the American station are in 
agreement with those of [53], stating that 
ionospheric plasma bubbles are more prevailing 
in the African longitude than the American 
longitude during June solstice and equinoxes, 
and that during the December solstice, this trend 
reverses. Consequently, pre-reversal 
enhancements (PRE) are relatively higher 
around the American longitude than African 
longitude during December solstice, while during 
June solstice and equinoxes, this trend reverses 
[53]. 
 
Finally, since Ilorin and Boa Vista stations are 
located in the equatorial ionization anomaly EIA 
region, the variation of observed h’F2 just like 
foF2 is influenced by the electric field (E x B) drift 
in the magnetic equator region. [54], reported 
similar observation with Guangzhou station 
located in the EIA crest region. 

 

5. CONCLUSION  
 
This study investigates the diurnal, seasonal, and 
annual variations in the virtual height of the 
ionospheric F2-layer over two equatorial stations 
situated in the African and American longitudinal 
sectors during the minimum (year 2020) and 
ascending (year 2021) phases of solar cycle 25. 
Utilizing data from ionosonde stations located in 
Ilorin (14.80°N, 17.40°W) and Boa Vista (2.80°N, 
299.30°E), the research reveals that ionospheric 
h’F2 exhibits greater responsiveness to daytime 
variability (06:00 – 18:00 LT) compared to 
nighttime (18:00 – 05:00 LT). Seasonally, the 
highest peak values were observed before noon 
and post-noon periods during both minimum and 
ascending phases of solar activity. For instance, 
during the minimum phase (year 2020), peak 
values of 387 Km at 11:00 LT during September 
equinox (Ilorin) and 372 Km at 15:00 LT during 

June solstice (Boa Vista) were recorded. 
Conversely, during the ascending phase (year 
2021), peak values were observed at noon and 
post-noon periods, with values of 389 Km at 
12:00 LT during June solstice (Ilorin) and 404 Km 
at 14:00 LT during September equinox (Boa 
Vista). Annually, the highest h’F2 peak values 
during the minimum phase of solar activity (2020) 
were recorded at noon, with 376 Km and 302 Km 
at Ilorin and Boa Vista respectively, while during 
the ascending phase, both stations recorded 
almost equal values of 305 km at noon. Overall, 
h’F2 variation exhibited higher magnitude at Ilorin 
in the African longitudinal sector than at Boa 
Vista in the American longitudinal sector during 
the minimum phase of solar cycle 25, with the 
reverse observed during the ascending phase. 
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