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ABSTRACT: In this paper, different modeling techniques based on the local radio meteorological
variables in a tropical location have been adopted to resolve the clear-air radio propagation effects
in this region. The local radio meteorological variables are collected in Akure, South West Nigeria
to determine the geoclimatic factor (K) variable and the fade depth margin. The overall result
obtained shows that the geoclimatic factor which accounts for variability of the distribution of
multipath fading varies with the months, seasons and year. The results obtained will be good tools
for implementing microwave link designs and for estimating the fade depth and worst months over
the location.
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I. INTRODUCTION

Predictions of tropospheric propagation effects are mostly made to
resolve the clear-air radio propagation effects in a region. This can
be achieved by either estimating the average worst month or the
average year that a signal will be unavailable. Radioclimatologi-
cal data needed to improve on the existing frameworks are scanty
for some regions of the world including Africa. Radiosonde data
that should be used to test the prediction techniques based on ra-
dioclimatological models are even scantier (Olsen 1999). Hence,
researchers have proposed various models or techniques to resolve
the radio propagation problems in different regions of the world.
Among such work is (Tjelta et.al. (1990); Olsen and Segal (1992);
Olsen and Tjelta (1999); Martin (2001)) to mention but few. How-
ever these techniques were developed using radio propagation data
of the respective region under consideration. Hence there is a great
need to develop a model for each of the regional basis using lo-
cal data. One of the significant parameters required for estimation
of clear-air multipath propagation modeling is the geoclimatic fac-
tor. The geoclimatic factor, which is the indicative of geographical
characteristics as well as the climatic characteristics of the region of
interest, cannot be determined on its own but relies on other prop-
agation parameters such as refractivity and refractivity gradient.

The refractivity and refractivity gradient in turn can be determined
from the clear-air primary radioclimatic variables such as temper-
ature, pressure and humidity at a height range of less than 100 m
above ground level according to ITU-R recommendations (ITU-R,
(2012). The objective of this study is to determine the geoclimatic
factor parameter using spatial interpolation techniques from the
existing propagation data in Akure. After determining the geocli-
matic factor, the links set up in the location with different path
characteristics and geoclimatic factors are used to calculate the
fade depths as it affects the links in question. The worst months
are also determined for this location.

II. THEORETICAL BACKGROUND

This section discusses about the theoretical background of the vari-
ables used in the computation.
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A. The Spatial Interpolation Method

Spatial interpolation technique is used in data analysis whereby
data is sampled to provide a subset of information about all data.
Spatial interpolation techniques therefore help to fill in the gaps
between data points where such gaps exist or to predict the inter-
mediate data where the exact data point cannot be estimated from
an existing data set (Odedina and Afullo, 2007). There are different
types of spatial interpolation techniques; these include the Inverse
Distance Weight (IDW), Nearest Neighbor (NN); and Kriging In-
terpolation Method (KIM). The approach employed in this study
is the IDW. This approach is chosen because of its simplicity in ap-
plication. IDW interpolation explicitly implements the assumption
that things that are close to one another are more alike than those
that are farther apart. To predict a value for any unmeasured loca-
tion, IDW will use the measured values surrounding the prediction
location. Those measured values closest to the prediction location
will have more influence on the predicted value than those farther
away Thus IDW assumes that each measured point has a local in-
fluence that diminishes with distance. It weights the points closer
to the prediction location greater than those farther away, hence
the name inverse distance weighted. The IDW is mathematical
related as:

Z =

∑n
i

xi
di∑n

i d
−
1 1

(1)

where Z is the value we are trying to predict for position x, is
the distance between the prediction position and measured at the
Surrounding location, n is the the number of the measured sam-
ple points surrounding the prediction location that will be used in
the prediction and = i measured value surrounding the prediction
position that will be used in the prediction (ESRI, 2001).

B. Refractivity, Refractivity Gradient and
Geoclimatic Factor Determination.

The radio refractivity N , which is related to the atmospheric vari-
ables as:

N = 77.6fracPT + 3.73105
e

T 2
=
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T
(P + 4810

e

T
) (2)

where: H =relative humidity (%),t =temperature in oC,
es =saturation vapour pressure (hPa) at the temperature t(�).
Also the refractivity gradient which is a measure of how the refrac-
tive index varies with increasing height is given as (Odedina and
Afullo, 2008).
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where p is the pressure (hpa), T is the temperature (K), e is the
water vapor pressure (hpa) and h is the height (m). Since the water
vapor pressure, e cannot be measured directly; the parameter is
related to the relative humidity, H(%) by:

e =
Hes

100
(4)

where es is the saturated vapour pressure at the given air temper-
ature t�, and can be obtained from:

es = 6.112exp

[
17.502t

(t+ 20.97)

]
(5)

The effective earth radius factor (k-factor) can also be determined
by (Hall, 1989):

k =

[
1 +

dN

dh
/157

]−1

(6)

K = 10−4.2−0.0029dN1/dh (7)

where dN1/dh is the point refractivity gradient in the lowest 65
m of the atmosphere not exceeded for 1% of the average year. In
order to deduce dN1/dh, a probability distribution curve should be
plotted to deduce dN1 at each of the location under study. Hence,
the secondary radioclimatic variables in all the selected location in
Nigeria are estimated using equations (1) - (6). Although, some
of these variables like k-factor and refractivity gradient have been
examined by some investigators in Nigeria (for instance, parameters
such as k-factor was studied in Nigeria by Adediji et al. Adediji et
al. (2011), Ayantunji (2012) to mention but few, while refractivity
gradient was examined by many investigators in Nigeria among are
the work of Falodun and Ajewole, Falodun and Ajewole, (2006),
Adediji et al. (2011), Ayantunji, (2012), Ajayi, (1989) to mention
but few. However, most of these investigators studied and modeled
separately in all cited situations with few or no reference to the
geoclimatic factor. In this study, we intend to look at the combined
effect of these secondary parameters on radio signal propagation in
Akure, Nigeria.

C. Fade Depth and Worst Month Calculation

Fading is a phenomena where the signal power is significantly
attenuated or varied as it transverses from the transmitter to the
receiver. Fading in any given year varied from month to month
and season to season, hence ITU-R recommends planning around
worst month 530-14, (2012). The narrow-band fading distribution
at large fade depths in the average worst month for both quick
planning and for detailed planning purpose can be estimated based
on recommendation; ITU P.530-14, (2012).
The following steps are used in the calculation

(i) The Geoclimatic factor K is estimated as earlier described
using equation.

(ii) Calculating the path inclination; and

(iii) Calculating the percentage of time that a certain fade
depth A is exceeded in the average worst month

(i) The Geoclimatic factor K is estimated as earlier
described using equation (6).

(ii) Path inclination η (m) can be determined from
transmitting and receiving antenna heights ht and hr

(m), above sea level and the path length d (km):

|η| =
|ht − hr|

d
(8)

(iii) The percentage of time that a certain fade depth
A is exceeded in the average worst month, Pw is also
estimated using (ITU 530-14, 2012).

Pw = kd3.0 (1 + |η|)−1.2 10−0.0033f − 0.001hl −A/10 (9)

where Pw is the percentage of time that fade depth
A (dB) is exceeded in the average worst month, f is
the frequency (GHz), hL is the altitude of the lower
antenna (the smaller ofht and hr), d and K are path
length and geoclimatic factor, respectively. The per-
centage of time P0 that any fade depth A is exceeded
for all shallow fading down to 0 dB is given as (ITU
530-14, 2012).

P0 = kd3.0 (1 + |η|)−1.2 10−0.0033f − 0.001hl (10)

where all parameters retain the usual notation with A = 0.
Fade depth is therefore defined as the ratio, usually ex-
pressed in decibels of a reference signal power to the signal
power during a fade while worst-month is defined in ITU
regulation as that month part of a consecutive 12-month
period during which the system’s performance/availability
threshold is exceeded for the longest time.
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III. SITE AND INSTRUMENTATION

Akure lies on latitude 7°15’North of the Equator and on longitude
5°15’East of the Greenwich meridian. It stands on the altitude
of about 370 meters above the sea level. The land towards Akure
North is hilly and studded with granite formations believed to be of
volcanic origin spreading over an area of 99,287 square kilometers.
Topographically, the site is generally flat and soil area generally
falls into large quantity of red laterite and very little of mangrove
swamp soil of humid tropical equatorial area. Climatically, Akure
has a tropical climate and belongs to the equatorial rain forest belts.
The station under study is installed on abandoned NTA mast at
Iju, Akure North about 17 km from the campus of the Federal Uni-
versity of Technology, Akure. The mast at is about 250 m high and
weather stations are mounted at the surface, and at 50, 100, 150
and 200 m to provide vertical variation of the weather variables.
However, the present work considers the first 100 m height. The
major equipment used for the measurement is the Davis 6162 Wire-
less Pro2 equipped with the Integrated Sensor Suite (ISS), a solar
panel (with an alternative battery source) and the wireless console.
The ISS collects outside weather data and sends the data to a van-
tage Pro2 console. The standard version of the ISS contains a rain
collector, temperature sensor, humidity sensor and anemometer. It
also adds a solar radiation sensor and an Ultra - Violet (UV) sen-
sor. Temperature and humidity sensors are mounted in a passive
radiation shield to minimize the impact of solar radiation on the
sensor readings. The anemometer measures wind speed and direc-
tion and can be installed adjacent to the ISS or away from it. The
solar and UV sensors are mounted next to the rain collector cone.
The ISS houses the sensors for pressure, temperature, relative hu-
midity, UV index and dose, solar radiation among others and the
sensor interface module (SIM). Detailed descriptions of this equip-
ment are available in the work of Ojo et al. (2015) and are not
reiterated here for paucity sake. The block diagram of equipment
set up is as shown in Figure 1.

 

 
ISS 

             RF 

TRANSMITTER 

         RF        

RECEIVER 

             

COMPUTER 

Figure 1: Block diagram of the equipment set up

Three years of data spanning 2010-2012 are used in this work.
In order to extract the stored data in the data logger, the console
is connected to a computer, through which the stored data are
collected. The error margin of the ISS device for temperature,
pressure and relative humidity are ±0.1�, ±0.5 hPa and ±2 %
respectively. The records cover 24 hours each day from 00 hours to
2300 hours local time at intervals of 30 minutes except for some few
days when system are shut down due to maintenance. Hence, the
availability of the equipment is about 96%. As earlier mentioned,
the secondary radioclimatic variables in all the selected location in
Nigeria are estimated using equations (1) - (6).

IV. RESULTS AND DISCUSSION

The values of the refractivity gradient dN/dh, k-factors and the
geomagnetic factor (K) obtained using equations (1) - (6) are dis-

cussed in this section.

A. Influence of refractivity gradient

The diurnal variation of refractivity gradient over the study area
is presented in Figures 2 and 3. The seasonal variation was cal-
culated based on the monthly statistical mean of refractivity at
the surface and at 100 m height for the three years (Jan. 2010 -
Dec 2012) investigated. It is evidenced that refractivity gradient
also varies annually (Figure 2). This is obvious due to variation of
the atmospheric parameters over the year. For example, Figure 2
presents the dependence of value of yearly point refractivity gra-
dient on the season of the year at Akure. The result shows that
the year 2012 has the peak point refractivity gradient with a large
negative value of about -248 N-units/km in the month of Novem-
ber based on IDW, which is an indication of the commencement
of the dry season. However, the value becomes less negative in
the succeeding years. It could also be seen that the monthly varia-
tion of point refractivity gradient depends on the season with worst
months occurring mainly in wet seasons (Figure 3).
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Figure 2: Monthly distribution of yearly point
refractivity gradient on the season of the year.
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Figure 3: Average value of the yearly point refractivity
gradient on the season of the year over the study

location.

B. 4.2. Influence of k-factor

Figures 4 also present values of yearly mean k-factor for the seasonal
cycle at the study location. It could be seen that the minimum
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mean value of k factor recorded for Akure was 0.32 for the month
of August in the year 2012 whereas the observed maximum value
of k factor was 4.73 for the month of March in the year 2010.
The results also reveal that in Akure (Figure 5), mean k factor
value ranges from 0.79 to 2.07 with maximum value in the month
of March and minimum in the month of December. The average
value of k-factor during the dry season for the 3 years of this report
is about 1.40 while it is about 1.50 during the wet season months.
This implies that, for microwave propagation in the Akure environ,
the propagation condition could be largely super-refractive during
this season.
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Figure 4: Monthly distribution of yearly variation of
k-factor over the study location.
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Figure 5: The mean values of k-factor during the dry
and wet season months.

C. Influence of geoclimatic factor (K)

The corresponding geoclimatic factor (K) was also calculated us-
ing equation (6) and the results are presented in Figures 6 and
7. It can be observed as indicated in Figure 6 that a distinct re-
lationship exists between the point refractivity gradient dN1 and
the geoclimatic factor (K). It is observed that as the value of dN1
becomes more negative the geoclimatic factor increases. Also In
Figure 6 using IDW, Akure recorded minimum mean value of geo-
climatic factor of about 5.46 E-06 for the month of November in
the year 2012 whereas the observed maximum value of geoclimatic
factor K was 1.75 E-04 for the same month of November in the
year 2010. This is as a result of the contribution of the point re-
fractivity gradient, where the dry month contributed most to the

factor. Also, the month of November is the commencement of the
dry season in this region. The summary of the geoclimatic factor K
and the corresponding k -factor for different months for the study
location is presented in Table 1. The effective earth radius factor
(k-factor) found its application in the radio link design for calcu-
lating antenna height requirement and diffraction fading estimate
while geoclimatic factor on the other hand finds useful application
in fade depth calculation. Hence, there is a great need to estimate
the correct value of geoclimatic factor in order to cater for adequate
fade margin necessary for a reliable radio link performance. The
percentage of time that a fade depth A (dB) exceeded can then be
estimated using the data from Table 1.
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Figure 6: Monthly distribution of yearly variation of
geoclimatic over the study location.
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the dry and wet season months.

D. Distribution of multipath fading on terrestrial
microwave links

As earlier mentioned in section 4.3, the main application of the
effective earth radius factor (k-factor) in radio link design is to
calculate the antenna height requirement and diffraction fading es-
timate (Dabideen et al., 2005). A value of k equal to 1.33 is nor-
mally implemented for Line-of-Sight (LOS) link design calculation,
where information about the actual value of k for that location is
not available (ITU 530-14, 2012). From the results of k-factor ear-
lier presented in section 4.2 and Table 1, it is seen that using the
ITU-R k- value will not give the required antenna height for LOS
link set up in the study location. This may lead to inadequate link
budgeting. Also k-factor fading occurrence may be experienced in
such design which may subsequently lead to wastage of resources.
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TABLE I: The average value of geoclimatic factor, K
and k-factor variability for different months of the year.

Month of the Year Akure

k-factor Geoclimatic factor, K

Jan 1.504 9.04E-05

Feb 1.343 3.28E-04

March 2.068 1.87E-04

April 1.490 8.23E-05

May 2.081 8.05E-05

June 1.154 9.06E-05

July 1.222 9.32E-05

Aug 1.048 8.91E-05

Sept 2.171 2.04E-04

Oct 1.529 7.44E-04

Nov 1.306 3.75E-04

Dec 0.789 1.91E-04

1. A typical diffraction fading simulation

An 11.5 km terrestrial LOS link is simulated between FUTA cam-
pus and the experimental site in Akure (IJU work station) at Ka
frequency band (19.5 GHz), designed for 60% clearance of the first
Fresnel zone radius and uses a design k value (median k value for
Akure) of 1.45 as opposed to k = 1.33recommended by the ITU.
The path profile diagram of the link is shown in Figure 8 (a and b).
The link availability is examined using different values of k ranging
between 1.00 and 1.48.
If the path profile of the link shown in Figure 8 (a) is designed such
that there is an obstacle on the link path at 4 km point, then the
diffraction loss on the path can be estimated. The topographical
representation of the simulated link is also presented in Figure 8
(b). The design k value and the true k value for Akure using the
procedure explained in Odedina and Afullo, (2006). Results from
Table 2 show that using the ITU-R k-value will not give the re-
quired antenna height for LOS link set up in this station as well as
in other stations. To be precised, using the true k value at Akure
would require the link designer to plan for a signal loss margin of
as much as 27 dB. However, using a wrong k value, for instance,
would require signal loss planning of as much as 32 dB. This may
lead to an inadequate link budgeting..

TABLE II: The average value of geoclimatic factor, K
and k-factor variability for different months of the year.

k -factor Obstacle

values Point

h(km) Gd (dB)

1.00 0.85732 -31.5912

1.10 0.63205 -29.2320

1.15 0.72510 -28.9251

1.33 0.64523 -28.1021

1.40 0.61605 -27.9322

1.48 0.59251 -27.1253
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Figure 8 (a): A typical path profile diagram of the link
simulated between FUTA Campus and the

experimental site at IJU, Akure North, Ondo State.

 

Figure 8b: The topographical representation of the
simulated link between FUTA and IJU site.

2. Percentage occurrence of multipath fades depth

The knowledge of fading phenomena is very important in the design
and performance of wireless systems. Microwave link attenuation
due to multipath is not a permanent occurrence and its probabil-
ity of occurrence needs to be known for a reliable terrestrial link.
It has been mentioned earlier that multipath fading is a random
phenomena which can only be described statistically. The ITU-R
method described in the methodology section is used in estimat-
ing the percentage of time that a certain fade depth is exceeded as
earlier mentioned. Prediction of fading phenomena can be made
at a fixed value of fade depth or estimated at a certain percentage
of outage. The values of geoclimatic factor K as determined in the
previous sub-section are used in the prediction of the percentage of
time a certain fade depth is exceeded.
This section presents the outage probability plots for different fixed
values of fade depth at Ku and Ka-band frequencies. Ku and Ka-
bands are frequencies now being used in order to meet today’s chal-
lenges in the rapid growth of satellite broadband networks utilizing
higher frequencies. Efforts are also being made to use Ka-band
rather than Ku-band frequencies due to the congestion of Ku band
and the bandwidth requirements of the application they are ex-
pected to support. In addition, Ka-band is also being considered
because of the interference that Ku-band broadband systems em-
ploying small dishes would experience from terminals operating on
adjacent satellites. Also Ka-band regulations require lower levels
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of adjacent-satellite interference and a higher return-link data rate.
This is the justification for selecting these frequency ranges.
Equations (6) - (9) require link parameters and in this analysis,
the following parameters have been used for the study location as
presented in Table 3. Results are presented in Figure 9 at 10, 15,
20 and 30 GHz frequency for the location under study
Figure 9 shows seasonal variation of the percentage of time various
values of fade depth are exceeded for Akure. It can be seen that,
the percentage of time that a certain fade depth occur varies from
season to season. For this reason, ITU-R 530-14, (2012) recom-
mends planning around the worst month. In considering the worst
month for both locations, Akure has higher percentages of occur-
rence. This can be attributed to the climatic type (rain forest) and
this stresses the need to determine the geoclimatic factor K for this
region for more accurate predictions.

Location Frequency (GHz) ht (m) hr (m) hL (m) d (km)

Akure 10 - 35 80 358 134 11.5

TABLE III

 

 

Figure 9: The percentage occurrence of fade depth over
Akure at 10, 15, 20 and 30 GHz frequency.

V. CONCLUSION

In this paper, secondary meteorological variables obtained using
the primary variables made at the ground surface and at 100 m
height over Akure, with the objective of estimating radio refractiv-
ity gradient, effective earth radius factor (k-factor) and geoclimatic
factor at the first 100 m altitude in the are presented. The main
findings are as follows:

• It was also observed that the monthly variation of point
refractivity gradient depends on season with worst months
occurring mainly in wet season months.

• Results of yearly variability of k-factor show that each of the
stations has its minimum and maximum value at different
months of the year and in different years. Results of seasonal
variation of k-factor show that the value is low in the dry
period (December-February) months and high in the wet
season months (April-October) irrespective of the location.

• The correct value of geoclimatic factor needed to cater for
adequate fade margin necessary for a reliable radio link per-
formance is also deduced.

• Results on diffraction fading show that using the ITU-R k-
value will not give the required antenna height for LOS link
set up in this region. Thus, using a true k - value for Akure,
for example, would require the link designer to plan for a
signal loss margin of about 27 dB, while using a wrong k
value for instance would require planning signal loss mar-
gin of as much as 31 dB. This may lead to inadequate link
budgeting.

• Results of fade depth also show seasonal variation of the
percentage of time various values of fade depth are exceeded
over the study location.
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