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Abstract 

The study is on F2 layer peak at fixed height of the ionosphere. The height was examined from 100 km up to its peak for 

seasonal, diurnal, solar cycle and latitudinal variations. Variations from the African and Southern American sectors of the 

equatorial region were analyzed using data from three equatorial stations namely: Ilorin, Nigeria (8.5°N, 4.5°E, -2.96 dip), 

Fortaleza, Brazil (3°S, 38°W, -7.03dip), and Jicamarca, Peru (12°S, 76.8°W, 0.74dip). Also, previous results from this 

region were confirmed in the study. It was observed that the departure from the day time electron density from that of a 

simple Chapman variation begins from the altitude of 180 km during the equinox months and about 210 km at the solstice 

months at the stations of observation. The maximum day time peak varies from 300-319 km and that of the post-noon is 

about 312-417 km. The hmF2 at Fortaleza was observed to show no prominent pre-noon peak, during the September 

equinox. A midday bite-out occurs between 1200-1500 hour local time, it was observed that the electron density peaks 

between 2-4 hours after which the height reaches its peak in all the stations except at Fortaleza where a distinct midday bite-

out was not observed during the June and December solstices and September equinox, showing the seasonal, diurnal and 

latitudinal variations. The features observed find their explanation in the dynamics of the equatorial ionosphere of the 

stratospheric-ionospheric couplings. 
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1. Introduction 

F2 layer of the ionosphere is the most used in 

communication due to its presence at all time and all 

seasons. The understanding of the variation of its electron 

density gives an insight into ionospheric modeling which 

is used for prediction of ionospheric parameters for the 

design of communication links. The basic Physics of 

incident solar-ionizing radiation, which is greatest near 

noon hour, would suggest that the peak value of foF2 at 

fixed height in day time would be greatest around mid-day 

[1]. However, observational evidences from scholarly 

articles had revealed that there are other dynamic 

processes; such as: plasma transportation from the 

equatorial trough to crest due to equatorial ionization 

anomaly (EIA), hemispheric neutral and meridional wind 
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is all at play [2-5]. The vertical coupling of the 

atmosphere and its dependency on strength of sudden 

stratospheric warming and solar activity has been 

discussed as another factor that influences the formation 

of peak value of foF2 [6]. For instance, in a separate work 

the effects of waves, sudden stratospheric warming, space 

weather and solar activity on mid-latitude of the 

atmosphere has been presented to affect the peak values of 

foF2 at fixed height [7, 8]. In another work, the latitudinal 

effect on the morphology of the F2 layer during a low 

solar activity was presented as another factor [9]. The 

consequence is either increasing or decreasing in the 

recombination rates or the movement of maximum 

electron density to other time of the day. The evidence of 

simultaneous increase and decrease due to recombination 

rates on a day is the twin peaks associated with a mid-day 

bite out in foF2 [1]. 

In the past decades, great efforts have been made in the 

global ionospheric empirical modeling [10, 11]. Many 

mathematical functions, such as Chapman, exponential, 

parabolic, Epstein functions, have been proposed to 

describe the ionospheric profiles [12-19]. Among these 

functions, the Chapman function is simple and has great 

potential for analytical modeling of the ionospheric profile 

[20]. 

F2 equatorial ionospheric layer usually deviates from 

simple Chapman’s layer due to dynamism of the region. 

This deviation from Chapman’s layer using variability of 

ionospheric electron density at fixed height of F2-peak 

during different solar activities at different regions has 

been extensively investigated. For example, it was 

observed that the departure of NmF2 at fixed height from 

the simple Chapman’s layer is about 190 km and 210 km 

for low and high solar activities respectively at a station 

outside the edge of equatorial latitude (Ouagadougou, 

Burkina Faso) in Africa [2]. Within the equatorial latitude 

of Africa (Ilorin, Nigeria), the departure of the NmF2 from 

the Chapman’s layer was observed to be at about 160- 200 

km for low solar activity and between 210 and 240 km for 

high solar activity [3]. Literatures above have shown that 

the study of NmF2 at fixed height is highly concentrated at 

the middle and high latitudes while we have very scanty 

studies at the low latitude. Furthermore, F2 layer of the 

ionosphere is useful in high frequency propagation (HF) 

radio communication; however, little attention has been 

place on its study in the equatorial region. Moreover, 

scholarly work has also contributed to the study of the 

equatorial F2 ionospheric layer [21, 22, 3, 23, 24, 25]. In 

order to contribute significantly to global ionospheric 

modeling, there is a need for an in depth study of the 

NmF2 characteristics with other similar sectors. This is 

due to the fact that the equatorial low latitude of F2 layer, 

a region that is generally used for HF radio 

communication is characterized by Earth magnetic field, 

which is nearly horizontal at the African sector and nearly 

vertical at the South American sector. This difference in 

characteristics needs comprehensive investigation. These 

characteristics of the region during a quiet time of the F2 

layer at fixed height in the African and Southern 

American sector are studied in this work. The study is on 

F2 layer peak at fixed height of the ionosphere. The height 

was examined from 100 km up to its peak for seasonal, 

diurnal, solar cycle and latitudinal variations. Variations 

from the African and Southern American sectors of the 

equatorial region were analyzed; also, previous results 

from this region were confirmed in the study. 

2. Data and Methodology 

The digisonde data from three equatorial stations namely; 

Ilorin, Nigeria (8.5°N, 4.5°E, -2.96 dip), Fortaleza, Brazil 

(3°S, 38°W, -7.03dip), and Jicamarca, Peru (12°S, 76.8°W, 

0.74dip) were used for this study. Hourly data obtained 

from a Digisonde Portable Sounder (DPS-4) located at 

Ilorin in the form of Standard Archive Output (SAO) files 

for the year 2010, a year of low solar activity were used. 

The DPS at Ilorin and Jicamarca are capable of collecting 

forty-five ionospheric parameters that describe the 

condition of the ionosphere at a particular point in time for 

a routine measurement. The instrument is usually set to 

take measurement at fifteen minutes interval, except for 

that of Fortaleza, which was set to take the reading at an 

interval of ten minutes. A SAO file is an American 

Standard Code for Information Interchange (ASCII) text 

file with a maximum length of 120 characters. All the data 

from the stations were analyzed using individual local 

time. 

The corresponding data used in the analysis for Fortaleza 

and Jicamarca were obtained online from the Centre for 

Atmospheric Research, University of Massachusetts, 

Lowell, United States of America. Good and scalable 

ionogram files were carefully chosen and days of intense 

storms were avoided, since the study is about the quiet days. 

The data was carefully chosen to avoid non-scalable 

ionogram and edited. The edited SAO file of same hour was 

copied into a separate file. The edited data is then stored in 

a separate file and run through a computer programme 

CARP (Calculated Average Representative Profile). The 

CARP helps to calculate the average profile of the input 

data for any given month. The ionograms used for the study 

and the data for the quiet day were manually scaled using 

the ARTIST program, (NHPC) to verify the automatic 
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scaled data. The output from the SAO files was run using 

CARP program to obtain the average profile for a particular 

month. The Truth table, a computer software from the 

NHPC programme was then run to generate the electron 

density profiles at a height interval of 10 km [28, 29]. The 

average of each of the three months (November, December 

and January) was used to represent December Solstice; 

(February, March and April) March equinox; (May, June 

and July) June Solstice; and (August, September and 

October) September Equinox. 

3. Results and Discussion 

The automatically scaled ionogram is as presented in figure 

1 (a-f) with the data source in table 1. During the day time, 

(0600-1100 LT) there is a rise in NmF2 as shown in figures 

2 and 3, showing that electrons are being dispersed to a 

region of lower loss rate combination. This is attributed to 

the increase in the intensity of solar radiation, which 

increases with solar zenith angle. Around midday, the 

ionosphere has attained a dynamic equilibrium as far as 

production by solar radiation and losses by recombination 

are concerned. The explanation for the variation of hmF2 

with the NmF2 has been discussed earlier. The electrons are 

being moved to a region of lower loss rate by 

recombination. Vertical drift during the day time is upward 

and has a broad peak around 1100 LT. This explains the 

peak of the NmF2 observed around 0900-1100 LT. The 

post-noon peak is also as a result of the reversal of what 

was observed during day time and the movement of the 

electrons to lower heights in the equatorial region. The 

electrons moving away from the equator just after sunset 

are now diverted towards the equator [26]. The altitude at 

which the morphology of the daytime NmF2 begins to 

depart from a simple Chapman’s layer indicates the height 

at which the ionosphere is no longer predominately 

controlled by solar radiation [2]. This height, which has 

been observed to be about 190 and 210 km at low and high 

solar activity respectively, marks the point at which plasma 

transport system processes become significant in the 

distribution of ionization [2]. 

A midday bite-out occurs between 1200-1500 LT. It was 

observed that NmF2 peaks from 0900-1100 LT during the 

pre-noon period, in the three stations except at Fortaleza 

where no distinct peaks and midday bite-out was observed 

during the June solstice, September equinox and December 

solstice. When the sharp bite-out was observed between 

1200-1300 LT, the hmF2 is usually at maximum. The value 

of NmF2 is highest during the equinox months (Figure 1 (a-

f), with two distinct peaks (pre-noon and post-noon). Most 

of the time, the values of the post-noon peaks are generally 

observed to be higher than that of the pre-noon peaks. 

During the March equinox, the pre-noon peak of NmF2 was 

observed at 1000 LT, at Jicamarca and Ilorin, and the post-

noon peak was observed at 2100 LT and 1900 LT 

respectively. The pre-noon peak at Fortaleza was observed 

at 1100 LT and the post-noon peak was observed at 1800 

LT. 

Afterwards, the drift takes a downward trend and gets to a 

minimum before the post-sunset rise begins. This indicates 

a reduction in the depletion of electron density after 

midday. Since the decrease in depletion begins some hours 

before sunset, when production of ionization is still 

occurring, the formation of a post-noon peak should be 

expected. This accounts for the post-noon peaks observed 

at the three equatorial stations. During the night time, 

1900-0500 LT, a rise in the NmF2 is observed. This means 

electrons moving away from the equator are at a region of 

low rate by recombination loss rate. The reversal of the 

vertical plasma drift to the downward direction occurs 

shortly after the post-sunset increase. This pushes 

electrons to lower heights in the equatorial region. The 

electrons which tends to move away from the equator just 

after post-noon, are now diverted towards the equator [27], 

thus explaining the rise in the height of hmF2 results 

presented earlier. 

In this work, the variation of the departure of electron density 

at fixed height from a simple Chapman’s layer was observed 

from the height of 190-230 km at all the three stations 

studied. 

Table 1. Data Source. 

Geograhic Coordinate Geomagnetic coordinate 

Ilorin, Nigeria (8.5°N, 4.5°E) (-1.82, 76.80, -2.96dip) 

Fortaleza, Brazil (3°S, 38°W) (-3.64, 34.21,-7.03dip) 

Jicamarca, Peru (12°S, 76.8°W) (0.77, 354.33, 0.74dip) 



 American Journal of Geophysics, Geochemistry and Geosystems Vol. 7, No. 2, 2021, pp. 58-67 61 

 

 

(a) 

 

(b) 



62 Ayokunnu Olalekan David et al.:  The Quiet Equatorial Ionospheric F2 Layer at Fixed Height During a Low Solar Activity   

 

 

(c) 

 

(d) 



 American Journal of Geophysics, Geochemistry and Geosystems Vol. 7, No. 2, 2021, pp. 58-67 63 

 

 

(e) 

 

(f) 

Figure 1. Typical Automatic scaled Ionogram from the observed stations (a-b) Ilorin night and day time ionogram (c-d) Fortaleza Post-noon and day time 

ionogram (e-f) Jicamarca Post-noon and noontime ionogram. 
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Figure 2. Hourly average plots of electron density at fixed height for the three stations during the equinox months (i) Ilorin (a and d) (ii) Fortaleza (b and e) (iii) 

Jicamarca (c and f) March and September Equinox respectively. 
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Figure 3. Hourly average plots of electron density at fixed height for the three stations during the solstice months (i) Ilorin (a and d) (ii) Fortaleza (b and e) (iii) 

Jicamarca (c and f) June and December Solstice respectively. 
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4. Conclusion 

The main results on the quiet equatorial F2 layer at fixed 

height during a low solar activity are as presented: 

(i) It was observed that the departure from the day time 

electron density from that of a simple Chapman variation 

begins from the altitude of 180 km during the equinox 

months and about 210 km at the solstice months at the 

stations of observation 

(ii) The maximum day time peak varies from 300-319 km 

and that of the post-noon is about 312-417 km. 

(iii) The post-noon peak is usually higher than that of the day 

time peak 

(iv) A midday bite-out occurs between 1200-1500 hour local 

time, it was observed that the electron density peaks 

between 2-4 hours with the observed station 

(v) The deviation from the simple Chapman and the 

variations in the day time and post-noon peaks are 

observed to be due to stratospheric-ionospheric couplings 

In this study, the departure from the day time electron density 

from that of a simple Chapman variation was observed. The 

electron density peaks between 2-4 hours after which the height 

reaches its peak in all the stations except at Fortaleza where a 

distinct midday bite-out was not observed during the June and 

December solstices and September equinox, showing the 

seasonal, diurnal and latitudinal variations. The features 

observed find their explanation in the dynamics of the equatorial 

ionosphere of the stratospheric-ionospheric couplings. 
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