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Statistical Investigation of Clear Air Propagation in the Coastal
and Plateau Regions of Nigeria

Israel Emmanuel* and Babatunde Adeyemi

Abstract—The long-term meteorological data of Era-interim from 1979 to 2014 covering the
observation at 00, 06, 12 and 18 UTC have been used to derive vertical refractivity gradient in the
lowest 100. Diurnal, seasonal and annual variations of refractivity gradient and its component are
analyzed for coastal and plateau areas of Nigeria. The relative frequency of the occurrence of gradient
below −100 N-units/km used in clear air propagation study is derived from cumulative distribution of
the gradient. Occurrence of anomalous propagation in each region is also estimated. The result will
help in the effective wireless link planning and design.

1. INTRODUCTION

Electromagnetic signals propagating through the atmosphere interact with its molecules through
absorption and scattering of EM energy [1]. Its significance in the atmospheric refractive index is that
the signal propagating through the troposphere will bend towards the earth [2]. This interaction causes
adverse effects such as multipath fading, interference and attenuation of radio signal which significantly
impair radio communication, navigation and radar systems [3, 4]. Several works on refractivity and
its effects have been carried out in some selected locations in Nigeria using radionsonde and in situ
data [2–6]. However, due to unavailability of data, plateau area of Nigeria has not been well studied.
Era-interim reanalysis data are used in this study because of their high spatial and temporal resolution.
ERA-interim [7] is the European Centre for Medium-Range Weather Forecast’s (ECMWF’s) current
comprehensive atmospheric reanalysis. It is built on a version of the ECMWF forecasting system
operational in 2006, with horizontal grid resolution of around 80 km and a 60-level vertical resolution
extending to 0.1 hPa. The 36-year period from 1979 to 2012 is studied here.

2. CALCULATION OF RADIO REFRACTIVITY AND REFRACTIVITY GRADIENT

The refractive index of air is close to unity and defined in term of refractivity, N , as [8–11]:

N = (n − 1) × 106 =
77.6
T

(
P +

4810e
T

)
(1)

where T is the absolute temperature (K), P the pressure (hPa) and e the water vapour (hPa). The dry,
Nd, and wet components, Nw, of refractivity are expressed as:

Ndry + Nwet =
77.6P

T
+

3.73 × 105e

T 2
(2)
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e can be calculated from relative humidity, H(%), and saturation water pressure es (hPa) and
temperature, t, (◦C) [12, 13] using:

es = a exp
(

bt

t + c

)
(3)

e =
Hes

100
(4)

e = H ×
6.1121 exp

(
17.502t

t + 240.97

)

100
(5)

Refractivity gradient G is obtained from surface refractivity Ns, and refractivity N1, at any height h1

above the surface level hs using the following relation [14]:

G =
Ns − N1

hs − h1
(N-units/km). (6)

The vertical variation of N determines the degree of refraction of the radio signal. Under the standard
conditions, refractivity gradient is assumed equal to −40N-units/km with effective earth radius factor,
k = 4/3, here radio signal travels in a straight line. Departure from this value is not unusual, and
the radio signal behaviour is termed anomalous. During sub-refraction, radio signal is bent less
than usual (G > 0 N-units/km) which causes radio horizon to decrease. Under super refractions,
−78 > G < −157 N-units/km and radio signal will extend the path of the beam, possibly beyond
the usual transmission horizon. Ducting is an extreme of anomalous propagation where G < −157 N-
units/km, and radio signal is trapped in a layer where propagates as in a wave guide [15].

3. RESULT AND DISCUSSION

The monthly mean values of Nw/N, Nd/N and Nd/Nw for Coastal (Lagos) and Plateau (Jos) are shown
in Figure 1. The dry component contributes about 70% of the overall value of refractivity, while the
variation in refractivity is associated with wet component [16]. In coastal region, Nd/N values oscillate

 

(a)

(b)

Figure 1. The monthly distribution of Nd and Nw components relative to the N value and Nd/Nw in
(a) Coastal and (b) Plateau region of Nigeria.
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Figure 2. The βo values corresponds to 00 UTC, 06 UTC, 12 UTC, 18 UTC and its average for each
month and the whole year in (a) Coastal and (b) Plateau.

between 0.35 and 0.32 with a range of 0.03 units. Values of Nw/N and Nd/Nw oscillate between
0.67 ∼ 0.634 and 2.10 ∼ 1.802 with range of 0.03 and 0.30 unit, respectively. Two deeps are discernible
in the monthly variation of Nd/Nw at coastal region, associated with the onset and peak of dry season
in this region, with a peak observed in August. August peaks may be linked to the August break (a
period of short dry season) associated with the movement of inter-tropical discontinuity (ITD) [17].
From Figure 1(b) (Plateau region), Nd/N,Nw/N and Nd/Nw oscillate between 0.75 ∼ 0.68, 0.24 ∼ 0.32
and 2.16 ∼ 3.32 with range of 0.07, 0.08 and 1.16 units respectively. Unlike coastal region, two peaks are
obtained in monthly distribution of Nd/Nw, a conspicuous one in the dry season (December–January)
and a minor peak in August. The little peak in August may be attributed to August break.

βo factor is the percentage of time refractivity gradient in the lowest 100 m above the ground, less
than −100 N-units/km. It plays a vital role in investigating clear air propagation and interference and
is used to show the relative frequency of anomalous propagation [18]. Figure 2 depicts the monthly and
annual distributions of βo values at 00, 06, 12 and 18 UTC in coastal and plateau region. This parameter
is commonly used to study clear air propagation and interference associated with relative incidence of
anomalous propagation. It represents the percentage time in which the value of G is less than or equal
to −100 N-units/km [18] and derived from cumulative distribution of refractivity gradient in the lowest
100 m of the atmosphere. In coastal region, maximum βo is observed at 00 UTC (midnight), which
varies in the range of 100 ∼ 98% throughout the year. At 06 UTC, the yearly variation of βo is between

Table 1. Mean values of refractivity compared with ITU maps.

N (N-units)
G (N-nits/km) Ndry (N-units) Nwet (N-units)

Calculated Value ITU Value
Lagos (Coastal) 399 380 −277 263 137
Jos (Plateau) 372 335 −176 265 107
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Figure 3. Annual and monthly cumulative distribution function of refractivity gradient at (a) Coastal
and (b) Plateau.

90% and 94%. Conversely, at 12 UTC, it oscillates between 59 and 89%. The average monthly diurnal
variation is between 84 and 94% (Figure 2(b)). At plateau region (Figure 2(b)), βo value follows seasonal
trend with the highest and lowest values of βo observed in dry and wet seasons, respectively. At 00,
06, 12 and 18 UTC, values of βo vary between 99 ∼ 39, 99 ∼ 1, 94 ∼ 0 and 89 ∼ 0%, respectively.
The average variation oscillates between 96 and 10%. This result shows that high percentage of super
refraction and ducting phenomenon will be experienced at 00 and 06 UTC with reduction at 12 UTC in
coastal region. This occurrence will only be high at 00 and 06 UTC, and low at 12 and 18 UTC during
the dry season. It will, however, disappear at 12 and 18 UTC during the rainy season in plateau region
(Figure 2(b)). During the ducting phenomenon, radio signal will be trapped and result in multipath
fading and interference.

Calculated refractivity values are compared with ITU values [8] in Table 1. The estimated ITU
values of N are below those calculated. It may be ascribed to the fact that the ITU maps in [8] were
interpolated from 99 stations worldwide of radiosonde data from 1955 to 1959. Average values of G for
the two locations with absolute Ndry and Nwet are also shown in Table 1.

Figure 3 indicates long-term monthly and annual cumulative distribution functions of G in coastal
and plateau regions. Cumulative distribution functions (CDF) of refractivity gradient are of special
interest in terrestrial microwave planning. There is significant variation in the observed values during
the course of the year as shown in Figure 3. In coastal region, the probability of ducting occurrence in
February, May, August and November are 0.85, 0.76, 0.65 and 0.67, respectively (Figure 3(a)). On the
other hand, in plateau area, it is 0.94, 0.22, 0.69 and 0.70, respectively (Figure 3(b)).

4. CONCLUSION

Era-interim data of thirty six years are analyzed to obtain refractivity and its gradient at 100 m altitude
above the ground for coastal and plateau regions of Nigeria. Analyses of monthly refractivity component
relative to refractivity are observed. Monthly and annual variations of βo-factor are also investigated.
High variation of βo with little monthly variation is associated with coastal region of Lagos at 00
UTC and 06 UTC. βo trend in plateau region experiences high seasonal variation with maximum value
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obtained in dry season at 00 and 06 UTC. Values of βo range between 59% and 79% at 12 and 18 UTC
during the rainy season in coastal region, whereas the values tend to zero in plateau region during this
period, indicating absence of ducting. Cumulative distribution of G shows high and low probabilities of
ducting in coastal and plateau, respectively. This result will assist radio link engineers in radio planning
and design.
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