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ABSTRACT

This study investigates the variations in the electric field intensity of Jigawa Medium Frequency
(MF) radio signal along some radio routes using propagation curve. It also compares the
propagation curves due to measured field intensity with those predicted by GRWAVE software using
the ground electrical conductivity of the routes. The need to predict propagation curves using
GRWAVE software and compare same with empirical curves to ascertain the adequacy and
suitability of the predicted curves to characterize MF propagation in Northern Nigeria is the
motivation for this study. Electric field intensity data were acquired with the aid of Potomac electric
field intensity meter and a Garmin 38Global Position System (GPS) receiver registered both
coordinates and elevations along the routes. Theoretical equation was used to deduce the values
of ground electrical conductivity from the measured field intensity and the values were used along
with the transmitter configuration in GRWAVE software to compute the predicted field intensity.
Results reveal experimental propagation curves are fairly higher compared to predicted curves. At
30 km from the transmitter, the values of measured and predicted electric field strength are 1.30
and 1.06 mV/m along Tundun Wada route, 1.50 and 1.11 mV/m along Azare route, 1.40 and 1.15
mV/m along Kefin Hausa route, 1.41 and 1.13 mV/m along Kogin Maikaho route, 1.26 and 1.03
mV/m along Kundun route, 1.50 and 1.11 mV/m along Fulani route, and 1.25 and 1.11 mV/m along
Dutse Kan route. Therefore GRWAVE software can be used to predict propagation curves suitable
for MF propagation in Northern Nigeria using the ground electrical conductivity of the terrain.
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1. INTRODUCTION
The medium frequency (MF) lies between 300 and
3000 kHz. Services available on this frequency band
includes; mobile, navigation and broadcasting [1].
Radio broadcasting is undertaken in the frequency
range 525 - 1705 kHz in the medium wave band. The
MF amplitude modulated band had been one of the
most used broadcasting techniques for decades,
allowing information to arrive at innumerable listeners
within localities. It exhibits covert coverage, which
ensures no skip zone [2]. Wider coverage and better
audio quality attract increased listeners’ interest and
more patronage. Many analogue MF broadcasting
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systems have been changed to digital rather than do
away with the system in the face of many alternatives.
Propagation at MF band is by sky and ground waves
[1]. Ground waves follow the curvature of the earth
while sky wave propagates by reflection from the
ionosphere. Sky wave is absorbed during the day
because of increased ionization and therefore ground
wave dominates [3].
Electric field intensity at this frequency band is not
sensitive to permittivity changes but fully dependent
on conductivity, transmitter power, polarization,
transmitter and receiver antenna heights, receiver’s
distance from transmitter, operating frequency,
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season, absorption by vegetation and other
obstructing features along the signal paths [4 – 8].
Radio signals radiated by antenna are made of electric
and magnetic field components. The electric field
component is measured as change of potential over a
given distance and this is known as the field intensity
𝐸 in volts per meter [9, 10]. The electric field intensity
at a distance 𝑑 (km) from the transmitter is given as
[11];
300𝐴√𝑃
𝐸=
(1)
𝑑
where 𝑃 is the effective radiated power in kW and 𝐴
is the ground attenuation function. The attenuation
function in a complicated way depends on operating
frequency 𝑓 , the distance from the transmitter,
permittivity 𝜀 and conductivity 𝜎 of the ground [12].
However, the function is expressed in terms of the
phase constant 𝑏 and the numerical distances [11].
𝑠
5𝑠
2
(2)
𝐴 = 𝑒 −0.43𝑠+0.01𝑠 − 𝑠𝑖𝑛 𝑏√ 𝑒𝑥𝑝 (− )
2
8
when 𝑠 ≤ 4.5 and
1
𝑠
5𝑠
𝐴=
− 𝑠𝑖𝑛 𝑏√ 𝑒𝑥𝑝 (− )
(3)
2𝑠 − 3.7
2
8
when 𝑠 > 4.5
The computation for 𝑠 and 𝑏 depends on the
polarization of the signals. For vertical polarization:
𝜋𝑑𝑓 2 𝑐𝑜𝑠 𝑏
𝑠=
(4)
54 × 102 𝜎
(𝜀 + 1)𝑓
𝑏 = 𝑡𝑎𝑛−1 [
]
(5)
18 × 103 𝜎
For horizontal polarization:
6 × 104 𝜎𝜋𝑑
𝑠=
(6)
cos 𝑏
(𝜀 − 1)𝑓
𝑏 = 𝑡𝑎𝑛−1 [
]
(7)
18 × 103 𝜎
Horizontal polarization is not usually used because it
signals are always attenuated within a short distance.
A plot of electric field intensity 𝐸 against distance 𝑑
yields propagation curve. Propagation curve is the
variation of theelectric field intensity of the radio
signals with distance [13, 14]. It represents the
reduction in electric field intensity along the
propagation path. An understanding of the
propagation characteristics over the terrain where the
transmitter is licensed to cover is essential for
predicting the system performance, radio propagation
planning and designing [15, 16].
Among the ground electrical parameters, only ground
electrical conductivity influences radio wave
propagation at the MF band [5]. If the conductivity is
high the attenuation will be less. The depth of
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penetration of the surface wave is inversely
proportional to the frequency and the ground electrical
conductivity. The energy of the wave is channeled
within a region located just above the surface; little
energy penetrates deeper into the ground. This effect
allows the signal to be detected at large distances. In
contrast, when the ground electrical conductivity is
low, wave penetrates deeper into the ground and the
distance from the transmitter at which the signals can
be detected is less than that associated with high
conducting medium [17, 18].
Another factor that can cause variation in the electric
field intensity as the wave propagates is absorption by
vegetation [19]. An increase in vegetation height
results in an increase in signal absorption. The data for
this study was collected during dry season when
vegetation height is generally at its lowest in Jigawa
State. Therefore signals variation due to absorption by
vegetation is considered minimum and hence, ground
electrical conductivity and distance are considered the
major reason for signals variation in this study. In wet
season, absorption by vegetation will increase thus
reducing electric field strength but conductivity will
increase due to ground wetness thereby enhancing
electric field strength.
The motivation for this study is the need to predict
propagation curves using GRWAVE software and
compare same with experimental curves to ascertain
the adequacy and suitability of the predicted curves to
characterize MF propagation in Northern Nigeria. The
sources of information on propagation curves were
those contained in the Recommendations of
International Telecommunication Union [15, 20] and
the Radio Wave Propagation Research Group of
Obafemi Awolowo University [13]. The main limitation
of the curves from these sources is that they are
produced on the assumption that the ground electrical
characteristics were uniform over the whole path. This
study involves radio wave propagation over terrain
with mixed electrical characteristics.
2. MATERIAL AND METHODS
Measurement campaign of electric field intensity took
place along seven different routes with the aid of
Potomac field intensity meter and a Garmin 38 GPS
receiver. The interval between two consecutive points
of measurement ranges between 5 and 10 km
depending on the availability of space to stop the
vehicle used for the test drive, which took place
between the hours of 9 am and 5 pm so as to avoid
measuring the electric field intensity of space wave.
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The values of measured electric field intensity were
plotted against the distance for each route to produce
empirical propagation curve. Equations 1 – 5 were
used to deduce the ground electrical parameters from
the measured electric field intensity. The deduced
electrical parameters together with the transmitter
configuration were imputed into GRWAVE software to
theoretically predict the electric field intensity, which
were later used to generate the predicted propagation
curves.
GRWAVE software is an ITU-R ground wave MS DOS
software developed in FORTRAN to estimate the
electric field intensity produced at points with known
ground electrical characteristics and antennae heights
[5, 6, 19, 21, 22]. Input parameters are the heights of
transmitting and receiving antennas, polarization of
transmitting antenna, frequency and ground electrical
conductivity of the terrain. In this study, the software
was used to estimate the electric field intensity of the
signal of Jigawa Radio station. Transmitting antenna
heights and operating frequencies were obtained from
the broadcasting station. The receiving antenna height
was maintained at 2.50 m throughout the
measurement campaign while the polarizations are
usually vertical. The transmitter configuration is
presented in Table 1.
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started close to zero mark because measurement
began at 1.0 𝑘𝑚 away from the transmitter.
3. RESULTS AND DISCUSSION
The experimental curves and predicted curves are
separately compared in Figures 1 and 2 respectively.
The difference between the electric field intensity
levels of the experimental curves for a range of 1.0 𝑘𝑚
to about8.0 𝑘𝑚is not obvious because the electric field
intensity at the distance is uniformly strong in all
directions but it reduced with distance and the effect
of variations in altitude and ground electrical
conductivity is of no significant. Variations in the
curves begin at a distance of about 10.0 𝑘𝑚 and
continue to about above 90.0 𝑘𝑚. This is evident in
Figures 1 and 2 as the curves spread out after 10 km
distance from the transmitter.

Table 1: Configuration of Jigawa Radio Transmitter
Transmitter Power
Frequency
Height of Mast

25 kW
1026 kHz
182.88 m

Coordinates of Mast

Latitude 11° 42′ 32.30′′ 𝑁
Longitude 9° 21′ 6.40′′ 𝐸
Altitude 720.0 𝑚

Name of Location
Licensed Area

Dutse, Dutse LGA Jigawa
State
Landmass
of Jigawa State

The experimental propagation curves for all the routes
were compared to deduced variations in terms of
distance covered and electric field intensity level.
Similar procedures were carried out on the predicted
propagation curves and the terrain profiles. The
experimental curve for each route was compared with
predicted curve against the path profile to deduce
variations in the electric field intensity level against
altitude. Logarithm scale was used on the vertical axes
of the curves because the values of the signals
in 𝑚𝑉/𝑚 are small compared to their equivalent in
𝑑𝐵𝜇𝑉/𝑚. On the horizontal axis, electric field intensity
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Figure 1: Experimental Propagation Curves of Jigawa
Radio Transmitter

Figure 2: Theoretical Propagation Curves of Jigawa
Radio Transmitter
There is a sharp reduction in the value of the electric
field intensity from about 102 𝑚𝑉/𝑚 at a distance
1.0 𝑘𝑚 to about10 𝑚𝑉/𝑚 at a distance of8.0 𝑘𝑚.
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This is due to free space loss caused by spreading out
of the signal. There is a noticeable variation in the
predicted propagation curves in the 1.0 𝑘𝑚 to 8.0 𝑘𝑚
range. While the curve for Dutse Kan route began at
100 𝑚𝑉/𝑚 , the others started at a little above
102 𝑚𝑉/𝑚. Similarly, the curve for Azare route has a
value of 11 𝑚𝑉/𝑚 while others have a value of
10 𝑚𝑉/𝑚at of 8.0 𝑘𝑚.
At 45.0 𝑘𝑚, the experimental propagation curve for
Fulani route has the lowest value of 0.3 𝑚𝑉/𝑚 while
that of Azare route has the highest value of 1.1 𝑚𝑉/𝑚.
On the predicted propagation curve, Tundun Wada
has the lowest electric field intensity of 0.4 𝑚𝑉/𝑚
while Azare has the highest value of 1.0 𝑚𝑉/𝑚. At
80 𝑘𝑚, Kefin curve has a value of 0.07 𝑚𝑉/𝑚 while
Tundun Wada has 0.4 𝑚𝑉/𝑚 on the experimental
curves. On the predicted curves, Dutse Kan has
0.1 𝑚𝑉/𝑚 while Tundun Wada has 0.2 𝑚𝑉/𝑚. In each
case, the curves spread out as the distance from the
transmitter increases. This implies increased variation
in electric field intensity as distance increases.
The variation in altitude is not pronounced as
presented in Figure 3. The surface of the landmass is
fairly plain as the difference in maximum and minimum
altitudes recorded over an area of landmass with
about 95 𝑘𝑚 in radius is 150 𝑚 . The transmitter is
positioned at an altitude of 720.0 𝑚 which is the
highest within the coverage area. Tundun Wada and
Dutse Kan routes have their maximum at altitude of
670 𝑚 at 78 𝑘𝑚 and 48 𝑘𝑚 respectively while Kefin
Hausa and Azare routes have their minimum altitude
of 520 𝑚 at 21 𝑘𝑚 and 43 𝑘𝑚respectively.
Generally, experimental curves have higher values
when compared to predicted curves in all the routes
except at some few distances along Kefin Hausa,
Kogin Maikaho and Dutse Kan routes. Along Tundun
Wada route, both curves have the same value of
electric filed intensity for the first5 𝑘𝑚 but after that
the experiment curve became higher than the
predicted curve. As shown in Figure 4, the separation
widen until it reaches about 0.6 𝑚𝑉/𝑚 at 41 𝑘𝑚 and
then reduced to about 0.2 𝑚𝑉/𝑚 at 56 𝑘𝑚. It later
widens to 0.7 𝑚𝑉/𝑚at 74 𝑘𝑚and end at 0.22 𝑚𝑉/𝑚.
The path profile is on the average smooth for the wave
to follow its contour. Along Azare route, both curves
have the same value of electric filed intensity for the
first 10 𝑘𝑚 but thereafter the experiment curve
became higher than the predicted curve. As shown in
Figure 5, the difference varied between4.0 𝑚𝑉/𝑚 at
26 𝑘𝑚 , 2.0 𝑚𝑉/𝑚 at 49 𝑘𝑚 and 0.3 𝑚𝑉/𝑚 at 80 𝑘𝑚 .
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The path profile is fairly smooth for the wave to follow
its contour.

Figure 3: Path Profiles of Radio Routes

Figure 4: Propagation Curve and Terrain Profiles
along Transmitter – Tundun Wada Route
Vol. 38, No. 2, July 2019
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Figure 5: Propagation Curve and Terrain Profiles
along Transmitter – Azare Route

Figure 6: Propagation Curve and Terrain Profiles
along Transmitter – Kefin Hausa Route

Figure 7: Propagation Curve and Terrain Profiles
along Transmitter – Kogin Maikaho Route

Figure 8: Propagation Curve and Terrain Profiles
along Transmitter – Kundun Route
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The curves have the same value of electric filed
intensity for the first 5 km along Kefin Hausa route as
shown in Figure 6. Experimental curve remains higher
until predicted curve took over at 59 𝑘𝑚and remain
higher until they have the same value again at
89 𝑘𝑚 .Experimental curve was higher by about
4.0 𝑚𝑉/𝑚 at 20 𝑘𝑚while predicted curve was higher
by about 1.0 𝑚𝑉/𝑚 at 80 𝑘𝑚 . The path profile is
smooth for the wave to follow its contour. Both curves
have the same value of electric filed intensity for the
first 6 km along Kogin Maikaho route as shown in
Figure 7. Experiment curve remains higher until
predicted curve took over at 57 𝑘𝑚 and experimental
curve became higher again at 66 𝑘𝑚 until 84 𝑘𝑚
when both curves have almost the same value.
Experimental curve was higher by 6.0 𝑚𝑉/𝑚,2.1 𝑚𝑉/
𝑚 and 3.0 𝑚𝑉/𝑚 at 20 𝑘𝑚 , 43 𝑘𝑚 and
75 𝑘𝑚 respectively. Predicted curve is higher
by 0.15 𝑚𝑉/𝑚 at 61 𝑘𝑚 .The path profile is
considerably smooth for the wave to follow its contour.
Along Kundun route, both curves have the same value
of electric filed intensity for the first 5 km but
thereafter the experiment curve became consistently
higher than the predicted curve by 5.0 𝑚𝑉/𝑚 ,
1.6 𝑚𝑉/𝑚 and 0.25 𝑚𝑉/𝑚 at 30 𝑘𝑚, 55 𝑘𝑚 and
80 𝑘𝑚 respectively as shown in Figure 8. The path
profile is smooth for the wave to follow its contour.
Along Fulani route as shown in Figure 9, experimental
curve is higher than predicted curve except at 46 km
where they have the same value of electric filed
intensity. Experimental curve is higher by 6.0 𝑚𝑉/
𝑚 , 1.0 𝑚𝑉/𝑚 and 0.3 𝑚𝑉/𝑚 at 20 𝑘𝑚 , 47 𝑘𝑚 and
54 𝑘𝑚 respectively. The path profile is the best among
the routes.
Along Dutse Kan route, experimental curve is higher
than predicted curve except at 45 𝑘𝑚 and thereafter
the predicted curve became higher even though the
experimental curve attempted but the value is not
significant. As shown in Figure 10, the experimental
curve is higher by 3.0 𝑚𝑉/𝑚 and 4.0 𝑚𝑉/𝑚 at 18 𝑘𝑚
and 35 𝑘𝑚 respectively while predicted curve is higher
by 0.2 𝑚𝑉/𝑚 and 0.1 𝑚𝑉/𝑚 at 51 𝑘𝑚 and 72 𝑘𝑚
respectively. The path profile is considerably smooth.
4. CONCLUSION
This study investigates the variation in electric field
intensity of MF Radio station located at Dutse Jigawa
State and compares the adequacy and suitability of
predicted propagation curve to characterize MF
propagation in Northern Nigeria.
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Figure 9: Propagation Curve and Terrain Profiles
along Transmitter – Fulani Route

Figure 10: Propagation Curve and Terrain Profiles
along Transmitter – Dutse Kan Route
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The results reveal that variation in curves is moderate
except at about 10 𝑘𝑚 where there is a sharp drop in
electric field intensity. It also shows that predicted
curve can adequately be used to characterize MF
propagation with very limited error because the
experimental curves are fairly and generally greater
than the predicted curves. The propagation curves
produced by [13, 15, 20, 22] assumed the electrical
characteristics of the terrain are uniform over the
whole routes while this study considered radio routes
with mixed electrical characteristics.
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