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ABSTRACT: Determination of radio refractivity, refractivity gradient and k-factor are very significant parameters in planning radio 

communication links. This study presents an estimation of radio refractivity gradient and k-factor so as to determine the effects of 

these secondary weather parameters on radio signal strengths over Ibadan (7.4546oN, 3.8919oE). Two years atmospheric primary 

weather parameters data from Nigerian Meteorological agency (NIMET) was used to calculate the refractivity, N,  refractivity 

gradient, G, and k-factor at different heights from the ground level, the heights considered are; 50, 100, 150 and 200 m. The results 

obtained indicated that the average radio refractivity, N, was higher during the rainy season due to the rise in the atmospheric 

moisture content in the region and the value of N also decreases with height. The mean radio refractivity gradient and the average k-

factor obtained were -50.417 Nunit/km and 1.5285 respectively. The value of k-factor obtained is greater than the global standard 

value, 4/3. In this case, super-refraction occurs in this study area and the radio signal propagate abnormally towards earth’s surface 

which might leads to signal interference over this region of study. An empirical relationship for predicting further the radio 

refractivity at different heights over this region of study has also been developed. 
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INTRODUCTION 

Radio signal propagation in the troposphere is affected by 

primary and secondary weather parameters, the primary 

weather parameters include; atmospheric pressure, 

temperature and water vapor. The variation of these 

parameters are associated with change in weather 

condition at different seasons of the year and these 

changes are resulted in variation of secondary weather 

parameters which includes; radio refractivity, refractivity 

gradient and k-factor [1]. Understanding of the weather 

parameters (primary and secondary) will definitely assist 

cellular network providers and radio engineers in 

improving their quality of services. Variations in the value 

of radio refractive index and k-factor can cause the path of 

propagating radio wave to bend either towards the earth 

or away from the earth. Therefore, it is necessary for the 

management of radio communication systems to take into 

consideration the deviation or bending of the propagating 

radio wave due to the changes in the distribution of 

refractivity [2]. For microwave system design, refractivity 

gradient and k-factor must be well understood to optimize 

the communication system performance. Several work has 

been done on variations of secondary weather parameters 

for different regions and climates using measured local 

meteorological data [3] [4] [5] to mention but just a few, 

the results of their work shows that local climate has an 

impacts on the secondary weather parameters and hence 

on the transmitted radio signals. Hence,  

This study seeks to investigate the effects of radio 

refractivity, refractivity gradient and k-factor on signal 

strength over Ibadan using primary radio climatic variables 

during two years. It should be noted that, for any locations 

where atmospheric data were not available, k-factor value 

of 1.333 is taken as a standard value and estimated value 

of point radio refractivity as provided by International 

telecommunication union (ITU) can be used [6].  

 

2. RESEARCH METHODOLOGY 

2.1 Measurement campaign  

The meteorological data, that is, primary weather 

parameters used to compute radio refractivity, refractivity 

gradient and k-factor for Ibadan, Nigeria was provided by 

Nigeria Meteorological agency (NIMET). The data contains 

the following monthly weather parameters; temperatures, 

pressure and relative humidity for a period of two years, 

2016 and 2017.  

2.2 Computation of radio refractivity (N) 

The radio refractivity, N, is related to the refractive index, 

n of air as [7] 
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In terms of meteorological parameters, the ITU 

recommended the radio refractivity, N, as [7] 
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where P is the atmospheric pressure (hpa), T is the 

absolute temperature and e is the atmospheric water 

vapour. 

The water vapor pressure, e,  is obtained from the relative 

humidity, H, and temperature, T, by [8][9] 
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The radio refractivity decreases exponentially in the 

troposphere with height given as [7] [9] 

        (
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where N is the refractivity at the height h (km) above the 

level where the refractivity is Ns and H is the applicable 

scale height.  

2.3 Refractivity gradient (G) 

The refractivity gradient is gotten by differentiating 

equation (3) with respect to h as shown in equation (4) 
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The point refractivity gradient, dN/dh was obtained using 

[9] 
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where N1 is the refractivity at the ground level, N2 is the 

refractivity at the reference height (50, 100, 150 and 

200m), h1 is the ground level while h2is the height at which 

the measurement took place. The vertical gradient of 

refractivity in the lower layer of the atmosphere is an 

important parameter in estimating path clearance and 

propagation effects such as such sub-refraction, super-

refraction and tropospheric ducting [9].  

For sub-refraction
  

  
    , the refractivity N increases 

with height and in this case, the radio wave moves away 

from the earth’s surface and the line of sight, the range of 

propagation decreases accordingly [10][11].  

For super-refraction, 
  

  
    . During this condition, 

radio waves are bent downward towards the earth. The 

degree of bending depends upon the strength of the 

super-refractive condition. On reaching the earth’s surface 

and being reflected from it, the waves can skip large 

distances thereby giving abnormally large ranges beyond 

the line of sight due to multiple reflections [12]. 

For tropospheric ducting, 
  

  
     . During the 

tropospheric ducting, the waves bend downwards with a 

curvature greater than that of the earth.  

2.4 k-factor 

k-factor can be used to characterize refractive conditions 

as normal refraction or standard atmosphere, sub-

refraction super-refraction and ducting, it is given as [13] 
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Around the earth’s surface the value of dN/dh is 

approximately -40 N-units/km, which will give a k-factor of 

1.333; this is referred to as normal refraction or standard 

atmosphere. Here, radio signals are transmitted along a 

straight line path on the earth’s surface and go into space 

unhindered. If          , we will have sub-refraction; 

which indicates that the radio waves propagate 

abnormally away from the earth’s surface. But when 

          super-refraction occurs and this signifies 

that the radio wave signals spread irregularly towards the 

earth’s surface. Hence, extending the radio horizon and 

increasing path clearance thereby giving irregularly huge 

ranges above the line of view as a result of several 

reflections. But, if        there will ducting and this 

will make the radio waves to bend downwards with a 

curvature bigger than the earth’s own. The radio signals 

can become trapped between a layer in the lower 

atmosphere and the surface duct which is the earth’s or 

sea’s surface or between two layers in the lower 

atmosphere which is the elevated duct. In this wave guide-

like propagation, very lofty radio signal strengths can be 

obtained at a very long range which is far above the line of 

view [14].  

3. RESULTS AND DISCUSSION  

The results obtained shows that, the average radio 

refractivity, N, was higher during the rainy season, this is 

due to the rise in atmospheric moisture content in the 

region. It was also shown that, the value of N are higher at 

ground level and it decreases with vertical height. Figure 1 

shows the variation of radio refractivity with height. It was 

discovered that the value of radio refractivity decreases 

with height. Starting from the ground level (h = 0), the 

average value of N obtained was 390 Nunit/km it was 368, 

364, 350 and 320 Nunit/km at the vertical height 50, 100, 

150 and 200 m respectively. Hence, radio refractivity, N, is 

inversely proportional to tropospheric vertical heights, h, 

as shown in equation (7) 

    
 

 
                                                     ( )  

 
Fig. 1: Variation of radio refractivity with height  
 
Equation (8) shows an empirical relationship for predicting 

further the radio refractivity at different heights over this 

region of study. The empirical relationship was developed 
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by utilized Matlab R2017b software, a linear model 

Polynomial degree 1 at off robust and coefficient with 95 

% confidence bounds was used. 

                                             ( ) 

where h (m) is the vertical height above sea level and N is 

the radio refractivity.  

Figure 2 to 5 shows the graphical representation of radio 

refractivity gradient, G, and k-factor against the months. 

For all the heights considered in this work, the month 

February shows high refractivity gradient with mean value 

-41.75 Nunit/km while the month of June shows low 

refractivity gradient with mean value -73.50 Nunit/km. 

Generally, the refractivity gradient obtained in this region 

was less than -40 Nunit/km and the average value of 

refractivity gradient obtained for the year was -50.417 

Nunit/km. From these findings, it could be deduced that 

propagation condition in this geographic zone is mostly 

super-refractive. 

For the k-factor, it was observed that the effective earth’s 

radius (k-factor) values increases in the rainy season with 

the values ranges between 1.250 and 2.000. The mean k-

factor obtained was 1.528 which is greater than the global 

standard value (1.333) and this implies that the 

propagation in this study area is mostly super-refractive.   

 

Fig. 2: Plot of radio refractivity and k-factor against the 

month at the altitude of 50m 

 
Fig. 3: Plot of radio refractivity and k-factor against the 
month at the altitude of 100 m  
 

 
Fig. 4: Plot of radio refractivity and k-factor against the 
month at the altitude of 150 m  
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Fig. 5: Plot of radio refractivity and k-factor against the 

month at the altitude of 200m  

 

4. CONCLUSION  

The investigation has revealed that the surface radio 
refractivity gradient, G, has higher values in the dry season 
and lower values in the rainy (wet) season, this is due to 
the rise in atmospheric moisture content in the region. It 
was also shown that, the value of N are higher at ground 
level and it decreases with vertical height. With the 
exception of the measurement at 200 m altitude in which 
the minimum k-factor was observed in the month of 
February the average minimum k-factor for the heights 50, 
100 and 150 m was observed in the month of January. . An 
empirical relationship for predicting further the radio 
refractivity at different heights over this region of study 
has also been developed. The mean radio refractivity 
gradient for the two years of measurement was -50.417 
Nunit/km while the mean k-factor obtained was 1.528. 
Therefore, the propagation conditions could be mostly 
super-refractive over Ibadan, south western, Nigeria.  
 
Remarks  
The monthly mean k values obtained can be used for 
planning wireless links on short term basis. The average 
annual value of k-factor, 1.528 should be used for planning 
long term wireless communication in Ibadan South 
western, Nigeria. 
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