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I. INTRODUCTION 

The radio refractivity is a physical phenomenon that affects the propagation of radio signals in the Atmosphere 

[8]. This process takes place in the layer of the atmosphere called the troposphere [6], which extends from the 

earth surface to a height of about 10km along the poles of the earth and 17km as we move towards the equator 

[5]. The refractivity itself is being affected by the tropospheric parameters (Temperature, Relative Humidity and 

Atmospheric Pressure) [7]. These are the only three parameters considered in this research. It has also been 

observed that the refractivity concept has a strong impact on the propagation of electromagnetic waves [1], 

which can cause effects like path fading and scintillation [1]. If the refractivity property of the atmosphere is 

known, it will aid in the design of wireless communication systems in the country [9]. It has also been proven 

that if the radio refractivity index gradient is known, it can be used to estimate the quality of radio wave 

propagation and the failure probability [5]. One significant effect of the refractivity is the fact that it creates a 

multipath effect as a result of the variation of the refractive index at different layers of the atmosphere, hence 

signal propagation tends to take different trajectories as they travel in the atmosphere; the result is that the 

different signals will arrive at different time to the receiver or interfere with each other at the atmosphere [7]. 

In Nigeria similar researches have been done in several locations. [3] Carried out a research in Makurdi, North 

Central Part of Nigeria and observed that there is a significant variation in rainy and dry season refractivity. In 

another Location in the Eastern part of the country, precisely Nsukka,[13] carried out a similar work with the 

same results been obtained while [4] did his own research in Akure, South West of Nigeria having same results 

of clear variation between rainy and dry season refractivity. In Minna and Abuja, all in the North of Nigeria, [2] 

and [1] carried out separate researches on the variation of refractivity between the two seasons and also came 

out with a clear cut variation in rainy and dry season refractivity. 
Calabar, located  in the south south part of Nigeria experiences a rare type of climate called the tropical monsoon 
climate which is slightly different from the other locations mentioned above located on Latitude 4o57'06''N and 
longitude 8o19'19''E at an elevation of 42m above sea level. It experiences precipitations almost throughout the 
whole year except in the core months of the dry season which is very short and sometimes experiences sporadic 
rainfalls [10]. [11] did a research in this location where they tried to observe the pattern variation in dry season 
refractivity. The result was that slight variations occurs in February compared to other dry season months because 
it is closest dry season month to the rainy season and also in [12], they tried to investigate the pattern variation 
during the rainy season and the result was that there was no significant variation in the rainy season refractivity 
except partial changes in July where temperatures and relative humidity are a bit higher at beginning of the 
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month. All these observations has necessitated the study of the refractivity variation in the two seasons in 
Calabar, located in the south south  of Nigeria. 

II. METHODOLOGY 

It has been observed that the major contribution to radio refractivity is the amount of water vapour in the air 

which also contributes to propagation quality of signals [5]. The value of the refractive index in air is given as 

n=1.003 at standard atmospheric conditions and has a relationship to the radio refractivity given by the equation 

below; 

N =   (n-1)x106                                                                                                                                                    (1) 

N : Radio Refractivity 

n : Refractive Index of air 

The analysis for the variation between the dry season and rainy season refractivity was done in two steps; 

In the First case, the data gotten from NIMET, Calabar is used to calculate the radio refractivity for three months 

in each season. The daily refractivity for each of the days of the month were calculated and recorded using the 

following paradigm; The partial pressure was calculated from the equation 

 

e = 
𝑒𝑠𝐻

100
                                                                                                                                                                    (2) 

 

where, 

H: Relative Humidity 

es: saturated vapour pressure 

es  is also determined  from the Clausius-Clapeyron equation given as; 

 

es = 6.11exp⌊
17.26(𝑇−273.16)

𝑇−35.87
⌋                                                                                                                                   (3) 

 

T: Temperature in Kelvin 

Then finally the Radio Refractivity can be estimated from other metrological by the equation; 

 

N=77.6
𝑃 

𝑇
 +3.37x105 𝑒

𝑇2                                                                                                                                            (4) 

 

where; 

P: Atmospheric Pressure(hPa) 

e: Water vapour pressure(hPa) 

T: Absolute temperature(K) 

 

The recorded data for the refractivity for each of the months in the dry season and rainy season where plotted 

against the days of each month respectively on same graph 

The second step involved calculating the daily averages of refractivity for each of the three months of the dry 

season and average for each of days of the three months of the rainy season to get the overall average of 

refractivity for the dry season and the rainy season respectively. 

For example for the first five days of the dry season months (January, February and December), the average dry 

season refractivity is estimated as shown in the table below. 

Table I. Dry Season Average Daily Radio-Refractivity 
Days January February December Avg. Daily Refractivity 

1 361 376 376 371 

2 369 384 374 376 

3 363 383 374 373 

4 363 358 373 364 

5 363 388 373 374 

The same procedure  was done to estimate the rainy season average daily radio refractivity, for the three months 

of the rainy season(July, August and September), considering for example the first five days for each of the 

months; 

Table 2. Rainy Season Average Daily Radio-Refractivity 
Days July August September Avg. Daily Refractivity 

1 383 370 368 374 

2 389 372 372 378 

3 383 371 366 373 

4 377 373 377 376 

5 366 371 366 368 
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The recorded average daily refractivity for each season (Dry and Rainy Season) were recorded and plotted 

against 31 days in a month. 

III. RESULTS AND DISCUSSION 

In the first analysis, each of the dry season and rainy season radio refractivity were plotted against the days of 

the month respectively as shown if Fig.1 below 
 

Figure1: Seasonal Radio Refractivity Variation 

 
 

From Fig. 1 it was observed that the majority of the rainy season refractivity appear higher in the graph than that 

of the dry season although there were several point were their refractivities  converged as seen in the graph of 

Fig.1. 

The compact nature of the refractivity plotted in Fig.1 makes it difficult to really predict if there is a significant 

difference between the dry and rainy season radio refractivity, thus prompting the second analysis to really 

predict if there exist an obvious demarcation of the seasonal radio refractivity in Calabar as observed in other 

parts of the country because of Calabar's rare climatic condition. Hence the daily average refractivity for each 

season is plotted against the 31 days of a month period as shown in the graph of Fig.2 below 

Figure 2: Average Seasonal Radio Refractivity( Dry Season and Rainy Season) 
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From the graph in Fig.2 above it can be observed that the average daily seasonal refractivity in the rainy season 

is higher than that of the dry season in most days of the month, however there are days where their refractivity 

converge in the graph. This can be explained from the fact that Calabar experiences a strange climate where 

average temperatures and some other metrological parameters are sometimes almost constant throughout the 

year except in extreme dry and rainy season periods, but yet this conditions can interwove into each of the 

seasons. 

IV. CONCLUSION 

This research work has establish the fact that metrological parameters contribute significantly to the radio 

refractivity of Calabar atmosphere and hence affects the radio wave propagation. It has also proved that there 

exist a variation between rainy and dry season radio refractivity where higher refractivity are experienced during 

the rainy season as observed in other cities and regions in Nigeria, however it also proved that rare climatic 

conditions like that of Calabar City might distort this clear variation in some percentage but at the end we still 

experience a variation between dry and rainy season refractivity. 
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