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ABSTRACT 
 
The radio refractive index structure of the lower section of the atmospheric boundary layer is critical in the 

planning and construction of microwave communication connections. This study analyses the refractivity 

profile carried out  in Mowe (6.8085° N, 3.4367° E) South – Western Nigeria. Ground measurements of air 

pressure, temperature, and relative humidity used in this investigation were collected from the rain gauge 

of the Tropospheric Observatory Data Acquisition Network (TRODAN). The radio refractivity, associated 

refractivity gradient and climatic factor were computed using data from January 2012 to December 2013. 

The vertical distributions of radio refractivity were then calculated using these parameters. Seasonal 

fluctuations in refractivity are visible over the location, with high values in the wet season and low values 

in the dry season. The findings also suggest that propagation circumstances fluctuate in frequency, with 

sub-refractive situations being most common between April and September. This is an indication that 

microwave link in Mowe will suffer higher signal loss during wet season, while the loss may be mild during 

the dry season. The refractivity values in this study are expected to aid in determining the necessary 

mitigation to be put in place to reduce loss of signal in Mowe.  
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1. INTRODUCTION 
 

The troposphere has been observed to be the lowest layer of the atmosphere, it has an extension 

of roughly 10 kilometers height from the earth's surface at mid-latitudes, having 6 kilometers at 

the poles, and up to 18 kilometers at the equator. These properties tend to adversely affect radio 

frequencies above 30 MHz [1]- [3]. The bending of electromagnetic waves caused by changes in 

refractive index (density) in the atmosphere is known as refraction. It causes the multipath 

phenomenon, which causes receiver oscillations and delay dispersion, lowering link quality [4]. 

The troposphere's complexity is increased by atmospheric meteorological characteristics such as 

relative humidity, temperature, pressure, and water vapor density, which have a substantial 

impact on microwave transmission above 30 MHz [5].  They interact in a variety of ways in the 

tropics, particularly along the coast, to change the radio refractivity gradient and propagation of 

radio waves [6]- [7]. Different activities arising from these meteorological and hydro 

meteorological elements have been key factors affecting radio propagation in Nigeria. It is worth 

mentioning that as the height above sea level varies; the atmosphere's refractivity will change as 

well, affecting radio transmissions. The ability to develop dependable and efficient radio 

communication (terrestrial and satellite) systems requires a thorough understanding of refractivity 

[8]-[10]. The troposphere's refractive index is therefore a critical element to consider when 

estimating the performance of terrestrial radio communications in a particular location. 
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Several studies on radio refractivity have been conducted in some locations in Nigeria, some of 

these studies include the following: [11]-[19]. 

 

This study aims at evaluating the vertical refractivity profile over Mowe in other to plan for a 

better Quality of service (QoS) in this region of Nigeria. 

 

2. BACKGROUND 
 

Variations in the refractive index of the troposphere's air determine radio-wave propagation. The 

refractive index of air is measured by a quantity called the radio refractivity N, which is related to 

refractive index, n as it is very close to unity (approximately 1.0003) [20]: 

 

𝑛 = 1 + 𝑁 𝑥 106       (1) 

 

N is expressed as: 

 

𝑁 = 77.6 +  
𝑝

𝑇
+ 3.73 𝑥 105 𝑒

𝑇2      (2) 

 

p is the air pressure (hPa), T is the absolute temperature in Kelvin. and e is the water vapour  

Water vapour e is expressed as 

 

𝑒 =
es

100
         (3) 

 

es = 6.11 exp
17.502𝑡

𝑇+240.97
       (4) 

 

In general, P and e fall rapidly with height, whereas T decreases more slowly [21]. In mid-

latitude and temperate regions, horizontal variation of refractive index is often minimal in the 

lower troposphere compared to large-scale vertical variation, which has a median gradient of 

roughly 40 N/km near the surface [22]. Local or mesoscale meteorological influences, especially 

in the tropics, can cause large variances [23]. Because of the enormous change in climatic 

conditions from the semi-arid region in the far north to the coastal region in the far south, this 

horizontal variation in refractive index is very large over Nigeria. 

 

3. METHODS 
 

The study area for this research is Mowe, Ogun State, Nigeria. The research locations lie between 

Latitude 6.8085° N and longitude 3.4367° E. The meteorological data used in this research work 

were obtained from the archives of Tropospheric Data Acquisition Network (TRODAN) 

domiciled in the Department of Physical Sciences at the Redeemer's University campus in Mowe, 

Ogun State, Nigeria.  

 

𝑁 = Ndry +  Nwet = 77.6 + 
𝑝

𝑇
+ 3.73 𝑥 105 𝑒

𝑇2    (5) 

 

Refractivity gradient(−𝑑𝑁) =  
𝑑𝑁

𝑑ℎ
     (6) 

 

The measurement height is taken to be 100 meters from the ground. Hence these parameters are 

substituted to calculate the geoclimatic factor (K) in equation (7) 
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𝐾 =  
1

1+0.006371  (−𝑑𝑁)
       (7) 

 

4. RESULTS AND DISCUSSION 
 

A sub refraction condition occurs when the radio beam traveling across the connection is 

refracted upward, causing the portion of the wave front received at the far end to go closer to the 

ground than normal.Signal deterioration occurs as a result of this circumstance (attenuation). 

 

The meteorological data were analysed on monthly basis as shown in Table 1. 

 
Table 1: Monthly average meteorological data 

 
MONTHS RELATIVE HUMIDITY TEMPERATURE (

0
c) 

January 65.21 30.5 

February 60.41 29.3 

March 78.53 28.4 

April 80.60 28.1 

May 81.50 28.6 

June 90.61 26.1 

July  88.12 24.2 

August 92.44 27.5 

September 87.63 28.6 

October 70.51 29.0 

November 70.32 29.9 

December 62.10 30.0 

 

 
 

Figure 1: MonthlyDistribution of Relative Humidity and Temperature during observation Period 

 

The results as shown in Table 1 and Figure 1 reveal the meteorological data of both temperature 

and relative humidity during the observation period.  It is observed that the higher temperature 

corresponds to reduction in the relative humidity (RH). The RH was seen to rise from March 

down to September. This could be the closeness of Mowe to Lagos which is in the coastline in 

Nigeria. 
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Table 2: Monthly variations of Refractivity, refractivity gradient and the K factor 

 
MONTHS REFRACTIVITY REFRACTIVITY 

GRADIENT 

K FACTOR 

January 65.21 4.13 0.86 

February 60.41 3.15 0.92 

March 78.53 4.53 0.91 

April 80.60 4.21 0.84 

May 81.50 4.32 0.88 

June 90.61 4.11 0.91 

July  88.12 4.14 0.89 

August 92.44 4.01 0.91 

September 87.63 4.28 0.87 

October 70.51 4.01 0.88 

November 70.32 3.28 0.92 

December 62.10 3. 00 0.99 

 

 
 

Figure 2: Monthly variations of Refractivity 

 

Using equation (1)-(5) the surface refractivity was calculated and plotted as shown in Figure2. 

The result shows that refractivity is highest in August, followed by June with values of 92.44 and 

90.61 respectively. It is also obvious that the higher values of the refractivity run from March to 

September. End of September and early October is usually the time when dry season sets in, in 

Mowe, the values at this time are seen to decrease till February. 
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Figure 3: Monthly distribution of Refractivity gradient and the Geoclimatic (K) factor 

 

Table 2 and figure 3shows that the refractivity gradient is between 3.00 and 4.53 units throughout 

the year, and the earth radius factor is between 0.84 and 0.99. As a result, the link's refractive 

gradient is more than zero, whereas the earth radius factor is less than one. This is referred to as 

sub-refraction. 

 

Table 2 also shows that the refractivity gradient is greatest in March and lowest in November, 

which definitely result to attenuation. As a result, signal coverage on the Mowe digital 

microwave link is predicted to deteriorate significantly in from March, with good reception more 

likely from November to February, when there will be clear weather. 

 

5. CONCLUSION 
 

The results of this investigation of radio refractivity on the microwave link in Mowe allow us to 

draw the conclusions that the effective earth radius factor was calculated to range between 0.84 

and 0.99. This allows one to deduce that the link has sub refraction. 

 

For the period of two years, the refractivity gradient varies fairly over the year, with the lowest 

value in December and the highest value in August. Finally, the goal of this research is to create a 

database that may be used to impairment in on microwave communication links in this region of 

Nigeria. 
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