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Foreword 

It is a pleasure to introduce the publication of the text that Professor Jacob O. Adeniyi 
prepared for his Inaugural Lecture. It is a well written and comprehensive tutorial on the ionosphere 
with a particular emphasis on the equatorial region in the African continent.  

Professor Adeniyi has been closely linked to the Abdus Salam International Centre for 
Theoretical Physics, Aeronomy and Radiopropagation Laboratory since 1993 and was awarded a 
Regular Associateship by the Centre for two terms. At present he has the Senior Associateship. He has 
also been awarded with a Research Fellowship of the ICTP Training and Research in Italian 
Laboratories programme. He is the first African colleague to have an effective and relevant 
participation in the International Reference Ionosphere (IRI), a COSPAR/URSI project designed to 
continuously update and improve a reference model of the ionosphere internationally recognized. 
Most of his contributions towards the improvement of the IRI model of electron density at low 
latitudes were presented and discussed during the IRI Task Force Activities carried out at ICTP for 
many years now.  

I would like to add that during the many opportunities I had to interact with Professor 
Adeniyi, I admired his scientific and human standards, qualities that make a rewarding experience and 
a pleasure to work with him. 
 

Prof. Sandro M. Radicella 
Head, Aeronomy and Radiopropagation Laboratory 
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1. INTRODUCTION 
Subdue 
At the creation of the first human beings, the Creator said “replenish the earth and subdue it” (Genesis 
1: 28b). Since that time the instinct of discovery and research has been infused in man to discover and 
understand his environment. 
The word subdue means study, investigate, and acquire knowledge and skill about your environment 
and use it for yourself and for the benefit of mankind at large. The history of the early man gives 
credence to this fact as he started to find ways of protecting himself against extreme cold and heat, 
hunger, dangerous animals and organisms. The quest for knowledge continues unabated. Man has 
since then found ways of ustilising the sea and the ocean for transportation by the use of the principle 
of floatation. The laws of aerodynamics have been employed in counteracting the force of gravity 
making it possible for man to fly in the air and to even go out of the earth’s environment into space. 
Examples such as these are numerous. Whenever this statement ‘subdue the earth’ is misinterpreted to 
mean subjugate other fellow human beings, it create problems which bring hardship, misery and lack 
of peace both for the oppressed and the oppressor. Examples abound in history and from our day-to-
day life experience. Since this is not a political or a human right lecture, I shall not delve into the 
details of this but emphasis that when the definition is correctly applied, it brings peace progress and 
prosperity. 
 
The earth  
The earth consists of the earth crust and the surrounding environment. Part of subduing the earth is to 
understand the atmosphere surrounding the earth and to use it for the benefit of mankind. The earth’s 
atmosphere consists basically, of a mass of gas held unto the earth by the force of gravity. It is most 
dense on the surface of the earth and thins out as the distance from the surface from the earth increases 
until one gets to the part usually referred to as outer space. The atmosphere around the earth is 
generally divided into two broad sections namely the upper and the lower atmospheres. The lower 
atmosphere starts from the surface of the earth and extends to about 40-50 km above the earth. The 
parameters from this region are what the meteorologist use in predicting atmospheric weather 
conditions. The upper atmosphere (the ionosphere) starts from about 50 km above the earth and 
extends to about 650km. It is a pleasure to say that the Physics Department of this great University is 
deeply involved in research covering both regions. In this lecture however, I am going to restrict 
myself to the Upper Atmosphere not because it is more important but because, that is my area of 
study.  
 
2. THE UPPER ATMOSPHERE 
The study of the ionosphere is basically relevant to radio propagation. Radio propagation via the 
ionosphere is a fascinating and important means of long-distance radio communication. Thousands of 
governmental, private and commercial operators use the ionosphere every day for broadcasting and 
making contacts over vast distances all over the world. In order to use the upper atmosphere which 
supports medium and high frequency radio communication effectively, a knowledge of the behaviors 
of this medium is of uttermost importance. This knowledge helps to determine when to listen, the best 
frequencies to use and where signals might come from. In fact, the knowledge of the conditions and 
what each radio band might produce are valuable for any radio operator. The most important feature of 
the ionosphere in terms of radio communications is its ability to refract radio waves. This is illustrated 
in figure 1. It is this feature that makes broadcasting around the globe possible. In the use of higher 
frequencies, particularly satellite communication, the effects of propagation in this medium has to be 
taken into account for effective performance. Before we look at how signals are reflected by the 
ionosphere, we should first see where these reflections take place and how the reflecting areas are 
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formed. The atmosphere can be divided into a variety of different layers according to their properties. 
The most commonly used names are shown in Figure 2.  Here we can see that the troposphere is the 
part of the atmosphere closest to the ground, extending to a height of about 10 km. At altitudes 
between 10 and 50 km we find the stratosphere, which contains the ozone layer at a height of about 20 
km. For short wave communication, the ionosphere is the most important as I mentioned earlier, 
although the troposphere plays a key role in very high frequency (VHF) and ultra-high frequency 
(UHF) communication. The ionosphere crosses several meteorological layers and extends from about 
50 to 650 km.  
 
 

 
 

Figure 1. Reflection of radio wave from the ionosphere [after Richard Thomson, 2005] 
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Figure 2. Regions of the upper atmosphere [after Gehred Paul and Norm Cohen, 2005] 
 
3. FORMATION OF THE IONOSPHERE 
In most parts of the lower atmosphere, the constituent molecules are in a combined state and remain 
electrically neutral. In the region extending from a height of about 50 km to over 600 km, however, 
solar radiation (mainly ultraviolet light) is so intense that when it strikes the gas molecules they split 
(i.e. they become  ionized) and electrons are set free. The result is the production of a positive ion (a 
molecule that has lost an electron) and a free electron as indicated in figure 3a. Since this process 
requires solar radiation, major production of electrons occurs in the daylight hemisphere of the 
ionosphere. When a free electron combines with a charged ion a neutral particle is usually formed as 
illustrated in figure3b. It is the ions that give their name to the ionosphere, but it is the much lighter 
and more freely moving electrons which are important in terms of high frequency (HF: 3 to 30 MHz) 
radio propagation. The number of electrons starts to increase at an altitude of about 30 km, but the 
electron density isn’t sufficient to affect radio waves until about 60 km. Generally, the greater the 
number of electrons, the higher the frequencies that can be used. 
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Figure 3a. Production of electron in the upper atmosphere after Richard Thomson, 2005] 
 

 
Figure 3b. Electron Loss process [after Richard Thomson, 2005] 
  
4. LAYERS OF THE IONOSPHERE 
We often think of the ionosphere as having a number of distinct layers. This is convenient for many 
explanations, but it’s not entirely accurate as the entire ionosphere contains ionized molecules (and 
free electrons). Instead, the layers are best thought of as peaks in ionization levels. To identify the 
layers, peaks or regions, we refer to them by the letters D, E and F as illustrated in figure 4. During the 
daytime, the F layer may split into two. When this happens, they are identified as F1 and F2.  
The D layer 
The D layer which is the lowest one, occurs between 50 and 80 km. It is present during the day when 
radiation is beaming in from the sun. The density of the air (i.e. neutral molecules) in this height range 
is still high. This enhances fast recombination of ions and electrons with the result that electron 
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density remains very low in this region. After sunset, when solar radiation is no longer present, the 
electron density decreases quickly and the D layer effectively disappears. 
 

 
 

Figure 4.  Regions of the ionosphere [after Richard Thomson, 2005] 
 
The E layer 
The E layer is the next above the D layer. It lies at the altitude range between 100 and 125 km above 
the earth. Because electrons and ions recombine relatively quickly here also, electron density drops 
quickly after sunset but a small amount of residual ionization persists at night. There usually occur the 
presence of some ionization patches with electron density higher than that of the E layer it self. These 
patches are called the sporadic E and are very common in low latitudes. 
The F layer 
During the daytime, the F layer during certain periods often splits into two. The lower one is referred 
to as F1 and the higher one is called the F2 layer as shown in Figure 4. At night the two layers merge 
back into a single F layer. Typically, the F1 region lies within the height range of 140 km to 210 km 
while the F2 layer is found above 250 km. 
 
5. FACTORS THAT AFFECT THE LAYERS 
Generally, the electron density and the height of the peak ionization density vary considerably with the 
followings: 

a. STATE OF THE SUN 
b. SEASONS 
c. TIME OF THE DAY  
d. and GEOGRAPHICAL LOCATION 

 
The Sun and the Ionosphere 
The Sun goes through a periodic rise and fall in activity and this is referred to as the solar cycle. One 
major factor used in identifying the state of the sun is the number of visible sunspots which appears as 
relatively dark areas when an image of the sun is projected on a screen (figure 5). 
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Figure 5. Sun spot [curtsey of SOHO, NASA, USA, 2005] 
 
The sun spots vary in a cycle which has roughly an 11 years period.  The areas around the spots emit 
greater amount of ultraviolet radiation which is the main source of energy for ionization in the upper 
atmosphere. The effect of this on radio communications is that at solar minimum, only the lower 
frequencies of the high frequency (HF) band will be supported by the ionosphere, while at solar 
maximum the higher frequencies will successfully propagate.  
 

 
 
Figure 6a. Sunspot number variation 
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Figure 6b. Sunspot number variation and Korgogo 1200 LT foF2 
 
This is so because a higher intensity of radiation is emitted from the sun at solar maximum, thus 
producing more electrons in the ionosphere which allows the use of higher frequencies. Figure 6a 
shows about three cycles of sunspot variation (1975-2005) while figure 6b is an example of sunspot 
variation and the variation of the critical frequency of the F2 layer (foF2) which indicates the 
magnitude of electron density in the layer.   
 
 
Seasonal Variations 
The revolution of the earth around the sun is in an elliptical path and this gives rise to the annual 
seasonal changes. The position of the earth’s axis relative to the sun, determines the intensity and 
duration of the solar radiation, incident on the earth’s atmosphere at various seasons (figure 7a). This 
in turn influences the amount of ionization that takes place in the ionosphere.  
  

 
 

Figure 7a. The positions of the earth’s axis relative to the sun at various times of the year [after 
Michael Pidwirny, 2005] 
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Electron densities are higher at the equinoxes (March/April and September/October) than during the 
solstices (December/January and June/July) as figure 7b indicates. 
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Figure 7b. Seasonal effects on foF2 
 
Variation with time of the day. 
The intensity of solar radiation increases from sunrise up to a period around midday. This causes a 
corresponding increase of electrons in the ionosphere and as result, the radio frequencies that can be 
reflected increase as well, reaching a peak around or close to midday. Beyond noontime, solar 
radiation begins to decrease. Frequency also begins to fall due to loss of electrons. After sunset, the D 
region disappears and the electron density in the E layer becomes very small, so that its effect on radio 
wave becomes very little. The result is that it is only the F region that supports communication at 
night. Figure 8 shows an example of the variations of the critical frequencies of the E and F layers 
with the time of the day at Ilorin, Nigeria. 
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Figure 8. Variations in Electron Densities of E and F layers over Ilorin, Nigeria, with time of the day 
at high (2002) & low (2006) solar activities  

 
Variation with latitude. 
Generally, during the day, with increasing latitude, the solar radiation strikes the atmosphere more 
obliquely, so that the intensity of radiation and the electron density production decreases with 
increasing latitude as illustrated in figure 9. This implies in principle that it is expected that electron 
density should have its peak at the equator but in reality this is not what is observed. Figure 10 shows 
what happens in reality. The F2 frequency peak occurs around 20 degree on both sides of the equator 
and not at the equator itself. This discrepancy is what is usually referred to as the equatorial anomaly. 
Radio communicators who operate near the equator are aware of this characteristic. 
 

 
 
Figure 9. Variation of angle of incident of solar radiation with latitude [after Michael Pidwirny, 2005] 
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Figure 10. Equatorial Anomaly 
 
6.  THE EQUATORIAL IONOSPHERE 
The equatorial anomaly gives the ionosphere over the equator most of it’s peculiar characteristics. The 
anomaly is due to the effect of the Earth's magnetic field on the F layer of the ionosphere as illustrated 
in Figure 11 
 

 
 

Figure 11. The effect of the Earth’s magnetic field on free electrons reaching the tropical ionosphere. 
[after Ray Cracknell, 2005] 

 
Free electrons tend to follow the magnetic lines of force of the Earth's magnetic field, which also acts 
as a magnetic shield to protect us from bombardment by harmful radiation. The force exerted on the 
electrons at any given point is a combination of the vertical component attracting electrons towards the 
earth and the horizontal component attracting them towards the geomagnetic poles. In the equatorial 
region we find the geomagnetic equator, or more accurately the zero dip equator, where the magnetic 
lines of force are parallel to the Earth's surface without the vertical components. The effects of this on 
the ionosphere over the zero-dip equator are quite dramatic and of special interest in explaining how 
VHF and UHF signals encountering the ionosphere near the magnetic equator are influenced. In order 
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to understand this better, we take a look at what happens during the periods when the sun is rising, 
around midday and after midday. 
After sunrise, ionisation rapidly builds up in the ionosphere, mainly due to ultra-violet radiation until 
the sun reaches its zenith; thus building up electron density as illustrated in Figure. 12(a). 
 

 
 
Figure 12(a). Typical F-region ionisations before noon local time [after Ray Cracknell, 2005] 

After mid-day, the ionising influence decreases but the flow of electrons continues. This gradually 
reduces the electron density around the zero dip equator, until it reaches the latitude where the vertical 
component of the magnetic field exerts sufficient force to arrest it, thereby forming an area of very 
dense ionisation both to the north and south of the zero dip equator as shown in figure 12 (b). 

 

 

Figure 12(b). Changes during the afternoon [after Ray Cracknell, 2005] 

After sunset, figure12 (c) the lower density around the zero-dip equator continues to fall until 
approximately 2000 hr local  time, when it begins to break up and drift away. But the high-density 
zones remain firmly bound by the vertical attraction of the earth's magnetic field until they finally 
disappear by recombination into neutral atoms. 
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Figure 12 (c). Typical ionisations after 2000 local time [after Ray Cracknell, 2005] 
 
 
7. INVESTIGATING THE IONOSPHERE FROM GROUND STATION 
A common basic instrument used in investigating the ionosphere is the ionosonde. It is used to explore 
the ionosphere up to the height of the peak electron density of the F2 layer which is the highest layer. 
Investigation beyond the F2 layer is by satellite borne instrument. The ionosonde could be ground 
based or borne by satellite or rocket.  
The ionosonde consists of a sounder, a recording system and the antenna configuration. The sounder 
basically consists of a radio transmitter, a receiver and a power supply unit. The recording unit is the 
DBD which takes the record from the sounder. It has the capability of displaying the data and also 
transferring it to another display and storage system. The storage unit is mainly a computer that 
receives the data from the DBD and stores it. Figures 13 a-d shows the pictures of the University of 
Ilorin ionospheric station equipment indicating the various parts mentioned above. The output data 
from the ionosonde, are ionograms which are recorded tracings, of reflected high frequency radio 
pulses generated by the ionosonde. As the sounder sweeps from lower to higher frequencies, the signal 
rises above the noise of commercial radio sources and records the return signal reflected from the 
different layers of the ionosphere. The reflected signals form characteristic patterns of traces that 
comprise the ionogram. 
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 (a) (b) 

 

 (c) (d) 

Figures 13 (a-d). The University Ilorin ionospheric station equipment 

Radio pulses travel more slowly within the ionosphere than in free space, therefore, the apparent or 
virtual height is what is recorded instead of a true height. The ionogram is therefore a trace of virtual 
height versus frequency. As the frequencies of the transmitted radio signals approach the level of 
maximum plasma frequency of a layer, the speed of the signal effectively approaches zero and it is 
eventually reflected towards the surface of the earth. The frequencies at which this occurs are called 
the critical frequencies. A unique relationship exists between the sounding frequency and the 
ionization densities of the ionospheric layer that reflects it. The ionograms are scaled either manually 
or with computer-driven automatic scaling procedures, depending on the type of ionosonde used for 
the recording. Figure 14 shows a diagram of an ideal ionogram showing the various layers. 
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Figure 14. Diagram of an ideal ionogram [after Edwin C. Jones, 2003] 
 
Figures 15 and 16, are the pictures of actual ionograms recorded at the University of Ilorin Ionospheric 
observatory. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (a) (b) 
 
Figure 15. Ilorin day time ionogram at (a) high (2002) and (b) low (2006) solar activity 

The two ionograms (a) and (b) in each of these figures are records of the same days of the month of 
February but of different years (2002 and 2006). The differences are the effects of solar activities. The 
major characteristic parameters that can be obtained from the ionograms are the virtual heights of the 
various layers (designated as h'E, h'F, and h'F2, etc) and critical frequencies (designated as foE, foF1, 
and foF2, etc). Other information that could be obtained from the ionogram are estimate of total 
columnar electron content and electron density profiles. Typically, an ionosonde station obtains one 
ionogram recording every 15 minutes. When the scaling is done manually, usually only the hourly 
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recordings are routinely reduced to numerical data. Modern ionosondes with computer-driven 
automatic scaling procedures routinely scale all the ionograms recorded. 

 

 

 

 

 

 

 (a) (b) 

Figure 16. Ilorin night time ionogram at (a) high (2002) and (b) low (2006) solar activity 

Topside  
The part of the ionosphere above the F2 region is referred to as the top side. This part of the 
Ionosphere starts at the height of the maximum density of the F2 layer of the Ionosphere and extends 
upward with decreasing density to a transition height where O+ ions become less numerous than H+ 
and He+. The transition height varies but seldom drops below 500km at night or 800km in the 
daytime. Above the transition height, the weak ionization has little influence on radio signals. 
 
 
8. HIGH FREQUENCY RADIO COMMUNICATION 
High Frequency (HF) radio signals which ranges from 3 to 30 MHz can propagate over very long 
distance in the following ways.  They can travel as ground, line of sight or sky waves as illustrated in 
figure 17. Ground waves as the name suggests travel close to the ground. This type of wave may cover 
up to 100 km over land and up to 300km over sea. The attenuation of this wave depends on antenna 
height, polarization, frequency, the type of soil and terrain. The direct or line of sight wave goes 
directly from the transmitter to the receiver. The wave may however interact with the wave reflected 
by the ground depending on the distance between the transmitter and receiver. The sky wave is the one 
reflected by the ionosphere. This is the one that covers the greatest distance. 
 



 17

 
 
Figure 17. Ground, line of sight and sky waves [after Richard Thomson, 2005] 
 
The sky wave 
Not all HF waves are reflected by the ionosphere. There are upper and lower bounds for 
communication between two terminals. If the frequency is too high, the wave will penetrate the 
ionosphere. If it is too low, the strength of the signal will diminish due to absorption in the D region. 
Absorption in the D region varies with solar cycle, season and time of the day. It increases with solar 
activity and is greatest around midday. Absorption increases with decrease in latitude with the result 
that it is highest near the equator. Lower radio frequencies suffer more attenuation due to absorption 
than higher ones. It is therefore necessary to use as high frequency as possible at equatorial regions 
around midday. The absorption limiting frequency provides a guide as to lower limit of usable 
frequency. This is only relevant during the day time when the D layer is present. The range of usable 
frequency will vary according to the time of the day, seasons, solar cycle and latitudinal location. The 
upper limit of usable frequency depends mostly on these factors but the lower limit in addition to these 
factors depend on the receiver site noise, antenna efficiency, transmitter power, E-layer screening and 
absorption by the ionosphere. During the day it is possible to communicate via the E and F layer using 
different frequencies. The highest frequency supported by the E and F layers are referred to as E-MUF 
and F-MUF respectively. These are illustrated in Figure 18. 
 

 
 
Figure 18.  EMUF and FMUF [after Richard Thomson, 2005] 
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Oblique Propagation. 
Oblique propagation depends on three variables; namely frequency, range or path length and the 
antenna elevation angle. For a fixed frequency, as the elevation angle is increased, the path length 
decreases and the ray is reflected at higher point in the ionosphere. In other words, the skip distance 
reduces. To communicate within the skip distance, the transmitting frequency has to be reduced. If the 
elevation angle is increased beyond certain point then for that fixed frequency, the wave will penetrate 
the ionosphere. These points are illustrated in Figure 19. 
 

 
 
Figure 19. Oblique transmission [after Richard Thomson, 2005] 
 
From the foregoing presentation, it is apparent that for effective HF radio communication, a good 
understanding of the characteristics of the ionosphere is very crucial.  
 
9. THE IONOSPHERE AND NAVIGATIONAL SATELLITE SYSTEMS 
Navigational Satellite Systems 
The advent of the Global Positioning System (GPS) paved the way for Global Navigational Satellite 
Systems (GNSS) which provides the possibility of locating any geographic location any where in the 
world with the aid of a receiver. The GPS is owned and operated by the US Department of Defense. It 
consists of at least 24 satellites in 6 orbital planes, as illustrated in figure 20, and master and monitor 
stations on the ground. It was launched in 1978 and declared fully operational in 1995. In order to 
determine a position on the globe, a receiver needs to see at least four of these satellites. Three of these 
are used in estimating the position as illustrated in figure 21. The others help in improving the 
accuracy of the positioning. Initially, the GPS system was subjected to accuracy degradation for public 
use and because of this, the system does not give accuracy beyond about 100m. Without the 
degradation, the accuracy is about 15m. 
The current area of application of GNSS is for civil aviation use. One of the basic problems of the 
GPS is that the positioning accuracy does not meet the standard aviation accuracy requirements.  For 
aviation standard, accuracy must be less than 7.5 metres for horizontal and less than 4 metres for the 
vertical position. Other aviation requirements apart from accuracy are continuity, integrity and 
availability of the information.  
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Figure 20. GPS constellation [Courtesy USA, FAA] 
 

 
 

 
Figure 21. Position Estimation by Trilateration 
 
Impact of the ionosphere 
Sources of errors in GNSS can be grouped into three general categories; namely space segment, 
propagation and local errors. The greatest of these errors is under propagation errors and this is due to 
ionospheric effects.  Errors caused by the ionosphere vary with the conditions of the ionosphere as 
discussed earlier on. This depends on time of the day, seasons, solar cycle, geographical location and 
ionospheric disturbances such as magnetic storms and scintillation (Figure 22). 
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Figure 22. Ionospheric Effects on GNSS [Courtesy USA, FAA] 
 
The basic correction method is by the introduction of Augmentation Systems. This could be ground 
(local) or space (wide area) based. The local area augmentation system (LAAS) consists of 4 reference 
receivers, a ground facility, one very high frequency (VHF) transmitter and an avionics on the aircraft 
as depicted in figure 23. This system gives an accuracy of about one metre. 
 

 
 
Figure 23. Pictorial Depiction of LAAS [Courtesy USA, FAA] 
 
The wide area augmentation system (WAAS) consists of several (25) reference stations, 2 ground 
master stations, 2 communication satellites and 3 uplink stations as illustrated in figure 24. As 
mentioned earlier on, the greatest source of error is the ionosphere and both types of augmentation 
systems have to correct for this. A good knowledge of the characteristic of ionosphere is required for 
this purpose. This is why prediction models are developed and an effective model has to be based on 
measured data over a long period of time. The method of data collection is by setting up reference 
stations covering a wide area where ionospheric parameters are monitored. Figure 25 shows an 
example of a grid of reference station for WAAS. 
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Figure 24. Pictorial Depiction of WAAS [Courtesy USA, FAA] 
 
 

 
 
Figure 25. WASS reference stations [Courtesy USA, FAA] 
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10. MY CONTRIBUTION 
I shall attempt to give a very brief highlight of some of my contribution to a part of ionospheric 
physics research in this section.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (a) (b) Error! 
 
Figure 26. Magnetic storm effects on NmF2. (a) effect of initial phase (b) effect of main phase 
 
My journey in the study of the ionosphere stated with the study of the regular behavior of the 
equatorial ionospheric layers and magnetic storm effects (Adeniyi, 1986). Figures 26 (a) and (b) show 
some examples of the results from that work. The effect of the initial phase of the magnetic storm on 
the peak electron density of the F2 (NmF2) can be seen in figure 26a (decrease in NmF2) while figure 
26b indicates the effect of the main phase of the storm (increase in NmF2). 
As mentioned earlier, prediction models are very essential for radio operators and other similar users 
of the ionosphere. Most ionospheric models are based on experimental data. The equatorial region, 
particularly the African segment of the region is usually under represented with regards to input data 
in these models. A number of our work was geared towards rectifying this problem by using the few 
data available for this region. One of the most commonly used ionospheric model is the International 
Reference Ionosphere (IRI), (Bilitza, 1990). Adeniyi and Adimula (1995) validated the IRI model that 
was current then for the foF2 and hmF2 and discovered some discrepancies (Figure 27). 
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Figure 27. Comparisons of observed NmF2 with those of IRI 
 
 
The ionospheric profile of the model was also verified for the equatorial region (Adeniyi 1997). The 
result showed that the equatorial profile was not well represented as shown in Figure 28. 
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Figure 28. Comparison of observed electron density profile and the IRI model prediction 
 
 
With this realization, efforts were made at improving the situation. The approach was to obtain 
specific unique characteristic points on the ionospheric profile that the model could be built around. 
This brought me into the participation in the IRI Task Force Activity from 1994 to date and the 
membership of the IRI working group under the International Union of Radio Science (URSI) from 
1999 to date.  
The IRI is a joint project and Working Group of the Committee on Space Research (COSPAR) and 
URSI. The charter is to establish and improve a standard ionospheric model for use in satellite design 
and environmental studies (COSPAR’s interest) and for radio propagation studies (URSI’s interest). 
 
One of the early observations made during the IRI Task force activities was the discovery of the 
regular presence of the F1 layer during the December Solstice like other seasons between 0008 and 
1600 hour local time (Adeniyi 1996). Prior to this, it was the opinion that the F1 was not present in 
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December Solstice. This new insight led to the review of the probability of occurrence of F1 layer in 
the IRI model.  
 
A number of studies were undertaken with the aim of obtaining definite characteristic point on the 
equatorial electron density profiles. One of such is the determination of the characteristics points in the 
F1 layer. When the F1 layer is well formed, there is no problem in scaling it’s critical frequency 
(foF1). This is very common during the daytime at low solar activity. At high solar activity however, 
the so called “L” condition is what prevails. This is the condition whereby the F1 is not well formed, 
and so foF1 can not be scaled but a ledge of ionization is still present in the F1 region heights. The 
examples of these cases are shown in Figures 29a, b and c. 
For a correct representation of the equatorial electron density in any model, this ledge of ionization 
cannot be ignored. A way of taking account of this was reported in the work of Adeniyi and Radicella 
(1997, 1998a). These studies which were tagged “F1 minimum gradient” devised a way of taking 
account of the ionization and height of the F1 layer for both the “L” conditions and when F1 layer is 
fully formed A sample of how the F1 layer or ledge is identified in an electron density profile is shown 
in Figure 30.  
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Figure 29. F1 (a) Complete cusp (b) Almost complete (c) L condition 
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Figure 30. Profile gradients (left) and profiles (right) with positions of F1 heights and electron 

densities indicated 
 
The article by Radicella et al, 1998 presented the proposals for the improvement of the IRI model. 
This is based on the out come of a number of IRI Task Force Activity meetings. My input in this work 
is the portion on the equatorial region in the African sector which was based on Ougadougou and 
Ibadan data as shown in table 1. The next goal after this proposal was to obtain a new B0 and B1 table 
for the IRI model. B0 is the parameter which determines the thickness of the ionization in the 
bottomside of the F2 layer while B1 determines the shape of the electron density profile below the F2 
peak. My contributions towards the realization of this objective are reported in two articles (Adeniyi 
and Radicella, 1998b and 1998c). A new B0 and B1 model was proposed, based on the contributions 
of the participants of the IRI Task Force Activity meetings (Bilitza et al., 2000).  

 

 
 
The Ionopheric Research Group of the University of Ilorin investigated the effect of the 29 March 
2006 Eclipse on the ionosphere over Ilorin (Adeniyi et al, 2007). The maximum obscuration at Ilorin 
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was about 99 percent and the total duration of the eclipse was for about 2hr. 30 minutes. Maximum 
decreases in the peak electron densities of E, F1 and F2 layers were 60, 68 and 54 respectively. The 
record of the ionogram taken around the period of maximum obscuration of the eclipse (1020 LT) is 
shown in figure 31a. This is drastically different from the one taken at the same local time on the 
control day 30 March 2006. The E and F1 layer traces were not present on the eclipse day. 
 

 
 
Figures 31. Ionograms recorded at 1020 LT (a)on 29 March the eclipse day and (b) on the control day 

30 March 
 
 
An interesting observation which we have not seen reported in the literature of eclipse effectes on the 
ionosphere is the behavior of the height of the F2 layer (hmF2) on the eclipse day.  
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Figure 32. Simultaneous variations of hmF2 and foF2 (a) on the eclipse day and (b) on a control day 
 
This can be seen by comparing figures 32 (a) and (b) which show the concurrent variations of hmF2 
and foF2 on the eclipse day March 29 and the control day March 30 respectively. The decrease in foF2 
which has been mentioned above can be seen and the departure of hmF2 from the normal pattern is 
obvious. The morning increase in hmF2 continued beyond the normal time. It got to a peak and is then 
followed by an “apparent large drop” before rising gradually to the normal value. The details of the 
results can be found in the joint publication, Adeniyi et al 2007. 
 
The Ionospheric Research Group of the University of Ilorin has a collaboration with a similar Group at 
the University of Cocody in Abijan, Cote-d’Ivoire. This collaboration was established in 1999 when 
this University granted me a Leave for External Award. Some results from the collaborative work are 
on equatorial electrojet and profile parameter B0 and B1 (Obrou et al., 2003a), F2 layer peak height 
and correlation with vertical ion drift and M(3000)F2 (Obrou et al., 2003b) and magnetic storm effects 
on B0 and B1 (Obrou et al., 2005). 
Some collaborative research was undertaken, under the U. S. A. National Science Foundation award. 
Studies under this collaboration include equatorial F2- peak parameters in the IRI model (Adeniyi et 
al., 2003) and variability of foF2 in the equatorial Ionosphre (Bilitza et al., 2004).  
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11. CONCLUSION 
In concluding, I want to stress the importance of the establishment of ionospheric observatories in any 
nation. To start with, the figure below (figure 33) shows the spread of ionosonde around the world in 
the fifties. The information displayed is not therefore current. Many of these stations particularly those 
located in the African continent have shut down except those in South Africa. A number of those in 
other continents have either added the modern ionosonde (the digisonde) to or replaced the older ones 
with modern ones. The locations of one of the modern ones, the digisonde are shown in Figure 34. 
 

 
 
Figure 33. Locations of Ionosonde around the world (1957- 1993) [after Ray, O. Conkright, 2005] 
 
 

 
 
 
Figure 34. The locations of the digisonde around the world [after Reinich Bodo 2005] 
 
Beneficiaries of the information from these stations vary from government and private radio operators 
to the military and some business organizations.   
 
There are international regulations for all ranges of radio communications. The Radio Regulations 
incorporates the decisions of the World Radio Communication Conferences (WRC), and the ITU-R 
recommendations. The International Telecommunication Union (ITU) has the Radio Communication 
unit (ITU-R). The role ITU-R according to part of the ITU mission statement is ‘to ensure the rational, 
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equitable, efficient and economical use of the radio-frequency spectrum by all radio communication 
service providers, including those using the geostationary-satellite orbit, and to carry out studies on all 
frequency ranges without limitation on the basis of which recommendations are adopted.’ This task is 
carried out with the involvement of governmental organizations of all interested nations of the world. 
Each user and nation makes input that protects her interest. A meaningful input is only possible when 
adequate information is available. Ionopheric observatories are a part of the important information 
sources for such purpose and this is why many nations of the world have ionospheric station networks 
covering their geographical area. 
 
Apart from radio broadcasting, there are other usefulness of observing the ionosphere. Ben Paker 
(1998) reported the possibility of using HF radio to send and receive internet electronic mail. This is 
particularly useful for remote areas that have no telephones In order to do this, the characteristics of 
the ionosphere in the region must be known. 
 
Strong earthquake precursors have been observed in the critical frequencies of the F2 layer at mid-
latitudes. The time of the appearances of these precursors varied from two to six days before the 
occurrence of the earthquakes (Liperovskaya et al, 2003). 
 
One of the current topics in space science today is ‘Space Weather and the Ionosphere’ and a number 
of activities on the subject have taken place in the last few years. The growing interest on this subject 
is obvious from what has been said on satellite navigation in this lecture. Apart from the GPS owned 
by the US Department of Defense, other Global Navigational Satellite Systems (GNSS) planned for 
civilian use are already coming up. The launching of GLObal’naya NAvigatsionnaya Sputnikovaya 
Sistema (GLONASS) was started in 1982 by the Russian Federation Government. They have 12 
satellites in orbit now. They plan for 18 satelite by 2008 and 24 by 2010. Another system is the 
GALILEO which is a joint venture of the European Space Agency and the Europearn Union. They 
plan for the construction and launching of 30 satellites starting from 2008. What this new development 
means is that there will be more global positioning satellites available for civilian use in the near 
future. Those who want to take advantage of GNSS that is in place already and those coming up have 
or are seriously planning to have the essential Augmentation System in place. Figure 35 show areas of 
the globe where Space Based Augmentation Systems (SBAS) have been established. These are 
EGNOS for Europe, MSAS for Asia Pacific, CSTB FOR South America, GAGAN for India and 
SNAS for China. All of these SBAS have a net work of reference stations which among other things 
monitor ionospheric parameters over their regions. Network of reference stations also exist over 
Australia, South Africa, Russia and other smaller regions like Colombia and Mexico. In Africa 
however, such networks is nonexistent except in South Africa. I have shown the net work of reference 
stations in the US earlier on in this lecture. Figures 37-40 shows similar ones for South America, 
India, China, Colombia and South Africa. 
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Figure 35. Space Based Augmentation Systems (SBAS) 
 

 
 
Figure 36. Observing GNSS network in S. America [After Brunini 2006] 
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Figure 37. Indian reference stations [After Gopi 2006] 
 
 

 
 
Figure 38. China network (25 stations) [After Zhang, 2006] 
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Figure 39. Network in Colombia. [After Brunini 2006] 
 
 

 
 
Figure 40. The S. African network 
 
Ionospheric data of at least five years is needed from reference stations such as those shown above, for 
effective use in satellite navigation systems. The major part of Africa therefore is already far behind in 
the preparedness to take advantage of the huge benefits from satellite navigation systems, because the 
acquisition of the necessary ionospheric data has not begun yet. 
 



 35

The University of Ibadan, Nigeria used to be in the forefront of ionospheric studies in the past because 
it housed an ionosonde for over twenty years. The Ministry of Communication used to give a support 
for part of the running cost of that observatory and I was aware that there was a periodic publication of 
data from the observatory sent to that ministry from time to time. Part of the fund from that Ministry 
supported a portion of my PhD work. The Ibadan observatory has closed down for over twenty years 
now because the equipment is no longer functional since it has outlived its life span and there is no 
replacement. In the whole of the West African Sub-region I know of only one ionospheric observatory 
which is at Cote d’Voire. This was operated by France Telecom and it is now handed over to the 
University of Cocody with which we have a collaboration. The second one of course is the one just 
coming up in this University and we hope that the Minitry of communication will resuscitate her 
interest in this area of research and give us the desired support. There is a move by the Ionospheric 
Physics Research Group of the University of Ilorin to get a donation of a GPS receiver. One should 
become operational very soon at the University of Technology Akure and another one is likely to be 
located at the University of Lagos. Some groups of scientist have taken this initiative by sourcing for 
donation of equipment. It is high time for the Nigerian Government to take up it responsibility. A net 
work of reference stations covering the whole of Africa is long overdue. I believe that Nigeria can take 
the lead by initiating a network over the West African Region beginning of course with Nigeria.  
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