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Abstract

Radio refractivity estimation is paramount in the planning and design of radio link/systems for the purpose of achieving optimal
performances. In this study, the monthly average daily atmospheric pressure, relative humidity and temperature data obtained
from the National Aeronautics and Space Administration (NASA) during the period of twenty two years (July 1983 — June 2005)
for Osogbo (Latitude 7.47 °N, Longitude 4.29 °E, and 302.0 m above sea level) were used to estimate the monthly tropospheric
radio refractivity and to investigate its variation with other meteorological parameters of monthly average daily atmospheric
pressure, relative humidity, absolute temperature, saturation vapour pressure and radio refractive index. The field strength
variability (FSV) and the radio horizon distance were also computed. The monthly variation of FSV using two years data (2003 —
2004) was also investigated. The results of this study revealed that the values of radio refractivity are more during the rainy
season than in the dry season. It was found that the maximum average value of tropospheric radio refractivity of 370.98 N-units
and minimum average value of 332.36 N-units occurred in the months of May and January during the rainy and dry seasons
respectively. 71.45 % of the total value of the radio refractivity was contributed by the dry term while the major variation is by the
wet term radio refractivity. The average refractivity gradient computed for the study area under investigation was —42.69 N-
units/km and the average effective earth radius (k — factor) was 1.37 which corresponds to the conditions of super refraction. The
annual maximum mean value of FSV is 7.72 dB and minimum monthly mean value of 0.07 dB was obtained for the study area. The
implication of this FSV values is that the output of a receiving antenna in Osogho may generally be subjected to changes not less
than 0.07 dB in a year and not greater than 7.72 dB. The descriptive statistical analysis shows that the radio refractivity, relative
humidity, absolute temperature and radio refractive index data spread out more to the left of their mean value (negatively
skewed), while the atmospheric pressure data spread out more to the right of their mean value (positively skewed). The radio
refractivity, relative humidity and radio refractive index data have positive kurtosis which indicates a relatively peaked
distribution and possibility of a leptokurtic distribution. The atmospheric pressure and absolute temperature data have negative
kurtosis which indicates a relatively flat distribution and possibility of platykurtic distribution.

Keywords: Radio refractivity, field strength variability (FSV), radio horizon distance, refractivity gradient, effective earth
radius, descriptive statistics.

1. INTRODUCTION

The process of transmitting information or ideas through the exchange of thoughts, speech, messages, signals, visuals, writing, or
behavior is called Communication. It is the meaningful exchange of information between a source and a receiver. Basically, a
message is sent from the source through a medium to the receiver [1]. Radio wave propagation is the sending out of
electromagnetic energy from a transmitter to a receiver and it is affected by the rate of change of the radio refractivity with
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altitude in the troposphere [2 — 3].Mobile communication systems employ the microwave frequency bands because of its broad
bandwidth [4]. However, electromagnetic waves (EMW) energy in this band can be reflected, refracted, scattered, and absorbed
by different atmospheric constituents. Electromagnetic waves (EMW) propagation through the atmosphere is affected by the
atmosphere itself [5]. In general, environmental effects on communication systems are divided into three categories: attenuation,
or loss of energy of the radiation beam because of beam interaction with absorbing or scattering constituents in the beam path;
refraction, or bending of the beam due to atmospheric density variations along the beam path; and scintillation or distortion of the
beam due to small scale atmospheric turbulence [6].

The part of the atmosphere most closely related to human life is the troposphere [7]. It is the lowest layer of earth’s atmosphere
and region of all weather on earth [7]. The troposphere extends from the earth’s surface to an altitude of about 10 km at the earth’s
poles and 17 km at the equator and tends to affect radio frequencies above 30 MHz [8]. However, the second layers that is of
interest from a radio communications perspective apart from the troposphere is the ionosphere which is a region that extends from
around 60 km up to 700 km producing ions and free electrons which affect radio signals at certain frequencies; typically those
below 30 MHz [9]. Since temperature decreases with altitude in the troposphere [10], warm air near the surface of the earth can
rapidly rise replacing the cold dense air at the upper part of the atmosphere. This will set up convection current in the air
molecules of the troposphere. Such vertical movement or convection current creates clouds and ultimately rain from the moisture
within the air, and gives rise to the weather condition we experience. At the lower part of the earth called the troposphere, the
tropospheric refraction is due to the fluctuations of weather parameters like temperature, pressure and relative humidity [11].

Knowledge of the refractivity is thus essential in order to design reliable and efficient radio communication (terrestrial and
satellite) systems. Similarly, to estimate the performance of terrestrial radio links, the refractive index of the troposphere is equally
a very important parameter to be considered [9]. The atmosphere radio refractive index depends on air temperature, humidity,
atmospheric pressure and water vapour pressure. Even small changes in any of these variables can make a significant influence on
radio-wave propagation, because radio signals can be refracted over the whole signal path [12]. Refractive index is not constant in
the atmosphere and its space-time distribution results in scattering, sub-refraction, super-refraction, ducting and absorption
phenomena [13]. The variation of refractive index as well as specific attenuation of micro/radio wave may be estimated indirectly
with the measurement of temperature, pressure and relative humidity [7].

In radio frequency telecommunications, field strength is the magnitude of the received electromagnetic field which will excite a
receiving antenna and thereby induce a voltage at a specific frequency in order to provide an input signal to a radio receiver [1].
How far a radio signal will travel within the radio horizon is determined by the distribution of the radio refractivity [1]. Several
researchers like [1], [7] and [14 — 19] have carried out studies on radio refractivity for different regions and climates using
measured local meteorological data in Nigeria and other parts of the world. The results of their study showed that the local climate
has a substantial influence on the radio refractivity and consequently on the transmitted radio signals. Similarly, researchers like
[1], [6] and [20] have studied electromagnetic wave (EMW) medium interaction processes and the propagation implications over
Nigeria, especially the study of variation of radio field strength and radio horizon distance over few stations in Nigeria. As a result
of the variation of meteorological parameters in each geographical location; it is inadequate to generalize the variation of radio
field strength and radio horizon distance over Nigeria.

The purpose of this study is to (i) estimate the tropospheric radio refractivity and investigate its variation with meteorological
parameters of atmospheric pressure, relative humidity and temperature for Osogbo, Osun state, Nigeria using meteorological data
obtained from the National Aeronautics and Space Administration (NASA) during a period of twenty two years (July 1983 — June
2005) (ii) investigate field strength variability for the location (iii) establish an expression for estimating radio horizon distance for
the location (iv) carry out descriptive statistical analysis to ascertain the behavior of the skewness and kurtosis for the location.

2. STUDY AREA

Osogho, is a city in Nigeria and the capital of Osun State, is located on latitude 7.47°N and longitude 4.29°E in Southwest of
Nigeria (Figure 1). It has a population density of 350-500 persons/m?[21]. The population of Osogbo grew from 106,386 to 155,
507 between 1991- 2006 [22]. Osogbo city seats the Headquarters of both Osogbo Local Government Area (situated at Oke Baale
Avrea of the city) and Olorunda Local Government Area (situated at Igbonna Area of the city). The city is bounded by Kwara State
to the north, Ogun State to the south, Ekiti and Ondo State to the east and Oyo State to the west. The state is within the tropical
rain forest with abundance of resources. Minerals resources found in the state include gold, kaolin and others which are being
extracted for the benefit of the state and the people. It is some 88 kilometers by road northeast of Ibadan (capital of Oyo state). It
is 115 kilometers by road northwest of Akure (capital of Ondo state) and 100 kilometers south of llorin (capital of Kwara state);
because of its central nature, Osogbo is easily accessible from Ikirun, llesha, Ede, Egbedore and Iragbiji where it shares boundary
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with. It is about 48 km from Ife, 32 km from llesa, 46 km from Iwo, 48 km from Ikire and 46 km from Ila-Orangun; The state also
has many hills in towns like Ikirun, Iragbiji, llesha, Ikire and lle-Ife. These hills were fortresses for the people during the Yoruba
wars and the Fulani expansionist period. Presently, they serve as beautiful sceneries and landscape to look upon when visiting or
passing through these towns. Osogbo is the trade center for a farming region. Yams, cassava, grain, and tobacco are grown. Cotton
is grown and used to weave cloth.

Osogbo experiences a warm humid tropical climate, with two distinct seasons, the rainy and dry seasons. The rainy season lasts
for about seven months, April to October while the dry season lasts from November to March. In Osogbo, the rainy season is
warm, oppressive, and overcast and the dry season is hot, muggy, and partly cloudy. The temperature typically changes from 65°F
to 93°F and is rarely fall below 60°For above 98°F.Based on the beach/pool score, the best time of year to visit Osogbo for hot-
weather activities is from late November to early February. Osogbo is characterized by Guinea Savannah climate with annual
rainfall range of 1100-1500 mm. It has an average daily temperature of 26 °C, average annual relative humidity of 83 %.
However, the relative humidity can be up to 90 % during the rainy season.

’Oﬂub

Figure 1. Map of (a) Google map showing the study area (b) Map of Nigeria showing the study area

3. METHODOLOGY

The measured daily climatic data of atmospheric pressure, relative humidity and temperature utilized in this present work were
obtained from the National Aeronautics and Space Administration (NASA) atmospheric science data centre under Surface
meteorology and Solar Energy. The daily averaged data were averaged into monthly averaged data. The study area under
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investigation is Osogbo (Latitude 7.47°N, Longitude 4.29°E and altitude 302.0 m above sea level). To avoid possible misleading
indications related to year to year variation in weather condition, the period under focus is twenty two years (July 1983 — June
2005) so as to obtain a good climatological average. The quality assurance of the meteorological measurements was determined
by checking the overall consistency of the monthly average of the climatic parameters used in the study area.

The refractive index, n of the atmosphere is dependent upon three factors, these are, atmospheric pressure, temperature and
humidity (water vapour content). The values of the refractive index, n, varies between 1.000250 and 1.000400 indicating that it is
very close to unity at or near the earth’s surface and variation in this value is very small in time and in space. With the aim of
making them more noticeable, the refractive index, n of air is measured by a quantity called the radio refractivity, N which is
related to the refractive index, n as [3]; [23].

n=1+Nx10"° 1)

Although, the radio refractivity, N, is a dimensionless quantity, it is expressed in N-units. Therefore from equation (1) it is easy to
deduce that a typical range of N will be between 250 and 400 N-units. In terms of meteorological parameters, the International
Telecommunication Union (ITU) has recommended the radio refractivity, N, to be expressed as [23].

_ 776
T

N (P + 4810%) = Nary + Nyer @)

with the “dry term” of radio refractivity given by:
P
Nayy = 77.6 (3)

and the “wet term” of radio refractivity given by:
Nyyer = 3.73 X 105;;2 (4)

where P is the atmospheric pressure (hPa), T is the absolute temperature (K) and e is the water vapour pressure (hPa). The dry
term is due to non-polar nitrogen and oxygen molecules. It is proportional to pressure, P, and therefore, related to the air density.
The wet term is proportional to vapor pressure and dominated by polar water contents in the troposphere.

It was mentioned in Freeman [3] and ITU-R [23] that the expression (2) may be used for all radio frequencies; for frequencies up
to 100 GHz, the error is less than 0.5%. At sea level, the average value of N = 315 [23] is used.

The relationship between water vapour pressure, e, and relative humidity is given by the expression as [23]:

Heg
e = E (5)

where
b
e, = aexp (i) (6)

where H is the relative humidity (%), t is the Celsius temperature (°C) and e is the saturation vapour pressure (hPa) at
temperature (°C). The values of the coefficients a, band ¢ (for water and ice) are presented in ITU-R [23]. In this study, that for
water are adopted and are given as a = 6.1121b = 17.502 and ¢ = 240.97 and are valid between —20° to +50° with an
accuracy of £0.20%. The radio refractivity, N, also decrease exponentially in the troposphere with height [23].

N = Nsexp (%h) )

where N is the refractivity at the height h(km) above the level where the refractivity is Ny while H is the applicable scale height.
ITU-R [23] suggested that at average mid-latitude, N, and Hare 315 and 7.35 km respectively. Hence, Nas a function of height
N (h)and is given by the expression

N = 315exp~0136h (8)

However, the results of the work of Agunlejika and Raji [24] showed that the model using the scale height of 7.35 km and 7 km as
recommended for global environment [23] and tropical environment [10] respectively gave reasonably accurate results for the
refractivity at the altitude of 50 m and 200 m for seven out of the twelve months of the year. Although the scale height of 7 km
gave a better result at 50 m altitude while 7.35 km scale height gave a better performance at 200 m.

The refractivity gradient is obtained by differentiating equation (7) with respect to h, therefore, we’ve the refractivity gradient as
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dN  —Ng -h
a="rew () ©)
For a standard atmosphere, the refractivity gradient is —39 N-units/km. According to John [10], when h < 1 km, refractivity
gradient is well approximated by its value in a standard atmosphere. In this study we used the typical values for a standard
atmosphere [10], and obtained the refractivity of a standard atmosphere as Ny = 312 N — units.

In the troposphere, the vertical gradient of refractivity is an important parameter in estimating path clearance and propagation
effects such as sub-refraction, super refraction, or ducting in accordance with the following conditions [2]:

- Sub-refraction: Z—: > —40
The tropospheric radio refractivity increases with height and in this condition (sub-refraction), the radio wave moves away from
the earth’s surface and the line of sight range and the range of propagation decrease consequently.

- Super-refraction: Z—IZ < —40

For super-refractive to take place, the electromagnetic waves (EMW) are bent downward towards the earth. The extent at which it
bends depends basically on the strength of the super-refractive condition. The radius of curvature of the ray path is smaller than
the earth’s radius and the rays leaving the transmitting aerial at small angles of elevation will go through total internal reflection in
the troposphere and then return to the earth at some distance from the transmitter. On reaching the earth’s surface and being
reflected from it, the waves can skip large distances, thereby producing abnormally large ranges beyond the line of sight as a result
of multiple reflections.

- Ducting: Z—IZ < —-157

When the electromagnetic waves bend downwards with a curvature greater than that of the earth, ducting is said to take place.
Radio energy bent downwards may be trapped between a boundary or layer in the troposphere and the surface of the earth or sea
(surface duct) or between two boundaries in the troposphere (elevated duct). In this wave guide-like propagation, very high signal
strengths can be attained at very long range (far beyond line-of-sight) and the signal strength may surpass its free-space value.

The effective earth radius factor k can be used to characterise refractive conditions as normal refraction or standard atmosphere,
sub-refraction, super-refraction and ducting respectively. Thus, k may be expressed in terms of refractivity gradient, dN/dh as
[3], [25 - 27].

@]
k=~ [1 + ﬂ] (10)

157
Near the earth’s surface, Z—: is about —39 N-units/lkm which gives an effective earth radius factor, = g This is referred to as
normal refraction or standard atmosphere. Here, radio signals travel on a straight line path along the earth’s surface and go out to
space unobstructed.

Ifs > k > 0 Sub-refraction occurs, meaning that radio waves propagate abnormally away from the earth’s surface.

When oo > k > g In this case, Super-refraction occurs and radio waves propagate abnormally towards the earth’s surface thus

extending the radio horizon. Lastly,
If —oo < k < 0 ducting occurs and the waves bend downwards with a curvature greater than that of the earth.

Surface refractivity correlates highly with radio field strength especially at Very High Frequencies (VHF). In the frequency range
30-300 MHz, a factor of 0.2 dB change in field strength may be adopted for every unit change in N, [28 — 29].Using the surface
refractivity, N, values obtained using equation (2), the maximum (NS(MAX)) and minimum (NS(M,N)) values of N, are determined,
from which the monthly range is obtained using the expression

Monthly Range = Ngaxy — Nsquny — (11)
An assessment of the field strength variability (FSV) in a given location is investigated from the monthly ranges of N using the
expression [6].

FSV = (Nsmaxy — Nsquiny) X 0.2dB - (12)
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Near the surface (where refractivity gradient is approximately constant), the effective earth’s radius model is adequate for low-
elevation terrestrial radio propagation studies. Under such conditions, the radio horizon becomes an important parameter in
determining the coverage area of a terrestrial radio link, depending on the transmitter height [30]. The radio horizon distance, dgy
is theoretically the maximum distance an unobstructed radio signal will travel from the transmitter before grazing the surface, and
for a receiver to be effective, it must be installed within that distance. The radio horizon distance depends on the transmitter
height, h and value of N in the station, and may be obtained using the expression given by [31] as:

dRH =4/ Zkrh'[‘ (13)
where k is the effective earth radius factor and r is the earth’s radius (6370 km).

In this study, the skewness and kurtosis tests were also carried out. The skewness test (o) measures the asymmetry of the
parameters data around their mean value; it is a measure of symmetry, or more precisely, the lack of symmetry [32]. It tells us
about the direction of variation of the dataset [32]. If g, = 0, the data have a Gaussian distribution (normal distribution), while
0, < Oindicates that the data are spread out more to the left of the mean value than to its right (negatively skewed), when g, > 0
indicates that data are spread out more to the right than to its left (positively skewed) [33]. The Kurtosis test (k,,) describes the
shape of a random variable’s probability distribution, that is it characterizes the relative peakedness or flatness of a distribution
compared to the normal distribution [32]. It measures the degree of normality of each of the meteorological parameters under
investigation [33]. For k,, = Othe data have normal distribution, for k,, > Othe data have positive kurtosis which implies peaked
distribution, that is, leptokurtic distribution (that is, too tall), when k, < Othe data have negative kurtosis which implies flat
distribution, that is, platykurtic distribution (that is, too flat, or even concave if the value is large enough).

4. RESULTS AND DISCUSSION

4.1 Radio refractivity and its variation with other meteorological parameters

375

370 —

365 .\- .
./ — \

360 u
355
350
345

340

Radio Refractivity (N-units)

335

330

I ' I ' I ' I ' I ' I ' I
Feb Apr Jun Aug Oct Dec

Months of the year

Figure 2. Seasonal radio refractivity variation over Osogbo, Nigeria

Figure 2 depicts the seasonal variation of radio refractivity for Osogbo during the period under investigation. The radio
refractivity at Osogbo, Osun State, Nigeria showed gradual increase from a minimum value of 332.36 N-units in the month of
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January until it gets to its peak value of 370.98 N-units in the month of May and decreases gradually until it gets to 363.53 N-units
in August which suddenly increases until it reaches another maximum value of 366.38 N-units in the month of September and
drops to 342.03 N-units in December. It is worthy of note from the figure that when the dry harmattan season sets in by
November, there is a sharp and steady fall in the radio refractivity value until January when the lowest value was observed. The
maximum average value of radio refractivity observed for Osogbo is 370.98 N-units in the month of May and the minimum value
of 332.36 N-units in January during the rainy and dry seasons respectively. The pattern of variation can be attributed to rain
pattern in Osoghbo over the period under study. The results showed that high values of refractivity are observed during the rainy
season with an average value of 367.35 N-units and low values during the dry season with an average value of 348.19 N-units. It
is clear from the figure that the radio refractivity value dropped in the month of August; this is a time when the location
experienced a short period of dryness, known as August break. This observation is similar to those carried out by different
researchers e.g. Akpootu and Iliyasu [7] and Emmanuel et al. [17]. The study further revealed that high values of radio refractivity
were observed during the rainy season (April - October) which are as a result of high air humidity (very close to 100%) that gives
rise to high water vapour pressure observed in most places of the country, during this time the city is under the influence of a large
quantity of moisture-laden tropical maritime air emanating from continuous migration of inter-tropical discontinuity (ITD) with
the sun. Generally, when the dry and dust —laden north-east winds become dominant in December, the dry harmattan season sets
in, given rise to low refractivity values. The observed low values of radio refractivity during the dry season may be due to the low
values of water vapour pressure and high temperature values during this period.
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Figure 3. Seasonal variation of radio refractivity with atmospheric pressure over Osogho, Nigeria

Figure 3 illustrates the Seasonal distinction of radio refractivity with atmospheric pressure for the study area. The atmospheric
pressure decreases steadily in the month of January and attained its minimum value of 984.08 hPa in March and slightly increases
to April and then increases with a sharp rise in its values from April and attained its maximum value of 988.20 hPa in August. It
can be seen from the figure that as the refractivity decreases from May to August; the atmospheric pressure increases from March
to August. The figure depicts that as the maximum value with dip upward was observed for atmospheric pressure a dip downward
was also observed for the refractivity in the month of August; indicating that during August break Osogbo experiences the
maximum value of atmospheric pressure; this observation is in line with the study carried out by Akpootu and Iliyasu [7] for Ikeja,
Nigeria. The study revealed that as the atmospheric pressure decreases from August to December, the radio refractivity increases
from August to September and suddenly drop in November when the dry harmattan season sets in and subsequently to December.
It was found that an average value of 986.67 hPa and 984.94 hPa were observed during the rainy and dry seasons indicating high
values of atmospheric pressure during the rainy season and less in the dry season, similarly, an average value of 367.35 N-units
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and 348.19 N-units were observed for the tropospheric radio refractivity during the rainy and dry seasons respectively. The dry
term of radio refractivity is proportional to atmospheric pressure and therefore related to air density. The maximum and minimum
average values of atmospheric pressure were observed to be 988.20 hPa and 984.08 hPa in the months of August and March
during the rainy and dry seasons for the location under investigation.
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Figure 4. Seasonal variation of radio refractivity with relative humidity over Osogbo, Nigeria

Figure 4 illustrates the seasonal distinction between radio refractivity and relative humidity for Osogbo. The radio refractivity and
relative humidity increases simultaneously from January to May; though, the relative humidity increases continuously until it
reaches July. It was observed that the radio refractivity and relative humidity depicts a little dip downward in August; however,
the dip downward for the radio refractivity is more evident as compared to the relative humidity and this observation is in line
with the study reported by Akpootu and Iliyasu [7] and Emmanuel et al [17] for coastal zones. It was observed that the relative
humidity increases with the radio refractivity from August to September and drop subsequently to December. There is a sharp fall
in the values of the relative humidity and radio refractivity in December; this may be due to high solar irradiance in the month of
December that reduced humid content in the atmosphere, thereby reducing the radio refractivity. The study revealed an average
value of 84.65 % and 67.44 % during the rainy and dry seasons; indicating high values during the rainy season and low values in
the dry. The maximum and minimum values of relative humidity were observed to be 85.59 % and 54.70 % in the month of
September and January during the rainy and dry seasons respectively. The result of this study showed that the relative humidity is
a reflection of the radio refractivity.
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Figure 5. Seasonal variation of radio refractivity with temperature over Osogbo, Nigeria

Figure 5 illustrates the seasonal distinction of radio refractivity with temperature (Kelvin) for Osogbo. The temperature value
increases from January and attained its maximum average value of 299.27 K in February and decreases subsequently until it
attained its minimum value in August; in the same vein, the radio refractivity increases from its minimum value in the month of
January and attained its maximum value in May. It was observed that in August both the temperature and radio refractivity exhibit
a little dip downward. The temperature values increase steadily from August to December, while those of the radio refractivity
increase from August to September and drop in December. The study showed that an average value of 298.55 K and 297.54 K are
found during the dry season and rainy season; this is expected as high solar radiation and temperature values are in the dry season.
The values of radio refractivity are observed to be high during the rainy season; this may be due to high moisture or humidity
content in the atmosphere and low temperature. The maximum temperature was observed during the dry season in the month of
February with an average value of 299.27 K while the minimum temperature was observed in August with an average value of
296.66 K, this obviously showed that the observed lowest temperature values occurred when the sky is partly cloudy and partly
clear for the location under study. The results of this study indicated that the temperature is an opposite reflection of the radio
refractivity.
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Figure 6. Seasonalvariations of radio refractivity with saturation vapour pressure over Osogbo, Nigeria

Figure 6 illustrates the seasonal distinction between the radio refractivity with saturation vapour pressure. The pattern of variation
is similar to that of the seasonal variation between radio refractivity and temperature (Figure 5). This shows that the saturation
vapour pressure is dependent on the temperature and it’s a reflection of it. This observation is in line with the study carried out for

Ikeja by Akpootu and Iliyasu [7].
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Figure 7. Seasonal variation of radio refractivity with refractive index over Osogho, Nigeria
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Figure 7 illustrates the seasonal variation of radio refractivity with refractive index for Osogbo. The results revealed that the radio
refractive index and radio refractivity values indicated seasonal variation with high values during the rainy season and low values
during the dry season. The average values of radio refractive index during the rainy and dry seasons are 1.000367 and 1.000348
respectively. The average values of radio refractivity during the rainy and dry seasons are 367.35 N-units and 348.19 N-units. The
maximum and minimum average values of radio refractive index are 1.000371 and 1.000332 in the months of May and January
during the rainy and dry seasons respectively. The maximum and minimum average values of radio refractivity were observed to
be 370.98 N-units and 332.26 N-units in the months of May and January during the rainy and dry seasons respectively.
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Figure 8. Seasonal variation of dry and wet terms radio refractivity over Osogbo, Nigeria

Figure 8 illustrates the seasonal variation of dry term radio refractivity (Ngy) and wet term radio refractivity (Nye). The findings
revealed that the dry term of radio refractivity contributes significantly to the total value of the radio refractivity for Osogbo. The
pattern of variation demonstrated by the dry term is somewhat alike to that of atmospheric pressure, shown in Figure 3. The major
difference is that the minimum values of atmospheric pressure and dry term of the radio refractivity were observed in the months
of March and February respectively. The similarity in the pattern of variation connotes that the dry term of radio refractivity is
proportional to the atmospheric pressure and related to air density. Conversely, the wet term and the radio refractivity (Figure 2)
exhibit similar variation. Therefore, we can conclusively say that the wet term of radio refractivity contributes to the major
variation of the radio refractivity while the dry term is a major contributor to the total value.
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Figure 9. Seasonal variation of percentage difference between the dry and wet term radio refractivity over Osogbo, Nigeria

The pie chart in figure 9 explains the seasonal variation of percentage difference between the Ngyand Nyer (Nary~ Nwer). The result
of this study showed that the minimum percentage differences occurred in the month of May (about 7.64 %) while the maximum
value was in January (about 9.67 %). This are the months where the maximum and minimum values of radio refractivity occurred.
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Figure 10. Seasonal variation of dry and wet term radio refractivity over Osogbo, Nigeria
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Figure 10 shows the monthly variation of dry and wet term radio refractivity. It was observed that the dry term radio refractivity
are the major contributors to the total radio refractivity, the highest value of Ngy, is recorded in the month of August as 258.50 N-
units and the lowest in the month of February as 255.34 N-units. On the other hand, the highest value of N, is recorded in the
month of May as 114.81 N-units and the lowest in the month of January as 76.70 N-units.

4.2 Refractivity gradient and effective earth radius

The refractivity gradient and k — factor obtained for Osogbo using equations (9) is —42.69 N-units/lkm. The implication of the
result is that propagation in this geographic region is mostly super-refractive, which implies that the electromagnetic waves are
bent downward towards the earth. The degree of bending is a function of the strength of the super-refractive condition. As the
refractivity gradient continues to decrease, the wave path’s curve will approach the radius of curvature of the earth. Super
refraction occurs when the bending of the trajectory of propagating radio wave bends towards the ground surface is greater than its
bending in case of normal positive refraction. Akpootu and Iliyasu [7] obtained super refractive propagation for Ikeja in the
coastal region.

The effective earth radius, k — factor obtained for Osogbo using equation (10) is 1.37. The result indicated that propagation in this
geographic region is mostly super-refractive. Super refraction results from such meteorological conditions as a rise in temperature
with increasing height (temperature inversion), or a marked decrease in total moisture content in the air, either of which will cause
a reduction in the dielectric constant gradient with height. Under these situations the K-factor increases resulting in an effective
flattening of the equivalent earth’s curvature. One of the conditions which may cause this type of abnormal refraction is the
passage of warm air over a cool body of water and water evaporation can cause an increase in moisture content and a decrease in
temperature near the surface, therefore producing a temperature inversion. However, it is not only the temperature inversion itself
which causes the abnormal bending of the microwave beam. The large increase in water vapour content and hence, the dielectric
constant near the surface further increases this effect. Akpootu and lliyasu [7] obtained super refractive propagation for Ikeja in
the coastal region.

4.3 Field strength variability (FSV) and radio horizon distance
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Figure 11. Monthly variation of field strength variability over Osogbo, Nigeria

The field strength variability (FSV) was obtained equation (11) and (12).Considering the twenty two years(July 1983 — June 2005)
data, the FSV is 7.72 dB while using two years (2003 — 2004) data, the maximum and minimum FSV values of 2.98 dB and
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0.07 dB were obtained in the months of February and July during the rainy and dry seasons respectively. The result of this study
as seen from figure 11 revealed that the field strength values are high during the dry season and was found to be low and stable
during the rainy season; this is in agreement with the study reported by Adediji et al [6] for Akure, Nigeria. The implication of the
FSV values in this study area is that the output of a receiving antenna in Osogbo may generally be subjected to changes not less
than 0.07 dB in a year, but should not be greater than 7.72 dB.

The radio horizon distance was obtained using equation (13). The equation obtained for computing the radio horizon distance is
given by the expression

dpy = 132.28 \/hy (14)
Equation (14) can be used for computing the radio horizon distance for Osogbo provided the transmitter height,h; is known.
4.4 Percentage contribution and descriptive statistical analysis

Table 1. Monthly variation of the percentage contribution of Ny and N, for Osogbo, Nigeria

Month Ndry-Nwet  %CNdry  %CNwet

Jan 178.97 5.93 1.78
Feb 168.20 5.92 2.02
Mar 147.42 5.93 251
Apr 141.37 5.93 2.65
May 141.36 5.94 2.66
Jun 145.45 5.97 2.60
Jul 151.65 5.99 2.47
Aug 153.46 5.99 2.44
Sep 149.32 5.98 2.52
Oct 148.54 5.97 2.52
Nov 153.64 5.96 2.40
Dec 170.93 5.95 1.98
Total 71.45 28.55

Table 1 shows the monthly variation of the percentage contribution of both the dry term and wet term radio refractivity to the total
radio refractivity. It was observed that the dry term radio refractivity is a major contributor to the total radio refractivity with 71.45
% while the wet term radio refractivity has 28.55 % for Osogbo, Osun State, South Western, Nigeria during the period under
investigation. It was also observed that the monthly maximum contribution of the dry term is in the months of July and August
with 5.99 % and minimum in the month of February with 5.92 %, similarly, the monthly maximum contribution for the wet term
is in the month of May with 2.66 % and minimum in the month of January with 1.78 %.

Table 2. Radio refractivity and other parameters descriptive statistical analysis for Osogbo, Nigeria

Range  Minimum Maximum Sum Skewness  Kurtosis
Statistic ~ Statistic Statistic Statistic Statistic Statistic

N 38.6137 332.3642 370.9779  4312.4049 -1.2730 0.2550
Atmospheric ~ 4.1224  984.0770  988.1994 11831.3410 0.3690 -1.2020
P

RH 30.8956  54.6957 85.5913 929.7314 -1.2930 0.1560
Absolute 2.6107 296.6562 299.2670  3575.5330 -0.0530 -1.4360
Temp

n 0.0000 1.0003 1.0004 12.0043 -1.2730 0.2550
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The results shown in Table 2 showed that the radio refractivity, relative humidity (RH), absolute temperature and radio refractive
index data spread out more to the left of their mean value (negatively skewed), while the atmospheric pressure data spread out
more to the right of its mean value (positively skewed). It is clear from Table 2 that the radio refractivity, relative humidity and
radio refractive index data have positive kurtosis which indicates a relatively peaked distribution and possibility of a leptokurtic
distribution. The atmospheric pressure and absolute temperature data have negative kurtosis which indicates a relatively flat
distribution and possibility of platykurtic distribution.

5. CONCLUSION

This study addresses the issue of estimating tropospheric radio refractivity under changing atmospheric conditions for Osogbo
(Latitude 7.47°N, Longitude 4.29°E and altitude 302.0 m above sea level), Osun state located in the south western, Nigeria. The
procedure recommended by the International Telecommunication Union (ITU) was implemented in the evaluation of tropospheric
radio refractivity for the location during the period of twenty two years (July 1983 — June 2005) using monthly average daily
atmospheric pressure, relative humidity and temperature data obtained from the National Aeronautics and Space Administration
(NASA). The results revealed that an average value of 367.35 N-units and 348.19 N-units were observed during the rainy and dry
seasons indicating that radio refractivity are more during the rainy season than in the dry season for Osogbo. The maximum and
minimum radio refractivity values of 370.98 N-units and 332.36 N-units were observed in the months of May and January during
the rainy and dry seasons respectively. The dry term contributes 71.45 % to the total value of the radio refractivity while the wet
term contributes 28.55 % indicating that the dry term is a major contributor to the total value of the radio refractivity while the wet
term contributes to the major variation. The average refractivity gradient and k — factor of —42.69 N-units/km and 1.37 were
obtained for Osogbo signifying that propagation in this geographic zone is mostly super-refractive. The monthly variation of FSV
revealed that high values were recorded during the dry season and low and stable values during the rainy season.

The annual maximum mean value of FSV is 7.72 dB and minimum monthly mean value of 0.07 dB was obtained for the study
area signifying that the output of a receiving antenna in Osogbo may generally be subjected to changes not less than 0.07 dB in a
year and not greater than 7.72 dB. The expression given in equation (14) has been determined for computing the radio horizon
distance for Osogbo. The descriptive statistical analysis shows that the radio refractivity, relative humidity, absolute temperature
and radio refractive index data spread out more to the left of their mean value (negatively skewed), while the atmospheric pressure
data spread out more to the right of their mean value (positively skewed). The radio refractivity, relative humidity and radio
refractive index data have positive kurtosis which indicates a relatively peaked distribution and possibility of a leptokurtic
distribution. The atmospheric pressure and absolute temperature data have negative kurtosis which indicates a relatively flat
distribution and possibility of platykurtic distribution. The results obtained from this investigation are highly significant for
optimal planning and design of microwave communication links for Osogbo, Osun State and regions with similar climatic
information.
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