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Abstract: Microwave radio propagation in terrestrial radio links over the years has earned increased application and there 

has been renewed attention of studies concerning techniques for estimating the probability of multipath fading distributions. 

Particularly, the secondary radio parameters remain very important in carrying out these estimations especially the concept of 

effective earth radius. This study was carried out in Calabar, South-south Nigeria with three years atmospheric parameters data 

obtained from Nigerian Meteorological Agency (NIMET). International Telecommunication recommendation models were 

used in obtaining point refractivity gradient with which the effective earth radius factor was determined. The result showed a 

yearly average value of 1.626091667 for the k-factor and yearly average value of -125.50845 for the point refractivity gradient. 

There are also monthly and seasonal variations in the two parameters. The highest k-factor of 1.8263 occurred in January 

whereas the least k-factor of 1.3396 occurred in November. 
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1. Introduction 

Radio wave communication over the years has been in use 

in greater capacity as compared to other means of 

communication [1]. This can be seen in both civil and 

military operations the world over and are applied in 

transmitting voice, data and video to various location [2, 3, 

4]. In the bid to improve on the coverage, capacity and 

quality of service for radio wave communication systems, 

experts have found that the propagation of radio signals 

through the atmosphere is greatly influenced by the effective 

earth radius factor k [5, 6, 7, 8]. Particularly, the k-factor is 

largely dependent on one of the most important parameters 

of radio wave propagation known as refractivity gradient as 

considered in the lowest 65m from the ground level [9, 10, 

11]. Variations in refractivity may cause radio waves to bend 

while propagating through dissimilar layers of the 

atmosphere [12]. Notably, these variations are determined by 

atmospheric conditions such as pressure, temperature and 

humidity which tend to vary with respect to geographical 

location as well as time of the year. For microwave system 

design, some parameters such as effective earth radio factor, 

k and the point refractivity gradient, dN1 must be set 

carefully to optimize the system performance. Also, for such 

locations where atmospheric data were not available, 

k-factor value of 4/3 is taken as a standard value and 

estimated values of dN1 are also provided by ITU tables for 

point refractivity for such conditions [13]. Consequently, in 

this paper, three years atmospheric parameters data for 

Calabar, in the South-south Nigeria is used to determine the 

point refractivity gradient and then the effective earth radius 

factor, also called k-factor. The main focus is to identify the 

temporal distribution of the k-factor in Calabar. 

2. Effective Earth Radius 

According to ITU [14] effective earth radius is the radius of 

a theoretical spherical earth, that has no atmosphere, for this 
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reason propagation paths or radio waves follow straight lines; 

at the same time heights and distances measured on ground are 

the same with the situation where it is the actual earth with 

atmosphere that has a constant vertical refractivity gradient 

[15]. The concept of effective earth as considered in radio and 

radar communication is seen to be a theoretical value used for 

the earth radius instead of the actual earth radius; the effective 

earth radius is used to correct for refraction that is caused by 

the atmosphere. The effective earth radius factor (k) can be 

calculated [12, 14, 16, 17]; 

K= �1 +	 �����	
�� 

�


              (1) 

Variations in atmospheric refractive conditions cause 

changes in effective earth radius as well as changes in k –

factor from its median value which is about 4/3 for standard 

atmosphere 

[18]. When the atmosphere is adequately sub-refractive 

(that means the refractive index gradient has large positive 

values, the k – factor values are low) the ray paths will be 

bent in such a way that the earth will appear as if it will 

obstruct the direct transmission path between receiver and 

transmitter, and this gives rise to diffraction fading [19]. K–

factor statistics for a single point can be determined from 

measurement or predictions of the refractive index gradient 

of the atmosphere. 

3. Determination of K – Factor 

The determination of K- factor in greater extent depend 

on point refractivity gradient which the later as to be 

consider for proper estimation of the k – factor. The 

refractivity, N is related to the refractive index, n of air as 

[20, 8, 21, 22]; 

N = �� − 1�10� = 77.6 ���	 + 3.732�	10�� � ���	   (2) 

Where T is the absolute temperature (K) 

P is the atmospheric pressure (hpa) 

e. is the atmospheric water vapour pressure (hpa). The 

water vapour pressure is calculated from the relative humidity 

and saturated water vapour using the expression [8, 20, 21, 22, 

23]; 

� =  !�.

"
	�#$� %&.'(�))*�+(.,&	

-- .           (3) 

To obtain the point refractivity gradient dN/dh, the 

following estimation is used [20, 8, 21, 22]; 

G =	/0/1 = 
0"�0

1"�1
                (4) 

Where N2 is the refractivity at the lowest 65m from ground 

level, N1 is the refractivity at the ground level and h1 is the 

ground level. Hence, the k – factor is now obtained using 

equation 1. 

4. Results and Discussion 

Table 1. Refractivity gradient and effective earth radius for various months. 

Month K-Factor for Calabar DN 

January 1.8263 -33.0018 

February 1.7748 -74.3628 

March 1.3796 -256.565 

April 1.5851 -111.329 

May 1.8604 -25.4683 

June 1.7793 -75.5295 

July 1.8025 -38.6429 

August 1.675 -75.6012 

September 1.6292 -92.5154 

October 1.4566 -186.856 

November 1.3396 -305.269 

December 1.4047 -230.961 

Yearly Average 1.626092 -125.508 

 

Figure 1. Point refractivity gradient for various months in Calabar. 

 

Figure 2. Shows effective earth radius for different months in Calabar. 

From the result distribution, it shows monthly variation 

between 1.34 and 1.82 of effective earth radius with peak 

value occuring in January and least value in November. The 

result also show that the point refractivity gradient has 

periodic monthly variation. 

1 2 3 4 5 6 7 8 9 10 11 12
-350

-300

-250

-200

-150

-100

-50

0

P
o
in

t 
re

fr
a
c
ti
v
it
y
 g

ra
d
ie

n
t

Time (months)

1 2 3 4 5 6 7 8 9 10 11 12
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

E
ff

e
c
ti
v
e
 e

a
rt

h
 r

a
d
iu

s

time (months)



37 Isaac A. Ezenugu et al.:  Estimation of Clear-Air Atmospheric Effective Earth Radius (K-Factor) in Calabar  

 

5. Conclusion 

Point refractive gradient and effective earth radius has been 

calculate for Calabar using local NIMET radiosonde data for 

the time span between 2012 and 2014. The calculated values 

of effective earth radius shows a variation between 1.3 and 1.8 

while the point refractivity gradient varies between -305 and 

-33. From the result distribution, it shows that the point 

refractivity gradient is relatively high in the rainy period 

between April and October as compared to the remaining 

months of dry season; this is as a result of high moisture 

content in the atmosphere. However, the monthly or seasonal 

mean effective earth radius factor and point refractivity 

gradient can be used for planning wireless links. 
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