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Abstract  

The refractivity profile variation in tropo-

sphere is one of the aspects that influ-

ences long-distance terrestrial electro-

magnetic wave propagation and perfor-

mance of communication systems.  This 

study is aimed at calculating and estimat-

ing radio refractivity at Makurdi with 

tropospheric parameters of relative hu-

midity, absolute temperature and atmos-

pheric pressure using ITU-R   and artifi-

cial neural network models. Validation 

results are thus, absolute temperature = 

0.4313 K, relative humidity = 0.9989 %, 

pressure = 0.0201 (hpa) respectively. The 

validation of the correlation coefficient 

results shows that all the tropospheric pa-

rameters have effects on radio refractivity, 

but relative humidity has more effect 

which is attributed to the large quantity of 

moisture at the troposphere. From the es-

timation results, it is clear that artificial 

neural network has the capacity of esti-

mating tropopheric refractivity since the 

estimated values has close agreement 

with the calculated values.  
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1. Introduction 

The conditions in the troposphere have a 

profound effect on the propagation of ra-

dio waves.  Radio-wave propagation is 

determined by changes in the refractive 

index of air in the troposphere. Changes 

of temperature, pressure and humidity, as 

well as clouds and rain, influence the way 

in which radio waves propagate from one 

point to another in the troposphere (Ibeh 

et al, 2012). This region exerts a consid-

erable influence on radio waves at fre-

quencies above 30MHz (Hall, 1979). Ion-

ization of air in the troposphere is negli-

gible since Ultraviolet radiation reaching 

there is negligibly small, but due to the 

presence of gases like oxygen and water 

vapour which have electric  dipole mo-

ments, the troposphere has a dielectric 

constant and hence a refractive index 

(Ajayi, 1989). The refractivity at this re-

gion can either be predicted or calculated 

using various models. In this work, pat-

tern recognition algorithms, such as arti-

ficial neural network (ANN) model are 

used in order to predict refractivity, using 

only the surface values of absolute tem-

perature, pressure, and relative humidity. 

2. Materials and procedures  

2.1   Source of data  

The meteorological data of relative hu-

midity, temperature and pressure were 

obtained from Centre for atmospheric re-

search, Anyigba-CBSS, University of Ni-

geria Nsukka. Equations (2) and (3) given 

below were used to compute the values 

for refractivity and water vapour   pres-

sure (e).  

2.2  Theory of refractivity 
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Radio –wave is determined by changes in 

the refractive index of air in the tropo-

sphere. Because it is close to unity (about 

1.0003), the refractive index of air is 

measured by a quantity called the radio 

refractivity, N which is related to refrac-

tive index, n as (ITU-R, 2003): 

 

 n = 1+N x10
6
                                 (1) 

 

In terms of measured meteorological 

quantities, the refractivity N can be ex-

pressed as:  

   

   N = 77.6  + 3.73 X 10
5
( )          (2) 

 

Where: p = atmospheric pressure (hpa), 

e = water vapour pressure and T = abso-

lute temperature (K). 

The water vapour pressure e is usually 

calculated from the relative humidity with 

the following equation: 

 

 e =  a exp (  )                   (3) 

 

Where the temperature is given in  

and the coefficients a, b and c take the 

following values:   

a = 6.1121, b = 17.502, and c = 240.97.  

Therefore, 

 

    e=  6.1121 exp (  )                    

          

Where: RH = relative humidity (%), t = 

temperature in degree Celsius . 

2.3   Procedure of artificial neural net-

work estimation 

Artificial neural network (ANN) model 

is a computer software program that be-

haves the same way as the human brain. 

The network usually consists of an input 

layer, some hidden layers and an output 

layer (Ibeh and Agbo, 2012) 

For the estimation of tropospheric re-

fractivity, 3-2-1 multilayer peceptron 

(MLP) neural networks were used, which 

includes the input layer, a linear output 

layer and a sigmoid hidden function. In 

order to predict the tropospheric refractiv-

ity, a classifier were developed, which 

merely associates the ground values of 

pressure, absolute temperature and rela-

tive humidity and predicts the tropospher-

ic refractivity at Makurdi for the specific 

observatory period. The selection of sig-

moid transfer function is because it al-

lows any relation between the system 

predictors and the output. 

The network predictors consist of 3 X 

N matrix, where each row represent the 

ground pressure, absolute temperature 

and relative humidity respectively for to-

tal of N observatory period, while each 

Colum stands for the days used. In order 

to validate the refractivity results and in-

vestigate for any further improvement 

and recommendation of the model, re-

gression analyses were carried out. 

3.  Results 
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4.  Conclusion 

Validation results are thus, absolute tem-

perature = 0.4313 K, relative humidity = 

0.9989 %, pressure = 0.0201 (hpa) re-

spectively. The validation of the correla-

tion coefficient results shows that all the 

tropospheric parameters have effects on 

radio refractivity, but relative humidity 

has more effect which is attributed to the 

large quantity of moisture at the tropo-

sphere. From the estimation results, it is 

clear that artificial neural network has the 

capacity of estimating tropopheric refrac-

tivity since the estimated values has close 

agreement with the calculated values. 
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