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Abstract 

The characterization of the day – to – day variability (VR) of the critical frequency of F1 (foF1) layer on diurnal and seasonal 

scale is undertaken at Ibadan (7.4°N, 3.9°E, 6°S dip) in the African sector during low solar activity (LSA) and moderate solar 

activity (MSA). The latitudinal effect on foF1 VR is also investigated by combining data from Singapore (1.3°N, 103.8°E, 

17.6°S dip) in the East Asian sector and Slough (51.5°N, 359.4°E, 66.5°N dip) in the European sector. The variability of foF1 

is found to be of order (1-3.8%) during LSA and (2-9%) during MSA. On the seasonal scale foF1 VR is greater during March 

Equinox for both epochs. Comparison of foF1 VR with foE VR and foF2 VR shows that foF1 VR is of the same order of 

magnitude (0.5 to 4%) during LSA and slightly greater than foE VR (1.5 - 6%) during MSA, in general. It is less than foF2 VR 

(2 – 15%) during both epochs. Daytime (10:00 h -16:00 h) foF1 VR is greater at Singapore (1.8 – 5.8%) and at Ibadan (1.8 – 

5.8%) than at Slough (2.2 – 4.0%), on a general note. While pre-sunrise and post-sunset peaks are apparent at Slough, they are 

not at Singapore and Ibadan. 
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1. Introduction 

Day – to – day variability is the most random of all 

ionospheric variations [18]. The subject of space weather of 

which variations in the ionosphere is major, has great impact 

on trans – ionospheric radio communication and navigation 

systems [20], [7], [6]. Being bounded below by the neutral 

atmosphere and above by the magnetosphere, the ionosphere 

is a strategic part of the atmosphere. “[5]” has pointed out the 

need to study variabilty i.e deviations from climatological 

means of ionospheric characteristics. Of all the layers in the 

ionosphere the least studied is the F1 layer. The F1 layer of 

the ionosphere lies at an altitude of approximately 140–210 

km. The ionized component of the F1 layer consist mostly of 

NO
+
 and O2

+
 as primary, and O

+
, N

+
 as secondary positive 

charge carriers. The main source of ionization is extreme 

ultraviolet (EUV) solar radiation in the wavelengths λ ≈ 58.4 

and 30.4 nm. The height of F1 varies with solar activity, 

season, and geomagnetic activity. Rocket experiments have 

revealed a maximum density height hmF1 from 160 to 180 

km, while ionograms from ionosonde measurements indicate 

≈200 km. Like the E layer, the F1 layer is a Chapman layer 

with maximum electron density reaching about 2 × 10
11

 el/m
3
 

at midday. It exhibits dependence on solar zenith angle χ and 

sunspot number Rz. Accordingly, the F1 layer is more 

pronounced in summer than in winter, always disappears 
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during the night and sometimes in winter even during the 

day. Under those conditions the F1 and F2 layers form a 

single portion of the ionospheric F region. 

[1]” mentioned that studies on equatorial F1 region are 

generally much less than those of F2 region. The reason, 

perhaps, is because it is not present throughout the day and it 

is most pronounced in summer and at the minimum of solar 

cycle [10]. 

The aim of this study is to characterise the variability of the 

critical frequency of F1 layer (foF1), on diurnal, seasonal and 

solar cycle scales. The study also hopes to augment the data 

used for the modelling of foF1 variability of the ionosphere 

by International Reference Ionosphere (IRI) [6]. 

2. Data and Method 

The data used in this study are the daily foF1 hourly values of 

Ibadan (7.4°N, 3.9°E, 6°S dip) Singapore (1.3°N, 103.8°E, 

17.6°S dip) and Slough (51.5°N, 359.4°E, 66.5°N dip). They 

were obtained by the Union Radio mark II Recorder type 

ionosonde at these stations. “[12]” has described the ionosonde 

at Ibadan in details. The critical frequency of F1 layer, foF1 

during low solar activity (LSA) year (1965, Rz = 16.8), 

moderate solar activity (MSA) year (1973, Rz = 30.2) are used 

for the Ibadan station. High solar activity (HSA) foF1 data at 

Ibadan are scanty except at summer solstice and so are not 

considered. This is because foF1 values are more readily 

available in the neighbourhood of minimum solar activity. 

LSA and MSA foF1 data are grouped into March Equinox 

(comprising months of Febuary, March and April), June 

Solstice (comprising months of May, June and July), 

September Equinox (comprising months of August, 

September and October) and December Solstice (comprising 

months of November, December and January), following the 

examples of [1], [17], [18], [2], [3], [4], in order to 

investigate seasonal effects. Latitudinal comparison is 

performed between July foF1 VRof Ibadan and those of 

Singapore and Slough due to availability of data. 

Relative variability of foF1 is obtained using the quotient of 

standard deviation, σ and mean value, µ, of foF1 following 

the example of [9]. Relative variability (VR) is defined, 

statistically as 

VR	�%� � 	
�

	
	x	100                             (1) 

The VR is a statistical tool that describes the extent of spread 

or deviation of each data point from the calculated mean of 

the entire data set. Though some authors obtain VR by the 

quotient of interquartile range and median, i.e 

VR	�%� � 	
���	��

������
	x	100                (2) 

The advantage of using Eq. (1) over Eq. (2) has been 

mentioned by [5]. “[18]” pointed out that the only 

disadvantage of the method in equation (1) is that of 

difficulty in interpretation in terms of probability. 

3. Results and Discussion 

 

Figure 1. Diurnal variation of foF1 Relative Variability (VR) for all seasons during a year of Low Solar Activity (1965). 
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Figure 2. Diurnal variation of foF1 Relative Variability (VR) for all seasons during a year of Moderate Solar Activity (1973). 

 

Figure 3. Diurnal variation of foF1 Relative Variability (VR) for Slough Singapore and Ibadan during July 1965 (Low Solar Activity). 

 

Figure 4. Diurnal variation of foF1 Relative Variability (VR) for Slough, Singapore and Ibadan during July 1971 (Moderate Solar Activity). 
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Figure 5. Diurnal variation of foF1 Relative Variability (VR) for Slough, Singapore and Ibadan during July 1968 (High Solar Activity). 

The diurnal plots of the variability (VR) of monthly average 

of foF1 values at Ibadan are shown in figures 1 and 2 so as 

to observe the diurnal and seasonal influence during low 

solar activity (LSA) and moderate solar activity (MSA). 

During high solar activity (HSA) it is only at the summer 

solstice that foF1 values are present for any meaningful 

observation. This observationis in agreement with that of 

[1] who mentioned that well defined F1 layers were 

observed only during summer of HSA. Being a daytime 

phenomenon, F1 ledge is observed between 08:00 hour to 

16:00 hour. It is sometimes not observed until 10:00 hour 

and also disappears as early as 14:00 hour. “[19]” 

mentioned that the times of onset of F1 layer in the morning 

and its disappearance in the afternoon are variable from day 

to day. Thus, unlike the E layer, another Chapman layer 

characteristic peaks of foF1 VR are not observed in the 

neighbourhood of sunrise and sunset. VR of foF1 are about 

the same order of magnitude at all the seasons differing 

slightly from each other. It is in the range (1.2% to 2.4 %), 

(2.3% to 3.2%), (1.1% to 3%) and (1.5% to 3.8%) during 

December Solstice, March Equinox, June Solstice and 

September Equinox respectively during year of low solar 

activity (LSA). These values compare with foE VR values 

in the range 0.5 to 4% during LSA. 

During moderate solar activity (MSA), the range of foF1 VR 

are ( 2.3% - 9%), (3% - 6.9%), (2% - 5.5%) and ( 3% - 4.8%) 

for December solstice, March Equinox, June solstice and 

September Equinox, respectively. Compared with foE VR 

values (1.5 – 6%) during MSA, obtained by [17], foF1 VR is 

slightly greater than foE VR, in general. 

The VR of foF2 during the day (2% - 15%) for LSA and (4 – 

12%) for MSA obtained by [16] is expectedly greater than 

foF1 VR which is in the range (1- 3.8%) and (2- 9%) during 

LSA and MSA, respectively as shown in Figures 1 and 2. 

“[20]” mentioned that the the F1 layer partakes of the 

regularity of the E- layer and the variability of the F2 layer. 

This possibly explains the reason for greater foF1 VR than 

foE VR and lesser foF1 VR than foF2 VR. The F1 layer is 

more pronounced during LSA than during MSA. Thus foF1 

is expectedly more irregular during MSA than during LSA. 

“[13]” pointed out that irregularity in occurrence of 

ionospheric parameters and not only because the mean value 

is low, as mentioned by [5], leads to greater relative 

variability. On seasonal scale, though the diurnal trend varies 

at all the stations during LSA and MSA, Figures 1 and 2 

show that foF1 VR is greater during March equinox. 

The greater foF1 VR during MSA than during LSA contrary 

to observation of lower relative variability as solar activity 

increases, for other ionospheric parameters [3], [14], [15], 

[16], [18], [19], are due to the occurrence of greater absolute 

variability during MSA than during LSA. 

In order to investigate latitudinal influence, diurnal plots of 

July foF1 VR of Ibadan, (6 
o
S dip) Singapore (17.6 

o
S dip) 

and Slough (66.5 
o
N) during LSA, MSA and HSA are shown 

in Figures 3 to 5. No data however available for foF1 of 

Singapore during LSA. While pre-sunrise and post-sunset 

peaks are observed for Slough, a mid latitude station, they are 

not found for Ibadan and Singapore. This is due to the non-

appearance of F1 layer outside the hours in between 08:00 

and 16:00. It should be mentioned that while F1 is present at 

Slough at Summer during all epochs of solar cycle it is either 

not found at all or very scanty at the summer of very high 

solar activity (VHSA, Rz > 150) at the low latitude stations 

of Singapore and Ibadan. “[8]” explained that the F1 layer is 
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weakest near the maximum of the sunpot cycle. This 

observation seems applicable to the equatorial and low 

latitude region than to the mid latitude, possibly because, as 

[19] put it, the F1 layer is enhanced by decrease in solar 

activty. At the equatorial and low latitude stations the impact 

of solar activity is more than at the mid latitude, the solar 

zenith angle being much larger at mid latitude than at low 

latitude and the equator. 

It is pertinent to point out that the pre-sunrise peak of foF1 at 

Slough occurred earlier during LSA than during MSA and HSA. 

Comparison of foF1 VR of 08:00 – 16:00 hour at the three 

stations show that foF1 VR is greater at Singapore than at 

Ibadan and at Slough during HSA and MSA (No data is 

available for Singapore during LSA). This is probably because 

Singapore is just below the crest of equatorial anomaly which is 

known for its highly variable dynamics [11], [2]. 

4. Conclusion  

The characterization of the day - to - day variability (VR) of 

the critical frequency of F1 layer (foF1) on diurnal and 

seasonal scale at the equatorial stations of Ibadan (7.4°N, 

3.9°E, 6°S dip), Singapore (1.3°N, 103.8°E, 17.6°S dip) and 

Slough (51.5°N, 359.4°E, 66.5°N dip) during low solar 

activity (LSA) and moderate solar activity (MSA) has been 

undertaken. Also studied is the effect of latitude on the 

variability. It is observed that: 

(i) while foE VR is less than foF1 VR, foF2 VR is greater 

than foF1 VR. 

(ii) foF1 VR MSA is greater than foF1 VR LSA 

(iii) foF1 VR pre- sunrise and post – sunset peaks exist for 

mid latitude but not for low latitude/equatorial stations. 

(iv) foF1 VR is not found at the summer of VHSA (Rz > 

150). 

(v) foF1 VR is found at the summer of all epochs of solar 

cycle at the mid latitude station of Slough. 

(vi) Daytime (10:00h – 16:00h) foF1 VR is greater at 

Singapore and Ibadan than at Slough. 

(vii) On seasonal scale, foF1 VR is greater during March 

Equinox for both LSA and MSA 

The variability of foF1 is found to be of order (1-3.8%) 

during LSA and (2-9%) during MSA. On the seasonal scale 

foF1 VR is greater during March Equinox for both epochs. 

Comparison of foF1 VR with foE VR and foF2 VR shows 

that foF1 VR is of the same order of magnitude (0.5 to 4%) 

during LSA and slightly greater than foE VR (1.5 - 6%) 

during MSA, in general. It is less than foF2 VR (2 – 15%) 

during both epochs. On a general note, daytime (10:00 h -

16:00 h) foF1 VR is greater at Singapore (1.8 – 5.8%) and at 

Ibadan (1.8 – 5.8%) than at Slough (2.2 – 4.0%). While pre-

sunrise and post-sunset peaks are apparent at Slough, they are 

not at Singapore and Ibadan. Moreover, in order for 

ionospheric models to be successful, description of F1 layer 

variability is important.  
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