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Abstract

Vertical radio refractivity gradient is an important factor

for the design and planning of microwave communication

links. In this work, radio refractivity and distribution of

vertical radio refractivity gradient at different times of the

day over a tropical station was studied using the ECMWF

dataset. Results obtained showed that the refractivity val-

ues were higher during the wet season but lower in the

dry season. The various probability of occurrence of sub-

refraction, super-refraction and ducting were reported in the

region.

1 Introduction

If the earth were an homogenous medium, electromagnetic

waves will travel in a straight line with negligible reduc-

tion in propagation speed. However, since the atmosphere

is inhomogeneous, bending of electromagnetic waves as

it passes through the atmosphere causes fading, interfer-

ence and attenuation. The difference in refractivity values

at fixed height gives the vertical refractivity gradient ( dN
dh ).

The vertical refractivity gradient is important in the com-

putation of different parameters such as k-factor and βo etc.

The effective earth radius (k-factor) is defined as “the radius

of a hypothetical spherical Earth, without atmosphere, for

which propagation paths follow straight lines, the heights

and ground distances being the same as for the actual Earth

in an atmosphere with a constant vertical gradient of refrac-

tivity" [1]. βo is useful in indicating the relative incidence

of anomalous propagation [2]. It is defined as the percent-

age of time in which the value of refractivity gradient is less

than or equal to −100N/km [2].

Falodun and Ajewole [3] studied the radio refractivity con-

ditions over the first 100 meters. The authors reported that

the worst propagation conditions are between 1500 - 1800

and 1700- 1900 local time during the dry and wet season re-

spectively. Using two year data set over Akure, Adediji et

al [4] reported an average value of -52.8 N-units per km and

high values of refractivity during the wet season in the re-

gion. Radio refractivity and its vertical profile is subject to

random variation that is unpredictable in practice [5]. The

unpredictability of radio refractivity and its gradients have

been investigated [6, 7, 8, 9, 10]. Three harmonics were re-

ported to be sufficient for the modeling of mean refractivity

gradients over Nigeria [11]. The influence of intertropical

discontinuity (ITD) on the values of radio refractivity over

Nigeria has also been investigated [12]. This study aims to

investigate the diurnal and seasonal variation of radio re-

fractivity and vertical radio refractivity gradient statistics

within the first 1km in a tropical station.

2 Methods

2.1 Data and Study area

Temperature and relative humidity data at four synoptic

hours of the day (0000, 0600, 1200 and 1800) were ob-

tained from the ERA-Interim reanalysis product produced

by the European Centre for Medium-Range Weather Fore-

casts (ECMWF) from 2012 - 2016 at 1000 mb and 900 mb

pressure levels. The ECMWF dataset has been reported

to show reliable prediction for different products at dif-

ferent locations in the world [13, 14]. Using a resolution

of 0.25× 0.25, data for Akure (7.25oN,5.25oE) were ex-

tracted. The ancient city of Akure lies in the southwestern

part of Nigeria. It is a tropical location with two distinct

seasons (wet and dry) [15].

2.2 Analysis

The tropospheric radio refractivity was computed using the

expression proposed by [16]

N = 77.6
P
T
+3.75×105 e

T 2
(1)

where P and T are the atmospheric pressure (hPa) and tem-

perature (K) respectively. The water vapour pressure e is

computed using the expression

e = H × 6.1121exp
(

17.502t
t+240.97

)
100

(2)

where H, and t are the relative humidity (%) and tempera-

ture (oC) respectively.

The vertical refractivity gradient can be defined as the rate

of change of refractivity N with altitude [17]

dN
dh

=
N2 −N1

h2 −h1
(3)

where N2 and N1 are refractivity values at heights h1 and

h2 respectively. Equation 4 shows the significance of the



value of the vertical refractivity gradient. A consequence

of super refraction and ducting is the extension of the radio

range, which sometimes leads to radio interference between

neighbouring transmission links [3].

dN
dh

=

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

>−40, sub refraction;

=−40, Normal refraction;

<−40, super refraction;

<−157, ducting.

(4)

The statistics of important refractivity parameters such as

an average vertical gradient are extremely useful in prac-

tical design of terrestrial radio paths when the long term

statistics of the received signal have to be estimated [18].

The k factor is determined using the expression

k =
1

1+R dN
dh 10−6

(5)

where R is the radius of the Earth (km) and dN/dh is the

gradient of refractive index.

3 Results and Discussion

The mean monthly values of radio refractivity at 900 mb

and different times (0030, 0600, 1200 1800) and the daily

averages were computed and the results shown in figure 1.

From the result obtained, there were low values of radio

refractivity during the dry season which increases to maxi-

mum values at the onset of the raining season. This result

is in agreement with the works of Adediji and Ajewole [4].

The mean monthly radio refractivity values were lowest at

0600 local time and highest at 1800 hrs local time.

Similar analysis were conducted at 1000 mb pressure lev-

els and the results presented in figure 2. The mean values

of monthly radio refractivity were in the range 330 - 395

N- units which is higher than that obtained at the 900 mb

pressure level (295 - 335 N- units). The dry months have

lower refractivity values than the wet season. Mean values

at 1200 and 1800 were found to have the lowest and highest

refractivity values respectively.

The monthly variation of refractivity gradient at different

times of the day was also considered and result presented

in figure 3. Subrefraction was observed at 1200 hrs local

time during the month of January and February. During

the remaining months of the year, super-refraction were ob-

served to prevail in the region. The cumulative distribution

of the vertical gradient of atmospheric refractivity in the re-

gion for different times of the day is shown in figure 4. The

cumulative distribution is in the range −20 to −170N/km.

Al-Mal [19] reported a range of −200 to 63N/km for Abu

Dhabi while a range of −1000 to 600N/km was reported

in the Gulf region [2]. The yearly cumulative distribution

of vertical gradient for the location from they year 2012 till

2016 are presented in figures 5 - 9. Similar trends could be

observed in all the years. The cumulative distribution of re-

fractivity gradient at 1200 hrs show distinct characteristics

with a smooth curve.

Summary of vertical gradient statistics for different hours

of the day and average values are presented in Table 1. The

lowest daily values were observed at 1200 hours while 0000

hours and 1800 hours show similar trends. These can be

attributed to the high values of relative humidity and in-

tense tropospheric mixing recorded at 0000 hours and 1800

hours. At 1200 hours, the activity of the sun is at a maxi-

mum, hence, low relative humidity values [20]. Values ob-

tained were slightly different from the ITU recommended

values [21]. The variations might be attributed to the res-

olution of the data used and temporal consideration. The

hourly values of β0 were also presented. β0 values corre-

sponds to the probability of having refractivity gradient less

than or equal to −100N/km. From the results presented,

refractivity gradient is expected to be less than or equal to

−100N/km about 6%, 5%, 2% and 0.88% at 0000, 0600,

1800 and daily averages respectively. The values of refrac-

tivity gradient is not expected to be less than −100N/km at

1200 hours. Using the values of refractivity gradient at 50%

percentage of occurrence as the median value of k (k50%)

[22], values in the range 1.49 - 1.74 were obtained. These

values are higher than the 1.33 obtained for a standard at-

mosphere.
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Figure 1. Monthly variation of radio refractivity at 900 mb

for different synoptic time of the day.
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Figure 2. Monthly variation of radio refractivity at 1000

mb for different synoptic time of the day.

4 Conclusion

In this research, we investigated the monthly and yearly

variation of radio refractivity over a tropical location, Akure
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Figure 3. Variation of monthly value of refractivity gradi-

ent at the different synoptic times in Akure.
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Figure 4. Cumulative distributions of the vertical gradient

of atmospheric refractivity over Akure from 2012 - 2016
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Figure 5. Cumulative distributions of the vertical gradient

of atmospheric refractivity over Akure from 2012
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Figure 6. Cumulative distributions of the vertical gradient

of atmospheric refractivity over Akure from 2013
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Figure 7. Cumulative distributions of the vertical gradient

of atmospheric refractivity over Akure from 2014

dN/dh (N-unit/km)
-140 -120 -100 -80 -60 -40

Pe
rc

en
ta

ge
 o

f t
im

e 
(%

)

100

101

102

0000 hrs
0600 hrs
1200 hrs
1800 hrs
Daily average value

Figure 8. Cumulative distributions of the vertical gradient

of atmospheric refractivity over Akure from 2015
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Figure 9. Cumulative distributions of the vertical gradient

of atmospheric refractivity over Akure from 2016

Table 1. Values of refractivity gradient for different per-

centages of time not exceeded and β0 considering the pe-

riod 2012 - 2016

0000hrs 0600hrs 1200hrs 1800hrs Mean ITU

1 -135 -126 -77 -109 -99 -86.4

10 -84 -82 -66 -81 -72 -67.4

50 -67 -63 -52 -67 -62 -50.2

90 -57 -53 -31 -57 -56 -32.5

95 -55 -50 -26 -53 -54 -38.5

99 -52 -46 -21 -36 -49 -22.98

β0 5.75 4.65 NaN 2.08 0.88

k50% 1.744 1.67 1.50 1.744 1.65

Southwestern Nigeria. The monthly vertical gradient of re-

fractivity in the first kilometre of the troposphere was also

studied, as well as the cumulative distribution of the verti-

cal refractivity gradient at different times of the day. The

values of the radio refractivity were highest at 1800 hrs lo-

cal time while the lowest values were observed at 0600 and

1800 hrs local time at 900 mb and 1000 mb respectively.

During the dry season months, the values of radio refractiv-

ity were found to be lowest. The vertical radio refractivity

gradient were also studied. High values were found at 1200

hrs local time. The cumulative distribution of the vertical

radio refractivity shows that ducting occurs about 0.001%

of the time in the region at 0000 and 0600 hrs local time.

There is the need for continuous observation of communi-

cation parameters at high resolution as significant changes

occur over time due to changing climate and local climatic

conditions.
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