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ABSTRACT

The variation of refractivity with height is of major importance in controling the path
of propagation of radio wave in the troposphere. The variation which leads to
anomalous propagation such as sub refraction, super refraction and ducting on terrestrial
paths is of great importance for microwave links. In this paper, 5-year (2009 — 2013) data of
climatological parameters like pressure, temperature and relative humidity among others,
at the ground surface and at the first 100 m altitude over five locations across Nigeria (Akure,
Minna, Enugu, Jos and Sokoto) are analysed to ascertain their impact on microwave communication
links in Nigeria. The analyses involved the influence of refractivity gradient and k-factor on the
season of the year as well as their implications on microwave communication systems. The results
revealed that different locations have different average values of k-factor in different seasons of the
year. Hence, we can conclude that the fixed value of 1.33 recommended by the ITU may either
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underestimate or overestimate k-factor value in Nigeria. The overall results also show a
common occurrence of sub-refraction in the arid region and super-refraction in the coastal region of

Nigeria.
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1. INTRODUCTION

The vertical gradient of the refractive index
induces a bending of radio wave path as they
propagate through the troposphere. If the
refractive index is constant, the trajectories
followed by radio wave will be an arc of a circle.
However, the extent of the bending of the radio

waves are influenced by meteorological
conditions, among which are pressure,
temperature and relative humidity. These

parameters are strongly varying based on the
geographical location and the season of the year

(1.

The propagation of waves inside the troposphere
is essentially a function of the value of refractive
index and its gradient. As radio wave propagates
in the troposphere the vertical gradient of the
refractive index induces a bending of its path

which remains at every point of space
constrained within the vertical plane. If the
refractive index is constant, the trajectories

followed by radio wave will be an arc of a circle

2].

In order to achieve a representation of rectilinear
propagation which is very important in predicting
radio path on earth surface, the notion of the
effective radius is always introduced. The
effective earth radius is the radius of a
hypothetical earth for which the distance to the
radio horizon is assumed as rectilinear
propagation. It is also the same as that of the
actual earth with an assumed uniform vertical
gradient of the atmospheric refractive index. The
ratio of the effective earth radius to the actual
earth radius is called the effective earth radius
factor (k-factor) [3]. The idea of the effective
earth radius has been found to be well suited for
temperate climates and the study of links
operating at short distance from ground [4].
There is, however, very scanty report on tropical
climates and therefore makes it one of the
motivations for this study [5].

The knowledge of the statistical distribution of k-
factor is very important in the planning of radio
communication especially from radio propagation
point of view. k- factor also plays a significant
application in the area of radio frequency reuse.

Based on the variable climate of the study area,
the influence of multipath conditions on line-of
sight microwave radio link availability parameters
is presented in [6]. Spatial interpolation technique
for the determination of geoclimatic factor and
fade depth using secondary variables for
microwave applications in a tropical location was
also are analyzed in [7]. Variations of the radio
refractive index at the 100 m heights have also
been analyzed in the localities of Akure in [8].

The main goals of this paper were to analyze the
clear air effect and the implications on microwave
radio communication systems in Nigeria based
on 5-year (2009 — 2013) data.

2. THEORETICAL BACKGROUND

This section provides information on the
theoretical background of the variables used in
the computation radio refractivity, refractivity
gradient and k-factor. The dynamics of the
atmosphere leads to the variation of the
refractive index of the troposphere as the height
increases from sea level [9] and this
consequently has a significant effect on radio
signal. ITU-R has provided step -by- step
procedure for determining the variation of the
refractive index of the troposphere with height
(refractivity gradient —dN/dh) as in [10]. The radio
refractivity, N, is:

N= 77.6§+725+3.75x105%(N-units) 1)
T T T

where P, is the dry atmospheric pressure (hPa),
T is the temperature (K) and e is the water vapor
pressure (hpa). The parameter e can be obtained
with the knowledge of relative humidity H (%).
The total atmospheric pressure (hPa), P, can be
estimated using:

P=P +e 2)

Since Py = P — e, equation (2) can be rewritten
as:

N = 77.6P

Z5.62+3.75x10° = (3)
T T T




Equation (3) may be approximated with reduced
accuracy as:

Nzﬂ(P+4810(£D )
T T

The radio refractivity gradient, dN/dh can be
obtained using [11]:

NN )
i h—hy

where N; and N, are the radio refractivity at
different heights, h, and h; are the heights at
different pressure levels. The parameter e can be
obtained with the knowledge of relative humidity
H (%).

The effective earth radius factor (k-factor) can
also be determined by [12,13]:

=6

where a is the earth radius. The effective earth
radius factor, k values obtained using eqn. (6)
was used to classify refractive conditions
accordingly as [10, 14]:

k =

Sub-refractive, if
:—> k>0 (7)

Super-refractive, if

o> k>4 (8)
3

Ducting, if

—w <k <0 9)

3. SITE AND INSTRUMENTATION AND

DATA ANALYSIS

Five years (2009-2013) data are obtained from
the in-situ measurement taken over some
locations in Nigeria namely: Akure, Enugu,
Minna, Jos and Sokoto. Nigeria lies between
latitude 4°N and 14°N and longitude 2°E and
15°E respectively with a total area of 923,768
square kilometer. The country is located within
the Equator and the Tropic of Cancer. The

Ojo and Ojo; AIR, 14(5): 1-8, 2018; Article no.AIR.40916

latitude of Nigeria falls within the tropical zone
but the climatic conditions are not entirely tropical
in nature. The climatic condition varies in most
parts of the country, in the north the climatic
condition is arid and to the south there is an
equatorial type of climate. The weather condition
can be generally characterized into two seasons.
From April to October is the wet season; while
from November to March is the dry season in
most parts of the country. The selected locations
were chosen to cover the main, climatic regions
in Nigeria with more emphasis given to the land
mass of each region. For example, Sokoto falls
within the Sudan savannah with some
characteristic of Sahel savannah. Hence, the
reason for choosing Sokoto to represent this
region in this presents work. Minna, located
within the guinea savannah were chosen
because of the peculiar nature of this region.
Also, Minna is very hot while Jos is very cold due
to the plateaus around the region. Enugu and
Akure were chosen within the rain forest region.
Fig. 1 provides the map of Nigeria showing the
sites while Table 1 gives the summary of the
characteristics of each of the study locations.

Each of the locations is equipped with Davis
6162 Wireless Pro2 automatic weather station
that incorporated an Integrated Sensor Suite
(ISS). Detailed descriptions of this equipment are
available in the work of [14] and are not re-
iterated here for paucity sake. In order to avoid
interference, the fixed measuring method by a
high tower was adopted with one sensor each
placed at the ground level for the surface
measurement and the others at different altitudes
on the tower. Based on this method, only the
sensors are positioned aloft while all other
auxiliary devices are on the ground [15].
Calibrations are carried out based on the
manufacturer specification. The method adopted
for this work provides an accurate measurement
of the parameters required for the estimation of
refractive index at a fixed height. For the purpose
of this study only the data got from the surface
and at 100 m height are used in the analysis.

Data extraction from the data logger is carried
out by connecting the console to the computer.
The error margin of the ISS device for
temperature, pressure and relative humidity are
+0.1°C, #0.5 hPa and +2 % respectively. The
availability of the equipment is about 96%, 92%,
90%, 90% and 89% at Akure, Enugu, Minna, Jos
and Sokoto respectively. The remaining
percentages are due to equipment maintenance
at each of the experimental sites.
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Fig. 1. Map of Nigeria showing the sites

Table 1. Summary of the characteristics of each of the study locations

Location Climatic Coordinate Altitude Annual mean Average

region (Degree) (m) precipitation temperature
(mm) (Degree Celsius)

Akure Rain Forest 5°12"E, 7°15"N 358 1485.57 27.1

Enugu Fresh water 7°27"E, 6°25"N 223 1876.30 26.7
swap
mangrove

Minna Guinea 6° 33"E, 9° 36"N 281 1196.75 27.0
savannah

Jos Guinea 8° 53"E, 9° 55"N 1400 1186.89 23.0
savannah

Sokoto Sudan 5°13"E,13°04"N 500 567.21 28.3
savannah

4. RESULTS AND DISCUSSION

This section presents discussion on the results
obtained based on the values of dN/dh and k-
factors.

4.1 Influence of Refractivity Gradient on
the Season of the Year

Fig. 2 presents the dependence of the monthly
average value of radio refractivity gradient in the
seasons of the year over the study locations. The
results were presented to show how dN/dh varies
within the study period. The result shows that a
very negative large value of about-170 N-
units’lkm could be observed in the month of
October, which is the commencement of dry
season in Sokoto, followed by Minna with point

dN/dh of about-152 N-units/km. Consequently,
the lowest point dN/dh of about-100 N-units/km
occurred in the month of November in Jos. The
value later becomes less negative in the other
locations. This result is in agreement with what
was observed earlier by [15]. In their report, it
was observed that dN/dh at Enugu becomes less
negative at values ranges from about -25 dB to -
12 dB in the months of January to March which is
the end of dry season months. We also noticed
that the values of refractivity gradients are not
consistent with those given for Nigeria in Ref.
[10]. The reason been that ITU maps was
generated based on estimation and the data
used to model the maps was based on data from
other tropical locations like India, Malaysia, and
Indonesia [6,8,14].
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Fig. 2. Monthly average of dN/dh

4.2 Influence of k-factor on the Season
of the Year

Figs. 3a and 3b also present the mean values of
the k- factor over the study locations during the
dry and wet season months respectively. It could
be seen that irrespective of the location, the k-
factor shows seasonal type dependence [16]. For
example, during the dry season months (Fig. 3a),
the mean k-factor value in Akure range from 0.79
to 2.07 with maximum value in the month of
March and minimum in the month of December.
The month of March represents the end of dry
season when the moisture begins to gather
ready for the commencement of rainy season
while the month of December is when much
dryness occurs in the atmosphere. The average
value of k-factor during the dry season is about
1.40. This implies that the propagation condition
could largely be super-refractive for Akure, and
it's environed during this season. The same trend

could be observed in other locations although
with different values of mean k —factor and at
different propagation conditions.

For wet season months as presented in Fig. 3b,
the k-factor is generally higher in the rainy
season months than in the dry season months.
The average value of k-factor during the wet
season months was about 1.52. This is purely an
evidence of super-refractive during this season.
The same trend could also be observed in other
locations, although with different values of k —
factor and with different associated propagation
phenomena. Hence, the prescribed values of
1.33 recommended by the ITU [10] may either
underestimate or overestimate the k-factor in
these regions. Fig. 4 presents the average k-
factor over Nigeria. The results show that k-factor
decreases from the coastal region to the arid
region of Nigeria.
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4.3 Implication of Clear Air Effect on
Microwave Radio Communication
Systems

Figs. 5 (a) to 5 (e) represent the monthly
statistics of occurrence of clear air propagation
conditions at (a) Akure (b) Enugu (c) Minna (d)
Jos and (e) Sokoto respectively. The propagation
conditions revealed varying degrees of
occurrence in all the stations. In Fig. 5 (a) for
example (Akure), super-refractive dominates
during most of the months. Ducting and super-
refraction are the predominant conditions in the
month  of January while sub-refraction
predominates the months of February, March,
November and December. It is also noticed that
the rest of the calendar months (April — October)
are majorly dominated by super-refraction.

The implication is that when sub-refraction is
prevalent, radio signals will have reduced the
horizon and frequent outage may be experienced
at the receiving end in the region. However,
when super-refraction and ducting is prevalent,
interference from distant stations may be
observed at the location. This occurred
especially when the signals operate at nearly the
same frequency with local transmitting station.
The same trend could be seen in Fig. 5 (b) for
Enugu, although with little variation in the months
of the anomalous occurrence. In Fig. 5 (c) which
is for Minna, ducting predominates most
especially in the wet season months as well as in
December, while the months of January and
February is predominated by Super-refraction.
Fig. 5 (d) to 5 (e) present the percentage
occurrence of anomalous propagation over Jos
and Sokoto respectively. An entirely different
pattern could be observed in these figures, for
example in Fig. 5 (d) super-refractivity is
dominant in all the months irrespective of the
season. This may be as a result of climatic
nature of this locality which is mainly
characterized with high humidity. The implication
is that interference of co-channel signals will be a
common problem in this region and the signal
strength may highly exceed that of the free
space.

Also in Fig. 5 (e), sub-refraction is predominant in
Sokoto. However, an appreciable degree of
super-refraction and ducting are observed in the
rainy season with ducting observed in May and
October. The implication is that with predominant
sub-refraction in this region, a reduced radio
horizon is expected from microwave signals,
hence high occurrence of outage could be
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observed. In overall, sub-refraction predominates
in the arid region and super-refraction in the
coastal region. Also, k-factor decreases from the
coastal region to the arid region of Nigeria.

5. CONCLUSION

In this paper, the influence of clear air effect on
microwave links has been examined based on k-
factor. The main finding shows that the monthly
variation of point dN/dh depends on the season
with worst months occurring mainly in wet
season months. Results of variability of k-factor
show that the value of 1.33 recommended by the
ITU will either underestimate or overestimate k-
factor value in Nigeria. The result further
recommends using the calculated mean k-factor
value of 1.52 and 1.40 for wet and dry season
respectively for the microwave design to get the
required availability for this region. Also, the
average statistical distributions of clear-air effect
over the study locations show the tendency of
persistence sub-refractive conditions in the arid
region and the prevalence of super-refraction in
the coastal regions of the country.
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